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Batteries for a Renewable Energy Economy
Derek Pletcher

School of Chemistry, The University, Southampton SO17 1BJ, England
dp1@soton.ac.uk

The need to find energy sources to replace oil, gas and coal is increasingly urgent both 
because of diminishing supplies and global warming.  Solar, wind and tidal generation 
of electricity probably all have a role to play but share a common problem – nature 
controls when the power is generated and the pattern of generation does not match 
the demands of consumers, whether industrial or domestic. Hence, energy storage is 
essential as a buffer between generation and use of such electricity.  Moreover, the 
challenge is to store energy on the MW scale in each unit and such units are inevitably 
comparable to a chemical plant. Fuel cells and batteries seem a natural way to store 
electricity.  Cycles based on water electrolysis and a fuel cell, however, presently suffer 
from a very poor energy efficiency, probably ~ 40 %, largely due to the overpotentials 
still associated with oxygen evolution and reduction.  In comparison, batteries can 
deliver energy efficiencies > 80 % for a charge/discharge cycle.
Redox flow cells have a particular advantage for large scale energy storage -  namely, 
the amount of energy stored is determined by the volume of the electrolyte(s) and 
the concentration of reactants and the electrolyte(s) are stored external to the cells. 
Moreover, their engineering and factors determining performance are quite different 
to other batteries and an energy storage system would be more akin to an electrolytic 
plant for the manufacture of a chemical than a conventional battery.    
The considerations that determine the selection of cell chemistry will be discussed 
and illustrated using data from systems presently under investigation.   Typical 
performance data will be presented and the factors that limit performance will be 
discussed.  Potential problems with both the electrode reactions and separator will be 
highlighted.  
In Southampton, we have a programme to develop ‘the soluble lead acid battery’. 
This is a lead acid battery with a methanesulfonic acid electrolyte in which lead(II) 
is highly soluble (> 3 M). Its key advantage over other redox flow batteries is that it 
operates without a membrane/separator.  Detailed performance data for the system 
will be presented in a later lecture during the conference.
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Application of Ionic Liquids to Li batteries and 
Supercapacitors

Hikari Sakaebe* and Hajime Matsumoto
Research Institute for Ubiquitous Energy Devices, National Institute of Advanced Industrial 

Science and Technology (AIST) 1-8-31, Midorigaoka, Ikeda, Osaka, 563-8577
*hikari.sakaebe@aist.go.jp
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Ionic liquids (ILs) have recently attracted many researchers as novel electrolyte

materials for the electrochemical devices. The thermally-stable and non-flammable

nature of ILs can improve the safety of Li batteries and supercapacitors in abuse. In

addition, condensed ionic state in ILs is favorable for the increase of energy density of

supercapacitors. Authors have applied several ILs to these devices [1-3] and tried to

sort out what happens in the electrochemical devices using ILs.

Among a lot of the series of ILs, quaternary ammonium (QA) cation – imide

combination is fairly interesting for the higher electrochemical stability especially in

the reduction [3,4]. This is advantageous for the application to the Li battery system

and Li/LiCoO2 cell with the ILs as an electrolyte base could work reversibly (one

example is shown in Figure 1), indicating that QA-imide ILs were quite stable even at

the Li reduction potential [2].

In the presentation, for the Li battery system, the way we reached the cyclic QA-imide

I L “PP13-TFSI (N-methyl-N-propylpiperidinium bis (tr if luoro

methanesulfonyl)imide)” will be introduced. Surface analysis results of the electrode

after the cell operation, which is closely related to the electrochemical stability against

the electrode, will be focused. A brief introduction of the current status of the

supercapacitors using ILs will also be made.

Figure 1:

First and 20th charge-discharge

curves for Li/LiCoO2 cell containing

0.4 mol dm
-3

LiTFSI in PP13-TFSI,.

Charge cut off:4.2 V CC mode,

discharge cut off: 3.2 V CC mode,

charge and discharge current rate:

C/10. Modified from ref. [2].

[1] H. Sakaebe and H. Matsumoto: Electrochem. Commun. 2003; 5: 594–598.

[2] H. Sakaebe, H. Matsumoto and K.Tatsumi, Journal of Power Sources 2005; 146: 693-697.

[3] H. Matsumoto, H. Sakaebe, and K. Tatsumi, Journal of Power Sources 2005; 146: 45–50.

[4] H. Matsumoto and Y. Miyazaki; Chem. Lett. 2000; 922.
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Research and Development Considerations for the 
Performance and Application of Supercapacitors

Andrew Burke
University of California-Davis

Institute of Transportation Studies
Davis, California 95616

Electrochemical capacitors (ultracapacitors) are being developed as an alternative 
to pulse power batteries.  In this paper, the differences between pulse batteries 
and ultracapacitors are discussed and how these differences are reflected in the 
design and testing of the two types of devices.  Research and development on high 
power ultracapacitors has been underway for over 15 years.  Properly configured, 
ultracapacitors are inherently high power devices so that much of the research has been 
directed toward increasing their energy density (Wh/kg) without unduely sacrificing 
their high power and long cycle life.  The characteristics of the ultracapacitors depend 
primarily on the specific capacitance (F/gm and F/cm3) of the electrode materials and 
the ionic resistivity and voltage window of the electrolyte. In addition to the energy 
density, the key performance characteristics of the cells are their resistance, RC time 
constant, and pulse power (W/kg) for high efficiency (95%).   Most of the research 
on ultracapacitors has utilized activated carbons for at least one of the electrodes.  
In these carbons, charge is stored in the micropores by double-layer processes. 
Recently carbons are being used that store charge using intercalation and absorption 
processes that result in much higher specific capacitance than is achievable using 
double-layer processes.  In this paper, the recent work using the advanced carbons is 
reviewed and future use in ultracapacitors projected.  Another approach to increasing 
the energy density of ultracapacitor- like devices is to combine a carbon electrode 
with an electrode using pseudo-capacitance or Faradaic chemical processes for charge 
storage.  Considerable progress has been made in the development of such devices in 
recent years and that research is reviewed in this paper.
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NMR Studies of Lithium-Ion Battery Materials: 
Applications to the Li2MnO3-Li(NiMn)0.5O2 System, 

Layered Oxysulfides and Other Paramagnetic Materials
Julien Bréger,a Meng Jiang,a Nicholas Dupré,a Jordi Cabana,a Clare P. Grey,a  

Y. Shirley Meng,b Kisuk Kang,b Gerbrand Ceder,b Oliver J. Ruttc and  
Simon J. Clarkec

aChemistry Department, SUNY at Stony Brook, NY 11794-3400, USA.  bDepartment of Materials 
Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139. 
USA.  cDepartment of Chemistry, University of Oxford, South Parks Road, Oxford, OX1 3QR, UK 

6Li MAS NMR spectroscopy has been used to study local electronic structures and Li 
local environments in a variety of potential cathode materials for lithium ion batteries 
including spinels and layered cathode materials such as Li[M’xM1-x]O2 (M,M’ = Mn, 
Ni, Co etc.).  We first developed a fundamental understanding of the causes of the 
large (hyperfine) NMR shifts typically observed in these paramagnetic samples. 
This knowledge was then applied, in conjunction with X-ray and neutron diffraction 
studies, to follow structural changes after charging and discharging of a battery, to 
help establish why some materials function well as electrode materials and others 
fail.
We will discuss results for two systems.  In the first example, the effect of synthesis 
method and electrochemical cycling on the local and long range structure of members of 
the Li2MnO3-Li(NiMn)0.5O2 pseudobinary will be described.  Second, an investigation 
of new materials including layered oxysulfides will be presented.  Insertion reactions 
and lithium-mobility in these compounds will be described.
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Microprobe Studies of Local Interfacial Phenomena at 
Lithium-Ion Battery Composite Cathodes
Marie Kerlau, Jinglei Lei Marek Marcinek, Robert Kostecki* 

Lawrence Berkeley National Laboratory, Berkeley CA 94720, USA
*r_kostecki@lbl.gov

A continuous degradation of lithium-ion batteries upon aging and/or cycling often limits the 
performance of portable electronic devices and presents a significant barrier for vehicular 
applications. The impedance growth that is observed at both electrodes is associated with 
an ion-blocking surface film as well as an electronically insulating barrier formed within 
the electrode. The resistances to both ion and electron transfer constitute the overall charge 
transfer impedance and contribute to the overall electrode impedance. In contrast to the 
anode, the cathode SEI layer is so thin that its presence has not been confirmed until 
recently. Surface sensitive techniques were used to detect, monitor and analyze surface 
layers on composite cathodes [1,2,3].
Interfacial phenomena occur and manifest themselves at nano- or micro-scales and can be 
detected and characterized only by techniques of suitable sensitivity and resolution. In-situ 
and ex-situ application of non-invasive and non-destructive microscopies to characterize 
local physico-chemical properties of the electrode/electrolyte interface provide unique 
insight into the mechanism of chemical and electrochemical processes, which are 
responsible for the electrode degradation.   Ex situ Raman mapping of cathodes from 
tested high-power Li-ion cells, showed that the state of charge (SOC) of oxide particles on 
the cathode surface was highly non-uniform despite deep discharge of the Li-ion cells at 
the end of the test. In situ Raman microprobe monitoring of the SOC of individual oxide 
particles in the composite cathode revealed that the charge/discharge rate varied with time 
and location [4]. CSAFM and SEM images of aged composite electrodes showed surface 
deposits and morphology changes. Surface analysis revealed that surface decomposition 
products originate from LiPF

6
 decomposition and oxygen, water, and C-O-H, -C=O surface 

functional groups adsorbed at carbon additives catalyze and/or react with the electrolyte. 
These surface reaction products create electronic barriers within the composite electrode, 
which lead to inconsistent kinetic behavior of individual oxide particles and contribute to 
the overall impedance of the composite cathodes. 
Acknowledgment: This work was supported by the Assistant Secretary for Energy 
Efficiency and Renewable Energy, Office of FreedomCAR and Vehicle Technologies of 
the U.S. Department of Energy under Contract No. DE-AC03-76SF00098. 
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Combinatorial and High Throughput Studies of Alloy 
Negative Electrodes for Li-ion Batteries

A. D. W. Todd, M. D. Fleischauer, R. E. Mar and J. R. Dahn*
Department of Physics and Atmospheric Science, Dalhousie University, Halifax, N.S. B3H 3J5 

Canada
*jeff.dahn@dal.ca

Although carbon or graphite was shown to be a possible practical negative electrode 
for lithium-ion batteries in the 1980’s it took almost a decade for all manufacturers 
to agree that graphitized materials were the most suitable of carbonaceous materials.  
Now, almost all Li-ion batteries use highly graphitic carbons as negative electrode 
materials.    
The recent launch of a 14430-sized lithium-ion battery using a tin-based negative 
electrode (Sony, Japan) makes it clear that silicon and tin-based alloys will begin 
displacing graphite as the dominant negative electrode material in Li-ion batteries.  
Sony has announced that the electrode material in their cell is an “amorphous tin-
cobalt-carbon” material.
Given that it took the Li-ion battery community about 10 years to settle on graphitic 
carbons as the best choice for Li-ion battery negative electrode materials based on the 
single element, carbon, how long will it take to find the “best” alloy negative electrode 
material given the myriad of possible choices available? For example in a patent by 
Kawakami et al. [1], the inventors claim Sn-A-X materials as excellent negative 
electrode materials where A indicates at least one transition metal element and X 
indicates at least one element selected from the group consisting of O, F, N, Mg, Ba, 
Sr, Ca, La, Ce, Si, Ge, C, P, B, Pb, Bi, Sb, Al, Ga, In, Tl, Zn, Be, Pr, Nd, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu, As, Se, Te, Li and S, where the element X is not always 
necessary.  Which combination of these elements is “best” from the viewpoints of 
capacity, capacity retention, potential, safety, toxicity, manufacturability and cost?
It is clear that combinatorial methods for synthesizing and screening the myriad of 
choices are needed.  In this lecture, I will describe the combinatorial infrastructure in 
place at Dalhousie University [e.g. 2] and how it is being used to help understand 
those factors that lead to the “best” negative electrode material.

References:
[1]. Soichiro Kawakami and Masaya Asao US Patent #6,949,312 (2005).
[2]. M.D. Fleischauer, T.D. Hatchard, A. Bonakdarpour and J.R. Dahn, Measurement 

Science and Technology 16, 212 (2005).
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New lithium salts for liquid or solid polymer electrolyte
F. Alloin1*, E. Paillard1, F. Toulgoat2, C. Iojoiu1, M. Médebielle2, B. Langlois2,  

J-Y. Sanchez1 
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The conductivity of crystalline polymer electrolytes
Edward Staunton, Yuri G. Andreev, Peter G. Bruce*



S
y
m

p
o
s
iu

m
 1

 -
 O

ra
l

A New Type of Battery Using a Magnetic Field
R. Aogak*, E. Ito and M. Ogata
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Electrodeposited nano-sized thin films of Sb and Sb- 
Sb2O3 as anode materials in Li- ion batteries.
Hanna Bryngelsson*, Jonas Eskhult, Leif Nyholm, Kristina Edström
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Electrochemical synthesis and capacitance of porous 
composite of carbon nanotubes and polyaniline 

Mengqiang Wua, Graeme A. Snooka, Milo Shafferb, Derek J. Frayc George Z. Chena,*
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Rechargeable lithium/air battery
A. Débart,1* M. Holzapfel,2 T. Ogasawara,3 P. Novak2 & P. G. Bruce1

1. School of Chemistry, University of St Andrews, St Andrews, Fife, KY16 9ST, UK
2. Paul Scherrer Institut, Electrochemistry Laboratory, CH-5232 Villigen PSI, Switzerland

3. Mobile Energy Company, Sanyo Electric Co., Ltd.,7-3-2 Ibukidai-Higashimachi, Nishi-ku, Kobe, 
Hyogo, 651-2242, Japan
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Study on the LiFePO4/CaB6 Composites used as cathode 
for a  Li-ion Battery

Shan-Ke Liu, Quan-Feng Dong*,  Ming-Sen Zheng, Ya-Ding Zhan, Shi-Gang Sun* 
and Zu-Geng Lin

State Key Lab for Physical Chemistry of Solid Surface, PowerLong Battery Institute, 
Department of Chemistry, Xiamen University, Xiamen 361005, China

* Corresponding author’s email:qfdong@xmu.edu.cn
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Electron Microscopy contribution to the 
characterization of cycled Li-ion electrode materials  

(Conversion and CDI mechanisms)
Loïc Dupont*, Vincent Bodenez, Frédéric Gillot, Mathieu Morcrette and                  

Jean-Marie Tarascon, 
L.R.C.S., UMR CNRS 6007,Université de Picardie Jules Verne, 33 Rue Saint Leu,  

800039 Amiens Cedex
*loic.dupont@sc.u-picardie.fr
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Effect of Cu2O Coating on graphite as Anode Material of 
Lithium Ion Battery in PC-based electrolyte 

L. J. Fu1, J. Gao1, L. C. Yang1, T. Zhang1, Y. P. Wu*1,2, H. Q. Wu*1, T. Takamura1  

1Department of Chemistry& Shanghai Key Laboratory of Molecular Catalysis and Innovative 
Materials, Fudan University, Shanghai 200433, China

2 Light & Future Co. Ltd, South Korea 
Email: wuyp@fudan.edu.cn
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Nanostructured titania with improved properties as 

anode materials for lithium batteries 

Yu-Guo Guo*, Yong-Sheng Hu and Joachim Maier 
Max Planck Institute  for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart, Germany

*Email: Y.Guo@fkf.mpg.de
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Electrochemically deposited nanostructured ni-co oxide 
for supercapacitor application

Vinay Gupta *, a, b, Teruki Kushuharaa, Norio Miuraa 
aArt, Science & Technology Center for Cooperative Research, 

Kyushu University, Kasuga-shi, Fukuoka 816-8580, Japan.
bJapan Science & Technology Agency, Saitama 332-0012, Japan

*vinay@astec.kyushu-u.ac.jp



S
y
m

p
o
s
iu

m
 1

 -
 O

ra
l

High Rate Capability of Platelet Structure Carbon 
Nanofibers as Anode Materials for Lithium Ion Batteries

M. Kiriu, H. Habazaki* and H. Konno
Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

*habazaki@eng.hokudai.ac.jp 
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Graphite/sulfur lithium ion cell using lithium 
compensation of a lithium foil 

Xiangming He*, Jianguo Ren, Li Wang, Chunrong Wan, Changyin Jiang
Institute of Nuclear & New Energy Technology, Tsinghua University, Beijing 100084, PR China 

 hexm@tsinghua.edu.cn 
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Ethylene carbonate — organic ester based mixed 
electrolytes for electrical double layer capacitors 

Alar Jänes*, Enn Lust 
Institute of Physical Chemistry,University of Tartu, 2 Jakobi Str., 51014 Tartu, Estonia

*alar@ut.ee
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Synthesis And Characterization Of Comb Shape Single 
Ion Conductors Based On  Polyepoxide Ethers And 

Perfluorinataed Lithium Salts
Xiao-Guang Sun, Craig L. Reeder, John B. Kerr*, 

Lawrence Berkeley National Laboratory, 
MS 62R0203,1 Cyclotron Road, Berkeley, CA 94720, USA

*jbkerr@lbl,gov
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Relation between electronic resistance and capacitance 
for highly aqueous RuO2

O. Barbieri*, M. Hahn, A. Foelske, R. Kötz
Electrochemistry Laboratory, Paul Scherrer Institute, CH-5232 Villigen, Switzerland

*olivier.barbieri@psi.ch
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A dilatometric study of ion intercalation from aprotic 
solutions into carbonaceous materials

M. Hahn, H. Buqa, P. Ruch, O. Barbieri, A. Foelske, P. Novák, R. Kötz*
Electrochemistry Laboratory, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

*ruediger.koetz@psi.ch



S
y
m

p
o
s
iu

m
 1

 -
 O

ra
l

Mesoporous Nickel/CNT Nanocomposite Electrodes For 
Electrochemical Capacitors

Kyung-Wan Nam, Chang-Wook Lee, Kwang-Bum Kim*
Division of Material Science and Engineering, Yonsei University

134 Shinchon-dong, Seodaemun-gu, Seoul, Korea, 120-749
*kbkim@yonsei.ac.kr

Electrochemical capacitors are becoming attractive energy storage systems 
particularly for applications involving high power requirements. The capacitance in an 
electrochemical capacitor can arise from the charging or discharging of the electrical 
double layers (electrical double layer capacitance) or from faradaic redox reactions 
(pseudocapacitance). Carbon materials with very high-surface area are widely used 
for electrical double layer capacitors (EDLC). Subsequently, conducting polymers 
and transition metal oxides with relatively high-surface-area have been identified 
as possible electrode materials for supercapacitors (pseudocapacitors). Among the 
various materials investigated over the years, amorphous RuO2·xH2O prepared by the 
sol-gel process has become the leading electrode material for supercapacitors as it 
exhibits a high specific capacitance (720 F/g). However, the high cost of ruthenium 
and environmental problem of electrolyte such as strong acidic media have limited its 
commercial use. Accordingly, there is a strong incentive to find alternative electrode 
materials, which are inexpensive and exhibit pseudocapacitive behavior similar to 
that of hydrous RuO2. Much attention is now focused on the oxides of manganese, 
nickel, cobalt, and vanadium as candidates for development of supercapacitors.
It was known that the charge storage reaction of transition metal oxides confined mainly 
to their surface layer. Therefore, in order to obtain high performance with both high 
power and high energy densities, it is important to design and fabricate nanostructured 
electrode materials that provide interconnected nanopaths for electrolyte-ion transport 
and electronic conduction. Since conventional nanoparticulate systems have a 
disordered porosity with voids of varying cross section interconnected by narrower 
intervoid spaces, materials moving within the pore structure encounter a considerably 
tortuous path, impeding reaction rates. By contrast, materials with high surface 
areas and a uniform, ordered pore network would be expected to exhibit superior 
performance in electrochemical systems which rely on liquid diffusion within the 
electrode material. 
In this study, ordered mesoporous nickel electrodes including CNTs as conducting 
agents were fabricated by the liquid-crystal template assited electrodeposition in 
the presence of surfactants. More details about the synthesis and electrochemical 
properties of mesoporous nickel/CNT nanocomposite electrodes will be presented at 
the meeting.
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Additives for performance improvement of  
Li ion battery

M.Q. Xu, W.S. Li*, X.X. Zuo, J.S. Liu, J.M. Nan 
School of chemistry and Environment, South China Normal

*liwsh@scnu.edu.cn
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Electrode materials for supercapacitors with ionic liquid 
electrolytes

C. Arbizzani, A. Balducci, S. Beninati, M. Lazzari, F. Soavi, M. Mastragostino* 
UCI Scienze Chimiche, Radiochimiche e Metallurgiche, Via San Donato 15 - 40127 Bologna, Italy

*marina.mastragostino@unibo.it
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Ionic Mass Transfer of Li+ Ion near the Li Ion Battery 
Electrode

Kei Nishikawa, Syunsuke Kawai, Yasuhiro Fukunaka*, Tetsuo Sakka**,  
Yukio H. Ogata** and J. Robert Selman***

Graduate School of Energy Science, Kyoto University, Yoshidahonnmachi, Sakyo-ku, Kyoto,  
606-8501, Japan

** Institute of Advanced Energy, Kyoto Univeristy
***Center for Electrochemical Science and Engineering, Illinois Institute of Technology 
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The hydrogen evolution and recombination kinetics in 
sealed rechargeable NiMH batteries

A. Belfadhel-Ayeb1 and P.H.L. Notten1,2,*

1 Eindhoven University of Technology, PO.Box 513, 5600MB Eindhoven, The Netherlands 
2 Philips Research Laboratories, High Tech Campus 4, 5600 AE Eindhoven, The Netherlands 
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In situ analysis of interfaces in nonaqueous 

electrochemical systems

Petr Novák*, Hilmi Buqa, Laurence J. Hardwick, Michael Holzapfel, 
Werner Scheifele, Joachim Ufheil, Jens Vetter

Paul Scherrer Institut, Electrochemistry Laboratory, CH-5232 Villigen PSI, Switzerland
*Petr.Novak@psi.ch; Phone +41-56-310 2457; Fax +41-56-310 4415
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           Electrochemistry of naphthalene derivatives 
with disulfide bonds and their application to cathode 

materials for lithium secondary batteries
Noboru Oyama*1) and Tomoo Sarukawa2)

Tokyo University of Agriculture andTechnology1), Koganei, Tokyo, Japan
Fuji Heavy Industries Ltd., Subaru Technical Research Center 2) , Mitaka, Tokyo, Japan 
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Insertion of hydrogen in palladium films examined by 
combining EQCM and electroacoustic measurements.

N. Amokrane, C. Gabrielli and H. Perrot
UPR 15 du CNRS, LISE, Université Pierre et Marie Curie, Tour 22, 4 place Jussieu, 75252 

PARIS Cedex 05, France, perrot@ccr.jussieu.fr
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High Throughput Positive Electrode Material Studies 
Using Post Synthesis Array Transfer Techniques  

Matthew Roberts, Girts Vitins and John Owen* 
School of Chemistry, University of Southampton, Southampton, Hampshire, SO17 1BJ, UK

*J.R.Owen@soton.ac.uk
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In situ Raman and XRD studies of carbons for 
supercapacitors
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Propionic acid assisted sol-gel synthesis of LiCuxMn2-xO4 
(0.025 ≥ x ≤ 0.10) as 5V cathode materials for lithium 

rechargeable batteries
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Nano Size Holes at the Basal Plane of Graphite Active 
Material Play an Important Role in Li-Ion Battery 

Anode 
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Effect of lithium salt addition on a C-2 substituted 
imidazolium ionic liquid
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Lithium Ion Batteries for Hybrid Applications
Jens Tübke*, Thomas Berger, Michael Krausa

Fraunhofer-Institut für Chemische Technologie 
Joseph-von-Fraunhofer-Str. 7, 76327 Pfinztal, Germany

* jens.tuebke@ict.fraunhofer.de



S
y
m

p
o
s
iu

m
 1

 -
 O

ra
l

Kinetic Studies of the V4+/V5+ Red/Ox – system in 
Sulphuric Acid
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conversion
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In-M (M = Ni, Cu) Film Electrodes for the Anode in 
Lithium Secondary Batteries
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Hydrous Ruthenium Oxide Electrode for Non-aqueous 
Proton-Conducting Gel Electrolyte 
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Performance of Asymmetric Ni(OH)2 – Carbon 
Supercapacitors 

A.G. Pandolfo, N.W. Duffy, G. A. Snook. W  Baldsing and H Ozgun 
CSIRO -Division of Energy Technology, Clayton South, Victoria 3168, Australia

tony.pandolfo@csiro.au

An asymmetric supercapacitor typically consists a battery type electrode (usually a 
faradaic or intercalating metal oxide) and an electrochemical capacitor type electrode 
(high surface area carbon).  In such an arrangement, the battery electrode has a greater 
capacity than the carbon electrode, resulting in twice the energy storage capability of a 
comparable symmetric carbon based supercapacitor. The battery electrode is selected 
such that the potential is near either the low or high end of the potential window, which 
can maximize the operational voltage as well as the energy density of the cell.  As the 
voltage swing of the cell during charge/discharge occurs mainly across the carbon, 
the battery electrode experiences a relatively low depth of discharge and provides the 
conditions required for high cycle life.   Results on the electrochemical characteristics 
and the performance of a 14 Wh/kg (and 2000 W/kg) packaged nickel hydroxide 
- carbon asymmetric device are presented. This device has the potential to offer both 
high power and high energy in a single long cycle life device.  
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High Throughput Evaluation of Polymer Electrolytes  
Hannah Alcock, John R Owen*, 

School of Chemistry, University of Southampton, Highfield, Southampton, Hampshire, SO17 1BJ, 
UK

*J.R.Owen@soton.ac.uk

This work aims to use the combinatorial array techniques reported earlier for the 
evaluation for the composition dependence of ionic conductivity, and other properties 
of polymer electrolytes. These materials are particularly suited to the combinatorial 
approach because they generally consist of three or more components, e.g. 

• matrix polymer, responsible for structural stability
• salt
• co-solvent or plasticizer
• other additives, e.g. fillers

The ionic conductivity of lithium based solid polymer films prepared from polyvinylidene 
fluoride hexa-fluoropropylene (PVDF-HFP) and lithium bis(trifluoromethane)sulfoni
mide (LiTFSI) with varying compositions of plasticizer propylene carbonate (PC) and 
ethylene carbonate (EC) were measured sequentially by AC Impedance Spectroscopy 
and then adapted to a 64 electrode combinatorial array.  Conductivity values of 10-

3 S cm-1 were observed in films with high plasticizer compositions which could be 
attributed to an enhancement in conduction pathways formed by the coordination of 
the lithium ions with the ester linkages in the plasticizer.  
Results to be reported at the meeting, will include conductivity plots for the above 
lithium systems as well as studies on Nafion-based polymers and other compositions 
used as membranes in fuel cells and other applications.
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Development of poly(acrylonitrile) / Poly(vinyl acetate) - 
pan/pva - based gel Electrolytes for lithium ion batteries 

Fabio A. Amaral, Carla Dalmolin, Sheila C. Canobre, Sonia R. Biaggio* 
Departamento de Química, Universidade Federal de São Carlos, 

C.P. 676, 13560-970 São Carlos - SP, Brazil 
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Effect of surface functional groups in the electrochemical 
behaviour of porous carbon materials: their relevance in 

supercapacitors  
M. J. Bleda-Martínez, D. Lozano-Castelló, E. Morallóna*, D. Cazorla-Amorós  

and A. Linares-Solano 
Department of Inorganic Chemistry, University of Alicante, Ap. 99 E-03080. Spain
aDepartment of Physical Chemistry, University of Alicante, Ap. 99 E-03080. Spain 

* morallon@ua.es

The main object of this work is to study the electrochemical behaviour of activated 
carbons with different surface chemistry properties. 
For this purpose, microporous activated carbons were obtained from an anthracite 
by chemical activation using both KOH and NaOH as activating agents. As a result, 
activated carbons with high BET surface area (2300-2900 m2/g) have been obtained. 
In order to obtain porous carbon materials with different amounts of surface oxygen 
complexes, the former samples were oxidized with HNO3 and thermally treated in N2 
flow at different temperatures. 
On the other hand, the activated carbons were doped with nitrogen using a novel method 
based on the reaction of aniline with surface oxygen groups. Thus, this procedure 
consists on condensation reactions as a result of which oxygen functionalities are 
replaced by nitrogen ones. With this method, an amount of nitrogen close to 4 wt% 
can be introduced in the sample  
The surface chemistry of the materials was systematically characterized by TPD 
experiments and XPS measurements. Galvanostatic and voltammetric techniques 
were used to deepen into the electrochemical behaviour of the modified porous carbon 
materials. The combination of both, chemical and electrochemical methods provides 
unique information. 
The contribution of oxygen and nitrogen functionalities to the electrochemical behaviour 
of porous carbon materials is of relevance to optimise their use as electrochemical 
capacitors. Oxygen functionalities present a twofold contribution to capacitance. 
On one hand, these groups increase the accessible surface area improving carbon 
wettability and on the other, they promote pseudocapacitance, since some oxygen 
complexes undergo redox processes. Dealing with nitrogen functionalities, the role of 
the nitrogen-doping to increase the potential stability window will be discussed.  
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Structural and electrochemical properties of the doped 
spinels Li1.05M0.02Mn2-yO4-0.02N0.02 (M = Ga3+, Al3+, Co3+; 

N = F-, S2-) for use in lithium batteries
Fábio A. Amaral and Nerilso Bocchi*

Departamento de Química, UniversidadeFederal de São Carlos,
C.P. 676, 13560-970 São Carlos - SP, Brazil

*bocchi@dq.ufscar.br

In previous εγstudies[1] we showed that the spinel Li1.05Mn2O4 can be easily obtained 
by a solid-state reaction from ε-MnO2 (with more structural defects than the γ- 
form), using only one heating step in the thermal treatment. Aiming at improving the 
capacity performance, in the present work doped spinels were obtained by a solid state 
reaction at 750 ºC for 72 h between the precursors ε-MnO2, LiOH and the respective 
oxide/salt of ±the doping ions. In order to control the particle size, all the spinels 
were milled in a ball milling for 30 min. Mechanical milling, associated or not to 
further calcination, was also used to obtain the pure spinel. The obtained spinels were 
characterized by the average manganese valence (n), X-ray diffractometry, scanning 
electron microscopy, particle size distribution and specific superficial area. From the 
X-ray diffractograms, spinels of single cubic phase belonging to the Fd3m space 
group were identified. The values of the unity cell parameter (a) calculated for all the 
doped spinels (8.221 Å – 8.229 Å) were always lower than that for the pure one (8.234 
Å), decreasing in the following order: a(Li1.05Ga0.02Mn1.98O4) > a(Li1.05Co0.02Mn1.98O4) 
> a(Li1.05Al0.02Mn1.98O4) > a(Li1.05M0.02Mn1.98O3.98S0.02) > a(Li1.05M0.02Mn1.98O3.98F0.02). 
The values of n, determined by Vetter´s method, for the doped spinels (3.56 – 3.50) 
were higher than that for the pure spinel (3.53 ± 0.01), decreasing in the following 
order: n(Li1.05Ga0.02Mn1.98O4) > n(Li1.05Co0.02Mn1.98O4) > n(Li1.05Al0.02Mn1.98O4) > n(Li1

.05M0.02Mn1.98O3.98F0.02) > n(Li1.05M0.02Mn1.98O3.98S0.02). Mechanical milling with further 
calcination changed the spinel particles, since formation of nanometric particles, 
generation of lattice strain and partial oxidation of the Mn ions occurred. The pure 
spinel obtained using only mechanical milling presented nanometric particles, a highly 
disordered lattice structure and a high number of structural defects. In the charge and 
discharge tests, the cathodes of the doped spinels presented values of the specific 
discharge capacity decreasing in the following order:
C(Li1.05Al0.02Mn1.98S3.02O3.98)  >  C(Li1.05Al0.02Mn1.98F3.02O3.98)  >
C(Li1.05Ga0.02Mn1.98S3.02O3.98)  >  C(Li1.05Ga0.02Mn1.98F3.02O3.98)  >
C(Li1.05Co0.02Mn1.98S3.02O3.98)  >  C(Li1.05Co0.02Mn1.98F3.02O3.98).
Although the Li1.05Al0.02Mn1.98S3.02O3.98 cathode presented the highest initial capacity 
(126 mA h g-1), the Li1.05Ga0.02Mn1.98S3.02O3.98 cathode presented the lowest capacity 
fading (from 120 mA h g-1 to 115 mA h g-1) after 300 charge-discharge cycles.

Acknowledgements to FAPESP (grant # 01/09685-9) and CNPq.
[1]  Ferracin, L. C.; Amaral, F. A. & Bocchi, N., Solid State Ionics. 130 (2000) 215.
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Solvent-Solvent and Ionic Liquid-Solvent Mixtures for 
Lithium Batteries 

A. Chagnes*,1, G. Cote1, B. Carre2, D. Lemordant2, 
1 : ENSCP, Laboratoire d’Electrochimie et de Chimie Analytique (LECA, UMR 7575)

11 Rue Pierre et Marie Curie, 75231 Paris Cedex 05, France
2 : Faculté des Sciences de TOURS, Laboratoire de Chimie-Physique des Interfaces et des Milieux 

Electrolytiques (CIME, EA 2095), Parc de Grandmont 37200 Tours, France.
*Corresponding author’s email address: alexandre-chagnes@enscp.fr

In order to enhance lithium ion batteries performances, and particularly at low 
temperatures, the formulation of the electrolyte is critical. A new trend in the batteries 
research is the search of binary or ternary mixtures of solvents thermodynamically 
stable at low temperature (below -20°C). For this purpose, few of studies deal with 
phase diagrams of mixtures of organic dipolar aprotic solvents. For example, the 
phase diagrams of mixtures of cyclic ethylene carbonate (EC) and linear carbonates 
as dimethylcarbonate (DMC) or ethylmethylcarbonate (EMC) have been studied by 
Ding [1]. The obtained phase diagrams are simple and characterised by an eutectic 
point which is close to the compound having the lowest melting point. Moreover, 
there is no miscibility gap in the liquid state whereas in solid state there is no mutual 
solubility.
In this work, Differential Scanning Calorimetry (DSC) and X-Ray diffraction (XRD) 
have been performed to investigate the thermal behaviour at low temperature (between 
-120°C to 20°C) of solvent-solvent and ionic liquid-solvent binary mixtures. These 
mixtures are made up of gamma-butyrolactone (BL), DMC, EC as organic solvents 
and 1-butyl-3-methyl-imidazolium hexafluoroborate (BMIPF6) and tetrafluoroborate 
(BMIBF4) as ionic liquids.
Phase diagrams of BL-DMC and BL-EC are as simple as alkylcarbonates binary 
mixtures. They are characterised by an eutectic point at xEC=0.12 and T=-57.5°C for 
BL-DMC mixtures and xEC=0.10 and T=-56.3°C for BL-EC mixtures. 
Phase diagrams of ionic liquid-solvent binary mixtures evidenced the apparition of 
a vitreous phase when the mole fraction in ionic liquid is higher than a critical mole 
fraction (xcritic). This means that all solvent molecules, embedded in the amorphous 
phase, belong to the solvation shell of the imidazolium salts. From the value of the 
critical mole fraction, it is possible to calculate the number of solvent molecules in 
the solvation shell of BMI+. In BMIBF4-BL and BMIPF6-BL systems the number of 
solvent molecules is respectively 4 and 5. The difference in the number of solvent 
molecules in the solvation shell of BMI+ may be explained by the presence of one 
BF4

- in the solvation shell of the imidazolium ion in BMIBF4-BL and no PF6
- anion in 

the solvation shell of BMI+ in BMIPF6-BL.
Charge-discharge capacities at a graphite electrode of these binary mixtures in presence 
of lithium salts such as lithium tetrafluoroborate and lithium hexafluorophosphate are 
also presented in this work.

[1]: M.S.. Ding, K. Xu, and T.R. Jow,  J. Electrochem.Soc 147 (2000), 1688 
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The iron electrode revisited
Nicola Comisso* and Giuliano Mengoli

Institute for Energetics and Interphases, National Research Council
 Corso Stati Uniti 4, 35127 Padova, Italy 

*nicola.comisso@ieni.cnr.it

The alkaline metal hydride/Ni oxide secondary cells have superseded in most 
applications the old Fe/Ni battery.  
However the negative Fe electrode when coupled with a positive air electrode is still 
attractive since combining good energy density (75 W h kg-1) with robustness, low 
cost and high environmental safety. 
The development for this battery of the air electrode can now take advantage from the 
alkaline fuel cell technological progress, but for Fe, in spite of the active investigation 
from the beginning of last century till the late ‘70s, several points are still questioned.  
For instance, the importance of Li+ in the electrolyte for the reduction of Fe oxides has 
only recently been clarified, whereas unanswered questions concerns:
•the discharge pathway, generally assumed to involve the successive Fe � FeII and FeII 
� FeIII oxidations;
•the fact that at room temperature or below, only a minor fraction of the large theoretical 
capacity (960 A h kg-1) can be exploited;
•whether and how the depth of discharge affects the electrode performances, etc.
The present paper shows that poor Fe utilization and two stage oxidation both correlate 
with resistance phenomena: in fact by using Fe/TiO2 or Fe/ZnO composite electrodes 
the full theoretical capacity is exploited within a single Fe � FeII oxidation pathway. 
Deep discharges seem furthermore important to inhibit Fe activation towards the 
hydrogen evolution reaction.  With respect to this latter point the compatibility of 
mixing active Fe with intermetallic compounds (IMCs) as hydrogen buffers is 
eventually discussed.
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Correlation of ac-impedance and in situ X-ray spectra of 
LiCoO2

Francesco Nobilia, Sonia Dsokea, Marco Minicuccib, Fausto Crocec,*,  
Roberto Marassia

a Dipartimento di Scienze Chimiche, Università di Camerino. Via S. Agostino 1, Camerino 62032, 
Italy

b Centro Interdipartimentale Grandi Apparecchiature, Camerino, Italy
c Dipartimento di Scienze del Farmaco, Università degli Studi “G. D’Annunzio”, Chieti 66013, 

Italy
*fausto.croce@unich.it

We report in this presentation in-situ X-ray and AC-impedance spectra obtained 
simultaneously during the deintercalation of lithium from LiCoO2 using a specially 
designed electrochemical cell. The AC-dispersions have been correlated with the 
cell parameters obtained from the X-ray spectra. The correlation confirms previous 
hypothesis on the interpretation of the AC-dispersions in terms of an equivalent circuit 
comprising an element that relates  the change of the intrinsic electronic conductivity, 
occurring at the early stages of deintercalation, to the semiconductor to metal transition 
caused by the change of the cell parameters.



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Study on Conductive Bipolar Plates for Vanadium 
Redox Flow Battery

Yanhua Cui*,  Wei Lan,   Xiaobing Li,   Fanming Meng, Xiaojiang Liu
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P.O. Box 919-516,Mianyang, Sichuan, China,86-816-2485505(office phone),86-8162487594(fax)
*cuiyanhua@netease.com

Vanadium redox flow battery used for energy storage system provides several 
favorable characteristics in energy distribution. Good conductivity, stress intensity, 
imperviousness, and antioxidant capability are required to the bipolar plate. Two kinds 
of bipolar plates, composite imperforate graphite plate and conductive carbon-plastic 
plate, were prepared and studied in this article.
The composite imperforate graphite plates were prepared by infusing the fine-structured 
graphite plates (ρ= 1.84g/cm3) into the resin, and then were sintered in high-pressure 
inert gas at high temperature to carbonify the resin. The conductivity of composite 
graphite plates of thickness 3mm is 1*10-3Ω·cm. And the feather test showed that 
they have good impermeability. Cyclic voltammetry was used to test the graphite 
plates being infused and carbonified and to compare with the one without dealing. 
The working electrode was the tested graphite plate. The reference electrode was a Hg/
Hg2SO4(in saturated K2 SO4) electrode. A platinum plate was used as a counter electrode. 
The electrolyte was a 1.5MVOSO4+1.5MH2SO4  solution. The sweep rate was 100mv/
s. The cyclic voltammograms showed that the graphite plate after modification got a 
lower current peak both of oxidation and reduction. The vanadium redox battery of 
8 cells with the composite graphite bipolar plates was discharged at 120 mA/cm2 and 
output a satisfying power density of 125mw/ cm2.  The battery output a stable power 
and the columbic efficiency achieved 84% with the modified graphite plate. After 
enlarging the area of composite graphite plate from 256 to 961 cm2 and increasing 
the number of cells from 8 to 15, the battery kept the same efficiency. The power of 
vanadium redox battery with composite graphite plates achieved 1000w.
More cheaper carbon-plastic plates were prepared too. The composition of this 
material are 50~60% polymer and conductive additives such as carbon black and 
graphite particles about 40~50%. The conductive additives and the resin were mixed 
to be the composite, and the admixture was extruded to be composite particles, then 
these particles were injection-molded to form the carbon-plastic plates (thickness 
was 2.5mm, surface area was 961 cm2). The conductivity of the carbon-plastic plates 
is 0.20Ω·cm. The test of carbon-plastic plates in the vanadium battery of 10 cells 
showed that the battery run well at the 40A of charging and discharging current (the 
current density was 50mA/ cm2). 
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Electrochemical behavior of lead foam negative electrode 
in spiral VRLA batteries

Chang-Song Dai*, Sheng Zhang, Dian-Long Wang, Xin-Guo Hu
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Besides having the merits of conventional flat VRLA batteries, spirally VRLA 
batteries possess special advantages, such as, good charge acceptances and high 
instantaneous output powers, which can ensure their reliability and validity [1]. The 
use of thin lead foil and lead fiber as the current collectors of spirally VRLA batteries 
has been reported [2]. However, there have been few reports about lead foam being 
used as the negative grid material and the behaviors of lead foam negative electrodes 
in spirally VRLA batteries. The present paper deals with the effects of lead foam on 
the electrochemical behaviors by comparison with those of lead foil.
Spirally VRLA batteries were prepared by using lead foam as the negative current 
collector material. The electrochemical behaviors of a lead foam negative electrode 
in sulfuric acid were studied by means of chronoamperometry, cyclic voltammetry 
(CV), electrochemical impedance spectrometry (EIS) and charge-discharge tests.
The real surface area of a lead foam negative electrode is larger than that of a lead 
foil negative electrode, while the overpotential of the lead foam negative electrode 
is lower. Compared with those of a lead foil negative electrode, the mass specific 
capacities of a lead foam negative electrode are 25.9%, 30.0 % and 48.2% higher 
at 10h, 5h and 2h discharge rates, respectively. So the test results of the discharge 
performances of the spirally VRLA batteries show that for a lead foam negative 
electrode, both the utilization efficiency of the negative active material and the mass 
specific capacity of the negative electrode are higher. Besides, the observation of 
SEM shows that the active material on the lead foam negative electrode has smaller 
crystals and higher porosity. Compared with that of a lead foil negative electrode, 
the electrochemical reaction resistance Rct and Warburg resistance (Zw) of lead-foam 
negative electrode are obviously lower at the same state of charge, while the exchange 
current density i0 [3] is higher, which means that the charge-discharge reactions of a 
lead foam negative electrode can proceed relatively more easily. This is probably due 
to the fact that the electric conductivity of lead foam grids is better than that of lead 
foil grids and lead foam grids have a three-dimensional net structure. Therefore, lead 
foam grids have larger contact areas of an negative active material, and the reaction 
of the negative active material is more uniform on lead foam grids. The PbSO4 film is 
thinner and the ions transfer is more easily on a lead foam negative grid; accordingly, 
the electrochemical reaction resistance of at a lead foam electrode is obviously lower 
than that at a lead foil electrode. In a word, when used as grids of spiral VRLA 
batteries, lead foam has advantages over lead foil. 

[1] J. Wang, H. K. Liu, S. X. Dou, S Zhang, Y Zhu and C  Fu. J. Power Sources. 113  (2003) 
241.

[2] D. John. J. Power Sources. 64 (1997) 153.
[3] G. Lindbergh. Electrochimica Acta. 42 (1997) 1239.
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3, 6-bis (2-thienyl)-n-carbazole
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Istanbul Technical University, Department of Chemistry, Maslak, 34469, Istanbul, Turkey.

e-mail:eginer@itu.edu.tr

The most important topics of the rapidly developing field of conducting polymers 
especially on carbazole containing ones are reported recent literatures [1]. The 
carbazole family have been extensively studied for the different applications due to 
their good hole transport, luminescent and electroactive properties [2]. 
Since the first reports on the electrochemistry of polythiophene films several reviews 
appeared on the electrical conductivity and other physical properties [3].
Obtaining electrically conductive and redox active polymers by electropolymerization 
of a heterocyclic monomer depends on the oxidation potential of the monomer. In the 
case of a monomer such as thiophene, having a high oxidation potential compared to 
the polymer, the high applied potential causes some degradation of the polymer. This 
problem can be overcome by extending the conjugation of the monomer by introducing 
different monomers, resulting in a significant reduction in the oxidation potential. 
Organometallic polycondensations mediated by organotransition metal complexes 
have been used to obtain such materials [4]. Recently, we have been reported the 
preparation of 3, 6-bis (2-thenyl)-N-ethylcarbazole having low oxidation potential 
due to extended conjugation that underwent facile electrochemical polymerization to 
form stable electroactive polymers [5]. This type of polymers gives rise to an array of 
different colors, which is dependent upon an electrochemical potential, making these 
polymers effective in such applications as electrochromic devices/windows.
Therefore, in this study, we report synthesis and electropolymerization of Th-Cz-Th, 
co-monomer and the properties of polymeric films compared with poly (Th-ECZ-Th). 
The properties of electrochemically obtained polymer films from this monomer were 
characterized by simultaneous voltammetric and spectrophotometric measurements. 
EIS measurements on Pt/P (Th-Cz-Th) film electrodes were carried out in monomer 
free solution in dependence of , thickness, supporting electrolyte concentration, 
polarization potential. Capacitance properties, the ionization potentials Ip, electron 
affinity Ea, optical band gap Eg, peak potentials, Ep, and doping degree y, of polymer 
films were calculated from these measurements. 
[1]. Inzelt G., Pineri M., Schultze J.W., Vorotyyntsev M.A., Electrochim. Acta 45 

(2000) 2403 
[2]. Chevrot C, Ngbilo E, Kham K, Sadki S. Synth Met. 81 (1996) 201–4.
[3]. Strohriegl P, Grazulevicius JV. Photoconductive polymers. In: Nalwa  HS, editor. 

Handbook of organic conductive molecules and polymers,vol. 1. New York: 
Wiley; 1997. p. 553–620.

[4]. Yamamoto T., Synlett, 4,2003,425
[5]. Sezer E., Van Hooren M., Saraç A.S. and Hallensleben M.L., J. Polym. Sci.: Part 

A: Polym. Chem., 37, (1999) 379–381.
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Research of improvement the circulation performance of 
zinc electrode

ShaoBin Feng, Xiang Bao, Qing Liu, LiTing Feng
Corresponding author: Department of Chemical Engineering, Zhengzhou Institute of Light 

Industry, Dongfeng Lu No.5, Zhengzhou, 450002, P.R. China,   E-mail:fengshaobin@21cn.com

The zinc alloy powder as the active material of zinc electrode was prepared 
by the electrolysis way. Through the Linear Sweep Voltammetry(LSV), 
Chronoamperometry(CA) and charge and discharge test, ect. The results indicate 
that the corrosion intensity of zinc electrode in the lye is reduced about 60% by 
using the electrolytic alloy zinc powder, and it has higher electrochemical activity, 
the initial capacity reaches 277 mAh/g. The electrolytic ternary alloy Zn-Bi-In is 
best in synthesis performances. According to the working environment that the zinc 
electrode is used in, organic additives were added into the electrolyte, in order to 
improve electrodeposition shapes of the zinc in the course of charge and discharge. 
Through LSV, CA and charge and discharge test, ect. The results indicate that, the 
electrodeposition shapes of the zinc is improved effectively by adding the organic 
additive ZFD in the electrolyte, the growth of zinc dendriteic is restrained, and the 
circulation performance of zinc electrode is improved. The circulation performance 
of zinc electrode can also be improved remarkably by micro capsule processing on 
the zinc powder surface. The crystalloid nuclear positions of zinc electrodeposition 
might be provided by the membrane structure, at the same time reduced the discharge 
product to dissolve and diffuse in the electrolyte , restrained corrosion of zinc 
electrode in electrolyte. Through the Cyclic Voltammetry, AC Impednace and charge 
and discharge test, The results show that the best way to improve the circulation 
performance of secondary zinc electrode is adoption dark passivation of copper salt 
for 5 minutes in zinc powder surface. The electrolytic alloy zinc powder, the additive 
of electrolyte and surface modifiability of zinc powder were combined together, 
and the zinc electrode performances were investigated. After 40 times charge and 
discharge circulations, electrode capacity loss is 18.4%; But the zinc electrode of no 
optimized capacity loss is 49.6%.
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Suppressive Effect of Ag-coating on Decomposition of 
PC on the Surface of Graphite

J. Gao1, L. C. Yang1, L. J. Fu1, T. Zhang1, Y. P. Wu*1,2, H. Q. Wu*1, R. Holze 2  

Department of Chemistry & Shanghai Key Laboratory of Molecular Catalysis and
Innovative Materials, Fudan University, Shanghai 200433,China

2 Institut für Chemie, AG Elektrochemie, Technische Universität Chemnitz, D-09111 Chemnitz, 
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The effect of Co on the electrochemical characteristics of 
nickel-rich layered LiCoXMnYNi1-X-YO2  

Hao Ge*, Chang-Song Dai, Dian-Long Wang, Jun Yang, Ai-Zhen Lian  
Department of Applied Chemistry, Harbin Institute of Technology, P.O.Box 411 Harbin 150001 P. 

R. China
gehao_8093@163.com

Nowadays, LiCoO2 is the prevalent cathode material and many reports address the 
problem in synthesizing a lower cost, higher-capacity, and safer cathode material 
than  LiCoO2[1]. LiCoXMnYNi1-X-YO2 is the most studied material. LiNi1/3Co1/3Mn1/3O2 
could be one of the promising cathode materials, but its unstable cycling performance 
results in gradual capacity fade, especially when charged to higher voltage.
Venkatraman et al. [2] have showed that oxygen loss from layered metal oxide cathodes 
becomes significant above 4.25V.This may contribute to observed cycling losses and 
limits the achievable practical capacities that can be obtained, unless steps are taken 
to reduce oxygen activity. The decline in cycle ability of LiNi1/3Co1/3Mn1/3O2 could 
be related to the chemical instability of the Co3+/4+ redox couple due to its significant 
overlap with the top of the O2-:2p band. Experiments shows that oxygen loss from 
nickel-rich layered LiCoXMnYNi1-X-YO2 becomes more serious with the amount of Co 
increasing ,especially at higher voltage. While, Dahn et al found that transition metal 
atoms especially Ni2+ have a tendency to enter the Li layers when the Co content is low 
in the material. Experiments indicates that Co can stabilize the structural of   nickel-
rich layered LiCoXMnYNi1-X-YO2 as the influence of Co on the structural stability of 
LiNiO2.Its rate performance is improved with the rising Co content, which is probably 
caused by reducing the propensity of transition metal atoms to enter Li layers.  So 
the amount of Co in the nickel-rich layered LiCoXMnYNi1-X-YO2 is detrimental to its 
performance and safety .
  
[1] A.R.Armstrong,P.G.Bruce. Nature. 381(1996)499 
[2] S.Venkatram,A .Manthiram.Chem.Mater.15(2003)5003.
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Stannum Doping of Spherical Spinel LiMn2O4  
Shaohua Guo, Pu Weihua, Xiangming He*, Chunrong Wan, Changyin Jiang

Institute of Nuclear & New Energy Technology, Tsinghua University, Beijing 100084, PR China 
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Li2.6Co0.4N Composite of Hard carbon for Its Initial 
irreversible Capacity Improvement
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Electrochemical Studies of Electrode Material for Sealed 
Ni-MH Battery

Ho-Sung Kim1*, SeongJae Boo1,  Duck Rye Chang1,  Jong-Ho Lee1,  Jin Hun Jo2

1Energy & Optics Team, Gangju Research Center, Korea Institute of Industrial Technology, 
Chumdan P.O.Box#1 Wolgye-dong, Gwangsan-gu, Gwangju, 506-824, Korea

2R&D Department,  IBT Co., Ltd, 971-17, Weolchul-dong, Buk-Gu,  Gwangju, 500-460, Korea
*hosung42@kitech.re.kr

Nickel metal hydride (Ni-MH) battery is attracting much attention for the 
application in electric devices and emission-free electric vehicles because of their 
several advantages such as high energy density and environmentally acceptable 
components. Ni-MH battery is consisted of a hydrogen absorbing alloy for a negative 
electrode and a nickel hydroxide for a positive electrode.  However, when charge 
and discharge cycles are repeated, a gas absorbing performance and charge efficiency 
at the negative electrode is reduced due to oxidation of hydrogen absorbing alloy.  
Therefore, there have been such problems as a rise in battery inside pressure, which 
is increase a loss of electrolyte and a lowering of battery performance. It is intended 
to improve the service life of negative electrode by adding additive elements to the 
nickel hydroxide. A potential difference (η value) between an oxidation potential 
and an oxygen evolution potential of the nickel hydroxide correlates with the charge 
efficiency, and it is expected that charge efficiency has a tendency to become large 
with an increase in the  η value.   When the additive elements such as Ca, Sn, Cd, Zn 
etc. are added to the nickel hydroxide, oxygen evolution potential of nickel hydroxide 
shifted to the noble side.  we reported on the electrochemical properties of a single 
particle of spherical nickel hydroxide treated with some additive elements. The 
electrochemical measurements were done by a microelectrode technique.  

Fig. 1  Cyclic voltammogram for a single particle and a composite film electrode of 
nickel hydroxide in 5M KOH solution. Scan rate was 1mV/s.
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Li Reaction Behavior of GaP Nanoparticles Prepared by 
Sodium Naphthalenide Reduction Method
Haesuk Hwanga, Hyunjung Kim,a Min Gyu Kim,b Jaephil Choa,Z

aDepartment of Applied Chemistry, Kumoh National Institute of Technology, Gumi, Korea
bBeamline Research Division, Pohang Accelerator Laboratory,
Pohang University of Science and Technology, Pohang, Korea

Corresponding author: jpcho@kumoh.ac.kr

Recently, transition metal phosphides, such as CoP3, MnP4, FeP2, Sn3P4, VP4, and Cu2P 
have been investigated as possible candidates for anode materials in Li-ion batteries 
and can be categorized into two groups depending on transition metal and phosphors 
bonding stability upon lithium reaction.  MnP4, Cu2P, and VP4 showed the topotactic 
lithium insertion without breaking bonds between transition metal and phosphor, and 
overall reaction can be written as follows:
M

x
P

y
 → Li

t
M

x
P

y
→ Li

t
P + M

x
P

y
↔Li

z
M

x
P

y
 (1). 

For instance, Kim et al. reported that VP4 reacted with lithium through topotactic 
reaction, phase transformation from monoclinic Li3VP4 into cubic Li6VP4 phase, and 
decomposition to form Li3P and VP followed by lithium insertion into VP phase.  
On the other hand, Sn3P4, FeP2, CoP3 showed the direct decomposition of metal 
phosphide into metal and lithum phosphide, and lithium phosphide and transition 
metal can participate in the lithium reaction. For instance, Li reaction in CoP3 can be 
written as:              
CoP

3
 → Li

3
P + Co ↔ 3LiP + Co (2)

In case of CoP3, initial uptake of Li forms highly dispersed cobalt clusters embedded 
in matrix of Li3P; extraction of Li from this ion-conductive matrix on charge yields 
nano-particles of LiP, with no oxidation of Co. However, when an active transition 
metal was formed from the decomposition reaction, lithium can reversibly react with 
the active metal. Sn3P4 was formed in a final reaction: 
Sn + LiP and Sn → Li

4
Sn , LiP → Li

3
P (3). 

In reactions (1,2 and 3), since LiP is an insulator, and once Li3P changed into LiP, 
it is detrimental effect on reversibility of the phosphorous electrode. As long as 
electrochemical window is limited below 0.72 V, the Li3P matrix is believed to be 
relatively stable. However, above 0.75 V, capacity fading was severe and showed ~ 
0mAh/g after 30 cycles. However, preparation method for metal phosphides described 
above used ball-milling or high temperature solid-state reactions mostly.  
In this study, we report lithium reaction behavior of the GaP nanoparticles with 
different particle sizes produced by sodium naphthalenide reduction of GaCl3 in 
ethylene glycol dimethyl ether (glyme), and concurrent reaction with P at 390oC 
without pressured condition. 
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A novel composite solid-state polymer electrolyte of 
methyl group-functionalized SBA-15 for rechargeable 

lithium batteries
Jin-Mei Xu, Yan-Xia Jiang, Quan-Chao Zhuang, Xiao-Yong Fan, Lan-Ying Jin,  

Shi-Gang Sun*
State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of 

Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
*sgsun@xmu.edu.cn

Since the idea that some polyether-based polymer with alkali metal salts was presented 
by Wright [1,2] and Armand [3], the development of polymer electrolytes with high ionic 
conductivity has become one of the objectives in polymer research due to their potential 
application in electronic devices such as all-solid-state rechargeable batteries. The 
polyethylene oxide (PEO)-based system is the most comprehensively investigated because 
of the unique properties of PEO to form ‘polymer solutions’ of good ionic conductivity. 
The system, however, still suffers from inadequate room temperature ionic conductivity (< 
10-7 S cm-1 at 25℃ ). Extensive research efforts have been made to optimize the properties 
of polymer electrolytes to satisfy the need of all-solid-state lithium-polymer electrolyte 
battery [4,5].
In this study, molecular sieve SBA-15 was functionalized via trimethylchlorosilane, which 
was used as inorganic filler in a poly (ethyleneoxide) (PEO) polymer matrix to synthesize 
composite solid-state polymer electrolytes (CSPEs) for rechargeable lithium batteries 
using LiClO4 as the doping salts. The methyl group-functionalized SBA-15 powder 
possesses hydrophobic pore surfaces that facilitate the combination between SBA-15 filler 
and PEO matrix, which improves its compatibility with the polymer matrix. The methods 
of linear sweep voltammetry (LSV), electrochemical impedance spectroscopy (EIS), X-
ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared 
spectroscopy (FTIR) and differential scanning calorimetry (DSC) were employed to study 
the electrochemical properties and interfacial stability of the CSPEs. The experimental 
results illustrated that the incorporation of ~5% functionalized SBA-15 yields a stable and 
homogeneous CSPE with the maximum ionic conductivity ( 1.87×10-6 S cm-1 ) at room 
temperature. Addition of functionalized SBA-15 with high concentration (~15%) leads to 
nevertheless a decrease in the ionic conductivity of the CSPE. Emission FTIR spectroscopy 
at different temperature was first used to explore the temperature dependent of structure 
of polymer, and experimental results show that the existence of amorphous phase induces 
a great contribution to the ionic conductivity. Combining with other experiments we have 
set up a mechanism of ion conducting. Furthermore, the addition of functionalized SBA-
15 has improved also the electrochemical stability window of CSPEs. 

The study was supported by grants from natural science foundation of China (20021002, 
90206039) and Special Funds for Major State Basic Research Project of China 
(2002CB211804).
[1] D.E. Fenton, J.M. Parker, P.V. Wright, Polymer, 14 (1973) 589.
[2] P.V. Wright, Br. Polym. J., 7 (1975) 319.
[3] J.-M. Tarascon, M. Armand, Nature, 414 (2001) 359.
[4] J.Y. Xi, S.J. Miao, X.Z. Tang, Macromolecules, 37 (2004) 8592.
[5] H. M. Kao, Y. Y. Tsai, S.W. Chao, Solid State Ionics, 176 (2005) 1261.
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Nano-Scale LiFePO4/C Composites Doped by Ti as 
Cathode Materials of Lithium Ion Battery
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Determination of Li+ solid diffusion coefficient of LiCoO2 
by capacity intermittent titration technique (CITT)

 Jin Le, Tang Xin-Cun*
College of Chemistry and Chemical Engineering, Central South University, Changsha 

410083,China
*tangxincun@163.com

Investigation on the solid diffusion process of Li+ within Li insertion-host materials 
plays an important role in improving properties of electrode materials and optimizing 
designs of lithium-ion batteries because the diffusion process is the key step for the 
energy storage and output. By the capacity intermittent titration technique (CITT), 
the Li+ solid diffusion coefficients within LiCoO

2
 have been determined at different 

voltages and different charge-discharge cycles. Results show that the Li+ solid 
diffusion coefficient(D) values vary non-linearly from 10-12 cm2·s-1 to 10-13 cm2·s-1 in 
the voltage range from 3.9V to 4.3V,  with a minimum at E=3.95V. During charge-
discharge cycles, the variation of Li+ solid diffusion coefficient come through three 
steps because of the crystal structure changes. The XRD and FTIR were used to 
describe the structure changes during charge-discharge cycles.
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Preparation of porous carbon using surfactant and its 
rate capability in electric double-layer capacitor
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Engineering, Seoul National University, Seoul 151-774, Korea
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R.Agladze Institute of Inorganic Chemistry and Electrochemistry, 11Mindely str.,Tbilisi, 0186, 
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Lithium manganese spinel represents promising cathode materials for rechargeable 
lithium and lithium ion batteries.  However lithium manganese spinels obtained by 
conventional solid state method are characterized by relatively low specific capacity 
and capacity fading during cycling.  The method of obtaining pure phase, high 
dispersal, homogenous samples of cathode materials from solutions is considered at 
present as the most promising.
Series of modified LixMn2-yMeyO4 spinels, where Me = Ni, Co was obtained by a 
simplified method as compared with the sol-gel method.  Appropriate initial mixtures 
of Li, Mn, Ni, Co - containing reagents were obtained directly from homogenous 
solutions by heating and evaporation without using special complex formation agent.  
Lithium hydroxide was used as Li- containing reagent, and as Mn, Ni, Co – containing 
reagents nitrates and acetates were used.  It was established that it is possible to use 
nitrates as initial Mn, Ni, Co- containing reagents formation of LixMn2-yMeyO4 type 
samples with  Me=Co, Ni, 1 ≤ x ≤ 1.2 and y = 0.1 unit formula.  Formation of pure 
phase, superlithiate, doped cubic spinels with parameter a = 8.180 ±0.004Ǻ and 
dispersion ~ 2·10-7cm takes place as a result of corresponding initial batch heating at 
600°C during 6 hours. Using manganese and nickel nitrates as initial reagents leads 
to formation of pure phase samples with cubic singony, lattice parameters a = 8.186 
÷ 8.208 ±0.03Ǻ and dispersion ~ 10-7cm.  Simplified method allows for obtaining of 
high dispersal samples of LixMn2-yMeyO4, 1 ≤ x ≤ 1.2 and y = 0.1,  at 450°C (τ = 6h).  
High dispersion and homogeneity, relatively low temperature and minimum time of 
cathode material synthesis as well as samples doping with Co or Ni  and creating 
lithium excess in spinel structure provides for increased electrochemical performance  
and cycleability of cathode materials, and subsequently of lithium-ion battery.          
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Evaluation of Anodic 0xidation Durability of PAN Based 
Carbon Fibers

Sigenori Kasimura, Hiroya Kakegawa,You Sasaki, Syun-ichiro Hashimoto, 
Yoshihiro Murai, Manabu Ishifune

Graduate School of Science and Engineering, Kin-Ki University3-4-1, Kowakae Higashiosaka 577-
8502, Japan.

e-mail: kashimu@chem.kindai.ac.jp



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Electrochemical capacitors based on highly porous 
carbon prepared by chemical treatment 

Han-Joo Kim , Soo-Gil Park
Chungbuk National University 

*sgpark@cbnu.ac.kr

Activated carbon was activated with chemical treatment to attain high surface area 
with porous structure. We have been considered activated carbon is the ideal material 
for high voltage electric double layer capacitor due to their high specific surface 
area, good conductivity and chemical stability. In this study we found that increase 
in electrochemical capacitance due to  activated carbon. Also chemically activated 
carbon and water treatment have resulted larger capacitance and also exhibits better 
electrochemical behavior, and is about 15% more than in untreated state. The structural 
change in activated carbon through chemical treatment activation was investigated 
by using SEM and XRD. In this study, the dependence of the activation behavior 
with KOH in the micro structure of host materials will be discussed. Furthermore, the 
relation to the electric double layer capacitance, especially the specific capacitance 
per unit area, is also discussed. 
The treated activated carbon was obtained by KOH solution and activated carbon (YP-
17) mixed warm up in a double boiler at 60℃ for 12h. The resultant materials were 
washed repeatedly with 0.1M solution of HCl and distilled water to remove chloride 
ions and next were dried at 110 �C for 6 h. The BET surface area of carbons was 
measured from N2 adsorption isotherms at 77K with asorptiometer. Two-electrode 
capacitors were built from the KOH activated carbon samples and 1 mol l−1 H2SO4 
and 10M KOH solution was an electrolytic solution. The electrodes consist of 80% of 
carbon, 5% of polyvinylidene fluoride(PVDF) and 15% of super-P.
The electrochemical behavior of treated activated carbon was characterized by cyclic 
voltammogram as shown in Fig. 1. A voltammogram close to the ideal rectangular 
shape was observed treated activated carbon.
 The isotherms of N2 adsorption at 77K for the KOH activated carbons are presented 
in Fig. 2. The highly developed surface area of KOH activated carbons with a suitable 
particle size seems to be a primary reason of the exceptionally high capability charge 
accumulation in electric double layer of such carbon.
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SnO2 Filled Mesoporous Tin Phosphate: High Capacity 
Negative Electrode for Lithium Secondary Battery

Jinyoung Kim, Jaephil Cho*

Department of Applied Chemistry, Kumoh National Institute of Technology, Gumi, Korea
*Corresponding author: jpcho@kumoh.ac.kr

SnO2 filled mesoporous tin phosphate was prepared by impregnating an Sn melt 
into the mesopores of hexagonal mesoporous tin phosphate with a pore size of 3 
nm at 300oC under vacuum. Although Sn was oxidized to SnO2 via a reaction with 
the oxygen ions consisting of one of tin phosphate porewall frameworks at 300oC, 
the porewall material remained amorphous without showing any other phases. The 
electrochemical results revealed significant improvement of the reversible capacity 
to 805 mAh/g from 400 mAh/g after the mesopores were filled with SnO2.  This was 
because the SnO2 not only added capacity but also decreased high BET surface area of 
the mesoporous tin phosphate that caused the large irreversible capacity. 
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Lithium Insertion/Extraction Characteristics of Carbon 
Nanofibers Formed from PAA using Porous Template

M. Kiriu, H. Habazaki* and H. Konno
Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

*habazaki@eng.hokudai.ac.jp 

Nanocarbon materials, including carbon nanotubes, have attracted much attention 
due to their wide spread applications. The some of the authors have prepared carbon 
nanofibers by liquid phase carbonization of polyvinyl chloride (PVC) and polyvinyl 
alcohol (PVA) in pores of the porous anodic alumina template. By using this template 
technique, the carbon nanofibers of controlled diameter can be produced. The carbon 
nanofibers thus prepared have a platelet structure, in which graphene layers are normal 
to the fiber axis. The nanocarbon materials of this type are of great interest as an anode 
material with high rate capability for lithium ion batteries, since the diffusion path 
of intercalated lithium ions is short. In fact, the authors have found the good rate 
capability of the carbon nanofibers prepared at 1000°C. PVC and PVA are classified 
as soft carbon materials. However, hard carbon materials are known to have higher 
capacity than soft carbon materials at heat treatment temperatures around 1000°C. 
Thus, in the present study, carbon nanofibers have been prepared from polyacrylamide 
(PAA), which is one of hard carbon precursors and porous template.
 The templates used were porous anodic alumina with pore diameters of about 30 
and 200 nm. A mixture of PAA powders and the template were heated in a stream of 
high purity argon gas to 600°C. Then, the template was dissolved and fibrous carbon 
precursors were obtained. The precursors were further heated to 1000 and 1500°C. 
The anodes were prepared by coating a mixture of carbon nanofilaments, acetylene 
black and polyvinylidene fluoride on porous nickel sheets. A liquid electrolyte of 1.0 
mol dm-3 LiClO4 dissolved in EC+DEC (1:1 by volume) was used.
The carbon nanofibers with the diameter corresponding to the pore diameter of the 
template were obtained successfully. TEM observations revealed that the carbon 
nanofibers had a platelet structure. Apparent gas bubbles are present in the carbon 
nanofibers, possibly associated with the high viscosity of the liquid formed during the 
carbonization process. 
The charge-discharge curves of the carbon nanofibers were similar to those of typical 
hard carbon materials. As expected, the reversible capacity was larger than those 
prepared from PVC, being ~400 mA h g-1 at a current density of 50 mA g-1 for the 
carbon nanofibers heat-treated at 1000°C. The beneficial effect of smaller diameter of 
the carbon nanofibers on the reversible capacity at high current densities up to 2 A g-1 
was also found. The rate capability of the carbon nanofibers prepared from PAA was 
as high as that prepared from PVC.  
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Electrochemical Impedance Spectroscopy of Poly(3,4-
ethylenedioxythiophene) films: effects of electrolyte 

composition and film thickness 
S. N. Eliseeva, E. G. Tolstopyatova, D. V. Spiridonova, V. V. Kondratiev*

Department of Chemistry, St.Petersburg University, Petrodvoretz, 198504, Russia
e-mail: vkondrat@rbcmail.ru

The EIS responses of p-doped poly(3,4-ethylenedioxythiophene) (PEDOT) modified 
electrodes were investigated in acetonitrile and propylenecarbonate solutions, 
containing different counter-ions (ClO4

-, PF6
-, BF4

-). The polymer films of various 
thickness were obtained on platinum electrodes by galvanostatic polymerization of 
0.05 – 0.1M monomer in acetonitrile in the presence of 0.5 M LiClO4.
For all experimental conditions two characteristic parts of spectra are observed in 
Nyquist plots: at high frequencies a semicircle due to a parallel RC-element and at low 
frequencies a nearly vertical capacitive response. The EIS data were analyzed on the 
basis of a homogeneous film model. It was found that the low-frequency capacitance 
was independent on the LiClO4 concentration (0.05-1.0 M) and slightly dependent 
on the nature of counter-ions. The CLF values were linearly dependent on the charge 
consumed during the electrosynthesis, i.e. were proportional to the film thickness. The 
parameters of RC-element were derived from semi-circle and analyzed as functions 
of experimental variables.
The electrochemical behaviour of PEDOT films was compared to that of poly-3-
alkylthiophenes (PAT). PEDOT films show more stable electrochemical response (CV, 
EIS) in comparison with PATs which show noticeable degradation of electrochemical 
properties at positive potentials (1 – 1.2 V vs. Ag/AgCl). The possible reasons of 
difference in electrochemical behaviour of PEDOT and PAT films will be discussed.
Financial support from the Russian Foundation for Basic Research (grant N 05-03-
33262) is gratefully acknowledged.
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Lithium diffusion in thin-film amorphous silicon 
electrodes

T. L. Kulova,a* A. M. Skundina, Yu. V. Pleskova, E. I. Terukovb, O. I. Kon’kovb, 
and I. N. Trapeznikova b 

aA.N. Frumkin Institute of Physical Chemistry and Electrochemistry of the RAS
31, Leninsky prospect, 119991, Moscow, Russia; tkulova@mail.ru
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Synthesis of mesoporous manganese oxide/carbon 
nanocomposites for pseudocapacitor applications 

Chang Wook Lee, Kyung Wan Nam, Kwang Bum Kim*
Department of Metallurgical Engineering, Yonsei University
134 Shinchon-dong, Seodaemun-gu, Seoul,Korea, 120-749

 kbkim@yonsei.ac.kr

There have been an increasing number of reports about high rate electrochemical 
energy devices for possible applications as auxiliary power sources for hybrid electric 
vehicles and fuel cell vehicles.  Current technology of secondary batteries, which have 
high energy density, does not appear to meet the high power requirements for hybrid 
electric vehicles and fuel cell vehicles. Electrochemical capacitors are attractive energy 
storage systems, particularly for applications involving high power requirement, 
however, their energy density is far less than one tenth of secondary batteries. 
 Since the discovery of M41S silica molecular sieves in 1992, mesoporous materials, 
possessing remarkably large internal surface area and narrow pore size distribution, 
have attracted considerable attention because of their potential applications ranging 
from catalysts, absorbents, gas sensors to batteries and electrochemical capacitors.  
Mesoporous metal oxides are expected to be an ideal solid-pore architectured material 
which could improve power density of secondary battery materials or energy density of 
pseudocapacitor materials because of their large surface area, their thin wall thickness 
which is equivalent to a short diffusion length and their interconnected nanopores for 
easy ion transport.
In this study, we report on the surfactant-assisted synthesis and electrochemical 
properties of mesoporous manganese oxides electrodes for supercapacitor 
applications.  In order to increase the energy density and high rate capability of the 
materials, the mesoporous manganese oxide electrodes including carbon materials as 
conducting agent were fabricated by electrodeposition in the presence of surfactants. 
Rate capability and specific capacitance were estimated with cyclic voltammetry and 
charge/discharge tests in aqueous solutions. 
More details will be presented at the meeting
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Structural Characterization of the Surface Modified 
LixNi0.9Co0.1O2 Cathode Materials by MPO4 Coating (M 

= Al, Ce, SrH, and Fe) for Li-ion Cells
Hyunjung Lee,a Yoojung Kim,a Youngil Lee,b Yoojin Kim,a,c Min Gyu Kim,c  

Jaephil Choa,Z

aDepartment of Applied Chemistry, Kumoh National Institute of Technology, Gumi, Korea
University of Ulsan Chemistry, Ulsanl, Korea

cBeamline Research Division, Pohang Accelerator Laboratory,
Pohang University of Science and Technology, Pohang, Korea

Corresponding author: jpcho@kumoh.ac.kr

Structural characterization of surface modified LixNi0.9Co0.1O2 cathodes (x = 0.3 and 
0.15) using a MPO4 coating (M = Al, Ce, SrH, and Fe) were investigated for their 
potential applications to Li-ion cells. MPO4 nanoparticles that were precipitated from 
metal nitrate and (NH4)2HPO4 in water at pH = 10 were coated on the cathodes via 
mixing and heat-treatment at 700oC. The CePO4 and SrHPO4-coated Li0.3Ni0.9Co0.1O2 
cathodes heat-treated at 300oC were mainly made up of the rock-salt phase (Fm3m) 
while AlPO4 and FePO4-coated cathodes showed disordered [Li1-x(Ni,Co)x]3b[(Ni,Co)
y]3aO2-type hexagonal structure (R-3m) with a cation-mixing. However, when x value 
decreased from 0.3 to 0.15, bare and coated cathodes which had a spinel (F3dm) or 
hexagonal structure (R-3m) at x = 0.3 were transformed into a NiO-type rock salt 
structure. Structural changes of the coated cathodes at 300oC was influenced by the 
coating materials, depending on x value in LixNi0.9Co0.1O2. Among the bare and coated 
samples, AlPO4-coated sample exhibited lowest degree of oxygen generation after 
300oC annealing at x = 0.15, indicating the highest thermal stability among the bare 
and coated cathodes. 
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Capacitance of the Solid Electrode -Ionic Liquid  
Double - Layer

Andrzej Lewandowski*, Maciej Galinski, Sebastian Krajewski
Faculty of Chemical Technology, Poznan University opf Technology, 

PL – 60 965 Poznan, Poland
*andrzej.lewandowski@put.poznan.pl

Ionic liquids (IL) - salts characterized by low melting points, have been studied 
extensively during the last decade. These liquid salts may be used as solvents as well as 
electrolytes in electrochemical devices. At the same time double-layer electrochemical 
capacitors, based on carbon materials having very high-surface area, have also been 
studied with very promising results. Both aqueous and various non-aqueous liquid 
electrolytes as well as polymer electrolytes have been applied there in, including ionic 
liquids. There are only a few publications about double layer capacity measured at 
well defined electrode/electrolyte surface. Except the report on ionic liquids based on 
the chloroaluminate ion [1], a paper about specific capacitance for glassy carbon (GC), 
mercury and a commercial carbon as electrode materials and four ionic liquids based 
on 1-ethyl-3-methyl imidazolium cation can be found in the literature [2]. The general 
aim of this work was to examine the differential capacity at the solid electrode/IL 
interface for a number of ionic liquids.
Differential capacity at the electrode/IL interface (electrode material was: glassy 
carbon (GC), Pt or Au) was measured applying (i) chronoamperometry (ii) cyclic 
voltamperometry and (iii) ac impedance measurements. The chronoamperometric 
measurements were done in a two electrode system. The working (GC, Pt or Au) 
electrode was charged by superimposing a ± 10, 20, 30, 50 up to 90 mV potential 
dc signal, U, and the current flowing during electrode charging or discharging was 
recorded as a function of the time. The charge Q accumulated at the electrode was 
obtained by integrating the I = f(t) curves and the capacity was obtained directly 
from the slope of the dQ = C dU. The impedance spectra were measured in a three 
compartment cell over a frequency range from 0.01 Hz to 99 kHz with an ac potential 
amplitude of 10 mV. The double layer capacity at the GC/IL interface, obtained from 
chronoamperometry, is at the level of ca. 10-25 microF/cm2 at potentials close to the 
open circuit potential, while the corresponding values for the Pt/IL and Au/IL systems 
were significantly lower, typically at the level of 1-8 microF/cm2. This difference is 
probably due to possible faradaic reactions that can take place at the GC electrode.The 
capacity value was approximately constant within a broad potential range (of ca 3V).

[1] R. J. Gale, R. A. Osteryoung, Electrochim. Acta, 25 (1980) 1527 
[2] C. Nanyundiah, S.F. McDevitt. and V.R Koch, J.Electrochem. Soc., 144 (1997) 

3392
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Impacts of surface conversion on determination of 
hydrogen diffusion coefficient in hydrogen storage alloys

Liang Xiao, Juntao Lu*, Peifang Liu, Lin Zhuang
Department of Chemistry, Wuhan University, Wuhan 430072, China
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Studies on Structure and Electrochemical Properties of 
Pillared M-MnO2 (M = Ba2+, Sr2+, ZrO2+)
Yanluo Lua, Min Weia, Xue Duana, *, Yaning Xieb, Tao Liub 

a State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical 
Technology, Beijing 100029, P. R. China

b Beijing Synchrotron Radiation Facility, Institute of High Energy Physics, Chinese Academy of 
Sciences, Beijing 100049, P R China 
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Synthesis of Nanostructured carbon and Sulfonate 
polysulfone Ionomer for Solid-State Supercapacitors 

Francesco Lufrano*, Pietro Staiti 
CNR – ITAE, Istituto di Tecnologie Avanzate per l’Energia “Nicola Giordano” 

Via Salita S. Lucia sopra Contesse n. 5, 98126 S. Lucia - Messina, Italy 
Tel. +39-090-624 226, Fax. +39-090-624 247; E-Mail  lufrano@itae.cnr.it

An ordered mesoporous carbon material has been synthesized and used together 
with  solid polymer electrolyte (SPE) to realize a solid-state supercapacitor (SC). 
The synthesis of carbon consisted in the preliminary preparation of highly ordered 
mesoporous silica (SBA-15), used as a template material, that in a second step was 
impregnated with sucrose that after thermal treatment at 850 °C was transformed in 
carbon. The so prepared carbon is know as CMK-3 type carbon. The solid polymer 
electrolyte was synthesized using trimethyl silyl chlorosulfonate as sulfonating agent 
in homogeneous polymer solution of chloroform. The silyl sulfonate polysulfone is 
modified in the sulfonate form by reaction with sodium methoxide. The membranes 
were prepared by casting method. The prepared membranes were washed with water, 
dried and converted in protonic form for immersion in HCl solution before their 
characterization. Two samples of sulfonated polysulfone membrane (SPSf) were 
employed as electrolyte in the fabrication of solid-state supercapacitors. The former 
sample contained only the SPSf, whereas the second was in composite form being 
SPSf filled with 5% of SBA-15 silica. The electrodes for the supercapacitors was 
prepared with CMK-3 mesoporous carbon and Nafion ionomer. The latter had both the 
functions of binder and ion conductor. The structures of nanostructured silica template 
and carbon material was evaluated by transmission electron microscopy (TEM) small 
angle X-Ray diffraction (XRD) and BET analyses. The solid-state supercapacitors 
based on carbon electrodes and solid polymer electrolytes were characterized 
by cyclic voltammetry (CV), galvanostatic charge/discharge measurements and, 
electrochemical impedance spectroscopy (EIS) analyses. As a result, it was found 
that the supercapacitor with the composite SPSf membrane exhibited higher specific 
capacitance (105 F/g) compared to that with the membrane containing only SPSf (86 
F/g). Further results on the structural features of synthesised nanostructured carbon, 
on the proton conductivity of the polymeric membranes and, on the effect of filler on 
supercapacitor performance will be shown during the presentation. 
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Preparation, Structure and Electrochemical Properties 
of Li2Na4V10O28 as a New Cathode Material in Li-ion 

Battery
Ai-Li Xie a,b, Chun-An Ma *,a and Lian-Bang Wang a

a: State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of 
Chemical Engineering and Materials Science,

 Zhejiang University of Technology, Hangzhou 310014, P. R. China  
b: Department of Chemistry, Shangrao Normal College,

Shangrao 334001,P. R. China              
            science@zjut.edu.cn; srsyxieaili@163.com

It is well known that LiCoO2 is commercially used as cathode material for lithium-ion 
batteries. Nonetheless, cobalt has economic and environmental problems. Among the 
alternative candidates, Lithium vanadium oxide is considered as a promising material 
based on its lower price and higher specific capacity compared to LiCoO2[1]. In this 
work, new material, Li2Na4V10O28 was prepared by using hydrothermal synthesis and 
annealing method.
{[LiNa2(H2O)9]210O28}2}n single crystal has been firstly synthesized as reported in 
Ref.[2] . The as-prepared sample was placed into a furnace to anneal at 513K for 5h 
in N2 gas, and then was pulverized to fine powder with ball milling after cooling to 
room temperature. Li2Na4V10O28 sample was obtained.   The structures of this sample, 
Li2Na4V10O28, were determined by XDR with  radiation resources and SEM. 
A half-cell composed of lithium foil as anode and cathode made of Li2Na4V10O28 
powder was used to check the electrochemical properties. The electrolyte was 1M 
LiPF6 in EC/DMC (1:1) solution. The cathode was prepared by pasting a mixture 
of the prepared lithium vanadium oxides, acetylene black and PVdF binder (weight 
ratio: 85:5:10) onto Al substrate. The size of the testing cathode was around 1.0 cm2, 
and the weight of active material in the electrode was around 1.45 mg. Galvanostatic 
charge / discharge cycling studies were carried out at 0.03mA/cm2 rate in a voltage 
range 1.5 to 4.5 V.
Experimental result shows that there is a long path in a, b, c orientations in structure 
of the sample respectively, and its size of cross section is around 5.9456Å×5.3165Å; 
5.9456Å×4.2693Å; 4.2693Å×5.3165Å. The three paths communicate each other. It 
would be helpful to the movement of lithium ion during charge/discharge process. 
It has been noticed that the material exhibits high OCV, around 3.43V (vs. Li/Li+) 
and high discharge capacity, around 350 mAh/g. The electrode made of Li2Na4V10O28 
sample shows good electrical conductivity and electrochemical reversibility during 
charge/discharge process, which maybe be attributed to the novel structure of the 
three paths. All the results show that this new cathode material would be a promising 
alternative material for lithium secondary batteries. 

  [1] H. Y. Xu, H. Wang, el at., Electrochimica Acta, 49, (2004), P349
[2] C. A. Ma, A. L. Xie and L. B. Wang, Acta Crystallographica Section E, 61(7), 
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Synthesis and characterization of birnessite nanorods on 
carbon nano tube (CNT) for electrochemical capacitor 

applications
Sang-Bok Ma and Kwang-Bum Kim*, 

 Department of Metallurgical Engineering., Yonsei University, 134 Shinchon-dong,
Seodaemoon-gu, Seoul, 120-749, Korea

* Tel : 82-2-2123-2839  *Fax : 82-2-312-5375 * E-mail : kbkim@yonsei.ac.kr

Manganese oxide is a promising electrode material for pseudocapacitors on account 
of its pseudocapacitive behavior, low cost and environmental compatibility. CNTs 
have been continuously studied as electrode materials for electrochemical capacitors, 
as additives to improve the electrode performance of conducting polymers and metal 
oxides or as deposition substrates for metal oxide particles and conducting polymers 
for pesudocapacitors because of their chemical stability, good conductivity and large 
surface area. In addition, CNTs are strongly entangled, providing a network of open 
mesopores.
Lately, several studies on the synthesis of manganese oxide / CNT composites have 
been carried out with the aim of improving the electrochemical utilization of manganese 
oxide and the high rate capability. Previous approaches to the synthesis of manganese 
oxide / carbon composite include various methods such as physical mixing, thermal 
decomposition, ball milling, electrodeposition, sonochemical synthesis, and redox 
reaction.
Because the pseudocapacitive reaction of manganese oxide is known to be a 
surface reaction, only the surface or a very thin surface layer can participate in the 
pseudocapacitive reaction. Therefore, in the synthesis of manganese oxide / CNT 
composites, it is ideal to deposit a very thin layer (~ nm) of manganese oxides onto 
CNT with a large surface area in order to improve the electrochemical utilization of 
manganese oxide. An increase in the effective interfacial area between the manganese 
oxide and an electrolyte can lead to a higher electrochemical utilization of manganese 
oxide in the manganese oxide / CNT composites. Greater chemical contact and 
increased contact area between the manganese oxide and CNT can improve the electric 
conductivity of the electrode on account of the high electric conductivity of CNT. 
In this study, we report on the synthesis of birnessite nanorods of manganese oxide 
spontaneously deposited onto CNT at the nanometer scale by the simple immersion 
of CNT into aqueous potassium permanganate solution for electrochemical capacitor 
application and on the synthesis mechanism of the heterogeneous nucleation of 
manganese oxide on CNT using in situ monitoring of the solution chemistry.
More details on the synthesis and characterization of birnessite nanorods on CNT will 
be presented at the meeting.
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Electrochemical characterization of spontaneously 
deposited manganese oxide on carbon nano tube (CNT) 

for electrochemical capacitor applications
Sang-Bok Ma and Kwang-Bum Kim*

 Department of Metallurgical Engineering., Yonsei University, 134 Shinchon-dong,
Seodaemoon-gu, Seoul, 120-749, Korea

* Tel : 82-2-2123-2839  *Fax : 82-2-312-5375 * E-mail : kbkim@yonsei.ac.kr

Electrochemical capacitors (ECs) are energy storage devices that possess higher energy 
and power density than conventional dielectric capacitors and batteries, respectively. 
According to the mechanism of energy storage, ECs can be categorized into two 
classes: electrochemical double layer capacitor (EDLC) and pseudocapacitor. EDLC 
is based on double layer capacitance due to charge separation at the electrode/ solution 
interface, and pseudocapacitor is based on the pseudocapacitance of faradaic redox 
reactions at active electrode materials. The electroactive materials of supercapacitors 
are conducting polymers and transition-metal oxides.
Among the various transition metal oxide materials for pseudocapacitor, amorphous 
and hydrated ruthenium oxide exhibits remarkably high specific capacitance (~720 F/
g) compared with other oxides. However, its commercial use is limited by its high cost. 
Therefore, a great effort has been devoted to identifying alternative and inexpensive 
metal oxide electrode materials with acceptable electrochemical properties. In this 
sense, manganese oxide is a promising electrode material for pseudocapacitors on 
account of its pseudocapacitive behavior, low cost and environmental compatibility.
Various carbonaceous materials, with their large specific surface areas and good 
conductivity, can serve as promising candidates for high surface area substrates. 
Among them, the carbon nanotubes (CNTs) are attractive substrate materials for the 
metal oxide due to their chemical stability, good conductivity, and large surface area. 
CNTs have uniform diameters of several tens of nanometers, and they have unique 
properties such as entanglement and mesoporous character.
In this paper, we report the preparation and electrochemical characterization of 
spontaneously deposited manganese oxide with various morphologies on carbon 
nano tube (CNT) for electrochemical capacitors.Permanganate ions were reduced to 
manganese dioxide by CNT as reducing agent. Its morphology was controlled by a 
change in pH of a potassium permanganate solution.
More details on the electrochemical properties of manganese oxide on CNT will be 
presented at the meeting
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synthesized nano Ni(OH)2/CNT composites
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Mesoporous NiO/CNT composites : potential electrode 
material for pseudocapacitor applications

M. Mohan Rao, Jin-Doo Kim, Kwang-Heon Kim
 Department of Metallurgical Engineering., Yonsei University, 134 Shinchon-dong,

Seodaemoon-gu, Seoul, 120-749, Korea
* Tel : 82-2-2123-2839  *Fax : 82-2-312-5375 * E-mail : kbkim@yonsei.ac.kr

Recently, efforts are being made to improve the energy density of the EDLC by 
increasing the effective surface area of carbon-based materials, although the resulting 
densities are still too low. The major bottlenecks to be addressed are a) optimization of 
particle size of active materials; b) high cycle life during the rapid charge–discharge 
process; and c) increase the electronic conductivity of the electrode materials. For 
an ideal double layer capacitor, the charge is transferred into the double layer and 
there are no Faradaic reactions between the solid material and the electrolyte. In 
this case, the capacitance is constant and independent of voltage. On the other hand, 
for capacitors that use metal oxides, pseudo-capacitance due to Faradaic reactions 
between the solid material and the electrolyte arises and it is voltage dependent. The 
double layer capacitance has a typical value of 10–40 μF cm−2 for a real surface, 
while pseudo-capacitance may be 10–100 times greater. The metal oxide/CNT 
composite electrodes utilize both advantages of double layer capacitance and pseudo-
capacitance. Prototypes made of ruthenium and tantalum oxides have been highly 
successful and are commercialized. As these oxides are highly expensive, alternative 
metal oxides are explored. 
     In order to increase the performance of electrochemical capacitors in terms of 
energy, power and voltage, ordered mesoporous NiO in combination with carbon 
nano tubes were investigated in our present work. Due to high surface area of 
both electroactive and conducting materials, we expect better specific capacitance 
compared to nonporous oxide active materials. Many approaches have been presented 
in literature to synthesize ordered mesoporous transition metal oxides which have 
yielded in mixed results. Our aim is to prepare mesoporous NiO by a) using cationic 
and neutral surfactants as templates; b) using SBA-15 as hard template; and c) in situ 
generation of mesoporous silica followed by mesoporous NiO. We have followed 
very simple aqueous hydrothermal route to prepare mesoporous NiO and also its 
composites with CNT. The materials were characterized by XRD, SEM, TEM, BET 
surface area and XPS. These nanomaterial were immobilized on paraffin impregnated 
graphite electrode by abrasive transfer technique and the electrochemical behavior 
was studied in aqueous electrolytes employing techniques like cyclic voltammetry, 
charge–discharge and impedance spectroscopy
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Effect of Substrate on Synthesis and Electrochemical 
Behavior of Manganese Oxide for Lithium Battery 

Application
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Polyaniline nanofibers as electrodes for electrochemical 
supercapacitors

E. Morales*, J. L. Acosta
Instituto de Ciencia y Tecnología de Polímeros (C.S.I.C.), c/ Juan de la Cierva 3, 28006 Madrid, 

Spain, *E-mail: emorales@ictp.csic.es



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Sonochemical assisted oxidation of pbo to 
nanostructured lead dioxide and its use as cathodic 

material of lead – acid battery
Shahram Ghasemi a, Mir Fazlollah Mousavi a*, Hassan Karami a,  

Mojtaba Shamsipurb

a Department of Chemistry, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
b Department of Chemistry, Razi University, Kermanshah, Iran
* Corresponding author: E-mail: mousavim@modares.ac.ir

In recent years, an increasing interest has been focused on the preparation and 
application of nano-structured materials (e.g. metal oxides) [1]. Various techniques 
have been used for the preparation of nano-structured materials [2]. Recently, a 
sonochemical method has been used to generate materials of nanometer dimension 
[3, 4] which show improved properties such as better energy storage [5].
In our previous work, we used electrochemically prepared nano-structured PbO2 as the 
active material of lead acid batteries [6]. In this work, we report on the ultrasonically 
assisted synthesis of lead dioxide. Here, PbO2 nano-powder was synthesized from 
an aqueous dispersed PbO solution. In the presence of the ultrasonic irridation, 
the oxidation of lead oxide was initiated with addition of (NH4)2S2O8 (ammonium 
persulfate) as an oxidant. The effect of various parameters such as the amount of lead 
oxide and ammonium persulfate, temperature and pulse amplitude was investigated 
on the particle size and phase structure of the prepared lead dioxide. The oxidation of 
lead oxide was completed with increasing the amount of ammonium persulfate and 
temperature after 2 h of solution ultrasonication. A dark brown powder was obtained 
after centrifuge of the solution. The resulting PbO2 nano-powders were characterized 
by scanning electron microscopy (SEM) and X-ray diffraction (XRD). The PbO2 
particles were composed of aggregated nano-structured lead dioxide, the size of 
which was found to be in the range of 50-100 nm. The XRD pattern shows that, when 
the reaction is completed, only the crystalline β -PbO2 was obtained, while in the case 
of incomplete reaction, both PbSO4 and β-PbO2 were observed in the texture. The 
prepared lead dioxide was used as a cathodic material of lead- acid battery. Energy 
storage abilities of the battery including discharge capacity, specific energy and power 
were investigated. 

[1] M. Cao, C. Hu, G. Peng, Y. Qi, E. Wang, J. Am. Chem. Soc., 125(2003)4982.
[2] B. D. Gates, Q. Xu, M. Stewart, D. Ryan, C. G. Willson, G. M. Whitesides, Chem. 

Rev., 105(2005)1171.
[3] M. K. Mishra, B. Tyagi, R. V. Jasra, Ind. Eng. Chem. Res., 42(2003)5727.
[4] L. Jiang, G. Sun, Z. Zhou, S. Sun, Q. Wang, S. Yan, H. Li, J. Tian, J. Guo, B. Zhou, 

Q. Xin, J. Phys. Chem. B 109(2005)8774.
[5] Zhou, Z. Zhou, Solid State Ionics 176(2005)1909.
[6] S. Ghasemi, M. F. Mousavi, H. Karami, M. Shamsipur, S. H. Kazemi, Electrochim. 

Acta, accepted for publication (2006).



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Change in morphology of polyaniline/graphite 
composite: a fractal dimension approach

Kh. Ghanbari, M. F. Mousavi* 
 Department of Chemistry, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran

* Corresponding author: E-mail addresses: mousavim@modares.ac.ir

Investigation of surface roughness is an important issue in surface science. Electrode 
surface characteristics are exceptionally important for all electrochemical process 
because they can determine the adsorption and ion exchange behavior of the electrode 
[1]. Fractal geometry is a mathematical concept that describes objects of irregular 
shape. Some natural geometrical shapes, that can be irregular, tortuous, and rough 
or fragmented, can be described using concepts of fractal geometry as long as the 
requirement of self-similarity is satisfied [2]. Moreover, fractal geometry provides a 
powerful opportunity to investigate surface roughness via geometrical models [3,4]. 
Fractals have been characterized by several methods that can be classified as physical, 
chemical and electrochemical. Electrochemical methods have been supported by 
mathematical simulations and experimental evidences and are one of the most useful 
and reliable methods for the determination of fractal dimension of surfaces [5].     
In the present work, graphite (G) particles with different sizes were incorporated 
in polyaniline (PANi) matrix to form polyaniline/graphite  composites by repeated 
potential cycling at the Pt electrode from – 0.20 to 0.85 V for 100 cycles at a sweep rate 
of 50 mVs-1 in a stirring solution containing 1.0 M hydrochloric acid, 0.1 M aniline,  
5.0 × 10-3 M SDS and 4% of graphite in suspension. SDS was used as an additive in 
order to suspend of graphite particles and to improve the stability and electroactivity 
of the resulting films [6]. The surface morphology of PANi/G composites with 
different graphite particle sizes were studied by using the fractal dimension concept. 
The fractal dimensions evaluated from the cyclic voltammetry and electrochemical 
impedance spectroscopy measurements do indeed coincide. The results obtained from 
both these methods are in good agreement indicating the reliability of the estimated 
fractal dimension (Df).
As shown by using SEM and fractal dimension, the PANi/G composites possess more 
porous structure with an increase in graphite particle size. The results indicated that 
the electrochemical methods described in this work could be used as a simple tool for 
analyzing the fractal structure of conducting polymers and their composites. 

[1] S. Neves, C. Polo Fonseca, Electrochem. Commun. 3 (2001) 36.
[2] B. B. Mandelbort, D. E. Passoja, K. S. Feinberg-Ringel, Nature 308 (1984) 721.
[3] B. B. Mandelbort, Fractal Geometry of Nature, Freeman, San Francisco, 1983.
[4] F. Family, T. Vicsek, Dynamics of Fractal Surfaces, World Scientific, 1991.
[5] P. J. McMahon, S. P. Moss, J. App. Cryst. 32 (1999) 956.
[6] J. M. Pernaut, R. C. D. Peres, V. F. Juliano, M. A. De Paoli, J. Electroanal. Chem. 

274 (1989) 225.
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Electrodeposition and Characterization of 
Chromium-Containing Manganese Oxide Films for 

Electrochemical Capacitors 
Masaharu Nakayama*, Ryo Hoyashita, Akihiro Tanaka  

Department of Applied Chemistry, Yamaguchi University,  
2-16-1 Tokiwadai, Ube 755-8611, Japan  

*nkymm@yamaguchi-u.ac.jp 

Amorphous hydrous manganese oxide has received attention as a new 
supercapacitor electrode candidate. Advantages of manganese oxide are the lower cost 
for raw materials and the fact that manganese-based capacitors are environmentally 
benign in the point of view that they can operate in neutral electrolyte. Incorporation of 
other transition metals into MnO2 compounds is a common strategy to improve their 
charge-storage capability. Hence, the development of a simple procedure for the 
synthesis of Mn-based mixed oxides in a thin film form will provide a breakthrough to 
fabricate electrode materials for supercapacitors. Herein, we describe a new 
electrochemical route to construct manganese and chromium mixed oxide films. The 
process includes anodic oxidation of aqueous Mn2+ ions in the presence of chromate 
anions. This method is similar to what we previously reported for the formation of V- 
and Mo-containing Mn oxide films.1,2)

A Mn/Cr mixed oxide film was prepared on a Pt plate electrode by applying a 
constant potential of +0.7 V versus Ag/AgCl in a 2 mM MnSO4 aqueous solution with 
20 mM (NH4)2CrO4. The resulting Pt-supported film was characterized by FE-SEM,  
XRD, and CV in a 0.5 M Na2SO4 solution at a scan 
rate of 20 mVs–1.

A FE-SEM image of the deposited film is 
depicted in Fig. 1, presenting spherical particles 
with high porosity that were not observed for the 
film prepared without CrO4

2–. XPS revealed that 
the deposit is composed mainly of Mn oxide with 
minor amount of Cr3+. The reduced state of Cr 
indicates the involvement of chemical reduction of 
Cr6+ in the electrodeposition process. Fig. 2 shows 
voltamograms of the Mn/Cr oxide film when 
cycled repeatedly in 0.5 M Na2SO4 electrolyte, 
yielding a roughly rectangular shape characteristic 
of capacitor behaviour. The voltammetric charge 
was much larger than that of pure Mn oxide and 
kept constant during repetitive cycles.  

References 
1. M. Nakayama, M. Nishio, K. Ogura, J. Mater. Res. 2003, 18, 2364.  
2. M. Nakayama, A. Tanaka, Y. Sato, T. Tonosaki, S. Konishi, K. Ogura, Langmuir

2005, 21, 5907. 

Fig. 1 FE-SEM images of the 
electrodeposited film. 

Fig. 2 CV of the film-coated 
electrode in 0.5 M Na2SO4.
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with acidic polymer hydrogel electrolyte
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Carbon Supported Ruthenium-Oxide Thin Porous 
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Performance improvement of LiCoO2 paste electrodes 
for all solid state lithium ion microbattery

Moon Soo Parka,b, Sang Hoon Hyuna*, Jong Jin Leea, and Sang Cheol Namc

a School of Advanced Materials Science and Engineering, Yonsei Univ., Seoul 120-749, Korea
b Samsung Electro-Mechanics, Suwon City, Gyeonggi Province 442-743, Korea

c Microcell center, Nuricell Inc., Jungrang-gu, Seoul 131-863 , Korea
*E-mail: prohsh@yonsei.ac.kr

A thick film cathode has been fabricated by the screen-printing technique using the 
LiCoO2 paste to improve the discharge capacity in all solid state lithium ion micro-
batteries. The LiCoO2 thick film (about 6 µm) was obtained by screen printing using 
the ethyl cellulose based LiCoO2 paste. Since the adhesion force between printed 
cathode and substrate was very weak, however, the delaminating was observed during 
sputtering of LIPON electrolyte on the cathode. In order to enhance the adhesion 
force, the small amount of epoxy was added in the ethyl cellulose based LiCoO2 paste. 
The electrical conductance of the printed cathode much increased by coating LiCoO2 
powders with pyrolized carbon of resorcinol and the ion conductance was improved 
via adding lithium ion conducting glass. The printed cathode developed in this work 
showed the typical discharge curve of LiCoO2 cathode with the high discharge 
capacity. The average and maximum values of surface roughness of printed LiCoO2 
films reduced effectively from 0.8 to 0.49 and from 14.3 to 5.46 µm, respectively, via 
controlling the composition of LiCoO2 paste.  
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A better way to improve the electrochemical 
performance of the Li-secondary battery with LiMn2O4 

cathode
Sung Bin Parka, Ho Chul Shina, Won Il Chob and Ho Janga*

a Department of Materials Science & Engineering
College of Engineering, Korea University

5-1, Anam-dong, Seongbuk-gu, Seoul 136-713, South Korea
b Eco-Nano Research Center, Korea Institute of Science and Technology

39-1, Hawolgok-dong, Seongbuk-gu, Seoul 136-791, South Korea
hojang@korea.ac.kr

A simpler method to improve the electrochemical properties of Li-secondary batteries 
with LiMn2O4 cathode is suggested.  By investigating the electrochemical properties of 
the batteries produced by different routes of adding ZrO2, we found that the presence 
of the ZrO2 in the electrolyte also improved the performance of the Li-batteries, 
suggesting the possibility of simple mixing of ZrO2 in the electrolyte to achieve 
enhanced electrochemical properties rather than coating the cathode with ZrO2.  In 
this study, LiMn2O4 was produced using a sol-gel method followed by heat treatments 
in oxygen atmosphere.  As a conventional method to produce cathodes, 2 wt % ZrO2 
was mixed in the slurry before cast to examine the effect of ZrO2.  We also fabricated 
the cells containing  various amounts of ZrO2 suspended in the electrolyte (EC:DMC 
= 1:1 with 1M LiPF6) to compare with celles with the LiMn2O4 cathode coated with 
ZrO2.  Charge-dischage experiments showed that the ZrO2 added cathode decreased 
its initial capacity while it tended to be good capacity retention.  On the other hand, 
certain amounts of ZrO2 mixing in the electrolyte enhanced capacity retention without 
decreasing initial capacity.  Based on these findings, detailed mechanism of the role 
of ZrO2 on the electrochemical properteis of the Li-batteries with LiMn2O4 cathode is 
discussed in this paper. 

Acknowledgement to the Ministry of Science and Technology, Korea (research grant 
code #: 04L2801-00210)
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Preparation of P (AN-MMA) Microporous Gel 
Electrolyte for Li-ion Batteries 
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Preparation and Electrochemical Properties of 
Chemically Synthesized Polyindole

Kwang Sun Ryu,a Kwang Man Kim,a Young-Gi Leea, Man Gu Kanga, 
Soon Ho Changa, Jaephil Chob

aIonics Devices Team, Electronics & Telecommunications Research Institute (ETRI), Daejeon, 
Korea

bDepartment of Applied Chemistry, Kumoh National Institute of Technology, Gumi, Korea
Corresponding author: ryuks@etri.re.kr 

Polyindole(PI) is an electroactive polymer, which can be usually obtained 
by electrochemical oxidation of indole in various electrolytes and chemical 
polymerization by oxidants like FeCl3 and CuCl2. The doping and dedoping of PI 
are possible by proton, similar to the case of polyaniline(PANI). This material can be 
used as electrochromic material, proton conductor, and sensor material. Especially, it 
has been used as electrode materials in proton battery due to the advantage that the 
redox window of PI is wider than that of PANI. In this work, we synthesized the PI by 
chemical oxidation polymerization of indole monomer in solutions of FeCl3 dissolved 
CHCl3+H2O mixture. The polymerization of PI was confirmed by FT-IR range from 
4000 to 400 cm-1. The dc conductivity was measured using a four-probe method. 
Brucker ESP300 spectrometer (X-band) was used to obtain the ESR spectra. We have 
measured the electrochemical properties of the unit cell, which was composed of PI 
based cathode, lithium metal anode, the glass filter separator, and EC:DMC:LiPF6 
(1:1v/v, 1M) as electrolyte solution. The cathode was prepared from the PI, poly(tetr
afluoroethylene) binder, and carbon black conductor powder (Super P, MMM Carbon 
Co.) (6:1:3 in weight). These were sequentially accumulated like a sandwich by using 
a test cell holder in a dry box. The cells were tested using a galvanostatic charge/
discharge cycler in the cut-off voltage range from 2.0 to 4.0V with constant current 
density of 0.1mA/cm2. The specific discharge capacity value of these compositions 
was saturated after 10th cycle as ~58mAh/g.
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An investigation of structural changes of silicon during 
lithiation and de-lithiation by using raman spectroscopy

Young-Gyoon Ryu*, In-Sun Junga, Seok Soo Lee and Seok Gwang Doo
a Analytical Engineering Center 

Materials Center, Samsung Advanced Institute of Technology,
San 14-1, Nongseo-Dong, Giheung-Gu, Youngin-si, Gyeonggi-do, 449-712, South Korea

The structural changes during lithiation and de-lithiation of Si thin film electrode 
have been investigated by using Raman spectroscopy. Two different Si samples 
were prepared by rf-sputtering and ion beam assisted deposition (IBAD) methods. 
The Raman spectrum obtained from as-deposited IBAD silicon thin film shows 
broad peak ranging from 450~500cm-1, indicating a typical amorphous structure. 
On the other hand, rf-sputtered Si thin film is speculated to consist of nano-sized Si 
crystallites dispersed in amorphous phase from sharp Raman peak around 490 cm-

1. The spectral studies in complement with morphological analysis during lithiation 
and de-lithiation imply that amorphous silicon thin film undergoes abrupt structural 
transition, resulting in excessive volume expansion and contraction. The distinct 
potential plateaus during lithiation and de-lithiation clearly confirms the structural 
phase transformation in amorphous Si thin film. On the contrary, thin film consisting 
of nano-sized Si crystallite shows mild structural change. From the experiment results, 
it is concluded that initial structure of Si plays a key role in determining the cycle life 
of the Si thin film electrode.
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conducting material in nickel electrode of aqueous 

secondary batteries
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satouy01@kanagawa-u.ac.jp 

The discharge voltage profile of aqueous secondary batteries, such as nickel-cadmium 
and nickel-hydrogen with a metal hydride negative electrode consists of a voltage 
plateau at approximately 1.2 V mainly involving the β-Ni(OH)2 /β-NiOOH redox 
couple corresponding to the useful operating voltage of these batteries. Moreover, 
these batteries are known to frequently show a discharge plateau at about 0.8 V. This 
phenomenon has already been reported as the second low voltage plateau 1) and is 
likely to be related to the positive electrode behavior.
In order to clarify the origin of the second low voltage plateau, we first reviewed the 
papers on this phenomenon and noticed that the effect of the conducting materials 
added to the Ni electrodes such as graphite. We found that the secondary low voltage 
plateau appeared only in the Ni electrode containing graphite as the conducting 
material. The discharge capacity of second low voltage plateau depends on the 
quantity of graphite added in Ni electrode and its maximum capacity is about 200 
mAh/g-graphite. From the 7Li-NMR spectra of charged or discharged Ni electrode 
containing graphite, it was found that Li+ ions, i.e., also K+ ions remaining in the 
Ni electrode intercalate into graphite in contact with NiOOH during the discharging 
process. Although the K+ direct intercalation from an aqueous solution into graphite is 
hard to occur, the K+ intercalation from NiOOH into graphite coexisting with NiOOH 
may be possible, where K+ seems to be dissolved in solid electrolyte like NiOOH. 
This situation is similar to the case of Li+ insertion into graphite during the charging 
process of Li+ batteries, where Li+ is dissolved in organic electrolytic solutions. K+ and 
Li+ intercalation into graphite may be the cause of the second low voltage plateau2).

1. N. Sac-Epee, M. R. Palacin, B. Beaudoin, A. Delahaye-Vidal, T. Jamin, Y. Chabre, 
and J-M. Tarascon, J. Electrochem. Soc., 144, 3896 (1997).

2. M. Morishita, K. Kobayakawa, and Y. Sato, Electrochemical and Solid-Sate Letters, 
8, A539 (2005). 



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

A Novel Surface Modification Method on Hydrogen 
Storage Alloy of Ni/MH Batteries

S. Zhang*,1, C. Deng2

1College of Chemical Engineering, Harbin Engineering University, China
2Department of Applied Chemistry, Harbin Institute of Technology, China

Corresponding author’s E-Mail: senzhang2003@yahoo.com.cn

It is very important to develop electric vehicles for protecting environment, saving 
energy and improving energy structure. With enhancement of consciousness of 
environment protection and increasing exhaustion of oil resources, countries and 
groups all over the world have draw up development projects of electric vehicles 
(EV) and hybrid electric vehicles (HEV). However, the final acceptance of electric 
vehicles will depend strongly on the electrochemical performances of the battery 
and on its acquisition price and maintenance costs. Ni/MH is presently the most 
promising battery system for electric vehicles in the short and mid-term, which has 
many advantages such as high specific energy, high specific power, safety and no 
poisonous elements.
The performance of Ni/MH battery closely depends on the characteristic of negative 
MH electrode, and the active material of MH electrode is commonly the hydrogen 
storage alloy. Therefore, the electrochemical performance of alloy greatly affects 
battery properties. In present study, in order to improve the performances of the 
hydrogen storage alloy and to optimize the treating process, a new method of surface 
modification on the hydrogen storage alloy is studied. The hydrogen storage alloy is 
treated in CuCl2 solution with HF acid as a catalyst. The optimal condition for the 
reaction is investigated, and the mechanism of this surface modification is probed. 
The modified alloys show improved electrochemical performance such as superior 
high rate discharge-ability, better charge acceptance ability, and longer cycle life, 
compared with unmodified one. EIS results reveal decreased contact resistances and 
charge transfer resistances of modified alloys, which indicates the high electronic 
conductivity and electrochemical activity of alloy after modification. The surface 
modification method employed in our study has many advantages such as low cost 
and simple process, and points to an effective way of improving electrochemical 
performances for hydrogen storage alloys.
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Ni/MH batteries under high rates
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Modeling of current and temperature distribution in a 
lithium-polymer battery

Ui Seong Kim1, Chee Burm Shin1,*, Hyeon-Taik Hong2 and Chi-Su Kim2

1Ajou University, Department of Chemical Engineering
Suwon 442-749, South Korea

2VK Corporation, Battery R&D Center
Pyeongtaek 450-090, South Korea

*cbshin@ajou.ac.kr

The lithium-polymer battery is a preferred candidate as a power source for hybrid 
electric vehicle (HEV) and electric vehicle (EV) due to its outstanding characteristics 
such as high energy density, high voltage, low self-discharge rate, and good stability 
among others. However, much larger lithium-polymer batteries than those available 
in the market for consumer electronics are required for HEV and EV applications. 
Because the primary challenge in designing larger lithium-polymer batteries is safety, 
thermal stability problems must be overcome. The main concern with the thermal 
behavior of lithium-polymer battery is the possible significant temperature increase 
during high power extraction, which may cause battery degradation and thermal 
runaway. Thermal modeling can play a vital role to maintain the operating temperature 
and temperature uniformity of lithium-polymer battery within a suitable range.
In this work, a two-dimensional modeling is performed to calculate the potential and 
current density distribution on the electrodes of a lithium-polymer battery comprising a 
Li[NiCoMn]O2 cathode, a graphite anode, and a plasticized electrolyte. The modeling 
of the potential and current density distribution on the electrodes is validated by the 
comparison between experimental and modeling discharge curves obtained at room 
temperature with various discharge rates from 1C to 10C. Then, the thermal modeling 
of the lithium-polymer battery is carried out, which accounts for the ohmic heating 
and the heat generated due to charge transfer at the electrode/electrolyte interface. The 
heat generation rate is computed by using the calculated results of the modeling of 
potential and current density distribution.
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doped LiFePO4
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 In recent years, the demand for developing new cathode materials for high performance 
lithium ion batteries has increased much. Among them lithium iron phosphate is 
known as a promising candidate for low-cost lithium batteries due to its moderate 
capacity (170 mAh/g) and excellent safety. However, its low diffusivity and poor 
electrical conductivity lead to poor electrochemical performance.  Much effort has 
been made to improve these inferior properties since the first report from Goodenough 
et al. [1-3]. In order to circumvent the low electronic conductivity of the lithium iron 
phosphate, conductive carbon was incorporated into the LiFePO4 and also doped the 
LiFePO4 with equi- or supervalent elements. The samples LiFe1-xMxPO4/C (M=Mg, 
Cr, and Zr, x=0~0.05) were prepared from Li2CO3, FeC2O4·H2O, (NH4)2HPO4, doping 
agent, and carbon by ball milling [4], followed by calcination at 600~800℃. X-ray 
diffraction analysis and scanning electron microscopy observations revealed fine 
crystalline LiFe1-xMxPO4/C particles. The electrochemical performance of the LiFe1-

xMxPO4/C was tested under various conditions. Results showed that the LiFe1-xMxPO4/
C showed higher specific capacity and better capacity retention compared to the bare 
LiFePO4. The improved capacity retention during cycle tests was attributed to the 
reduced LiFePO4 particle size and enhanced electrical conductivity by carbon-coating 
and doping. 

This work was supported by the Core Technology Development Program of the 
Ministry of Commerce, Industry and Energy (MOCIE).

1. A. K. Padhi, K. S. Nanjundaswamy, C. Masquelier, S. Okada, J.B.Goodenough, J. 
Electrochem. Soc. 144 (1997) 1609

2. H. Huang, S. Yin.,L. F. Nazar, Electrochem. and Solid-State Lett. 4 (2001) A170
3. S. Y. Chung, J. T. Blocking, Y. M. Chiang, Nature Materials, 1 (2002) 123
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Novel polymer electrolytes based on 
poly(epichlorohydrin-co-ethylene-oxide)
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aCentro de Química, Universidade do Minho, Gualtar, 4710-057 Braga, Portugal
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Since Wright et al. first reported the ionic conduction of poly(ethylene oxide) (PEO), 
solid polymer electrolytes (SPEs) have been intensely studied because of their potential 
application in solid-state primary and secondary batteries and other electrochemical 
devices [1- 3].
 In this presentation the results of the preliminary studies of a novel electrolyte  
based on poly(epichlorohydrin-co-ethylene-oxide) (-(CH2-CH(CH2Cl)-O-CH2-CH2-
O)- and lithium salts, are described. Electrolytes compositions were represented as 
p(EEO)nLiX and produced with lithium salt compositions of n between ∞ and 0.5 
(where n indicates the number of epichlorohydrin-co-ethylene-oxide repeat units 
per mole of Li+ ions). Compositions were prepared by co-dissolution of the guest 
salt and host polymer in tetrahydrofuran. The solvent casting technique was used to 
prepare thin, free-standing films. Electrolytes were characterized by conductivity 
measurements, cyclic voltammetry at a gold microelectrode and thermal analysis.

[1] B. E. Fenton, J. M. Parker, P. V. Wright, Polymer 14, (1973) 589.
[2] C. G. Granqvist, Solid State Ionics 53 – 56 (1992) 479.
[3] F. M. Gray, in Solid Polymer Electrolytes: Fundamentals and Technological 

Applications, VCH Publishers, Inc. (1991)



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Electrochemical Properties of Carbon Black Electrodes
V. Panić, A. Dekanski, R. Stevanović*

University of Belgrade, ICTM Institute of Electrochemistry, 
Njegoševa 12, 11000 Belgrade, Serbia and Montenegro

*rade@tmf.bg.ac.yu

This work is dedicated to the memory of Professor Aleksandar Despić 



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Glycine-nitrate Method of Synthesis of Li1+xCryMn2-x-yO4 
Spinels

I. Stojkovića, A. Hosseinmardib, M. Mitrićc, N. Cvjetićanina*

a Faculty of Physical Chemistry, University of Belgrade, Studentski Trg 12-16, P.O. Box 137, 11001 
Belgrade, Serbia and Montenegro

b Institute for Chemical Technology of Inorganic Materials, Graz University of Technology, 
Stremayrgasse 16/3, A-8010 Graz, Austria

c The Vinca Institute of Nuclear Sciences, Laboratory for Theoretical and Condensed Matter 
Physics, P.O. Box 522, 11001 Belgrade, Serbia and Montenegro

*E-mail: nikcvj@ffh.bg.ac.yu

The largest improvement in preventing capacity fade of lithium manganate spinels, as 
potential cathode materials in lithium batteries, was achieved by substitution of some 
manganese by other metal cations. Chromium for manganese substitution gives one 
of the highest performance increases [1]. Doubly substituted spinels in which lithium 
ion as the second substitutional cation occupy not only tetrahedral but also  octahedral 
crystallographic positions show even better charge-discharge characteristics [2]. 
These complex spinels are usually prepared by time and energy consuming solid state 
reaction.
In this work we applied rapid and simple glycine-nitrate method to synthesize 
complex Li1+xCryMn2-x-yO4 spinel compounds. This method we already used 
for preparation of lithium manganates [3,4]. Firstly metal nitrates and glycine were 
dissolved in water. The solution is gradually heated in a covered glass beaker up to 
200oC. The evaporation of water was followed by spontaneous ignition. Resulting 
powder was collected and additionally heated in the furnace at 800oC for 4 h.  XRPD 
measurements and Rietveld refinement confirmed the presence of pure spinel phase. 
For spinel with composition Li1.05Cr0.10Mn1.85O4 no capacity fade was observed 
after 20 charge-discharge cycles, but initial discharge capacity was reduced to 82 
mAh g-1.

[1] M. C. Tucker, J.A. Reimer, E.J. Cairns, J. Electochem. Soc. 149(5) (2002)   
     A574
[2] Y. Shin, A. Manthiram, J. Electochem. Soc. 151(2) (2004) A204
[3] D. Jugović, N. Cvjetićanin, V. Kusigerski, S. Mentus, Journal of   
     Optoelectronics and Advanced Materials 5(1) (2003) 343
[4] I. Stojković, A. Hosseinmardi, D. Jugović, M. Mitrić, N. Cvjetićanin, Solid 
     State Ionics, in press
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Charge-discharge characteristics of rechargeable 
alkaline manganese dioxide-zinc batteries with nickel 

hydroxide additive
Waltraud Taucher-Mautner* and Karl Kordesch

Institute for Chemistry and Technology of Inorganic Materials, Graz University of Technology, 
Stremayrgasse 16, A-8010 Graz, Austria
*waltraud.taucher-mautner@tugraz.at

The rechargeable alkaline manganese dioxide (RAMTM) battery is an environmentally 
benign, low cost battery system that can be used for all applications where primary 
cells (e.g. alkaline-manganese dioxide and zinc-carbon) are being used. In addition, 
the worldwide licensed RAMTM technology has the capability to replace Ni-Cd or Ni-
MH batteries, especially in applications where charge retention at higher temperature 
and intermittent usage are important issues. The cathode and anode formula of the 
RAMTM battery was significantly improved during the last few years (XL Rechargeable 
Alkaline Battery) [1] and a few prototypes of flat plate design were successfully 
developed [2]. 
In this work we studied the charge-discharge characteristics of cylindrical RAMTM 
batteries (AA type) with nickel hydroxide as cathode additive. Due to its high power 
density, good cycling behaviour and relatively low price, nickel hydroxide is widely 
used as active material of alkaline rechargeable batteries, e.g. Ni-Cd, Ni-MH and 
Ni-Zn batteries [3]. RAMTM batteries that were prepared with an admixture of nickel 
hydroxide (approx. 20 %) to manganese dioxide show two sloping steps during 
discharge: (i) NiOOH to Ni(OH)2 and (ii) MnO2 to MnOOH, resulting in a benefit of 
higher cell voltage and discharge current compared to batteries without additive. But 
the gelled zinc anode needs to be properly adjusted to cathode composition, as nickel 
hydroxide requires an equivalent amount of zinc oxide at the negative electrode, in 
order to yield excellent battery performance.                                           
Charging of these batteries has to be carried out at higher voltage (up to 1.9 V) and 
is done with constant voltage (CV), constant current (CC) or with a combined mode 
(CC-CV charging). Battery cycling can either be started with the discharge procedure 
(reduction of MnO2) or a capacity-limited charging procedure (NiOOH formation).  
This work mainly focuses on proper balancing of cathode/anode composition as 
well as on developing a suitable charging procedure to improve the charge-discharge 
characteristics and cycling performance of RAMTM batteries containing nickel 
hydroxide.        

[1]  J. Daniel-Ivad, XL Rechargeable Alkaline Batteries, in: The 23rd Internat. Battery 
Seminar and Exhibit, Ft. Lauderdale, Florida, March 13-16, 2006.    

[2]  A. Stani, W. Taucher-Mautner, K. Kordesch, J. Daniel-Ivad, J. Power Sources 153   
(2006) 405-412.

[3]  W. Taucher-Mautner, K. Kordesch, J. Power Sources 132 (2004) 275-281.
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Dianlong Wang1, 2*, Erhan Hai 2, Changsong Dai2, Dezhi Sun 1 
1.Postdoctoral Fluxion Station of Environment Science and Engineering, Harbin Institute of 

Technology, Harbin 150001, Heilongjiang; 
2.Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, Heilongjiang, 

China
*dlwang@hit.edu.cn(D.L.Wang)



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

The research on surface behavior of pasted nickel 
electrodes with electrodeposited Co-Ce on the substrate

Dianlong Wang1, 2*, Chunyu Wang2, Changsong Dai2, Dezhi Sun 1 
1.Postdoctoral Fluxion Station of Environment Science and Engineering, Harbin Institute of 

Technology, Harbin 150001, Heilongjiang; 
2.Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, Heilongjiang, 

China
*dlwang@hit.edu.cn(D.L.Wang)



S
y
m

p
o
s
iu

m
 1

 -
 P

o
s
te

r

Study of Degrade Mechanism of Alloy Negative 
Materials for Li-ion Batteries

Lianbang Wang, Chun-an Ma* and Xinbiao Mao
State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of 

Chemical Engineering and Material Sciences, Zhejiang University of Technology, Hangzhou 
310014, China. 

e-mail:wanglb99@zjut.edu.cn; �The member of ISE

Lithium-ion batteries have been commercially used in popular portable devices, such 
as mobile telephone, notebook computer and digital camera. The development of modern 
electric devices and electric vehicle requires more compact batteries with higher energy density. 
New energy materials have been extensively and deeply studied [1]. Sn-based Li storage alloy 
materials have been focused on because of high specific gravimetric (994mAh/g) and 
volumetric capacity (7200mAh/cc) than that of carbon (372mAh/g, 800mAh/cc) in Li-
ion batteries. However, large volume and structure changes occur associated with the 
reversible reaction of Li-insertion and extraction, which results in poor cycle life. 
It is believed that particle cracking of electrode resulting from volume expansion 
and phase transition is responsible for the poor cycle performance of Sn-based alloy 
electrode [2]. 
In our work, Sn thin film was deposited by magnetron sputtering technique in Cu foil. 
The electrochemical properties of Sn film have been investigated using a coin cell 
with a Li metal counter electrode in 1M LiPF6/EC:DMC(1:2 volume ratio) solution. 
Experimental result showed that the volume expansion of Sn film electrode during 
charging was around 200%, not so large compared with the theoretical calculation 
value, 370%. But most of the volume expansion, around 150% was resulted from 
the decomposition of electrolyte catalyzed by the alloy materials; only 50% could be 
attributed to Li insertion and phase transition. These results suggested that a novel 
electrolyte was necessary for the purpose of application of Sn-based alloy materials 
in Li-ion batteries. 

Acknowledgemeng: This work was supported National Natural Science Foundation 
of China (No.20506024) and Zhejiang Natural Science Foundation (No. (Y405496).

[1] Besenhard J O, Yang J, Winter M. Will, J. Power Sources, 1997, 68:87-90
[2] C. Wang, A.J. Appleby, F.E. Little, J. Power Sources 93, (2001)174
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Passivation Phenomena on the Graphite Electrode/
Electrolyte Interphase in Li-ion Cells Containing Silicon 

Di- and Tripodands
Grzegorz Schroeder a, Błażej Gierczyk a, Mariusz Walkowiak b, Daniel Waszakb*

a Faculty of Chemistry, A. Mickiewicz University,  Grunwaldzka 6, 60-780 Poznań, Poland
b Central Laboratory of Batteries and Cells, Forteczna 12, 61-362 Poznań, Poland

*E-mail: daniel_waszak@o2.pl

Passivation phenomena occurring on the graphite electrode surface during first 
reduction in aprotic solvents are a matter of great importance for proper functioning 
of lithium-ion (Li-ion) batteries, including rate capability and cyclic life. Present 
common solutions, based on the application of ethylene carbonate as film-forming 
component, are not fully satisfactory. This is primarily due to its high melting point, 
being an obstacle in operating the batteries in very low temperatures. Because of this, 
there is a tendency among battery researchers and engineers to return to propylene 
carbonate (PC) as electrolyte solvent. However, because of the phenomenon of solvent 
co-intercalation followed by its decomposition associated with destructive particle 
exfoliation, propylene carbonate is known to be inherently incompatible with most of 
the graphitic anodes. Therefore applying this solvent requires adding certain chemical 
species to the electrolyte, or pre-treatment of the graphite surface, both approaches 
aiming at preventing solvent intercalation, thus enabling creation of  stable and good-
quality passive layer on the graphite surface. Very recently we have found that certain 
peculiar silanes, belonging to the class referred to as silicon tri-podands, can serve 
as effective additives for propylene carbonate-based electrolytes for Li-ion cells. We 
proved that addition of vinyl tris-2-methoxyethoxy silane to PC prevented the graphite 
flake exfoliation and we attributed this phenomenon to a protective barrier formed by 
silane molecules self-assembled on the electrode surfaces. In the present contribution 
we continue this research by examining various di- and tripodands differing in the 
nature of functional groups, as well as the length and number of polyoxaethylene 
chains capable of complexing lithium cations. We consider two different strategies for 
studying the influence of examined Si-podands on the passivation phenomena. In the 
first approach the compound is added to PC-based electrolyte solution. In the second 
approach we pre-treat the graphite electrodes in the examined compound and then test 
such electrodes in electrochemical cells containing PC as electrolyte sole solvent. The 
passive layer formation was studied using galvanostatic charging/discharging in half-
cells with metallic lithium counter electrode and cyclic voltammetry experiments. 
Structure of the passive layer was investigated by means of FTIR, SEM and other 
techniques. 
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Fabricated from Waste Car Tyres
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Utilization of waste car tyres is a matter of great practical importance in terms of 
economy and environmental impact. Recent legal regulations force more intensive 
works on fuller recycling of tyres, so that less amount of dangerous substances 
pollute the environment. In the course of processing of waste tyres large amounts of 
substances are produced, consisting mainly of low-crystalline carbonaceous materials 
with an important mineral impurities content. This low-temperature carbonizate 
has found application as a precursor for adsorbents and fillers. Taking into account  
the scale of the problem there is a need for searching for other possible industrial 
applications of carbon-based materials from recycling of waste tyres. Electrochemical 
industry has been utilizing a large variety of carbon materials for a long time, mainly 
as active electrode materials for various types of batteries, including lithium-ion 
batteries, but also as inactive additives for electrode mixtures. Very recently there has 
arisen a new prospective area of applications as electrode materials for the so-called 
supercapacitors.
The aim of the presented work is to demonstrate the possibility of applying the 
low-temperature carbonizate from processing of waste car tyres as active alectrode 
material for Li-ion batteries and supercapacitors. The starting material was obtained 
by pyrolysis of pre-treated tyres in rotary kiln at 500°C. After milling in a ball-mill 
the material was subjected to chemical purification to increase the carbon content. 
Finally carbonization at 1000°C in the flow of argon was applied aiming at elevating 
the crystallinity degree. At each step of processing the sample crystal structures were 
controlled by means of XRD technique and the lithium insertion/deinsertion behaviour 
was followed by constant current charging/discharging in the electrochemical cells, as 
well as other electrochemical techniques.
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 Preparation and characterization of multiwalled carbon 
nanotube-supported platinum and ruthenium for 

methanol electrooxidation
Chunwei Yang*, Xinguo Hu, Jiangzhong Li, Dianlong Wang,

Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, China
Cw.yang@hit.edu.cn

Multi-walled carbon nanotube-supported PtRu (PtRu/MWCNTs) catalysts were 
prepared by colloid method. The PtRu/XC-72 were prepared by the same method 
too. We compared the structures and the properties between PtRu/XC-72 and PtRu/
MWCNTs catalysts. By measurements of transmission electron microscope(TEM) 
and X-ray photoelectron spectroscopy (XPS) on MWCNTs oxided in mixed acid, 
we find that most MWCNTs are isolated, nearly there is not carbon nanoparticle 
agglomeration and the ultrasonic makes MWCNTs orter and the port of tube are 
opened abundantly. At same time a high density of oxygen containing species are 
produced on the surface of carbon nanotubes, for example carboxyl, hydroxy and 
carbonyl. TEM images of catalysts show that the spherical PtRu metal particles on the 
PtRu/MWCNTs catalysts have a high and homogeneous dispersion and the particles 
are distributed in a narrow range of 3-6nm which is consistent with the value of 
4.2nm obtained from the X-ray diffraction(XRD)  calculation. XPS tests were used to 
characterize electronic properties and chemical state of catalysts. The results indicate 
that most of Pt and Ru exhibits oxidized phase of PtO and RuO(OH)2, respectively. 
We find that there is interaction between PtRu and MWCNTs in PtRu/MWCNTs 
catalysts, and because of this interaction, the outer-shell electrons of Pt transfer to 
MWCNTs. XRD of catalysts show that every diffraction peaks in the power XRD 
patterns of PtRu/XC-72 and PtRu/MWCNTs catalysts is boardening to some extent.
The phenomenon shows the presence of a significant mass-fraction of much larger 
crystallites, i.e.PtRu has high dispersion on those both carriers. Meanwhile we find 
each diffraction peaks of PtRu/MWCNTs catalysts are moved to higher value of 2θ 
and the parameters of  crystal lattice get smaller. This phenomenon shows that Ru 
and Pt form alloy by a part of Ru entering the crystal structuren of Pt The electron 
effect of Pt produced by Ru can weaken the absorption of the middle intermedia 
products produced by methonal oxidation on Pt. During the oxidation of methonal, 
the remainder Ru existed in oxid provides enough oxygen to neighbour Pt which 
is available to the desorption and oxidation of the intermedia products. By a series 
of electrochemistry tests, the PtRu/MWCNTs catalysts  display significantly higher 
performance than the PtRu/XC-72 catalysts for mathnol electrooxidation. The better 
catalytic performance of the MWCNT-supported catalysts is attributed to the high 
dispersion of PtRu on the MWCNTs as well as the existence of the PtRu alloy and  Ru 
oxidation in PtRu/MWCNTs, i.e. on the effect of PtRu/MWCNTs catalysts, during the 
oxidation process of methonal  two mechanisms foregoing stated exist at same time. 
According to the foregoing results of experience, we give the figures of the oxidation 
process of  MWCNTs and the synthesis of PtRu/MWCNTs. 
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CeO2
 possesses the fluorite structure, which consists of a cubic close packed array of 

Ce cations with all tetrahedral holes occupied by oxygen. Three-way catalysts (TWC) 
compositions usually include up to CeO2 in the component, it is also associated with 
thermal stabilization of the alumina support, and dispersion of the active noble metal 
phase. The Pd/CeO2-Al2O3 nanocomposites were prepared by double impregnation 
method. Studied the influence of the amount of Ce for the structure and performance 
of catalysts by the test of XRD analysis, BET and XPS.XRD of catalysts show that 
along with the content of CeO2 increasing, the diffraction peak of CeO2 increase 
obviously. The diffraction peak of`γ-Al2O3 become weaken, especially the (111) 
crystal face of γ-Al2O3. CeO2 was added largely changed the structure of crystal face 
of γ-Al2O3. The diffraction lines are broad and the crystallite sizes calculated by using 
the Debye–Scherrer method are in the range of 9–25 nm. Diffraction lines due to Pd 
metal or any palladium oxides have not been seen. And when the percentage of Ce is 
24%, catalysts has the smallest average crystal diameter it shows ceria dispersing on 
the carrier of `γ-Al2O3 is good, making for Pd disperse on the suface equality. Having 
tested the ratio surface area and average aperture cubage for the carrier with different 
of the amount of Ce by BET. And when the percentage of Ce is 24%, the ratio surface 
area and average aperture cubage of catalysts is the most of all. The result accord with 
the result of XRD. And XPS of Pd3d2/5 shows most of Pd is metal state. Concerning 
Ce 3d, the strong peaks at 886.4eV(ν’) and 904.1eV u’ are typical for Ce3+, while 
the main features of Ce4+ are at 883.5eV(ν), 889.2eV(ν’’), 899.2eV(ν’’’), 901.6eV(u), 
908.4eV(u’’) and 917.4eV(u’’’). And the Ce3+ showed a part of Ce4+ were deoxidized, 
in other word,Ce was existed on multivalence state in catalysts. And the XPS curve 
of O1s describe that the 529.2 eV peak may belong to CeO2 and the 531.5 eV peak 
refers to Ce2O3. It shows that the most part of Ce are existed on oxide state. Through 
the electrochemistry testing in H2SO4 electrolyte , It shows that when  the percentage 
of Ce is 24%, the electrocatalyse action  of   Pd/CeO2-γ-Al2O3 is best of all.  And the 
preferable  electrocatalyse action owe to the CeO2 have the upper decentralization on  
γ-Al2O3  ,and the abundant oxygen in Ceria help to oxidation the adsorption hydrogen 
Pd.
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Among the various conducting polymers polycarbazole exhibits interesting electroactive

characteristics [1]. Researches have continued for important properties of carbazole polymers by means of

chemical modification or copolymerization [2]. Chemical copolymerization of pyrrole and electrochemical

polymerization of carbazole in the presence of methyl ethyl ketone formaldehyde resin (MEKF-R) were

reported [3,4]. In this study, carbazole (Cz)/ (MEKF-R) comonomer will be synthesized and oxidative

polymerization with ceric ammonium nitrate (CAN) will be investigated. The characterization of products

will be compared with homopolymer of carbazole and copolymer of Cz/MEKF-R. The concentration of

Cerium (IV), MEKF-R and comonomer on polymerization will be investigated. Characterization of

products will be realized with UV-visible, NMR, FT-IR and floresans spectrofotometric measurements,

DSC, elementel and SEM analyses and 4.probe solid conductivity, cyclic voltammogram, impedance,

photoconductivity and viscosity measurements.
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MEKF-R (Metil-Etil-Keton-Formaldehit Reçinesi)             Cz-9-Carbonyl Chloride
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Cz-9-Carbonyl Chloride + MEKF-R  _ Cz / MEKF-R  (comonomer)  _   Poly Cz/ MEKF-R
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for Lithium-ion Batteries
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The Effect of Mg Content on the Phase Structure and 
Electrochemical Properties of the Ml-Mg-Ni-based 

Hydrogen Storage Alloys
Z. Zhong1, 3, S. M. Han1, 2*, W. Guan2, Y. Li2, M. Li2, L. R. Mao2, T. F. Jing2

1. Key Laboratory of Metastable Materials Science and Technotogy, Qinhuangdao 066004,
 P. R.China

2.Department of Environmental and Chemical Engineering, Yanshan University, Qinhuangdao 
066004, P. R. China

3.Inner Mongolia Rare Earth Ovonic High Power MH/ Ni Battery Corporation Limited, Baotou 
014030, China

*E-mail address: hanshm@ysu.edu.cn

Due to the demand for novel electrode materials with much higher hydrogen 
storage capacity is very urgent, the new kind R-Mg-Ni-based AB3-type alloys with 
higher hydrogen storage capacity are regarded as one of promising candidates for 
electrochemical hydrogen storage materials. However, their cycle stability are 
unsatisfied. The main reason is the oxidation of La and Mg element in alkaline 
solution, which causes the electrode to lose activity. For improving the cycle stability 
of R-Mg-Ni-based hydrogen storage alloys, we used Ml instead of pure La element 
in A-sites and multi-component alloying in B-sites simultaneity to prepare the Ml1-

xMgx(Ni-Co-Mn-Al)3.5 (x = 0.05, 0.10, 0.20, 0.30) alloys, and the effects of variable 
Mg content on the phase structure and electrochemical properties of Ml-Mg-Ni-based 
hydrogen storage alloys were studied in this paper. The results of XRD reveal that all 
the alloys consist mainly of LaNi3 phase with the rhombohedral PuNi3-type structure 
and LaNi5 phase with the hexagonal CaCu5-type structure. With the increasing of x, 
the intensity of LaNi3 diffraction peaks increases gradually, the maximum capacity 
and low temperature dischargeability of the alloy electrodes increase first and then 
decrease. Moreover, when x is 0.20, the discharge capacity of the alloy electrode 
reaches 363 mA h/g at 293 K and 216 mA h/g at 233 K, respectively. The HRD of the 
alloy electrodes increases with the increasing of x. At the discharge current density Id 
= 1200 mA/g, the HRD of the alloy electrodes increases from 16.2% to 43.3% with x 
from 0.05 to 0.30. The cycle stability of the alloy electrodes decreases gradually with 
the increase of Mg content. 
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Investigation on the Performance of Nano-scale β-
Ni(OH)2 Prepared at Different Transformation pH

Li Zhao*, Xi-Jiang Han, Cui-Fen Zhang
  Department of Applied Chemistry, Harbin Institute of Technology, 

Harbin 150001,PR China
dhx907@hit.edu.cn

Nano-scale Ni(OH)2 is a new kind of batteries material. It exhibits many superior 
electrochemical performance, such as bigger proton diffusion coefficient and 
higher electrochemical reaction activity, and so on, so much interest has focused on 
investigation of nano-scale Ni(OH)2. But a majority of researchers have laid their 
emphasis on the discoveries of new preparation methods, few investigation is against 
the systematical research on the effects of preparation conditions on the performance 
of nano-scale Ni(OH)2, especially the electrochemical behaviour. 
In this study, we have prepared a series of nano-scale Ni(OH)2 under different 
transformation pH. The influence of transformation pH on the morphology and 
performance of nano-scale Ni(OH)2 were investigated. 
The measurement results indicate that the prepared nano-scale Ni(OH)2 isβ(Ⅱ)-
phase, and the crystal lattice parameters of nano-scale Ni(OH)2 prepared at different 
transformation pH is different; Transformation pH exerts a great influence on the 
agglomeration degree of nano-scale Ni(OH)2. With the increase of transformation pH, 
the agglomeration of nano-scale Ni(OH)2 becomes obvious. CV and EIS measurement 
results show that transformation pH affects the proton diffusion coefficient (D) and 
charge-transfer resistance (Rct) of the material, and the discharge performance of 
electrodes depends on both D and Rct, so the kinetics characteristics that electrodes 
reaction is controlled by both mass-transfer step and charge-transfer step was put 
forward. 

[1] M. Meyer, A. Bee, D. Talbot, J. of Colloid and Interface Science, 277 (2004) 309
[2] X. H. Liu, L. Yu, Materials Letters, 58(2004) 1327
[3] P. Jeevanandam, Y. Koltypin, A. Gedanken, Nano Letters, 1 (2001) 263 
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Kun Gao *, Chang-song Dai, Ting-feng Yi, Xin-guo Hu
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The Li-ion batteries generally employ polyolefin separators. �����

�������������� polyolefin ���������� ���� ���� ���������� ����������� �� ��� �����
����� ���� ������� ���� ������������� ���� ������ ������������ ��� �� ����� �����������

��������� It usually gives rise to resistance increases, which is responsible for the

shortening of the battery lifetime and severely affect the battery performance, e.g.,

cycle life [1]. In order to overcome this disadvantage� �� �� �������� �� ��� ����

�������� ������� ���� ������ ������������� Electrospun PVDF-based membranes

(EPMs) have been previously reported as a polymer matrix in lithium ion battery [2, 3].

In this study, we prepared EPMs for battery separators applications and mainly

investigatate the characteristics of interface between lithium metal and EPM separator.

The Crystal structure and chain conformation of the EPMs also were investigated by

differential scanning calorimetry (DSC), and wide-angle X-ray diffraction (WAXD).

Due to soften PVDF fibers in high temperature, the thermal treated EPMs can form an

interconnected web structure, which greatly improve physical properties. Compared

that with CelgardTM 2400 (PP separator), the cell with EPM shows good cycling

performance with little capacity loss after 50 cycles.

From Fig.1, the cell with EPM showed the better cycling behaviour than that

with PP separator. Structure properties of the EPMs, such as a fully interconnected

open pore structure, a great deal of nano-scale fibers, enhanced the degree of PVDF

swelling in polymer electrolyte. The gel phase can greatly improve interface affinity to

lithium metal. Additionally, uniform pore distribution and low pore tortuosity of EPMs

can be factors that suppress mechanically Li dendrites on lithium metal surface. The

results of CV imply that EPMs could provide an effective approach to smoothing

lithium deposition and improving battery cycle-ability.
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Fig.1 Cyclic voltammorgrams for the cells with (a) CelgardTM 2400

and (b) EPM884 at sweep rate 0.1 mV·s-1.

[1] K.M. Abraham, M. Alamgir, J Electrochem Soc. 142 (1995) 683.

[2] S.W. Choi, S.M. Jo, W.S. Lee, Y.R. Kim, Adv. Mater. 15 (2003) 2027.

Room temperature lithium metal batteries based on 
elctrospun PVDF-based nanofibrous separator 
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Effects of methanol contaminant in electrolyte on the 
performance of graphite electrodes for Li-ion batteries

Quan-Chao Zhuang, Quan-Feng Dong, Shi-Gang Sun*
State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of 

Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
* email:sgsun@xmu.edu.cn
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Electrochemical studies of the Si-C composites as anode 
materials for rechargeable lithium ion batteries

Peng-jian Zuo, Ge-ping Yin*
Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, China 

* yingphit@hit.edu.cn, zpj1020@yahoo.com.cn(Dr. Zuo)
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Capacitance of the double-layer formed at the solid 
electrode – ionic liquid interface

M. Galiński, S.R. Krajewski*, A. Lewandowski
Faculty of Chemical Technology, Pozna University of Technology ,PL-60 965 Pozna, Poland, E-

mail: sebastian.krajewski@fct.put.poznan.pl 
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Discharge Characteristics of Polypyrrole/Silver 
Vanadium Oxide Composite Used for Lithium Primary 

Batteries
Jong-Won Lee, Yogesh K. Anguchamy, Branko N. Popov* 

Center for Electrochemical Engineering, Department of Chemical Engineering, 
University of South Carolina, Columbia, SC 29208, USA

*popov@engr.sc.edu
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Lab-on-a-Chip and Lab-on-a-Pill Technologies 
Providing the Functional Framework for New Biological 

Measurements.
Jonathan M. Cooper*

Department of Electronics, University of Glasgow, 
Glasgow, Scotland

*jmcooper@elec.gla.ac.uk

The growing need for accurate and fast methods of DNA and protein in the post-
genome era has generated considerable interest in the development of new microfluidic 
analytical platforms, fabricated using methods adapted from the semi-conductor 
industry.   These Lab-on-a-Chip methods often involve having a miniaturised biochip 
(as an analytical device), with rather larger instrumentation associated with the control 
of the associated sensors and of fluidics. 
This talk will explore the development of new Lab-on-a-Chip platforms for DNA 
and cell screening, using microfluidics as a packaging technology in order to enable 
advances in nanoscale science to be implemented.  Particular emphasis will be placed 
on a series of new sensor formats, including recent development in the use of optical 
nanoparticles as DNA sensors for rapid assessment of bacterial microbial infection,  
and soft-lithographic approaches to make novel electrophysiological measurements 
in cell chip formats. 
The talk will also show how system-on-a-chip methods can also be integrated with 
Lab-on-a-Chip devices to create remote and distributed intelligent sensors, which 
can be used in a variety of diagnostic applications, including for example remote 
biosensing within the GI tract.
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New Frontiers of Ion-Selective Electrodes
Eric Bakker* 

Purdue University, Deprtment of Chemistry, 560 Oval Drive, West Lafayette, IN 47907, U.S.A.
*bakkere@purdue.edu

Many new impulses into the field of ion-selective electrodes have occurred in recent 
years. They include a better understanding of the underlying response mechanism, 
which enabled one to assess complex formation constants of ionophores in polymeric 
sensing membranes and to determine the true selectivity of these sensors. Incidentally, 
these selectivities are often found to be orders of magnitude better than previously 
reported in the literatre. This in turn has initiated the search for the reason of the 
historically mediocre detection limits of these devices, and much progress has been 
achieved recently in the realization of ion sensors that can be used at true trace 
levels.
These advances have spurred further research activity. Ion-selective electrodes are 
now explored for the determination of trace leve concentrations in confined samples 
volumes. This has important implications in bioanalysis, where nanoparticle labels 
can be used that release ions that are detectable by potentiometry. Potentimetry is also 
being coupled to chemical or electrochemical accumulation processes, in analogy to 
stripping voltammetry, in order to achieve detection limits that surpass any known 
electroanalytical technique. 
This talk will also touch on the development of instrumental methods to control ion-
selective electrodes, which can be understood as a bridge between potentiometry and 
ion transfer voltammetry. Optimized electrochemical protocols can lead to sensor 
responses that have the same look and feel as traditional ion-selective electrodes, but 
the ion extraction process is controlled instrumentally. This lead to possibilities that 
have so far been outside the reach of potentiometric sensors, include the achievement of 
reversible sensors on the basis of irreversible reactions, and the controlled perturbation 
of the sample near the sensor membrane to gain additional information such as buffer 
capacity or to achieve an order of magnitude higher sensitivity compared to that 
dictated by the Nernstian equation.
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Chemical speciation using microelectrodes
Stan van den Berg*, Pascal Salaun and Conrad Chapman 

Department of Earth and Ocean Sciences, University of Liverpool, Liverpool L69 3GP, UK
*Vandenberg@liv.ac.uk

Copper and other metals can be determined by anodic stripping voltammetry using 
mercury electrodes. In this process the metals are plated in metallic form and are 
subsequently reoxidised during the voltammetric scan. On a bare gold electrode this 
process is quite different, which is apparent in a large peak shift for copper and some 
other metals. Instead of deposition by plating, the process is based on adsorption 
of metal-halide species and is usually called underpotential deposition. We have 
investigated the process for the determination of copper and mercury in seawater 
and dilute hydrochloric acid using gold microwire electrodes (5 µm diameter). The 
experiments indicate that species with bromide and chloride control the deposition of 
these metals. 
Using optimised conditions copper and mercury can be determined at picomolar 
levels in seawater. Further experiments will be reported in which effects of chemical 
speciation is investigated.
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A microelectrode dissolved oxygen for oceanography 
Maciej Sosna1, Guy Denuault1*, Matt Mowlem2, Robin W. Pascal2 and Ralf D. 

Prien3

1 School of Chemistry, University of Southampton, Southampton, SO17 1BJ, UK,  2 National 
Oceanography Centre-Southampton, University of Southampton, Southampton, SO14 3ZH, UK,

 3 Baltic Sea Research Institute, Seestraße 15, 18119 Rostock-Warnemünde, Germany
*gd@soton.ac.uk
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Coupled enzymatic and electrochemical reactions on 
microstructured template surfaces investigated by 

scanning electrochemical microscopy (SECM)
Gunther Wittstock*

Institut für Reine und Angewandte Chemie und Institut für Chemie und Biologie des Meeres, 
Fakultät für Mathematik und Naturwissenschaften, Carl-von-Ossietzky University Oldenburg, 

D- 26111 Oldenburg (Germany), *gunther.wittstock@uni-oldenburg.de

Templated surfaces provide an convenient way of creating spatial patterns of 
biocatalysts, that allow complex reaction sequences to be carried out by the close 
proximity of the various active regions. SECM can be used to provide spatial images 
of the reactivity by also to provide a more detailed analysis of the local kinetics. 
Our group has used templated self-assembled monolayers (SAM). They have been 
either produced by microcontact printing of by localized electrochemical desorption 
using SECM as a tool to surface modification. The templated monolayers have been 
further processed by covalent attachment of enzymes, by layer-by-layer deposition 
of polyelectrolytes into which one enzyme was integrated as a polyelectrolete. In this 
way the templates do not only provide the basis of lateral patterning but also allow 
a designed combination of crystalline inorganic supports with flexible molecular 
structures. Alternatively polymer microstructures with immobilized enzymes can be 
assembled on surfaces.
SECM has been used to monitor the passivating properties of different monolayer 
systems. While this may be interesting for itself, it allows to navigate an SECM probe 
on patterns that were created by other techniques such as microcontact printing. A 
subsequent application of a SECM-based surface modification technique allows to 
further modify such layers and thus provides a convenient flexible way of their further 
modification. 
Recently we succeeded in quantitatively modelling the SECM response over such 
structures using the boundary element method (BEM). Steady-state systems of 
arbitrary 3D geometries can be treated if the boundary conditions can be described 
as linear functions of the local concentration - a condition that is full-filled for most 
SECM experiments. 
Application of the above concepts can be seen in a number of chemically completely 
different systems: (i) Similar to artificial structures containing enzymes, also site 
directed cell adhesion can be directed using microelectrochemical methods to lift the 
cytophobic character of oligo (ethylene glycol)-terminated SAM and allows for the 
site directed sequential introduction of different cell populations. (ii) Oxide layers 
on titanium-based alloys show different passivating properties depending on the 
composition, crystallographic orientation, and the redox species by which they are 
probed. (iii) Imaging local enzymes acivity can be used to devise readout procedures 
for enzyme labels in biochips. It may also serve a signal generation process to read 
out high-density electrophoresis gels, in particular because this may be compared to 
sensitive but not selective reading after silver staining. 
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A Novel Electrochemical Viral Sensor for the Detection 
of Pathogenic and Polluting Bacteria

T. Neufeld, E. Yagil, M. Yemini. Y. Levi, and J. Rishpon * 
 Tel-Aviv University, Ramat-Aviv 69978

*judithri@tauex.tau.ac.il
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Adhesion and proliferation of neuronal cells on 
electrosynthesized polymers. Development of a biosensor 

for odour detection.
Sophie Lakard1,*, Guillaume Herlem1, Tijani Gharbi2, Boris Lakard1, Germaine 

Michel3, Eric Lesniewska4, Patrick Sandoz2, Claudine Botteri3

1 LCMI, University of Franche-Comté, 16 Route de Gray, F-25030 Besançon, France
2 FEMTO-ST Institute, 32 Avenue de l’Observatoire, F-25044 Besançon, France

3 Laboratory of Neurosciences, 1 Place Leclerc, F-25030 Besançon, France
4 LPUB, 9 Avenue Savary, B.P.47870, F-21078 Dijon, France

*sophie.lakard@univ-fcomte.fr
Symposium 2: Electroanalysis and Sensors

In recent years, there has been a growing interest in polymers as a tool for biological 
and biomedical applications. Indeed, many polymer films, which can grow on an 
electrode surface by electrochemical polymerization, are interesting due to their 
biocompatibility. For example, we show in this study that olfactory cells can grow on 
polymer films previously coated on silicon or Fluorin doped Tin Oxide surfaces.
The first aim of this work was to determine which polymers could be useful for cell 
culture. Indeed, to be useful a polymer has to be biocompatible and to allow cells to 
adhere and proliferate. Thus, we have synthesized different biocompatible polymers 
(polyethyleneimine, polypropyleneimine, poly(p-phenylenediamine) and polypyrrole) 
on silicon or FTO surfaces using electrochemistry.
Then, we cultivated neuronal cells of rat and tested their adhesion and proliferation 
by putting olfactory cells in contact with conducting surfaces, previously coated with 
a polymer, in a culture medium. Then we let the olfactory cells adhere. During their 
growth we observed the evolution of their morphology using a confocal microscope. 
This qualitative observation allowed us to conclude that their development was normal. 
More the adhesion and the proliferation rates were calculated for each polymer to 
quantify and compare the ability of the cells to adhere and proliferate on the different 
polymers. These rates indicated that polyethyleneimine and polypropyleneimine are 
the most appropriate polymers to cultivate olfactory cells [1]. So we proved that a 
surface coated with PEI or PPI is a good substrate for the culture of olfactory cells.
Since we have already developed biosensors using polymer films coated on 
conducting surfaces and since we showed that the culture of olfactory cells is possible 
on electrosynthesized polymers, we have then elaborated a microsystem using these 
polymers as cell culture supports [2]. Since each olfactory cell is able to recognize a 
specific odour, this microsystem can be used as a sensor of odour, called a bio-nose, 
which could be very useful for water pollution control or drug’s detection.

[1] S. Lakard , G. Herlem , A. Propper , A. Kastner , G. Michel , N. Vallès-Villarreal , 
T. Gharbi, B. Fahys, Bioelectrochemistry 62 (2004), p. 19.

[2] S. Lakard, G. Herlem, N. Valles-Villareal, G. Michel, A. Propper, T. Gharbi, B. 
Fahys, Biosensors and Bioelectronics 20 (2005), p. 1946.
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On- and off-Chip Electrochemistry coupled to 
Electrospray Mass Spectrometry

Leif Nyholm*1, Camilla Zettersten2 and Per Sjöberg2 
1Dept. of Materials Chemistry, Uppsala University, P.O. Box 538, SE-751 21 Uppsala, Sweden
2Dept. of Analytical Chemistry, Uppsala University, P.O. Box 599, SE-751 24 Uppsala, Sweden

*Leif.Nyholm@mkem.uu.se

The coupling of an electrochemical cell to electrospray mass spectrometry (ESI-MS)1 
provides a very powerful tool for studies of electrochemical reactions as well as for 
the analysis of electroactive compounds. With ESI-MS it is possible to identify and 
quantitate electrochemically produced oxidation and reduction products. It is also 
possible to utilise electrochemical reactions for the preconcentration and/or ionisation 
of selected analytes as well as for tagging purposes2. The coupling of electrochemical 
cells to ESI-MS is however complicated by the need to decouple the electrochemical 
cell from the ESI-MS high voltage and the fact that the electrospray process itself 
involves electrochemical reactions1. Care also needs to be taken to ensure that the 
electrochemically generated products do not undergo unwanted redox reactions 
between the electrochemical cell and the mass spectrometer3 and to reduce the transfer 
time between the electrochemical cell and the mass spectrometer. In the present 
communication, on- and off-chip couplings of electrochemistry to ESI-MS will be 
discussed with a particular emphasis on the design of the electrochemical cell. It will 
be demonstrated that the design of the electrochemical cell and the flow system in 
general can affect the appearence of the mass spectra and the possibilities to detect 
an electrochemically generated species. A PDMS based device4 allowing an on-chip 
coupling of an electrochemical cell to ESI-MS with a subsecond transfer time will 
likewise be described.

References
1 G. J. Van Berkel in “Electrospray Ionization Mass Spectrometry”, R. B. Cole 

(Ed.), Wiley, New York, 1997.
2 T. C. Rohner, J. S. Rossier and H. H. Girault, Electrochem. Commun., 4 (2002) 

695.
3 F. C. Bökman, C. Zettersten, P. J. R. Sjöberg and L. Nyholm, Anal. Chem., 76 

(2004) 2017.
4 G. Liljegren, A. Dahlin, C. Zettersten, J. Bergquist and L. Nyholm, Lab Chip, 5 

(2005) 1008.
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Capillary batch injection – a novel concept for sample 
introduction into microfluidic systems

F.-M. Matysik*, A. Stevens
University of Leipzig, Institute of Analytical Chemistry, Linnéstr. 3, 04103 Leipzig, Germany

matysik@rz.uni-leipzig.de

In recent years microfluidic systems with integrated electrochemical detection (ED) 
have attracted considerable research interest. Most of these studies were focused on 
chip-based electrophoresis which offers attractive features such as high-throughput 
and point-of-care analysis. In addition, electrophoresis chips may have the character 
of disposable devices.
Limitations of chip systems are related to problems of the interfacing of the chip-based 
fluidic device to the external environment, particularly regarding the requirements to 
fill the sample reservoirs. Another weak point of chip electrophoresis is the more or 
less complicated voltage control to switch between sample loading and separation. As 
a result of this voltage switching an end-column sensing electrode may experience 
short-time potential changes which lead to negative effects on the stabilization of the 
baseline response.
The present contribution introduces an alternative concept which is based on the use 
of a short piece of a fused silica capillary to perform electrophoretic separations as 
fast as in the chip format. Previous work on capillary batch injection (CBI) analysis[1] 
is adapted to manage sample introduction. Small sample volumes are handled with 
the help of a capillary connected to a microprocessor-controlled microlitre syringe. 
This arrangement allows precise injections of nanolitre volumes onto the inlet of a 
short-length separation capillary. The separation voltage of up to 2 kV is continuously 
applied to the separation system during sample injection and separation which results 
in favourable baseline characteristics of ED.
The analytical performance of the CBI-CE-ED system was studied using noradrenaline, 
L-dopa and ascorbic acid as model analytes in borate buffer solution. It was found 
that experimental parameters such as dimensions of the separation and injection 
capillaries, convection, alignment of separation and injection capillary and injection 
conditions have significant influence on the performance characteristics. For a suitable 
set of experimental parameters CBI-CE-ED offers fast and efficient separations 
complemented by reliable ED response characteristics.

References:
[1] U. Backofen, W. Hoffmann, F.-M. Matysik, Anal. Chim. Acta 362 (1998) 213-

220.
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In-situ and Online Monitoring of Hydrodynamic Flow 
Profiles in Microfluidic Channels

Christian Amatore a, Alexander Oleinick a,b, Oleksiy V. Klymenko b, Irina Svir b,*

a Ecole Normale Superieure, Department de Chimie, UMR CNRS 8640 “PASTEUR”,
24 rue Lhomond, 75231 Paris Cedex 05, France

b Kharkov National University of Radioelectronics, Mathematical and Computer Modelling 
Laboratory, 14 Lenin Avenue, Kharkov, 61166, Ukraine

*Corresponding author email: Irina.Svir@kture.kharkov.ua

Perhaps the most popular trend in modern science and technology is miniaturisation 
of various devices. Particularly, this is of importance in developing chemical or 
electrochemical sensors where the amount of sample required for the analysis must be 
minimized. In this work we will focus on a microfluidic channel system, i.e. a cell with 
one or more dimensions being of the order of a few microns. Such microfluidic channels 
have kinetic and analytical properties which can be finely tuned as a function of the 
hydrodynamic flow. However, although it is known from classical hydrodynamics [1] 
that a fully developed pressure-driven flow profile in a perfect rectangular channel 
ought to be parabolic, we have reasons to believe that it might not be the case under 
all experimental conditions. This consideration is based on the fact that experimental 
channels are often constructed of different materials, i.e. the floor and the ceiling of 
the channel may have different properties which may lead to different surface effects 
and henceforth to distorted flow profiles. Also the roughness of the surfaces in the case 
when channel height is of the order of a few microns cannot be ignored. Furthermore, 
when the roughness values are different at different channel walls this would again 
condition a distorted flow profile vis-à-vis expected classical one. Similarly, various 
combinations of local electro-osmotic drive occurring in parallel with the pressure-
driven flow as well as other experimental situations would lead to extremely distorted 
flow profiles. However, presently, there is no simple and direct method to monitor the 
corresponding flows in situ.
We propose a method [2] for reconstructing any hydrodynamic flow profile occurring 
locally within a rectangular microfluidic channel based on experimental currents 
measured at single or double microband electrodes embedded in one channel wall. 
A perfectly adequate quasi-conformal mapping of spatial coordinates introduced in 
our previous work [3] and an exponentially expanding time grid, initially proposed 
in [4] are used for the numerical simulation of the direct problem (i.e. simulation 
of current responses corresponding to arbitrary flow profiles). Then the solution of 
the inverse problem (the problem of flow profile determination) is approached using 
the corresponding variational formulation whose solution is performed by the Ritz 
method.

References
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The aflatoxins and ochratoxins are fungal metabolites with potent toxicity.  Aflatoxins 
are highly toxic and potent carcinogens, while ochratoxin A (OTA) has nephrotoxic, 
teratogenic, carcinogenic and immunosuppresive properties and is implicated in 
human nephropathies and cancers. Legislation set by the EC and increasing numbers 
of countries worldwide[1] places limits on the permitted levels of mycotoxins in 
food and feed.  In order to determine and control these levels, sensitive analytical 
techniques are therefore required. Current detection methods for aflatoxins and OTA 
include TLC, HPLC, and ELISA.  There remains a niche for a user-friendly, robust 
and reliable method/instrument which can screen samples simultaneously for a range 
of toxins.  In this respect, electrochemical analysis using screen-printed carbon 
electrodes (SPCEs)[2] offers the possibility of achieving low-level detection and rapid 
analysis times using low-cost consumable sensors.
Electrochemical immunosensors, fabricated by drop-coating antibody against aflatoxin 
or OTA onto SPCE arrays, were used in a competitive immunoassay for aflatoxin or 
OTA. All of the assay steps were conducted by immersing the SPCEs into 96-well 
plate microwells.  Immunosensors were exposed to mycotoxin standards mixed with 
biotinylated toxin conjugate.  After washing, they were exposed to a streptavidin-
alkaline phosphatase conjugate and were finally immersed in a 1-naphthyl phosphate 
substrate solution.  Enzymatically-produced 1-naphthol, measured voltammetrically, 
gave a peak current response at +170 mV versus the Ag/AgCl reference electrode. 
 The current EC limit for aflatoxin B1 (AFB1) is 2 ng/g (2 ppb) for groundnuts, dried 
fruits and cereals, and for OTA is 3 ppb for processed cereals and 5 ppb for raw 
cereals and spices.  Experimental results will be presented from studies conducted 
to develop electrochemical immunoassays for AFB1 and OTA using SPCEs bearing 
surface-adsorbed antibody.  Reagent optimisation, calibration data and the results of 
determinations on spiked grain extracts will be presented.  The intention is to construct 
an array of immunosensors for the simultaneous measurement of multiple mycotoxins 
in grain extracts.
1.  Van Egmond, H.P. & Jonker, A.R.O. (2004). Worldwide regulations for mycotoxins 

in food and feed in 2003. FAO Food and Nutrition paper 81: Report of the Food and 
Agriculture Organization of the United Nations, Rome 2004. ISBN:9251051623 
(http://www.fao.org/). 

2.  Hart, J.P., Crew, A., Crouch, E., Honeychurch, K.C. & Pemberton, R.M. (2004).  
Some recent designs and developments of carbon screen-printed electrochemical 
sensors for biomedical, environmental and industrial analyses.  Anal.Lett., 37 (5) 
789-830.          
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Conducting polymers have been utilized as sensing membranes and transducers in 
different types of potentiometric chloride sensors since 1988 [1-5]. Combinations 
of polymeric membrane materials with different electronic and ionic conductivities 
should provide some information about the correlations between charge transfer 
processes and the potentiometric response. In this work, all-solid-state potentiometric 
chloride sensors were constructed from different combinations of the following 
three types of membranes deposited on a glassy carbon disk electrode (GC): (i) 
Electropolymerized poly(3,4-ethylenedioxythiophene) doped with chloride (here 
called “PEDOT”) representing an electroactive membrane with high redox capacitance, 
high ionic and electronic conductivity, (ii) Solution-cast poly(3-octylthiophene) 
containing tridodecyl-methylammonium chloride (here called “POT”) representing 
a semiconducting membrane with relatively low electronic conductivity, and (iii) 
Solution-cast plasticized poly(vinyl chloride) containing tridodecylmethylammonium 
chloride (here called “PVC”) representing a membrane with purely ionic conductivity. 
Based on these membrane materials, the following electrodes were constructed and 
compared: (a) GC/PEDOT, (b) GC/POT, (c) GC/PEDOT/PVC, and (d) GC/PEDOT/
POT. In these electrodes, PEDOT and POT worked as ion-to-electron transducers and/
or sensing membranes, while PVC obviously could work only as sensing membrane. 
All electrodes gave a potentiometric response to chloride. The selectivity pattern 
followed the Hofmeister series only in the case of the GC/PEDOT/PVC electrode, 
which also showed least hysteresis in the calibration plot. Results from impedance 
measurements showed that PEDOT is superior as ion-to-electron transducer compared 
to POT, while POT showed slightly better sensitivity to chloride anions. Therefore 
GC/PEDOT/POT showed better overall potentiometric performance than GC/PEDOT 
or GC/POT alone.
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 [3] P. Sjöberg, J. Bobacka, A. Lewenstam, A. Ivaska, Electroanalysis, 11 (1999) 821.
 [4] R. Paciorek, P.D. van der Wal, N.F. de Rooij, M. Maj-Zurawska, Electroanalysis, 

15 (2003) 1314.
 [5]  J. Bobacka, Electroanalysis, 18 (2006) 7.
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Heparin is a mixture of highly sulphated linear polysaccharides, which has been 
used in surgical procedures (1-10 UmL-1) and therapeutically (0.1-1 UmL-1) to 
prevent blood coagulation. In this contribution, voltammetric measurements of 
heparin at a rotating glassy carbon (GC) electrode coated with a PVC membrane 
are reported. A spin-coating technique is used to prepare thin membranes (20-40 
μm) with a composition of 25%(w/w) PVC, 1,1'-dimethylferrocene as a reference 
electron donor for the GC|membrane interface, o-nitrophenyl octyl ether (o-NPOE) 
or bis(2-ethylhexyl) sebacate (DOS) as a plasticizer, and hexadecyltrimethylammon
ium tetrakis(4-chlorophenyl) borate (HTMATPBCl) or tri-dodecylmethylammonium 
tetrakis(4-chlorophenyl) borate (TDMATPBCl) as a background electrolyte. The 
electrodes coated with either the HTMA+/o-NPOE (DOS) or TDMA+/o-NPOE (DOS) 
membrane provide a comparable amperometric response towards heparin (1-10 U mL-

1) in the aqueous solution of 0.1 M LiCl. However, only the membranes formulated 
with TDMATPBCl can be used for an amperometric assay of heparin in human blood 
plasma with a detection limit of 0.2 UmL-1. Effects of membrane composition, heparin 
concentration, rotation speed and sweep rate on the voltammetric behaviour of heparin 
provide an insight into the sensing mechanism comprising the transport of heparin in 
the aqueous phase, the formation and accumulation of the complex between heparin 
and HTMA+ or TDMA+ at the membrane-solution interface, and the desorption and 
transport of the complex in the membrane phase. Amperometric response of the 
electrode coated with the HTMA+/o-NPOE (DOS) membrane is controlled by the 
heparin transport in the aqueous phase and the adsorption of the heparin complex with 
HTMA+ at the membrane-solution interface. A numeric simulation of the voltammetric 
behaviour supports this explanation. On the other hand, the amperometric response 
of the electrode coated with the TDMA+/o-NPOE (DOS) membrane is governed by 
the transport of the heparin complex and the TDMA+ cation inside the membrane 
phase. The potential-dependent extraction of HTMA+ and its competitive interaction 
with a plasma component (e.g. albumin) impedes the amperometric assay of heparin 
in the human blood plasma using the electrode coated with the HTMA+/o-NPOE 
membrane. 
This work was supported by the Grant Agency of the Czech Republic (Grant. No. 
203/04/0424).  
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The area of Ion Selective Electrodes (ISEs) has gained significant research momentum 
in the last decade due to the understanding of the mechanisms that dictate potential 
response. Spectacular experimental improvements of selectivity coefficients of up to 
twelve orders of magnitude, and detection limit of up to six orders of magnitude has 
resulted in a dramatic upsurge of research activity,  driven by the potential for important 
new applications (e.g. trace analysis in environmental and clinical monitoring). 
The phase boundary potential model has emerged as a convenient expression 
that allows theoretical treatment of zero-current membrane fluxes based on only 
experimentally available parameters.  It has also been successfully used as a basis 
for theoretical description of a family of experimental methods called sandwich 
membrane techniques.  These techniques have been implemented in the determination 
of electrode parameters such as stability constants, quantification of ionic impurities, 
evaluation of equilibrium processes that dictate upper detection limit etc.  In the essence 
of this technique, two phase boundary potentials are uncoupled by inducing a well-
defined initial ion concentration profile within the membrane.  This is accomplished 
by combining two membrane segments each having a different composition forming 
a non-uniform sandwich membrane. 
In this work, we utilize the sandwich membrane technique for the determination of 
ion-pairing constants.  We demonstrate experimental methodology as well as give the 
theoretical description of the method.



 
S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l
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The determination of trace p-nitrophenol (PNP) has been achieved by high performance 
liquid chromatography dual electrochemical detection (LC-DED), using a novel dual 
reductive mode electrochemical-chemical-electrochemical detection system.  PNP 
eluting from the analytical LC column is first reduced to p-hydroxylaminophenol, 
at the first “generator” electrochemical cell at an applied potential of -2.0 V.  This 
species undergoes chemical oxidation to generate principally p-aminophenol and p-
aminoresorcinol which are then detected at the downstream “detector” electrode using 
an applied potential of -0.1 V.  The optimal chromatographic conditions were found to 
comprise of a mobile phase containing 40 % acetonitrile, 60 % water, containing 25 
mM o-phosphoric acid, at a flow rate of 0.5 ml/min, in conjunction with a Hypersil C18 
250 mm x 4.6 mm, 5 µm column.  The assay was found to be linear over the range 7.0 
ng to 500 ng on column, with an associated R2 value of 0.9981, and a limit of detection 
of 1.0 ng PNP on column.  No interferences were seen for a number of common drugs 
or for the principle electrochemical active components of human urine or serum.  The 
developed assay was found to successfully be able to determine trace concentrations 
of PNP in human urine samples with very little sample preparation.  A coefficient of 
variation of 7.1 % (n = 7) with a mean recovery of 94.7 % for human urine fortified 
at 522 ngml-1 was found.



S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

Electrochemical sensing in nM range by chemical 
amplification 

Ahyeon Koh, Junghyun Lee, Jieun Song and Woonsup Shin,*
Department of chemistry and Interdisciplinary Program of Integrated Biotechnology

 Sogang University, Seoul 121-742, Republic of Korea 
*shinws@sogang.ac.kr



 
S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

Covalent Modification of Boron-Doped Diamond 
Electrode Surfaces for Electroanalysis

Takeshi Kondo1, Hikaru Hoshi1, Yu Niwano1, Yasuaki Einaga2, Akira Fujishima3, 
Takeshi Kawai1*

1Department of Industrial Chemistry, Faculty of Engineering, Tokyo University of Science, 
12-1 Ichigaya-Funagawara-machi, Shinjuku-ku, Tokyo, 162-0826 Japan

2Department of Chemistry, Faculty of Science and Technology, Keio University, 
3-14-1 Hiyoshi, Yokohama, 223-8522 Japan

3Kanagawa Academy of Science and Technology (KAST),
3-2-1 Sakado, Takatsu-ku Kawasaki, Kanagawa, 213-0012

*kawai@ci.kagu.tus.ac.jpamperometric 

0

4

8

12

16

20

600 700 800 900 1000 1100 1200 1300 1400
0

4

8

12

16

20

600 700 800 900 1000 1100 1200 1300 1400



S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

Room Temperature Ionic Liquids for Electrochemical 
Detection of Nitro Based Explosives

Karsten Pinkwart*, Florina Jung, Peter Rabenecker, Michael Krausa
Fraunhofer-Institut für Chemische Technologie 

Joseph-von-Fraunhofer-Str. 7, 76327 Pfinztal, Germany
* karsten.pinkwart@ict.fraunhofer.de



 
S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

Thin-shielded sphere-cap microelectrodes. Preparation, 
characterization and analytical applications

Salvatore Daniele*, Ilenia Ciani, Eddy De Faveri 
Department of Chemistry, University of Venice, Calle Larga S. Marta ,2137, 30 123 Italy

*sig@unive.it

Microelectrodes with geometry different from the commonest disk shape have 
becoming more popular recently. Conical, and spherical microelectrodes in 
particular have found increasing interest because they can be used as tips in scanning 
electrochemical microscopy (SECM). Theory for spherical microelectrodes has 
been developed. In particular, theoretical treatments, relying on digital simulation 
procedures, exist within the SECM domain for spherical microtips approaching either 
a conducting or an insulating surface. The theoretical treatments also include the 
effects of the insulating sheaths surrounding the active electrode surface, so called 
RG factor, that is the ratio of the insulating sheath thickness (b) to the basal radius (a) 
of the electrode, as well as the aspect ratio of the electrode, h/a, where h is the sphere-
cap height. In these cases, however, only normalised current (i.e., current at a given 
tip-surface distance to the current far from the surface) are required. For sphere cap 
micreoelctrodes steady-state equations have been reported, but they were limited to 
the case where RG → ∞ (i.e., sphere caps lying on an infinite insulating sheath).
The aim of this paper is to investigate from either a theoretical and experimental 
point of view on the steady state limiting currents as a function of both RG and h/a 
parameters for sphere caps microelectrodes. A digital simulation procedure is employed 
to obtain theoretical parameters. For measurements, sphere cap microelectrodes are 
prepared by electrodeposition of mercury onto thin-shielded platinum microdisks. 
These were prepared from platinum wires and insulated by deposition of a cathodic 
electrophoretic paint. The properties of such microelectrodes for analytical purposes 
are also investigated.
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Significant efforts have been devoted to developing long lifetime and sensitive 
biosensors by stabilising and immobilising enzymes on different electrode substrates. 
Different polymer materials are usually used for immobilisation or as a protective 
membrane against interference or enzyme leaching. An attractive enzyme entrapment 
method is the sol-gel technique and these films have been characterised by atomic 
force microscopy (AFM). Enzymes and the other active biomaterials encapsulated 
within sol-gels appeared to retain their activity and selectivity, particularly when silica 
alkoxides were used as sol-gel precursors. However, sol-gel electrodes in some cases 
gave unsatisfactory lifetimes [1], inappropriate for disposable biosensors.
Characterisation and optimisation of silica based sol-gel encapsulation of glucose 
oxidase, aldehyde dehydrogenase, and NADH oxidase based biosensors at poly(neutral 
red) (PNR) modified carbon film electrodes will be presented, some involving direct 
electron exchange between the redox polymer and the enzyme. Sol-gels were prepared 
using an optimised mixture of oxysilane precursors, particularly 3-glycidoxypropyl-
trimethoxysilane (GOPMOS), and methyltrimethyloxysilane (MTMOS). The sol-gel 
protocol was improved by thermal removal of the alcohol, formed during oxysilane 
hydrolysis in acidic medium. 
Enzyme was entrapped by mixing a solution of it with a neutralised sol-gel mixture 
and placing on a carbon film electrode, electrochemically modified with PNR. An 
outer protective polymer membrane was applied over the encapsulated enzyme layer 
in order to prevent enzyme leaching and loss of sensitivity from macromolecule 
adsorption [2]. Polyurethane and carboxylated polyvinyl chloride were used for 
membrane preparation and optimisation. 
The results of glucose and acetaldehyde assays in relation to sensitivity, stability and 
response time in standard solutions and in natural samples will be discussed.

References
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Electroacoustic measurements have shown interesting potentialities for examining the 
microrheology of different films deposited onto the top of piezoelectric resonators or 
to validate the gravimetric response of a classical microbalance sensor [1]. A recent 
approach based on transfert function measurements using a fast QCM have also shown 
attractive results. In the case of electroactive films, the ionic species involved in the 
electrochemical processes can be identified and also quantified [2].
Sophisticated films can be used to realize all solid state ion sensitive electrode. They 
were made with organic multilayers: one, based on an electronic conducting material 
(polypyrrole or Prussian Blue) deposited through an electrochemical procedure 
onto the metallic electrode and a second one, in contact with the solution, made 
of a plasticized PVC membrane deposited by a spin-coating technique. A sensitive 
ionophore is incorporated in this latter in order to detect ions through potentiometric 
measurements. The performances of these chemical sensors depend on the quality of 
these two layers and also on the preconditioning treatment applied. This step appears 
as crucial but seems not very well understood.
For that reason and in this work, we propose to examine the behaviour of these films 
when a preconditioning treatment is used by coupling two techniques: electroacoustic 
and electrogravimetric measurements. Ac-electrogravimetry revealed details on the 
influence of the solvent on ion insertion/expulsion mechanism. The solvent uptake 
seems to be necessary for the good functionning of the membrane. Electroacoustic 
measurements revealed the viscoelastic character of the membranes and the values of 
G’, G” are modified according to the soaking time. Correlations were made between 
the two approachs in order to explain good responses obtained only after at least 24 
hours of preconditioning.
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Ruthenium and its compounds have been widely used especially in the field 
of homogeneous and heterogeneous catalysis including electrocatalysis and 
photocatalysis. Their catalytic activity regarding different oxidation and reduction as 
well as other reactions, e.g., polymerization, strongly depends on their oxidation state 
and on the media used because of the formation of different simple and polynuclear 
complexes. RuCl3 – which is far the most common starting material in ruthenium 
chemistry – is insoluble in water and organic solvents which is connected with 
its polymeric structure in solid state. The method of voltammetry of immobilized 
microparticles in combination of electrochemical nanogravimetry by using quartz 
crystal microbalance is especially useful for the characterization of microcrystals 
attached to an electrode surface. It has been found that RuCl3 microcrystals can be 
reduced and reoxidized in several steps in the presence of acidic and neutral aqueous 
solutions of different MCl and MCl2 electrolytes. The results can be elucidated by the 
formation of complexes and intercalation compounds which contain mixed valence 
RuIII / RuII-centers, Cl- ions, metals ions (M+, M2+) or H+ ions, and water molecules, the 
ratio of which depends on the potential and the solution composition. The composition 
of microcrystalline layers formed at different potentials has been determined by total 
reflection X-ray fluorescence spectrometry. The redox transformations also involve 
solid-state phase transitions.
The insertion of aniline into α-RuCl3 has been executed either from a solution of 
aniline in acetonitrile or pure aniline was added to the microcrystals. The RuCl3 is a 
strongly oxidizing host which can take up electrons from the aniline leading to the 
formation of polyaniline (PANI). Simultaneously, a fraction of Ru3+ is reduced to Ru2+, 
resulting in a mixed valence compound. The host material will have a negative charge, 
and RuCl3

- sites can act as counterions in the nanocomposite, (PANI)x
z+(RuCl3)y

z-. It 
has been proven by infrared spectroscopy as well as by electrochemical investigations 
that PANI was formed between the RuCl3 layers, which are composed of hexagonal 
sheets of Ru atoms sandwiched between two hexagonal sheets of Cl atoms with ABC 
stacking.
The redox transformations of the nanocomposites have also been investigated by 
electrochemical nanogravimetry. The transport of the charge compensating ions 
reflects the variation of the oxidation states of both PANI and RuCl3.
The oxidation state of both the RuCl3 microcrystals and the RuCl3-PANI nanocomposites 
can be varied electrochemically, therefore the catalytic activity can be tuned.
The peak potentials of the voltammetric waves are characteristic of the counterions 
used and are shifted as a function of the activity of the electrolytes, consequently these 
systems are promising for the application in the area of electroanalysis.
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A neural network application on the calibration of a 
glucose sensor

Ipek Becerik*, Sevgi K. Guney
Istanbul Technical University, Faculty of Science and Letter, Department of Chemistry,

34469 Maslak, Istanbul-TURKEY
* becerik@itu.edu.tr

The immobilization of enzymes on an electrode surface is of great importance in 
bioelectrochemistry for the production of biosensors and in fabrication of microsensors 
in the preparation of multiplayer devices. On the other hand, artificial neural networks 
(ANNs), proposed by information and neural science as a result of the mechanisms 
and structures of the brain, are computer programs  and they do not attempt to copy 
the fine detail of how the brain works, but try to reproduce its logical operation 
using a collection of neuron-like entities to perform processing. ANN can learn the 
system performance characteristics by monitoring the system test or running data. 
This technique has grown rapidly in chemistry and related fields of research since 
1980’s. Until now, ANN is considered as one of the best approaches to the nonlinear 
calibration and fitting problem.
In current study, glucose oxidase enzyme (GOD) that is specific for the glucose 
determination was entrapped into polypyrrole matrix containing p-benzoquinone in 
PIPES buffer and glucose sensitivity of the biosensor is investigated. A calibration 
curve is plotted for the enzyme electrode as a function of glucose concentration. 
Because the only useful part of the curve is the linear zone, which is only a small 
part of the calibration plot, only glucose concentrations in the narrow range can be 
determined. Whereas, accurate calibration may be reached on this real system by 
applying ANNs methodology. This implementation can be used for the sensor failure 
detection, as well. The estimation power of the neural network used in the direct and 
inverse modeling is examined by statistical methods. It presents the good performance 
for the estimation power.

References:
1. I.Becerik, Ann. Chim.,88, 697, 1998.
2. I.Becerik, S.Seker, Electroanal., 16,18, 1542, 2004.
3. S.Seker, I.Becerik, Ann.Chim., 93, 551, 2003.
4. I.Becerik, S.Seker, Bull. Electrochem., 20, 7, 319, 2004.
5. R. Beale, T.Jackson, Neural Computing:An Introduction, Adam Higler,-IOP 

Publishing, 161-163., 1991.
6. K.Levenberg, Quarterly Appl.Math. 2, 164-168, 1974.
7. C.C.Liu, J.P.Weaver, A.K.Chen, Electrochim.Acta,8, 379, 1981.
8. M.Gerard, A.Chaubey, B.D.Malhotra, Biosensors-Bioelectronics, 17, 345, 2002.
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Recently, novel carbon materials, such as carbon fullerenes, carbon nanotubes (CNT) 
and diamond lead new directions in the design of biosensors. They offer lots of 
possibilities for the biosensor construction, for example, electron mediation, nano-
biosensor fabrication and enzyme entrapment. Diamond-based materials, because of 
their unique properties such as biocompatibility, chemical inertness, chemical stability, 
wide potential window and optical transparency properties, which are superior to the 
traditional carbon materials. Since for electrochemical applications, the diamond thin 
film must possess a good conductivity, most work in this field has been carried out 
using diamond layers doped with boron, which display almost metal-like properties. 
There are few reports on non-doped diamond because of its weak conductivity. Here, 
we reported a glucose biosensor based on electrochemical pretreatment of non-doped 
nanocrystalline diamond (N-NCD) modified gold electrode for the selective detection 
of glucose. N-NCD was coated on gold electrode and glucose oxidase (GOx) was 
immobilized onto the surfaces of N-NCD by forming amide linkages between their 
amine residues and carboxylic acid groups on N-NCD. While the anodic pretreatment 
of N-NCD modified electrode not only promoted the electron transfer rate of the 
N-NCD thin film, but also resulted in a dramatic improvement in the catalysis of 
the dissolved oxygen. This performance could be used to detect glucose at negative 
potential through monitoring the reduction of oxygen. The biosensor effectively 
performs a selective electrochemical analysis of glucose in the presence of common 
interferents, such as ascorbic acids (AA), acetaminophen (AP) and uric acid (UA). A 
wide linear calibration range from 10 μM to 15 mM and a low detection limit of 5 μM 
were achieved for the detection of glucose.
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Measurement of Human Whole Blood Coagulation Time 
with Small Sample Volume by Impedance Method

 Chia-Chern Chen1,2 Hsien-Chang Chang 1*, 
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*hcchang@mail.ncku.edu.tw

Measuring of human whole blood coagulation by impedance method on paired 
interdigital electrodes with sample volume equal or less than 10 μl has been studied.
�The study of whole blood coagulation by impedance method began early in 1905 
by Frank RT with results that were difficult to reproduce. Rosenthal RL and Tobias 
CW (1948) had first repeatable results with great efforts. Ur A (1970) made the first 
standard curve of human whole blood coagulation and tried to inquire into the meaning 
of it. Von Kaulla KN (1975) developed a commercial device for measuring human 
blood coagulation time, but quitted soon from the markets due to the complexity and 
uneasy to apply to the clinical conditions. The study of human blood coagulation by 
impedance method was almost stopped for a long period of time. Spence N (2002) 
made a series of studies and concluded that impedance method can be used as end 
points of regular blood coagulation tests. All these studies were done with whole 
blood or plasma of sample volume more than 40 μl tested on block electrodes. Mixing 
with reagents (either aqueous or powdered) to activate and initiate the coagulation 
process was necessary.�In my study, direct coating of reagents (calcium chloride) 
and activator (glass nanoparticles) on the surfaces of testing electrodes with sample 
volume equal or less than10 μl was achieved. There is strong correlation between 
impedance coagulation time and both normalized (R2=0.72) and non-normalized 
(R2=0.61) activated partial thromboplastin time (aPTT). The best frequency for 
impedance coagulation time measurements was also determined. Testing run at 250 
kHz will yield best results under such system configuration. Significant differences 
between activated and non-activated impedance clotting time (paired t test, p<0.01) 
and strong linear correlation (R2=0.758) were obtained. The 95.3 nm particles have 
better results for triggering human contact activation system than 6.4 μm particles 
during whole blood coagulation. Nevertheless, glass is not a good material even in 
its nanoparticle size for activating human contact activation system. It shortened the 
blood coagulation time only by 30% in this study. Impedance method is an ideal tool 
for whole blood coagulation time measurements on very small sample volume and 
really promising for developing point-of-care coagulation devices.
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The Effect of Light on the Electroctalytic Oxidation of 
NADH Using Electrodes Modified Electropolymerized 

Mediators
1Yusuf Dilgin, 2Lo Gorton*,

1Canakkale Onsekiz Mart University, Science&Arts Faculty, Department of Chemistry, 17020 
Canakkale, TURKEY

2Department of Analytical Chemistry, Lund University, P.O. Box 124, 22100 Lund, SWEDEN
*lo.gorton@analykem.lu.se 

Many studies on the electrocatalytic oxidation of reduced ß-nicotinamide adenine 
dinucleotide (NADH) have been reported (1,2). Especially some modified electrodes 
based on phenothiazine and phenoxazine dyes have been intensively used for 
electrocatalytic determination of NADH. However, photoelectrocatalytic oxidation 
of NADH has not yet been presented with these modified electrodes. There are only 
a restricted number of studies on photoelectrochemical oxidation and detection of 
ascorbic acid (3,4). In this study, photoelectrocatalytic oxidation of NADH is here 
described by irradiation of a glassy carbon electrode (GCE) surface modified with 
an electropolymerised dye (some phenothiazines phenoxazines and flavin adenin 
dinucleotide (FAD). Electropolymerisation of phenothiazine and phenoxazine dyes was 
achieved by sweeping (50 mV/s) a GCE in borate buffer solution, pH 9.1, containing 
0.1 M NaNO3. Electropolymerisation of FAD was obtained by sweeping a GCE in 
0.1 M HCl and 0.1 M KCl. These modified GCEs show electrocatalytic activity for 
NADH oxidation in phosphate buffer solution, pH 6.9, with an overpotential of 350-
400 mV lower than that at the bare electrode. The effect of light on the electrocatalytic 
oxidation of NADH at these electrodes was investigated using both amperometry 
and cyclic voltammetry in the presence and absence of NADH. When the modified 
electrode surface was irradiated by a 250 W halogen lamp, a photoelectrocatalytic 
effect was observed for NADH oxidation and the current was increased about 2.0 to 
2.5 times. 
It can be concluded that some polyphenothiazine, polyphenoxazine, and polyFAD 
modified GCEs exhibit excellent electrocatalytic and especially photoelectrocatalytic 
oxidation of NADH in neutral aqueous solution. The results from this study may 
found the basis for a further development for future studies in this direction.

1. L. Gorton, E. Domínguez, Encyclopedia of Electrochemistry, (Series Eds. A. J. 
Bard, M. Stratmann), Vol. 9 (Ed. G. S. Wilson), Bioelectrochemistry, Wiley-VCH, 
Weinheim, 2002, pp. 67-143.
2. E. Simon, P. N. Bartlett, in Biomolecular Films, Design, Function and Applications 
(Ed. J. F. Rusling), Marcel Dekker, New York, 2003, pp. 499-544.
3. J. A. Cooper, K. E. Woodhouse, A. M. Chippindale, R. G., Compton, Electroanalysis 

1999, 11, 1259-1265.

4. Y. Dilgin, Z Dursun, G. Nisli, L. Gorton, Anal. Chim. Acta, 2005, 542, 162-168.



 
S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

Investigations on bio-electrocatalysis of neuronal nitric 
oxide synthase

Ulla Wollenberger*, Nikitas Bistolas, Christiane Jung1,2, Matthias Richter1 
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1Max-Delbrück-Center of Molecular Medicine, 13187 Berlin, Germany
2 KKS Ultraschall AG, Surface Treatment Division, CH-6422 Steinen, Switzerland

*uwollen@rz.uni-potsdam
*Corresponding author’s email address

In higher animals nitric oxide (NO) is synthesized by nitric oxide synthases (NOS, EC 
1.14.13.39), which converts L-arginine to citrulline and NO in a NADPH dependent 
oxygenation reaction. The known NOS enzymes are flavocytochromes that exhibit a bi-
domain structure, in which an oxygenase domain is linked by a calmodulin recognition 
site to a reductase domain. The oxygenase has a  cysteine-ligated iron protoporphyrin 
IX (b-type heme), while the reductase  contains FAD and FMN. Interestingly, the 
separate domains are catalytically active [Alderton et al. 2001]. Electrochemistry 
provides thermodynamic and kinetic informations and protein electrochemistry has 
potentials for biosynthesis and biosensing.
We report direct electrochemistry of the oxygenase domain of neuronal NOS (nNOS) 
on chemically modified electrodes. For this study two oxygenases were used, the 
N-terminal heme containing domain (oxyNOS) including the PDZ binding domain 
and the  truncated mutant D290nNOS oxygenase (D290oxyNOS). Voltammograms 
display redox waves  around -350 mV vs Ag/AgCl (1M KCl) for both the oxyNOS 
and D290oxyNOS(at pH 7), with slightly more negative value for the oxygenase with 
the reduced size. This signal is related to the FeII/FeIII –couple of nNOS. A typical 
catalytic oxygen reduction is also observed for both oxygenases.  However, the 
electrochemical reduction in the presence of L-arginine or N-hydroxy-L- arginine does 
not lead to a production of NO.  Unique to the NOS is that it requires for its activity 
tetrahydrobiopterin (H4B). We present investigations on the electron mediating effect 
of H4B and the results for bioelectrocatalytic formation of NO with the electrode is 
the source of electrons. 

Alderton, W.K., Cooper, C.E., Knowles, R.G. Biochem. J. 357 (2001)593-615
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Baldoli@istm.cnr.it

cDept. of Organic and Industrial Chemistry, University of Milano and Centro di Eccellenza CISI,
Via Venezian 21, 20133, Milano, Italy; Emanuela.Licandro@unimi.it, Claudio.Oldani@unimi.it



 
S
y
m

p
o
s
iu

m
 2

 -
 O

ra
l

The Stability, Ion Switching and DNA Sensing 
Characteristics of Holliday Junctions

A.R. Mount*1, C.P. Mountford2, E. Ferapontova1, S.A.G.  Evans1, A.H. Buck3, P. 
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1) School of Chemistry, The University of Edinburgh, West Mains Rd, Edinburgh EH9 3JJ, UK; 
(2) School of Physics, The University of Edinburgh, Mayfield Road, Edinburgh EH9 3JZ, UK; (3) 
The Scottish Centre for Genomic Technology and Informatics, The University of Edinburgh, The 

Chancellor’s Building, 49 Little France Crescent, Edinburgh, EH16 4SB, UK
(4) Institute of Integrated Micro and Nano Systems, Scottish Microelectronics Centre, School of 

Engineering and Electronics, University of Edinburgh, Edinburgh, EH9 3JF, UK.
*Email: A.Mount@ed.ac.uk

The characteristics of DNA Holliday Junctions (HJ) as ion-controlled nanoscale 
biomolecular switches have been explored.   The DNA Holliday structure is a junction 
of four double helices, with a unique topological element; a branch point discontinuity 
formed from hydrogen bonds (H-bonds) at the intersection of the component strands, 
giving four double helical arms.  The junction structure is determined by strong 
electrostatic repulsion between backbone phosphate groups.  In low ionic strength 
solutions, this repulsive Coulombic interaction favours maximum charge separation 
at the branch point, resulting in widely separated arms (an open conformation).  The 
addition of cations above a critical concentration causes screening of this repulsion, 
inducing conformational change to a folded (closed) junction conformation.  
Despite being structurally well characterized, there have been no systematic 
explorations of HJ structures with a view to assessing their performance as stable, 
electrochemically controllable nanoscale switches.  The issues relevant in this context 
include critical ion concentration, sharpness of the ion-induced switching transition, 
reversibility and stability to HJ dissociation.  This paper presents a systematic and 
quantitative survey of these characteristics for an HJ designed to switch predominantly 
between one open and one closed conformation.   Ion-induced switching in solution 
has been detected optically using fluorescence resonance energy transfer (FRET) 
between donor and acceptor dye labels on different HJ arms.  Ions of varying size 
and valence have been quantitatively assessed according to switching concentration 
and sharpness of the transition using this approach.  HJ dissociation has also been 
assessed by using a combination of FRET and gel electrophoresis.  This work shows 
that a short HJ construct (of typical arm length 8 base pairs) is prone to dissociation 
in the open conformation.  This is consistent with previous observations for other 
HJs, and implies that electrostatic repulsion dominates interstrand H-bonding in this 
case.    However, a longer HJ (of typical arm length 12 base pairs) does not dissociate 
and retains favourable ion switching characteristics.  This stable HJ is shown to 
undergo both ion-induced switching between two distinct conformations and tailored 
DNA-biomolecule interactions; its potential for use as the biosensing component in 
novel electrochemically-controllable biosensor platforms for DNA detection through 
electrochemical ion generation will be discussed.
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Multi-protein, multi-layer assemblies on gold electrodes 
F. Lisdat1*, R.V. Dronov 2,3, F. Scheller2, H. Möhwald3, D.G. Kurth3, 

1Biosystems Technology, University of Applied Sciences Wildau, Bahnhofstr. 1, 15745 Wildau, 
Germany, 2Analytical Biochemistry, University of Potsdam, Karl Liebknecht Str. 24-25, 14476 

Golm, Germany, 3Max Plank Institute of Colloids and Interfaces, Am Mühlenberg 1, 14424 Golm, 
Germany 

*flisdat@igw.tfh-wildau.de

Biological redox processes in membrane architectures can serve as a model for the 
construction of sensors transfering an analytical signal into a measurable physical 
value or other (bio)artificial devices. Integration of redox proteins or enzymes into 
functionalities with definded structure and controlled preparation provides access to 
new functional biological nano-arrangements thus representing one appraoch to  the 
development of analytical signal chains.
Here we report on artificial signal chains which are based on multilayer architectures 
formed by a self assembly process. The structures are based on a cytochrome c multilayer 
arrangement on gold electrodes ensuring full electroactivity of the immobilised redox 
protein. SERS measurements indicate a rather natural state of the heme environment. 
On top of this multilayer electrodes a second protein – xanthine oxidase (XOD) was 
immobilised using the same adsorption technique as for cytochrome c. However, 
in order to build multilayers of XOD another polyelectrolyte had to be used: 
polyethylenimine (PEI) instead of sulfonated polyanilline (PASA). The multilayer 
formation was followed by surface plasmon resonance. The resulting electrode was 
found to be sensitive for µmolar hypoxanthine concentrations i.e. an anlytical signal 
chain could be established with this two- protein, multi-layered arrangement. The 
influence of the layer architecture on the response behaviour was investigated in more 
detail. From the mechanistic point of view a mediation of the analyte conversion at the 
XOD by superoxide radicals towards the cytochrome c could be shown.
An alternative sytem was build up starting from cyt.c multilayers and immobilising 
laccase on top of this structure. Here PASA was used as polyelectrolyte building 
block throughout. Also here a signal chain from oxygen in solution via laccase and 
cytochrome c to the electrode could be established resulting in a reduction current in 
the presence of dissolved oxygen in solution. Within this structure a direct protein-
protein communication is indicated.
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Raman Spectroelectrochemical investigations of Thiol 
Redox Proteins in the Endoplasmic Reticulum.

Aidan Rhodes, Ritu Kataky*, 
Department of Chemistry, University of Durham, South Road, Durham.

*ritu.kataky@durham.ac.uk

The endoplasmic reticulum (ER) is a specialised cellular organelle that manufactures 
secretory pathway proteins. Proteins made in the ER have a wide range of functions, 
and include hundreds of proteins important to health and disease such as the MHC 
transplantation antigens and the prion protein, PrP.  All these proteins must fold and 
oxidise correctly in the ER if they are to function properly.  Thus, the chemistry 
of protein oxidation (disulfide bond formation) in this compartment is of central 
importance to biology.  Disulfide bond formation in the ER is mediated by at least two 
types of protein: the Protein Disulphide Isomerases (PDI’s), which directly catalyse 
the formation of disulfides in a substrate protein, and the ERO proteins, which re-
oxidise PDI after PDI has been reduced.
In this prestation we will discuss the redox processes in the ER present our 
investigatations on the effect of different hydrogen bonding environments on the 
ionisation of thiol proteins using a combination of electrochemistry and Raman 
spectroscopy.
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On-line detection of serum proteins is of clinical relevance, in detecting leaks and 
biofouling in hemofiltration equipment, biofilm growth on prosthetic devices, or 
hemolysis within a prosthetic or therapeutic device. Presently detection of these 
processes involves inherently expensive or morbid laboratory processing of patient 
samples, radiographic techniques or surgical removal of the device.  
We employed electrochemical impedance spectroscopy (EIS) and cyclic voltammetry 
(CV) to detect and analyze micromolar concentrations of four commercially available 
globular proteins - Sweet Potato β-Amylase, Bovine Serum Albumin, Liver Alcohol 
Dehydrogenase, and Bovine Carbonic Anhydrase with molecular weights in the same 
range as serum proteins of clinical interest.  These proteins were characterized in 
order to understand their electrochemical properties, study their interactions with 
each other and with the electrode material, simulate the proteins adsorption on solid 
state implanted devices, and develop cost effective and reliable methods to detect and 
quantify them.   CV testing showed that identification and quantification of each of 
these proteins was possible through analysis of current changes at specific potentials 
on a voltammogram.  Preliminary CV studies into the contamination of Bovine Serum 
Albumin with a microgram amount of one of the other three proteins illustrated that 
direct detection of the contaminant protein was possible.  The impedance data was 
used to develop an equivalent circuit model for the protein solutions.   The analysis 
of the impedance data demonstrated that with increase in relative concentration of 
proteins, the amount of electroactive proteins adsorption at the interface increases, 
leading to increase in surface charge density and capacitance, especially for lower 
molecular weight proteins.  The values of Gibbs adsorption energy and adsorption 
coefficients for the four proteins were also determined from the EIS measurements.  
This information is important for demonstration of feasibility of constructing 
implantable electronic biosensors based on solid state electrodes.  The strategy is 
scalable to the development of microfluidic systems and “smart” medical devices that 
will ultimately enable portable, cost-effective and rapid analysis of protein markers 
for point-of-care medical diagnostics leading to significant reductions in diagnostic 
ambiguity, unnecessary procedures, and patient distress.  
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Up to date, many efforts have been made to prepare desirable matrices to immobilize 
biomolecules, which is one of the most important factors and directly affecting 
the performance of a biosensor. Recently, nanoparticles as matrices to immobilize 
biomolecules, has become a hot subject in biosensing field for their unique properties 
such as size-dependent optical, electronic, and chemical properties. Among numerous 
nano-materials, mesoporous materials are more prospective, which have many 
attractive properties such as larger active surface area, higher mechanical, thermal 
and chemical stability, better adsorption capability and penetrability due to their 
regular structures, in comparison with those of non-mesoporous nanoparticles. These 
fascinating properties make them promising for assemblies as protective hosts to 
increase protein loading and facilitate the interfacial electron transfer. In our group, 
several mesoporous nanoparticles, such as mesoporous SnO2, mesoporous tin 
phosphate,  mesoporous carbon nanoparticles were used to fabricate uniform and 
stable multilayered films by layer-by-layer assembly method. Scanning electronic 
microscopy, UV-vis spectroscopy, electrochemical impedance spectroscopy and 
cyclic voltammetry measurements were employed to characterize these films growth. 
These films were further used to immobilize hemoglobin (Hb), and its direct electron 
transfer behaviours were observed on these mesoporous films modified electrodes. 
Serving mesoporous SnO2 as a model, the multilayered films were grown on 4-
aminobenzoic acid modified glassy carbon electrode by alternative adsorption of 
dextran sulfate (Dex) and mesoporous SnO2 (meso-SnO2). For comparison, the same-
sized non-mesoporous SnO2 nanoparticles (nonmeso-SnO2) based films were also 
constructed. The electrochemical impedance spectra confirmed the electron transfer 
resistance increased linearly with the increase number of meso-SnO2/Dex bilayers, 
which was smaller than that of corresponding nonmeso-SnO2/Dex bilayers. Positions 
and intensity of Soret absorption spectra band showed that Hb retains its bioactivity 
in both films, and meso-SnO2/Dex film exhibited improved immobilization ability 
of Hb in comparison with that of nonmeso-SnO2/Dex film. Cyclic voltammograms 
of adsorbed Hb at meso-SnO2/Dex film showed a good electrochemical behavior 
and excellent electrocatalysis to the reduction of O2 and H2O2 at pH 7.0 PBS. The 
mesoporous film, made by the superposition of six layers, showed enhanced electron 
transfer efficiency by ca. 300% and electrocatalytic ability by ca. 350% to H2O2 and 
440% to O2 in comparison with that of nonmeso-SnO2 film. Enhanced electron transfer 
efficiency and electrocatalytic  ability were also obtained on the other mesoporous 
nanoparticles multilayered films and  were concisely discussed.
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Liquid Chromatography with Electrochemical Detection 
as an Effective Method for Determining Femtomole 

Level Polyphenols in Human Blood
Kiyoko Takamura*, Akira Kotani, Kouji Takahashi, Fumiyo Kusu

School of Pharmacy, Tokyo University of Pharmacy and Life Science, 
Tokyo 192-0392, Japan

* takamura@ps.toyaku.ac.jp

Polyphenolic components such as catechins and quercetin in foods have become of 
interest in recent years for their preventive activities against cancer and coronary heart 
disease. Since their contents in human blood after tea ingestion are in extremely low 
levels, development of highly sensitive analytical method capable of detecting fmol 
(or below fmol) level analytes should be required to clarify the kinetic metabolism of 
polyphenols in human body.
. In this study, a high-performance liquid chromatography with electrochemical 
detection using a microbore ODS column (150 x 1.0 mm i.d.) was examined for 
determining catechins and quercetin in human blood following the ingestion of green 
tea. Water-methanol mixtures containing 0.5% phosphoric acid served as a mobile 
phase and made to flow at 25 µL/min. A 5 µL volume of a test solution prepared from 
human plasma was injected into the microbore column maintained at 40°C. Catechins 
or quercetin were detected at +0.6 or +0.5 V vs. Ag/AgCl, respectively, on a glassy 
carbon working electrode.
A chromatogram obtained for a mixture of 8 kinds of catechins gave well-separated 
peaks corresponding to the respective catechin. Each peak height was found to be 
linearly related to each catechin concentration ranging from 5 fmol~10 pmol/5 µL (r 
= 0.999, RSD = <0.86%). The time courses of the catechin concentrations in plasma 
after tea ingestion (340 mL of commercial canned green tea) could be followed by this 
method. Maximum levels were attained at 1~2 h later, and almost disappeared at 6 h 
following the tea ingestion.
Quercetin also gave a well-defined peak on a chromatogram and the time courses of 
the quercetin levels in plasma subsequent to the green tea ingestion showed similar 
features to those for catechins.
To obtain much higher sensitivity for the polyphenol determination, capillary liquid 
chromatography (150 x 0.2 mm i.d.) was further examined in this study. Detection 
limit as low as some tens of attomole levels could be attained by this method.
The present methods are characterized by far higher sensitivity compared to HPLC with 
a conventional column (several mm i.d.), as a result of the suppression of the diffusing 
dilution of the injected analytes in the separation column. Therefore, extremely low 
levels (fmol~amol levels) of catechins and quercetin in human plasma after the green 
tea ingestion were determined by the present methods. The time course measurements 
in such low levels cannot be followed by HPLC with a conventional column, and 
accordingly, the methods are expected as effective means for the metabolic studies of 
polyphenols in human body.
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Effect of electron transfer coefficients on the 
determination of standard potential 

Abdelkader Saila, Fatima Kesri, Ourida Mahmoudi and Abed Mohamed Affoune*
Laboratoire LAIGM, Département de Chimie Industrielle,
 Université de Guelma, BP 401, Guelma 24000, Algeria.

*affoune2@yahoo.fr

In this study we investigated the effect of cathodic and anodic electron transfer 
coefficients on the determination of standard potentials from voltammograms. Current-
potential curves were calculated for the quasi-reversible electron transfer reactions 
involving soluble-soluble and insoluble-soluble couples. The calculation was made 
based on the general Butler-Volmer kinetics. We have shown that standard potentials 
of redox couples can be determined by combination of voltammetry, semi-integration 
technique and Tafel plots. 
We have verified that electron transfer coefficients have an important contribution 
in the calculation of standard potentials when the system involved insoluble-soluble 
couples. However, there is no significant influence in the case of soluble-soluble 
systems. Results were applied to determine the standard potentials of rhenium and 
hexacyanoferrate couples. 
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Characterization And Comparison Of Recessed 
Microdiscs Electrode Arrays (Rmeas) Assembled In 

Different Materials And Combinations
 F. Aguiar1, R. Kataky*1, A.J. Galant*2, D. Wood*2

1Department of Chemistry, University of Durham, South Road, Science Laboratories, Durham, UK 
DH1 3LE.

2School of Engineering, University of Durham, South Road, Science Laboratories, Durham, UK 
DH1 3LE

francisco.aguiar@durham.ac.uk
* ritu.kataky@durham.ac.uk ,a.j.gallant@durham.ac.uk, david.wood@durham.ac.uk

The applications of microelectrodes arrays have been significantly increasing in recent 
years.
The reason is due to the development of microlithographic techniques for the 
fabrication of electrochemical devices. This technique was used to fabricate a range 
of recessed microdiscs electrode arrays (RMEAs) using Gold, Platinum and Carbon 
as materials composing the electrodes on Silicon wafers, analysing their behaviour. 
In this work, as well, it was compared the RMEAs behaviour in the same materials 
with different centre-to-centre separation between active sites.
For the purpose of characterization of the electrochemical devices different techniques 
were used: cyclic voltammetry and chronoamperometry.
To analyse the RMEAs surface the scanning electrochemical microscopy (SECM) 
was applied.
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Studies on electrochemical oxidation of azithromycin 
and Hemomycin ® at gold electrode in neutral electrolyte
M.L. AvramovIvi1*, S.D. Petrovi2,3, D.Z. Mijin2, P.M. Zivkovi2, I.M. Kosovi2, K.M. 

Drljevi3 and M. B. Jovanovi2

1 ICTM - Institute of Electrochemistry, University of Belgrade, Njegoševa 12, Belgrade, Serbia 
and Montenegro,

2 Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade, Serbia and Montenegro, 
3 Hemofarm Group, Pharmaceutical and Chemical Industry, Vršac, Serbia and Montenegro

* milka@tmf.bg.ac.yu

The aim of the present study was to examine the oxidative properties and an assay of 
azithromycin and Hemomycin® at a gold electrode in neutral electrolyte using cyclic 
linear sweep voltammetry. The maximum value of the current of the oxidation peak 
of pure azithromycin and azithromycin from Hemomycin® at 0.6 V vs. SCE in 0.05 
M NaHCO

3
 and in a mixture methanol - 0.05 M NaHCO

3
 (1:1) at a scan rate of 50 

mVs-1 is a linear function of the concentration in the range of 0.235 – 0.588 mg/cm3. 
HPLC analysis of the bulk of electrolyte confirmed the data obtained by analysis 
of the values of the current peak concerning the concentration of antibiotic in the 
investigated concentration range. 
The role of methanol, when present, is investigated. In the case of azithromycin, the 
presence of methanol leads to higher current peak values. However, in the case of 
Hemomycin®, methanol should be avoided because of its inhibiting influence on the 
qualitative and quantitative determination of azithromycin and on the azithromycin/
lactose separation. 
It can be concluded that a gold electrode can be successfully employed for the 
qualitative and quantitative electrochemical determination of azithromycin dihydrate 
and azithromycin from capsule (Hemomycin®) via its oxidation in the tested 
dosages.

This paper is dedicated to professor Aleksandar Despic+.
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Electrochemical evaluation of polymeric nanopatterned 
microelectrode arrays for biosensors application

Valerio Beni1, Andrea Valsesia2,3, Pascal Colpo2, Francois Rossi2, Damien Arrigan1*
1Tyndall National Institute, Lee Maltings, University College, Cork, Ireland

2 European Commission, Joint Research Centre, Institute for Health and Consumer Protection, Via 
E. Fermi 1, 21020 Ispra (Varese), Italy.

3 Dipartimento di Fisica “A. Volta”, Universita’ degli Studi di Pavia, Via Bassa 6, 27100 Pavia, 
Italy

*damien.arrigan@tyndall.ie

The application of lithographic techniques for the fabrication of microelectrode 
arrays results in an increasing interest in the realisation and application of micro-
electrochemical sensors for environmental and clinical analysis. In the case of 
electrochemical biosensors, the main issues are the reduction of the non specific 
interactions of undesired molecules on the sensor surface that create background 
signal and the orientation of the biorecognition molecule (antibody, enzyme) to 
increase the biological reaction. A possible route to address theses issue is the coating 
of the electrode surface with polymeric layers with controlled chemical functionality. 
Moreover, such nano-structuring of the polymeric layer can improve the orientation 
capability of the biorecognition elements.
A possible strategy for depositing a uniform and stable polymeric layer onto a surface 
is the use of plasma enhanced chemical vapour deposition (PE-CVD). Furthermore, 
the combination of PE-CVD with colloidal lithography allows nano-patterning of 
the polymer to create nano-craters specifically designed to increase the orientation 
capability of the surface.
In this work an exhaustive investigation of the electrochemical behaviour of gold 
microelectrode arrays coated with Poly Ethylene Glycol (PEG), with Poly Acrylic 
Acid (PAA) and with PAA/PEG nano-craters was performed. The electrochemical 
response as a function of the probe ion charge has been investigated. Moreover the 
antifouling properties and selective binding properties of the polymer were tested 
by the use of Bovine Serum Albumin (BSA) as model protein which fouls sensor 
surfaces. 
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Characterization of surface modifications using 
voltammetry combined with imaging SPR

Olof Andersson, Christian Ulrich, Bo Liedberg and Fredrik Björefors* 
S-SENCE and Division of Applied Physics, Dept. of Physics, Chemistry and Biology (IFM), 

Linköpings universitet, SE-581 83 Linköping, Sweden
*frebj@ifm.liu.se

Self-assembled monolayers of alkanethiols, hydrogels and other surface modifications 
on metals play an important role as backbones in biosensors. The quality, blocking 
characteristics, and capacitance of such layers can be assessed by Cyclic Voltammetry 
(CV) and Electrochemical Impedance Spectroscopy. Heterogeneous layers like 
patterned surfaces are, on the other hand, difficult to evaluate using traditional 
electrochemical methods, since there is no straightforward way of distinguishing the 
responses from different areas of the electrode. In this contribution we have combined 
CV with imaging Surface Plasmon Resonance (iSPR) to enable optical evaluation of 
electrochemical reactions taking place on, for example, thiol gradients and patterned 
electrodes. 
Different surface modifications show different blocking properties towards 
electrochemical processes. For instance, shorter and less organized thiol monolayers 
are less able to block faradaic reactions, whereas thicker and more organized layers 
are more prone to prohibit such reactions. SPR is sensitive to species adsorbing 
on gold substrates, as well as changes in the refractive index in the vicinity of the 
surface. It is therefore possible to optically follow electrochemical processes during 
a voltammetric or amperometric experiment. The extent of the reactions is in this 
case not evaluated via the current, it is rather the change in refractive index induced 
by the electrochemical processes that is used to monitor the faradaic reactions. Since 
the iSPR instrument is equipped with a CCD-camera as detector, it is possible to 
indirectly use voltammetry to analyze for example patterned surfaces.
With our electrochemistry- and iSPR instrumentation, we are hence able to 
simultaneously perform surface imaging while controlling the potential of the 
electrode. To demonstrate the advantages with such instrumental setup, we patterned a 
gold electrode with alkanethiols (i.e. 100 micrometer wide lines of HSC15H30COOH), 
and filled the electrochemistry-iSPR cell with a redox couple dissolved in a supporting 
electrolyte. From the different intensities in the resulting SPR-image, it was possible 
to locate areas on the electrode where faradaic reactions took place, compared to 
parts of the surface covered with thiols. It was also found, compared to conventional 
SPR imaging, that the difference in refractive index induced by the electrochemical 
processes actually increased the contrast in the SPR image.
We plan to use this instrumental combination for investigations on the formation of 
for example gradients of thiols on surfaces, and for analysis of hydrogels formed by 
electrografting. 
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In field preconcentration and voltammetric 

determination of heavy metals from different beverages 

using edta-modified magnetic silica microparticles

Ede Bodoki 1, Cecilia Cristea 1, Robert Săndulescu 1*, Akira Nomura2,  
Jean-Michel Kauffmann 3

1Analytical Chemistry Department, University of Medicine and Pharmacy “Iuliu-Haţieganu”,
4, Louis Pasteur St., 400349, Cluj-Napoca, România

2Chemical Metrology Department, National Institute of Metrology (Thailand) Phatumthani 12120 
Thailand

3 Université Libre de Bruxelles, Pharmaceutical Institut, Campus Plaine CP 205/6, Bd du Triomphe, 
B-1050 Brussels, Belgium
*rsandulescu@umfcluj.ro

Magnetised silica-based microparticles (average nominal diameter: 5 μm) with a high 
density of nanopores (30 nm) were modified with ethylenediaminetetraacetate as a 
complexing agent for heavy metals preconcentration and determination. Stripping 
voltammetry at a magnetized carbon paste electrode is described for the on-site 
analysis of cadmium, lead and copper from different beverages (wines, juices, spirit 
drinks) at low ppb levels (1 – 200 ppb). A detailed description of the construction of 
the set-up and  systematic laboratory experiments to optimise its performance are 
reported. The electroanalytical procedure comprises two steps: the accumulation 
of the analyte under open-circuit conditions followed by a medium exchange, and 
the electrochemical detection of the preconcentrated species using square wave 
voltammetry.
Coupling the electrochemical sensor with a portable, commercially available, 
potentiostat can be performed for the decentralized analysis of trace metals in food, 
environmental and pharmaceutical samples.

Keywords: heavy metals,  magnetic silica microparticles, square wave voltammetry
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The electrochemical behavior and mass transport of polypyrrole films were investigated 
in divalent anion aqueous solutions of   CO3

2-, C2O4
2-, HPO4

2- and SO4
2- and compared 

to ClO4
-.  EQCM results are given for the first and the steady-state redox cycles. 

In divalent anion aqueous solutions, cation transport dominates during the charge 
compensation process. The hysteresis between anodic and cathodic waves of charge-
potential  responses is larger in divalent anion systems (SO4

2-, C2O4
2-…) than in 

monovalent anion solutions (ClO4
-). In both monovalent and divalent anion aqueous 

solutions the total film mass increase at the end of the first redox cycle is much larger 
than in subsequent cycles. The apparent molar masses of the mobile species reflects 
two factors. One is the larger amount of water that enters the film during oxidation in 
the first potential cycle than enters in steady state  one. The other is the greater amount 
of  cations that enter the film during oxidation than leave it during film reduction 
(for SO4

2- and C2O4
2- systems). With the exception of redox cycling in  0.1M Na2SO4 

aqueous solution, no mass increase was observed in  the steady-state redox cycle of  
divalent anion (C2O4

2-, HPO4
2- and CO3

2-)  aqueous solutions. These are  results are 
discussed in terms charge compensation by opposing fluxes of counter and co-ions, 
and non permselective behavior on the experiential time scale.
Acknowledgment, This work was supported by the University at Buffalo, The State 
University of New York through its Interdisciplinary Research and Creative Activities 
Fund.
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Amperometric detecion of H2O2 with covalent modified 
electrodes, using different generation of starburst 

pamam dendrimers and prussian blue
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Hydrogen peroxide (H2O2) is a useful compound for modern medicine, environmental 
control, and various branches of industry. This compound is the most  valuable 
clinical marker for oxidative stress, recognized as one of the major risk factors in the 
progression of disease-related pathophysiological complications [1]. Prussian Blue 
(PB, Fe4[Fe(CN)6]3•14H2O) on the other hand is an inorganic complex with a roomy 
crystal structure through which oxygen and hydrogen peroxide molecules can be 
transported. PB has been successfully adsorbed onto  the surfaces of various electrode 
materials, such as gold, and has been found to be a good electrocatalyst for the 
electro-reduction of H2O2 under acidic (pH < 5) conditions [2]. Electrodes  covalently 
modified  with poly(amidoamine) (PAMAM)  dendrimers (generation 4.0 and 3.5) 
have been found to support films of PB with improved surface coverage  compared 
to PB-modified gold electrodes, which are prepared under acidic conditions. While, 
good  stability at neutral pH values was obtained  with  PB tethered by PAMAM 
dendrimer, generation 4.0, no PB film forms on a bare gold electrode under these 
conditions.  Since  dendrimers resemble covalent micelles that provide well defined 
cavities, enhancing the hydrophobic nature of the electrode-solution interface can 
stabilize and concentrate a mediator such as PB, thus improving the sensitivity and 
selectivity of specific electrochemical reactions [3].
In this work, we make a comparison between the performance of covalent modified 
gold electrodes and naked gold electrodes with different generations of PAMAM 
dendrimers (2.0, 3.0 and 4.0) and PB films. The characterization of these electrodes is 
made with electrochemical (amperometry, voltammetry) and spectroscopical  (SEM, 
EDX, FT-IR) techniques. Also, we present preliminary results on the electrocatalytic 
activity of the resulting films in neutral aqueous medium.
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Electrodeposits of Al2O3, Ni-Al2O3, Cu-Al2O3
1,2 and hexacyanoferrate3, or 

electrodeposits of metal-hexacyanoferrate alone, on glassy carbon, Cu or Pt electrodes 
were employed to preconcentrate cesium4  from low concentration solutions (0.1mM 
or lower). The electrochemical behavior of the various forms of the electroactive 
molecule was studied by cyclic voltammetry. The electrochemical behavior depended 
on the pH and the electrolytic media used. X-ray diffraction (DRX) and scanning 
electron microscopy (SEM) analyses revealed the composition and morphology of 
the composites. Energy dispersive X-ray spectrometry (EDS) showed the presence of  
Cs+ attach to the composite films, when it was placed in solutions containing the metal 
ion, indicating an efficient preconcentration.
The electrochemical detection was developed following the generation of a mercury 
film on the previously preconcentrated metal ion, and then applying stripping 
voltammetry. The stripping analysis, thanks to the preconcentration procedure, could 
be followed in another media to protect the highly reactive cesium, once it was reduced 
at the electrode.  
On the other hand, the Cs+ attached to the film was transferred to another convenient 
solution, via electrolysis, to do the analysis by flame emission spectrometry. The 
results obtained on both techniques, stripping voltammetry and  flame emission were 
compared. Detection limits, sensitivity and reproducibility were studied.

References
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This report is a study of the effectiveness of titanium(III) as reducing agent to 
transform the vitamin B12 (cyanocobalamin) to its superreduced form1,2, B12s, in a 
non-conventional electrolytic media, the bicontinuous microemulsion3,4. The micro-
emulsion, a mixture of surfactant/oil/water, stabilized by a cosurfactant, usually an 
alcohol, is made bicontinuous by using the appropriate amount of each component. 
When the water (and the oil) in the mixture form a continuous phase, the conductivity 
of the solution is increased to a level that allows the development of electrochemical 
reactions, even without the supporting electrolyte. The superreduced vitamin, prepared 
by the action of titanium(III) in such media, was used to detoxify (dechlorinate) some 
organohalides. 
The titanium(III) citrate in the microemulsion was obtained by electrochemical 
reduction of Ti(IV) citrate on glassy carbon or platinum electrodes. The starting 
material, titanium(IV) chloride, was stabilized with HCl and then treated to produce 
the titanium(IV) citrate. The microemulsion was a mixture (wt. %) of cetyltrimethyl-
ammonium bromide (CTAB)/pentanol/tetradecane/water (17,5:35:12,5:35). The 
electrochemical behavior of both, the titanium citrate and the vitamin, was studied by 
cyclic voltammetry. When the microemulsion containing the protein and the reducing 
agent was electrolyzed in a N2 purged and blanketed cell, the characteristic red color 
of the protein disappeared, indicating the transformation of the cyanocobalamin to 
its superreduced form, B12s. The addition of  organohalides such as benzyl chloride, 
dichloroethane, etc. regenerated the red color. Packed silica columns conveniently 
prepared to obtain an organic phase free from water an surfactant were used to permit, 
later on, the chromatographic studies. GC/MS analyses allowed to determine the 
products of the dechlorination process, while GC with electron capture detection 
allowed to detect and quantify the remaining organohalide when it was still present.

1 Ruppe, S.; Neumann, A.; Diekert, G. and Vetter, W. Environ. Sci. Technol. 2004, 38, 
3063-3067.

2 Wolak, M.; Stochel, G.; and van Eldik, R. J. Am. Chem. Soc. 2003, 125, 1334-
1351.

3 Rusling, J. F. Electrochemistry and Electrochemical Catalysis in Microemulsions. 
Modern Aspects of  Electrochemistry 1994, 26, 40-104.

4 Carrero, H.; Gao, J.; Rusling, J.; Lee, C.-W.; Fry, A. Electrochim. Acta 1999, 45, 
503-512.
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A voltammetric method using a surfactant didodecyldimethylammonium bromide 
(DDAB) film-modified electrode was developed for simultaneous measurement of 
various combinations of neurotransmitters and ascorbic acid.  The DDAB-modified 
film has the positive charge and neurotransmitters (dopamine, norepinephrine, and 
epinephrine) existed as the positively-charged species in the neutral solution whereas 
AA (ascorbic acid) as a negatively-charged one.  Both the cyclic voltammetry (CV) 
and square wave voltammetry were used for the measurement of neurotransmitters by 
means of the DDAB/GC-modified electrode in phosphate buffer solution of pH=6.5. 
Well-separated voltammetric peaks were observed for dopamine and ascorbic acid at 
the DDAB/GC modified electrodes.  The RRDE (rotating ring disk electrode) method 
was applied to study the redox reaction mechanism of dopamine and ascorbic acid. 
The DDAB/GC electrode resolved the voltammetric signals of the above analytes 
successfully.  The electrochemical synthesis of polymer EDOT(3,4-Ethylenedioxy 
thiophene) modified electrodes from the aqueous acidic solution through cyclic 
voltammetry method. The EQCM method was used to study the polymer growth 
mechanism on the Au and Au/PEDOT-modified electrodes. The EQCM results 
confirmed that enhancement in the polymer peak currents of polymelatonin on the 
PEDOT-modified electrode was due to the hytrophobically entrapment of the monomer 
molecules within the PEDOT polymer film. The UV-vis spectroelectrochemical results 
confirmed the oxidation of indole ring of monomer. The electrochemical oxidations 
of ascorbic acid (AA) was performed on the GC and GC/PDEOT/polymelatonin 
film-modified electrodes. Based on the UV-vis and CV results, a mechanism for 
electropolymerization has been proposed. The poly(3,4-ethylenedioxythiophene)/
ferricyanide (PEDOT/FCN) film was synthesized by a potentiostatic and also using 
potentiodynamic methods namely cyclic voltammetric and chronoamperometric 
techniques. The EQCM technique was used to study the mechanism of the incorporation 
of ferricyanide ions on the PEDOT film. The UV-vis absorption results too confirmed 
the presence of ferricyanide with the PEDOT film. The electrocatalytic oxidation of 
ascorbic acid was carried out and the diffusion coefficient of ascorbic acid was also 
estimated through the chronoamperometric and rotating disk electrode methods. This 
modified electrode was also used for the simultaneous determination of ascorbic acid 
and dopamine.  
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A Disposable Amperometric Sensor for the Measurement 
of Secretory Immunoglobulin A in Sweat

A. Crew and J.P. Hart* 
CRAMSS, Faculty of Applied Sciences, University of the West of England, Bristol, UK.

*John.Hart@uwe.ac.uk

Secretory immunoglobulin A (sIgA) is widely used as a diagnostic tool for medical, 
physiological and for psychological purposes.  Increased knowledge of the response of 
sIgA to physiological and psychological stimulation has resulted in increased interest 
in developing suitable in situ monitoring procedures. 
Measurement of sIgA has predominately used saliva, serum and whole blood.  The 
monitoring of sIgA in sweat is advantageous because it is non-invasive and the 
sampling and analysis can occur over a wide range of timescales without interfering 
with normal activities.  The principle technique for sIgA analysis has been the enzyme-
linked immunosorbant assay (ELISA).    The purpose of the present study is to adapt 
and develop an ELISA system for use with polyvinylidene fluoride sweat patches 
with electrochemical detection.  The proposed method uses an indirect approach of 
incubating sweat patch samples with anti-human sIgA conjugated to horse-radish 
peroxidase.  The unbound conjugate can then be detected with the addition of 3,3’,5,5’-
tetramethylbenzidine dihydrochloride (TMB) followed by an acidic stop solution.  
TMB is a chromogenic substrate, but may also be detected by chronoamperometric 
measurements with a screen-printed carbon electrode (SPCE) at a potential of +0.05V 
before or after adding the stop solution.  This paper describes the results of these 
studies and their experimental application to human sweat.
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Characterization of electrodeposited organo-silica thin 
films by scanning electrochemical microscopy

E. Sibottier, M. Etienne*, F. Gaboriaud, A. Walcarius 
Laboratoire de Chimie Physique et  Microbiologie pour l’environnement (LCPME),

UMR 7564 – CNRS – Université Henri Poincaré Nancy 1 ; 405, rue de Vandoeuvre – 54600 
Villers-lès-Nancy, France 

*etienne@lcpme.cnrs-nancy.fr

Hybrid organic-inorganic silica-based materials have attracted considerable attention 
from the electrochemistry community during these last years [1]. Indeed, they combine 
the attractive properties of silica materials (high porosity, high specific surface area, 
possible organization at the mesoscopic level) and the specific reactivity of organic 
groups that can be chemically attached to the silica backbone. 
The implication of insulating silica-based materials in electrochemistry requires 
however an intimate contact with an electrode material. Such a chemically modified 
electrode can be achieved, for example, by the deposition of silica-based thin films on 
solid electrode surfaces. In this respect, our group has developed an original approach 
for electro-assisted generation of thiol-functionalized silica films on gold [2]. The 
synthetic procedure combines the self-assembled monolayers (SAM) technology, the 
sol-gel process and the electrochemically-induced deposition method. 
In practice, film formation occurs as followed: (1) the formation of a SAM of merc
aptopropyltrimethoxysilane on gold; (2) the transfer of the pretreated electrode in a 
silica sol containing the hydrolyzed precursors: tetraethoxysilane and, e.g., mercapto
propyltrimethoxysilane (but the method has been extended to other organosilane); (3) 
the application of a cathodic potential to increase pH locally at the electrode/solution 
interface and to induce the co-condensation of the precursors [3]. This led to well-
adherent thiol-functionalized silica thin films on the gold surface.
In the present study, several physico-chemical techniques have been involved to 
characterize the films growth, morphology and permeability. Electrochemical Quartz 
Microbalance (EQCM) allowed the monitoring of mass changes at the electrode surface 
during electrodeposition. This information has been correlated to film thicknesses as 
measured with Atomic Force Microscopy (AFM). A particular attention has been 
given to the influence of electrolysis time on the film characteristics. 
Finally electrochemical methods, Cyclic Voltammetry (CV) and Scanning 
ElectroChemical Microscopy (SECM), have been involved to characterize the 
different films. SECM has been used in the feedback mode using molecular probes 
displaying various charges and sizes. The high sensitivity of the SECM allows then to 
observe important variation in the feedback signal that can be related to modification 
of the apparent electron transfer rate constant [4].
 
[1] A. Walcarius, D. Mandler, J.A. Cox, M. Collinson, O. Lev, J. Mater. Chem., 15, 

3663 (2005).       
[2] S. Sayen, A. Walcarius, Electrochem. Commun., 5, 341 (2003).       
[3] R. Shacham, D. Avnir, D. Mandler, Adv. Mater., 11, 384 (1999). 
[4] F. Forouzan, A.J. Bard, M.V. Mirkin, Isr. J. Chem., 37, 155 (1997).
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Quartz crystal microbalance determination of trace 
metal ions

Abdunasser M. Etorkia, A. Robert  Hillmana*,  Karl S. Rydera and Andrew Glidleb

a Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK
b Department of Electronics, Glasgow University, Glasgow, G12 8LT, UK

* Email: arh7@le.ac.uk

We describe the development of a combined acoustic wave and electrochemical 
sensor for detection of trace metal ions from aqueous solution, based on the formation 
of self-assembled monolayer (SAM) films functionalised with chelating groups. Gold 
electrodes on 10 MHz AT-cut piezoelectric quartz crystal resonators were modified with 
meso-2,3-dimercaptosuccinic acid (DMSA). Measurements of resonant frequency for 
bare and modified electrodes, both immersed and emersed, were used to determine 
the extent of ligand immobilisation; since the films are extremely thin, the frequency 
response can be interpreted in purely gravimetric terms using the Sauerbrey equation. 
The quality and integrity of the SAM films were assessed via cyclic voltammetric 
measurements of [Fe(CN)6] 3-/4- redox chemistry. 
SAM-functionalised electrodes were exposed to solutions of metal ions in order 
to assess the ability of the surface-bound ligand to complex the metal ions. The 
target metal species, Pb(II), Cd(II) and Cu(II), were selected on the basis of their 
environmental relevance. Initially, single metal ion solutions were used and the extent 
of metal complexation was determined (via the QCM frequency change) as a function 
of concentration. Factors associated with solvent and solvation were explored via 
parallel sets of measurements under immersed and emersed conditions. The variation 
of surface concentration with solution concentration was evaluated using a range of 
isotherms - Langmuir, Temkin, Freundlich, Frumkin, El-Awady and Flory-Huggins – 
based on different physical models. The failure of the Langmuir isotherm indicates the 
presence of site-site interactions; the Frumkin isotherm best fitted the experimental 
data. Selectivity for different metal ions was assessed by comparing the binding 
constants derived from the isotherms for single metal ion solutions and by competitive 
binding experiments using mixed metal ion solutions.
The extent of metal ion uptake was also evaluated coulometrically by integration of 
voltammetric responses of electrodes exposed to metal ion solution and transferred to 
metal-free background electrolyte. Interestingly, the extent to which the metal species 
are retained on the surface during redox cycling varies for different metals. The 
combination of SAM selectivity and QCM sensitivity provides a potentially useful 
metal ion sensor in the nanomolar to micromolar range. Supporting XPS measurements 
provide unequivocal evidence of the presence of surface-bound metal(s), together 
with metal speciation (following various electrochemical manipulations), metal:
ligand stoichiometry, and selectivity between metal ions in competitive binding 
experiments.

Acknowledgments: We thank the CCLRC Daresbury laboratory for access to XPS 
facilities and AE thanks the Libyan Higher Education Department for a studentship.
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Electrochemical behaviour of glutamate at a gold 
electrode

M. Goreti F. Sales*, Cristina D. Matos, Fátima Barroso and Cláudia Martins 
REQUIMTE, Grupo de Reacção e Análises Químicas, Instituto Superior de Engenharia do Porto, 

R. Dr. António Bernardino de Almeida, 431, 4200-072 Porto, Portugal
*mgf@isep.ipp.pt

Glutamic acid, the 2-aminopentanedioic acid, is one of the twenty amino acids present 
in human proteins. Glutamate is one of the most abundant excitatory neurotransmitters 
in the brain, and it has been implicated in the pathology of neurological and 
psychological diseases. There are evidences linking abnormalities in endogenous 
glutamate metabolism with certain diseases, such as Alzheimer’s, Huntington’s 
Chorea, and Amyotrophic lateral sclerosis. 
Glutamic acid, as well as their sodium, potassium, calcium, magnesium and ammonium 
salts, has been added to foods on behalf of its flavour enhancer properties. In fact, this 
is an ancient procedure since the monosodium salt of glutamate has been used for 
thousands of years in Asia as a flavour enhancer of foodstuffs. Glutamate is however 
a non essential nutrient in terms of human diet because the body can manufacture it. 
Thus, and for food safety purposes, it is important to monitor glutamate levels in 
food and biological fluids. Thus, the development of a simple and sensitive assay for 
measuring l-glutamate is of importance to clinical diagnosis and food industries.
Several methods have been reported for the determination of glutamate. These 
include spectrophotometric and fluorometric methods, enzyme biosensors, and 
high performance liquid chromatography methods. In general, these methods have 
drawbacks with either an undesirable sensitivity, or with procedures difficult to 
perform in a high-throughput format. As an alternative to previously reported methods, 
electrochemical ones present major advantages in terms of rapidity and simplicity. 
They provide accurate and precise results with consumption of reagents and emissions 
of low levels of effluents. 
This work reports a detailed study of the electrochemical behaviour of glutamate 
at a gold electrode. Different voltammetric techniques have been regarded, namely, 
cyclic, square wave and differential pulse. The effect of the supporting electrolyte, 
the pH and the potential has been investigated at various scan rates to elucidate the 
reaction mechanism. Results obtained point out the possibility of application of 
the electrochemical method to the analysis of glutamate among complex sample 
matrices.
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The Effects of Temperature on pH Measurement
John J. Barron, Colin Ashton & Leo Geary, *
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Some of the effects of temperature on pH measurement have been described or 
alluded to in both instrument manufacturers instructions and independent scientific 
literature. Some of these have been presented in a very theoretical manner and thus 
have been of limited practical value, others have been described adequately from a 
practical perspective. However a comprehensive classification of the principal effects 
of temperature on pH with practical remedial actions to correct, reduce or eliminate 
these errors, has never previously been reported. This paper presents for the first time 
a clear classification of the practical effects of temperature on pH. It provides a definite 
set of guidelines on how the different errors can be reduced or eliminated thus giving 
the user greater confidence in the result of their pH measurements.
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Analysts frequently encounter pH measurement problems caused by poor electrode 
performance. Diagnosis and rectification of these problems can be time consuming, 
leading to poor analytical results and inefficient use of analysts time. The diagnosis of 
many individual pH electrode faults have previously been published but a complete, 
straightforward regime that diagnoses all common electrode faults has never been 
reported in the scientific literature. This paper presents a unique, comprehensive, 
easy to follow regime which can be used to identify and rectify electrode faults. As 
many common faults can be prevented through adequate care and maintenance the 
paper also describes the correct care and maintenance steps required to prevent the 
occurrence of these problems. Adopting the guidance given in this paper will allow 
analysts to achieve high quality pH measurements and reduced incidence of poor 
performance of their pH measurement system.
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Carbon nanotube (CNT) received considerable attention as a new nanomaterial 
due to its unique mechanical, chemical and electronic properties. CNT has a high 
surface area, an ability to accumulate analyte and more importantly because of its 
electrocatalytic activity CNT has become very attractive for electrochemical and 
bioelectrochemical sensing [1]. Microbial cells are very promising for amperometric 
biosensor construction because of several advantages: the enzyme does not need to be 
isolated, enzymes are usually more stable and active in their natural environment in 
the cell, coenzymes and activators are already present in the system.
In this study, Pseudomonas putida DSM 50026 cells were used as biological 
component and the measurement was based on the respiratory activity of the cells. 
The cells were immobilised on CNT modified carbon paste electrodes (CPEs) by 
means of a redox osmium polymer; poly(1-vinylimidazole)12-[Os-(4,4’-dimethyl-
2,2’-di’pyridyl)2Cl2]2+/+. The osmium polymer is polymeric mediator that attracts 
attention due to the efficient electron shuttling properties combined with the polymeric 
structure, which promote a stable adsorption as well as a possibility for multiple layers 
of immobilised protein molecules (cells) on the electrode surface [2, 3]. 
A proper amount of graphite, CNT and mineral oil were mixed manually to obtain the 
CNT modified CP electrode. After immobilisation of the osmium polymer together 
with the bacterial cells, the electrode surface was covered with a dialysis membrane. 
The effect of varying amounts of CNT and osmium polymer on the response to glucose 
was investigated to find the optimum composition of the sensor. Substrate specificity, 
reproducibility and operational stability as well as the effects of pH and temperature 
were examined. 

REFERENCES
1. A. Merkoci, M. Pumera, X. Llopis, B. Pérez, M. del Valle, S. Alegret, Trends Anal. 

Chem., 24 (2005) 826.
2. E. J. Calvo, R. Etchenique, L. Pietrasanta, A. Wolosiuk and C. Danilowicz, Anal. 

Chem., 73 (2001) 1161.
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New electrode materials have recently been studied for environmental and health 
applications, particularly to avoid the traditionally-used mercury. For application 
as electrochemical sensors, such materials must have a large potential window, low 
background current as well as simple surface regeneration and inertness [1]. Different 
forms of carbon, such as glassy carbon, carbon paste, boron-doped diamond and 
nitrogen-doped amorphous carbon represent good alternatives. Carbon film electrodes, 
made from carbon electrical resistors [2], show good promise for short-term-use and 
disposable sensors. Bismuth film electrodes can also serve as substitutes for mercury 
electrodes [3]: the ease of the nucleation process, due to bismuth’s ability to form 
alloys with heavy metals, make these electrodes very useful in anodic stripping 
voltammetry (ASV) with sensitivity similar to mercury film electrodes.
The purpose of this work was to evaluate the properties of carbon film electrodes 
as electrochemical sensors and as substrates for bismuth film electrodes. 
Electrochemical impedance spectroscopy and voltammetric techniques were used for 
characterisation. 
The irreversible adsorption of chemical species in environmental samples can be 
diminished or prevented by applying protective polymer films to the electrode surfaces. 
Protective Nafion coatings were applied and the ASV response was analysed for zinc, 
cadmium and lead in the presence of surfactants [4]. The influence of metal deposition 
and of the surfactant on the properties of the Nafion coatings was analysed in detail. 
Comparison was made with square wave stripping voltammetry data at Nafion-coated 
mercury thin film electrodes. 

References
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Electrochemical oxidation of alcohols has been a major topic in electrochemical 
energy technology. The oxidation is often only partial and several (toxic) by-products 
are formed. Differential electrochemical mass spectrometry (DEMS) has successfully 
been used to assess the product distribution of methanol and ethanol oxidation [1, 2].
The main limitations of conventional DEMS are 1) fragmentation of the analytes by 
electron impacts (EI) ionisation, 2) low volatility of larger molecules prevents their 
detection, and 3) operation at elevated pressure and temperature or with high alcohol 
concentrations results in excessive amounts of water and/or alcohols entering the MS 
vacuum chamber.
One alternative approach is to perform bulk electrolysis experiments and then use 
off-line methods like HPLC or IC for analysis of product distribution [3, 4]. The 
time resolution is lost with these approaches, and the electrolyte composition is not 
constant during the electrolysis period.
Recent development in ionization techniques for MS has focused on reducing or 
eliminating fragmentation to allow analysis of large (bio)molecules. These techniques 
include electro spray ionisation (ESI) and chemical ionization (APCI). ESI is 
particularly well suited for analytes present as ions, e.g. carboxylic acids in our case. 
Analysis of polar components like carbonyls and alcohols is more difficult. APCI may 
be used although derivatisation may be required. CO2, alkanes etc. are not ionisable 
by these soft techniques and must be analysed separately. An EI source that is also 
capable of chemical ionisation (CI), a soft ionisation characterisation for gas phase 
samples, can be used instead of the ESI or APCI sources.
We present the first results related to optimisation of the commercial system for detection 
of relatively small organic molecules present in sulphuric acid with this approach and 
show how these results, combined with the conventional DEMS technique, provide 
kinetic and mechanistic information about fuel cell related electrocatalytic reactions.
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Dopamine is an important neurotransmitter in the mammalian central nervous system 
and abnormalities in its concentration can be linked to several disorders, such as 
Parkinson’s disease. Accordingly, there is much interest in the development of new 
rapid, selective and simple methods for the detection of dopamine. In particular, there 
has been much interest in the development of electrochemical methods as dopamine 
is electrochemically active and the electrodes used in the sensing can be conveniently 
placed in the living organism.  However, electrochemical detection methods suffer 
from selectivity; ascorbic acid, which is present at concentrations that are some 
hundred times higher than dopamine, is oxidised in the same potential region as 
dopamine. Various modified electrodes have been used in an attempt to resolve the 
oxidation peaks of dopamine and ascorbic acid1,2. However, these approaches are 
limited in terms of the applicability of the method. 
In this paper we present results on the formation of a polymeric material with an 
incorporated cyclodextrin that has the potential to selectively detect dopamine in 
the presence of high concentrations of ascorbic acid. The dopamine was detected 
using cyclic voltammetry and differential pulse voltammetry giving peak currents 
at approximately 480 mV(SCE) in the cyclic voltammograms and at approximately 
450 mV(SCE) in the differential pulse voltammograms. However, the material was 
unable to detect ascorbic acid even at relatively high concentrations of 0.01 mol dm-3.  
Furthermore, the dopamine was detected at the same peak potential and peak currents 
in the absence and presence of varying amounts of ascorbic acid, to give a highly 
selective sensor for the detection of dopamine
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Cyclic voltammetry was used to investigate the electrochemical behaviour of Zn2+ in 
a wide range of supporting electrolytes using a plain screen-printed carbon electrode 
(SPCE).  The most suitable supporting electrolyte was selected on the basis of the 
most sensitive anodic signal produced on the reverse scan.  The optimum instrumental 
conditions for the DPASV measurement of zinc were deduced.  Calibration studies 
were performed using these conditions and it was found that this analyte could be 
determined down to 5×10-7M (33 ppb).  A method was developed for the collection 
and determination of Zn2+ in human sweat samples.  This paper will describe the 
results of these studies.
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Polypyrrole for the Controlled Delivery of Anionic and 
Cationic Drugs
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In recent times, there has been considerable interest in various polymeric materials for 
the controlled release of drugs [1,2]. The advantage of such a system is that the drug 
is only administered when needed, as opposed to being released continuously. The 
advantages of such a controlled-delivery system are obvious: maximum effect of the 
drug, no wastage of the drug and minimal side effects.  However, in order to devise a 
suitable technology, the polymeric material must be responsive i.e. it must be capable 
of altering so that the drug is released in a controlled fashion when needed. 
In this paper we show that polypyrrole, a widely used conducting polymer with good 
biocompatibility properties, can be used for the controlled delivery of both anionic 
and cationic drugs. This is based on the redox chemistry of polypyrrole; a change in 
the net charge on the polypyrrole film during its reduction or oxidation requires ions 
to flow into or out of the film. This, in turn, allows the polypyrrole film to bind and 
expel ions in response to electrical signals. This concept was used for the controlled 
delivery of ATP and salicylate (model anionic drugs), and dopamine and derivatives 
of dopamine, as model cationic drugs. The polypyrrole films were synthesized by 
the electropolymerization of pyrrole in a solution of ATP or salicylic acid to give 
polypyrrole films loaded with the anionic ATP or salicylate dopants.  The cationic 
dopamine and its derivatives were incorporated within the polypyrrole films following 
formation by reducing the polypyrrole films in appropriate solutions of the cationic 
dopants. The incorporation of the cationic species was followed using quartz crystal 
microbalance studies (EQCM). The release of the cationic and anionic drugs from the 
polypyrrole films was monitored using UV-visible spectrophotometry.
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Mycotoxins are toxic fungal metabolites that occur in food products, such as ochratoxin 
A which contaminates grapes as a result of mould growth. Ochratoxin A may be 
transferred to grape containing drinks such as wine due to its high chemical stability. 
There is an increasing concern for human health since ochratoxin A is known to be 
possibly carcinogenic and can be immunosuppressive for the mammalian system. 
Ochratoxin A free beverages are also of economic importance for the wine industry. 
Therefore, a need exists for a sensitive, selective, rapid and low-cost measurement of 
ochratoxin A contents that can be implemented on-site in wine yards. 
Enzyme binding assays using ochratoxin A antibodies have been developed during 
this study and results were within the detection limit of 1 µg per kg. The affinity 
of a polyclonal antibody to the analyte ochratoxin A was evaluated using a surface 
plasmon resonance biosensor (Biacore). Kinetics of the binding interaction resulted 
in rate constants ka =7x103 Ms-1; kd =6x10-5 s-1 and affinity values KA =3.15x106 M-1; KD 
=3.37x10-7 M. These results indicate that the antibody is suitable for an affinity sensor 
development.  
The successful preparation of an ochratoxin A conjugate with an enzyme label 
(Horseradish peroxidase) was integrated into investigations towards an electrochemical 
affinity sensor for ochratoxin A detection. Preliminary results using the optimised 
reagents and disposable screen printed electrode format indicate good sensitivity 
towards the toxin. Further optimisation of the system is required to achieve the desired 
detection limit in wine samples by coupling the electrochemical sensor with a solid 
phase extraction sample preparation method.
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Detection of halogenated aromatic compounds by 
Membrane Introduction Mass Spectrometry with Nafion 

membrane
Pavel Janderka*, Matylda Gernátová, Andrea Marcinková, Petr Ostřížek 

Dep. of Theoretical and Physical Chemistry, Fac. of Sci., Masaryk University, Kotlarska 2, Brno, 
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Mass spectrometry is a type of experimental technique that is used to identify and 
quantify compounds according to quantification of relative abundances of ions in 
dependence on m/z. The direct connection of mass spectrometer and electrochemical 
cell called Differential electrochemical mass spectrometry (DEMS) combines mass 
spectrometer with electrochemical cell via direct input with membrane inlet (Membrane 
Introducing Mass Spectrometry – MIMS)1,2. MIMS uses semipermeable membrane 
acting as a separator that should hold a substantial part of solvent and supporting 
electrolyte but must allow the penetration of analyt to the mass spectrometer.
Used mass spectrometer was TRIO 1000 (Finnigan, USA) and home made direct 
membrane input. Sooner used Teflon membrane was in this work replaced by Nafion 
membrane (Nafion N112, Ion Power, USA) with 51μm thickness and 0.2 μm pore 
diameter. The properties of Nafion membrane has been tested with respect to penetration 
of several types of compounds: methanol, ethanol, n-propanol; benzene, toluene, p-
xylene3,4; and in this work with: fluoro-, chloro- and bromobenzenes, and o-, m- and p-
chlorophenols from water solution. Acquired, concentration-dependent mass spectra 
are compared with standard spectra taken from NIST library5. In all cases we observed 
the shift of molecular peak including the isotopic signal for one unit and significantly 
lower fragmentation. This suggests the formation of protonated species.
Use of Nafion membrane in MIMS can allow the more simple evaluation of data 
obtained with DEMS method.
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Stability of the radical nitro anion in heterogeneous 
systems: influence of the substituent
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Nitroimidazoles widely has been studied due to the antibacterial and antiprotozoarias 
properties that present. This biologica activity is directly related to formacion of the 
radical anion nitro (RNO2.) product of reducci?del group nitro. The substitution in 
the imidazolic ring is created directly affected reduccion of the group nitro, is for 
this reason that synthesized three compound ones that obeys to the following one 
formulates general:
Those that studied of the electrochemistry point of view of way to explain the 
influence of the sustituents in the 4-nitroimidazolico ring and as these affect formation 
and stability of the radical nitro anion. As increase the electroaceptor effect of the 
sustituent that is in position 2  observe a displacement of the potential of reduccion 
towards less cathodics values.
A very appropriate tecnica to study the behavior of a pair redox is voltametria ciclica, 
nevertheless in the middle 100% watery one for these compounds I am observed 
a unica? of type irreversible, corresponding to reduccion of the group nitro via 4 
electrons 4 protons, due to the instability of the radical anion nitro in this means, with 
the purpose of being able to study and to characterize this pair redox, is that work 
in heterogeneous systems being used different surfactants, because solubilizacion of 
composed in aggregates micellar causes changes in the stability of the intermediary, 
obtaining itself that the optimal conditions of generation de the radical species is in 
the presence of micelles cationics to pH superior to 7,4. Ademas by means of a study 
of speeds of sweeping was possible to determine parameters quantitative, as they are 
the kinetics constants of decay of the radical and their half-life time.
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Factors Effecting the Electrochemical Response of 
Ascorbic Acid at Polymer Modified Electrodes
I. Jureviciute*1, S. Bruckenstein2, K. Brazdziuviene1, A. Malinauskas1
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Conducting electro-active polymers still remain the subject of investigation by many 
research groups worldwide. Electro-activity, and thus the possibility of electro-
sensing is one of the reasons why these polymers are investigated for their practical 
use. Factors that can affect redox processes that occur at the surface of an electro-
active polymer include, among others, film and solution composition, the pH, the 
applied voltage scan rate and the potential region. Varying any of these can affect the 
oxidation of other species on these polymers, e.g. ascorbic acid (AA.) The aim of this 
work was to investigate the oxidation of AA on three polymer modified electrodes and 
to optimize the electrochemical response for its oxidation.
Polyvinylferrocene (PVF) perchlorate films were obtained by electrochemical 
precipitation in CH2Cl2. Reduced PVF (0.4 mM) in 0.1M tetrabuthylammonium 
perchlorate solution was  potential-cycled at vs= 0.05 V s-1 on a 0.3cm2 Pt wire in the 
potential region 0 V to 0.7 V vs. SCE for 5 min or for 10 cycles ending the process at 
0.7V.  Polypyrrole (PPY) films were obtained by potential cycling in 0.1 M Na ClO4 
+ 0.1M pyrrole solution in the potential region from -0.7 to 0.7 V. Ten cycles were 
made at vs.= 0.1V s-1. A Pt wire was used as an auxiliary electrode. Polyaniline (PANI) 
films were obtained by potential cycling (10 cycles) Pt in 0.1M aniline + 0.5 M H2SO4 
solutions in the potential region from -0.15V to 0.95V. 
The oxidation of ascorbic acid was studied while cycling the polymer modified 
electrodes in slightly acid and neutral saline, phosphate buffer, 0.1M sodium 
perchlorate, sodium toluenesulphonate, and sodium naphthalenesulphonate solutions. 
The pH of these solutions varied from 4.5 to 7.4. EQCM data was obtained at quartz 
crystal, gold electrode. Full details are given in [1, 2]. The results of the oxidation of 
AA obtained on polymer modified electrodes are presented.
Key words: polymer films, electro-oxidation, ascorbic acid, pH, anion effect
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A trial of voltammetric measurements on carbon slides 
with mirror surfaces for microscopic measurements  

Hiroko Kaneko, Yoshihisa Suda*, Keiji Kaneko, and Kaoru Katoh**
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[Introduction] Recently, a optical carbon slide has been made of an extremely flat 
carbon plate with mirror finish so that microscopic measurements can be made on 
the slide[1].  The carbon slides possess the following properties compared with 
conventional glass slides used for microscopic observation. (1) The slides are opaque 
and require mirror finishing. (2) the slides exhibits less scattering and no auto-
fluorescence, which help to record sharp images of the samples with micrograph. (3) 
they can be used as carbon electrodes.  Thus, we can record images of the cells or the 
microorganisms under the electrical stimulation on the carbon slides ‘electrode’ [2].  
[Experimental]  Graphite powder with a micrometer size  was mixed in a thermosetting 
resin and the mixture was molded into a sheet, calcined at 1400  in inert atmosphere 
to produce a ground flat carbon plate(PFC) and finished like mirror as a slide. Glass 
like carbon plate(GC) was also formed from the same resin with the same method 
and finishing. Voltammetric measurements on the slides were performed with a 
potentiostat [Cypress Systems CS-1090] and microscopic observations were done 
with epi-illumination system.
[Results and discussion] Since surfaces of mirror finished carbon slides are delicate 
against over potential, we observed the surfaces with a microscope by increasing 
potentials for finding suitable potential ranges for living samples and differential 
capacity at each potential was also measured. On the slide as a voltammetric electrode, 
we have tried cyclic voltammetric measurements in ferro/ferricyanide solution. Alive 
cells in physiological medium under suitable potential have been observed on a carbon 
slide.
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In the last few years there has been an increasing interest in the development of 
biochemical fuel cells (biofuel cells) aiming on biomedical applications and due to 
environmental demands for clean energy production. Biofuel cells are the analogues 
of conventional fuel cells except that they typically utilize biocatalysts (enzymes), 
biofules, and neutral or slightly acidic electrolytes. Unlike conventional fuel cells 
they operate at ambient temperatures and they don’t require a membrane layer for 
separating the anode and cathode compartment due to the fact that immobilised 
enzymes on the electrodes provide selective catalytic pathways.
Typical redox processes considered for biofuel cells involve the oxidation of fuels 
such as glucose, ethyl alcohol or lactic acid combined with the reduction of oxygen at 
the cathode side. Optimisation of the latter process in terms of finding longterm stable 
and efficient enzymes seems to be crucial for the further development of improved 
biofuel cells.
Our present research focuses on the development of methods of immobilization of 
enzymes within different Osmium-complex containing redox polymers at electrode 
surfaces. Important issues are seen not only in the long-term stability and immobilized 
activity of suitable enzymes but the durability and ability of polymeric redox mediators 
to propagate charge between the enzyme integrated prosthetic groups via the polymer-
bound redox centers to the electrode surface. In order to investigate and develop 
improved highly effective bio-electrocatalytic system for electroreduction of oxygen 
in neutral media, we have employed Osmium-complex modified redox polymers 
containing suitable terminal groups which enable their electrochemically induced 
deposition on the electrode surface under simultaneously entrapment of either laccase 
or bilirubin oxidase as selective oxygen reducing enzymes. Possibilities of using 
carbon nanostructures will be discussed. In particular, new methods of immobilisation 
the Osmium complex modified polymers together with suitable enzymes will be 
discussed. Special attention has been paid to the development and application of 
Os2+/3+ functionalized polymers of different structures and redox potentials for efficient 
mediated electron transfers and utilization of the immobilized biocatalysts.
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Electrode reaction of N-hydroxy imide derivatives in 
acetonitrile containing lutidine as a base
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Recently, we showed the kinetics of the catalytic oxidation of benzyl alcohols by the 
phthalimido-N-oxyl (PINO) radical electrogenerated in acetonitrile by the oxidation 
of highly conjugated N-hydroxy-phthalimide (NHPI) under a steady-state condition.1 
It was found that PINO– works as a highly-effective mediator for veratryl alcohol 
oxidation compared to the other reported mediators. During a derivative of NHPI was 
sought for the immobilization on the electrode surface, our attention focused on the 
less conjugated N-hydroxy imides (NHIs), e.g., N-hydroxymaleimide (NHMI) and 
N-hydroxysuccinimide (NHSI). The maleimide group of NHMI have been widely 
employed to introduce the functional groups to the sulfhydryl group (-SH) with 
which the olefinic linkage of the maleimide moiety forms a stable thioether bond. In 
this study, we described the electrochemical properties of NHIs in acetonitrile and 
compared them to that of NHPI, and the reactivity of the NHIs to benzyl alcohols as 
acatalytic mediator was briefly mentioned. 
NHMI, NHSI, anise alcohol, 
benzyl alcohol and veratryl alcohol 
(Aldrich) were used as received. 
Acetonitrile (∞pure grade, Wako 
Pure Chemical, Japan, H

2
O 

0.004%) containing tetraethyl 
ammonium perchlorate and 2,6-
ludine as a Lewis base was used as 
an electrolyte. The electrochemical 
measurements were performed 
using the conventional three-
electrode cell configuration. A 
glassy carbon disk electrode (1 
mm diameter), a Pt wire and an 
Ag+|Ag (0.01 mol dm-3 (M) AgNO3 
in acetonitrile) electrode were the 
working, auxiliary and reference 
electrodes. 
  The cyclic voltammograms (CV) of NHPI in the presence of lutidine shows a 
chemically reversible response in the lower potential region, however, those of NHMI 
indicates a marked current enhancement of oxidation, which suggests the reaction 
between the oxidation product of NHMI and olefinic linkage. The reactivity of NHIs 
to benzyl alcohols was confirmed by the CV and kinetic analyses were performed 
using rotating disk electrode voltammetry. 2
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MicroelectrodeS based on nano dispersed titanium and 
tungsten oxides for dissolved oxygen sensor
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cNational Technical University, 37 prosp. Pobedy, 03056 Kiev- 56, Ukraine
e-mail: kolbasov@ionc.kar.net

A microelectrodes for the determination of oxygen dissolved in biologically 
active liquids have been developed, the operation of which is based on the oxygen 
electroreduction process. The cathode material is nanoscale titanium and tungsten 
oxides. Titanium oxide nanoparticles were produced by sol-gel method on a Ti 
substrate from a solution containing titanium chloride. Tungsten oxide nanoparticles 
were produced on a Ti-substrate by a method of explosion of the tungsten filament. 
The mean size of nanoparticles on the electrode surface depended on the conditions of 
their production, was no more then 5 nm for TiO2 nanoparticles, and varied between 
5 and 50 nm for WO3 nanoparticles; the average thickness of the layers produced 
was 500-2000 nm. The thickness of the microelectrodes was 0.2-0.3 mm. It has 
been found by XPS measurements that the surface of the electrodes is formed from 
nonstoichiometric tungsten oxide WO2.76·(OH)0.24, titanium oxideTiO1.91·(OH)0.09, and 
their hydroxide phases. 
The kinetics and mechanism of oxygen electroreduction at electrodes based on 
nanodispersed titanium and tungsten oxides in blood plasma and a physiological NaCl 
solution have been investigated. It has been shown that the number of electrons at the 
discharge stage in the oxygen reduction reaction is n=1, and that the total number of 
electrons in the reaction is ns=2, which corresponds to the reduction process which 
does not include the hydrogen peroxide formation. The maximum sensitivity of the 
electrodes to dissolved oxygen was achieved at cathodic potentials of -0.6 to -1.0 V 
(with respect to silver-chloride electrode) and was (4-5)·10-6 g/l. It has been shown 
that the high electrocatalytic activity of the microelectrodes under investigation in 
the reduction of oxygen may be due to the formation of catalytically active Ti3+, W5+ 
centers and to the presence of OH groups in the oxide matrix. The WO3 electrodes 
possessed a higher stability during the reduction of oxygen in comparison with TiO2 
electrodes. 
     The microelectrodes were distinguished by a high reproducibility of characteristics 
in long-time cycling and promise much as reusable electrode materials in the case of 
developing electrochemical sensors for the determination of oxygen in biologically 
active liquids.
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Voltammetric and Gravimetric Studies on the 
interactions between Cabohydrates and Proteins using 
Quartz Crystal Microbalance and Gold Nanoparticles 

Young-Ku Lyu, In-Hong Min, Won-Yong Lee*
Department of Chemistry, Yonsei University, Seoul 120-749, Republic of Korea

*wylee@yonsei.ac.k



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

rOptical ph measurements based on uv-vis and raman 
spectroscopy with water dispersion of polyaniline 

nanoparticles
Tom Lindfors*, Leo Harju and Ari Ivaska 

Åbo Akademi University, Process Chemistry Centre, Laboratory of Analytical Chemistry, 
Biskopsgatan 8, 20500 Åbo, Finland

*Tom.Lindfors@abo.fi



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

r

ǯ ǯ
ǯ

ǯ ǯ µ

The diffusion resistance of gases in ammetric-type 
electrochemical sensors

V.P. Chviruk, O.V. Linyucheva, V.A. Nedashkovskiy, A.I. Buket
National Technical University of Ukraine, Pobeda ave. 37, Kiev, Ukraine 03056, v_

chviruk@xtf.ntu-kpi.kiev.ua



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

r

Electrocatalytic reduction of nitric oxide  
using nickel hexacyanoferrate electrodes

A.V. Krylov1*, F. Lisdat1,2

1Analytical Biochemistry, Institute of Biochemistry and Biology, University of Potsdam,  
Karl-Liebknecht-Str. 24-25, 14476, Golm, Germany

2Biosystems Technology, Wildau University of Applied Sciences, Bahnhofstr. 1, 15475 Wildau, 
Germany

akrylov@rz.uni-potsdam.de

Nitric oxide (NO) and its derivatives have a function, as either stressors or regulators, 
in a vast range of processes, including cardiovascular homeostasis, immunity, 
neurotransmission, glycolysis and apoptosis. It serve also as a marker of a number of 
respiratory diseases: asthma, chronic obstructive pulmonary disease, cystic fibrosis.
In last two decades transition metal hexacyanoferrates have found application in 
electrocatalysis, electrochromic display devices, electroanalytical devices, etc. 
Recently they were also reported to be studied in the detection of biologically relevant 
species such as NADH and vitamin B6.
Here we propose a new sensor based on nickel hexacyanoferrate (NiHCF) for the 
detection of NO. NiHCF layer was deposited on a platinum electrode by cyclic 
voltammetry in a solution of nickel (II) chloride and potassium hexacyanoferrate (III). 
The electrode exhibited a good stability in buffer, containing at least 100 mM KCl in 
the pH-rage 2.0 – 6.0 as revealed by continuous voltammetric investigation. 
By polarizing the electrode at potentials within the range from 0 mV up to 300 mV 
vs. Ag/AgCl/1 M KCl the reduction of NO was monitored. The most appropriate 
potential was determined to be in the range 200-250 mV due to the advantageous 
signal/noise ratio. The sensor responded fast, its t95 value was 3-4 s. The sensitivity of 
the electrodes was found to be 1.5-1.9 A M-1 cm-2. The sensor was characterized for 
potential interferents: hydrogen peroxide and nitrite. Their signal was measured to be 
considerably lower than for NO. 
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Electrochemical behaviour of SOD-electrodes based on a 
cysteine mutant of a monomeric human Cu,Zn–SOD in 

mixed organic solvent/buffer solutions
A. Kapp1, M. Beissenhirtz2, F. Geyer2, M. Viezzoli3, F. Lisdat1*

1 Biosystems Technology, University of Applied Sciences Wildau, Bahnhofstr. 1, 15745 Wildau, 
Germany,  

2 Analytical Biochemistry, Potsdam University, 14476 Golm, Germany, 3 Department of Chemistry 
and Centro Risonanze Magnetiche, University of Florence, 50019 Sesto Fiorentino (FI), Italy

* flisdat@igw.tfh-wildau.de

The harmful properties of reactive oxygen species such as superoxide O2
-
 to several 

biomolecules and thus their involvement in numereous diseases and metabolic 
disorders have evoked the development of several detection methods for these 
species. Mainly, the methods based on the photometric detection of reaction products 
of the radical. In addition biosensors have been developed based on cytochrome c 
(cyt. C) or superoxide dismutase (SOD). Therefore, the electrochemical behaviour 
of both protein electrodes has been intensively studied in aqueous buffer. Combined 
with a radical source the electrodes can be also applied for the characterisation of 
antioxidants. Particularly for the latter application also organic solvents are important. 
It could be shown that cyt. c electrodes can be applied in solutions with certain organic 
solvents such butandiol or dimethyl sulfoxide (DMSO) [1,2]. SOD based electrodes 
can provide a much higher sensititivity [3,4]. Thus the aim of this study was the 
characterization of the electrochemical behaviour of SOD electrodes in mixtures of 
buffer and organic solvent.
For these investigations electrodes were used which are based on a cysteine mutant 
of a monomeric human Cu,Zn-SOD. The SOD mutant has been immobilised directly 
onto gold electrodes using the thiol groups of the cysteine residues introduced. The 
behaviour of the surface confined enzyme was voltammetrically investigated in 
mixtures of HEPES buffer (50 mM, pH 7.5) and DMSO up to an organic solvent 
content of 60%. The formal potential Ef was found to be rather independent on the 
DMSO content. However, half peak width increased and the redox active amount 
clearly decreased with raising DMSO content. For the kinetic analysis the model of 
Laviron was used. The kinetics of the heterogeneous electron transfer became slower 
with increasing organic solvent content. But still a quasi-reversible electrochemical 
conversion of the immobilised mutant SOD was feasible. Furthermore it was found 
that the immobilised protein retained its activity for the conversion of superoxide up 
to concentrations of 40% DMSO.

[1] Beissenhirtz M., Scheller F.W., Lisdat F., Electroanalysis 2003, 15(18), 1425–
1435

[2] O’Reilly N.J., Magner E., Langumir 2005, 21(3), 1009-1014
[3] Tian Y., Mao L.Q., Okajima T., Ohsaka T., Anal. Chem. 2004, 76(14), 4162-4168
[4] Beisenhirtz M., Scheller F.W., Viezzoli M.S., Lisdat F., Anal. Chem. 2006, 78(3); 

928-935Acknowledgement:
Financial support by the BMBF (0311487A) and the MWFK Brandenburg 
(11610103/24#2597) is gratefully acknowledged.
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Bioelectroanalysis on mesoporous carbon composites
Chunping You, Song Zhang, Dongyuan Zhao, Jilie Kong, Baohong Liu 

Department of Chemistry, Fudan University, Shanghai 200433, China
bhliu@fudan.edu.cn

Effective and reliable strategy both retaining high activity of the immobilized 
biomolecules and making the direct electron transfer of redox protein feasible is 
desired. Immobilization of biomolecules on several mesoporous matrices has attracted 
considerable interest in the fundamental studies of protein and electrode interaction 
and the development of biosensor devices. Here the structure-tailored and ordered 
mesoporous carbon composites have been fabricated for enzyme immobilization and 
bioelectroanalytical applications.
Mesoporous carbon materials, type of nanostructured carbon materials, which provide 
a rigid, uniform open-pore structure and possess narrow pore size distributions and 
large surface areas up to 2500 m2/g, have many valuable applications in diverse fields 
from catalyst carriers, absorbents to electronic devices. They are attractive candidates 
to host biomolecules. Different from carbon nanotubes, mesoporous carbons are 
composed of carbon nanorod with ordered arrays and large porosity. Mesoporous 
carbon materials can be easily prepared via the hard templating method with low cost 
and free from any impurities if mold is fully etched away. Several types of ordered 
one-dimensional, three-dimensional intertwined mesostructured carbons and spiral 
graphited carbons have been synthesized and applied to study the direct electrochemical 
behaviour of enzymes. The pore diameter and structural topologies can be readily 
tuned to match the dimensional size of diverse biomolecules. The experimental 
results show that mesoporous carbons are ideally effective electrical connectors. In 
this process, through molecular interactions, this carbon microenvironment maintains 
binding to intact proteins so as to facilitating the direct electron transfer between the 
redox active center and electrode surface. Moreover, the remarkable electrocatalytic 
properties of mesoporous carbon composites make them extremely attractive in 
direct electrochemical studies of redox proteins and also in the development of the 
biosensors.

Reference
1. Meng Y, Gu D, Zhang FQ, Shi YF, Zhao DY, et al. Angew. Chem. Int. Ed. 2005, 

44, 7053-7059.
2. Zhang FQ, Meng Y, Gu D, Zhao DY, et al. J. Am. Chem. Soc. 2005, 127, 13508.
3. Joo SH, Choi SJ, Ryoo R, et al. Nature 2001, 412,169
4. Yoon S, Lee JW, Hyeon T, Oh SM. J. Electrochem. Soc. 2000, 147, 2507
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carbon screen printed electrodes
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Huihui Lu, Mark P. Kreuzer, George G. Guilbault*, 
Sensor Development Group, Analytical & Biological Chemistry Research Facility, National 

University Of Ireland, Cork, Ireland
*g.guilbault@ucc.ie

This work describes the development of an electrochemical immunosensor for 
the detection of testosterone in bovine urine using anti-testosterone Fab fragment 
for molecular recognition. The electrochemical immunosensor was fabricated by 
immobilising the testosterone-bovine serum albumin conjugate on the surface of 
screen-printed electrodes (SPEs), and followed by the competition between the free 
testosterone and coating conjugate with anti-testosterone Fab fragment. The use of anti-
mouse IgG-horseradish peroxidase conjugate determined the degree of competition. 
The electrochemical technique chosen was the chronoamperometry, performed at 
a potential of +100 mV whereby the product of 3, 3’, 5, 5’-tetramethylbenzidine 
undergoes reduction produced by the label horseradish peroxidase. ELISA was 
primarily used to develop the assay system, prior to transferring to SPEs. The sensor 
exhibited the linearity range between 0.3 – 40 ng/ml with limit of detection of 90±13 
pg/ml. Furthermore, the developed immunosensor allowed for the bovine urine samples 
determination directly after dilution, omitting extraction and hydrolysis. Comparison 
of the results of administrated bovine urine samples analysed between GC-MS and 
immunosensor showed that the quantitative or semi-quantitative analysis obtained 
from our system enable to find and select suspicious samples for further extensive 
analysis by established analytical techniques. With simple sample preparation, low 
limit of detection, and good repeatability, the proposed methods can after alternative 
advantages as a primary screening tool for meat quality control.

Key word: testosterone; screen-printed electrode; immunoassay; bovine urine
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Electroanalysis of ascorbic acid and dopamine using 
prussian blue and poly-(3,4-ethylenedioxythiophene) 

bilayer films on platinum
Stelian Lupu*, 

Department of Analytical Chemistry and Instrumental Analysis, Faculty of Industrial Chemistry, 
University Politehnica of Bucharest, Polizu Street 1-3, 011061 Bucureşti, România; Phone: 

0040214023886; e-mail:stelianl@yahoo.com

Preparation and electrochemical behaviour of bilayer films consisting of iron 
(III) hexacyanoferrate, well known as Prussian Blue (PB), and of poly-[3,4-
ethylenedioxythiophene] (PEDOT), on a platinum electrode, are reported. The PB/
PEDOT coverage is prepared electrochemically by a two-step method. Firstly, a PB 
layer is electrodeposited onto a platinum electrode in aqueous solution. In the second 
step, the electrochemical deposition of PEDOT film over the Pt/PB modified electrode 
was carried out. Thereafter, the electrochemical behaviour and the stability of the 
bilayer coating were studied in aqueous solutions.
The electrochemical features of the PB/PEDOT bilayer system are examined in 
aqueous solutions. The electrocatalytic activity of the Prussian Blue/conducting 
polymer bilayer system towards the oxidation of ascorbic acid is examined in aqueous 
solutions. From differential pulse voltammograms, a linear dependence of the current 
on the ascorbic acid concentration up to 4 mM has been obtained. The electrochemical 
behaviour and analytical applications of bilayer films consisting of PEDOT, and 
subsequently of PB, on a platinum electrode, are also reported. The electrocatalytic 
activity of the PEDOT/PB bilayer system towards the oxidation of ascorbic acid and 
dopamine is examined in aqueous solutions. From differential pulse voltammograms 
a linear response to ascorbic acid and dopamine was observed in the concentration 
range from 5 × 10−5 to 5.0 × 10−3 M and 1 × 10−4 to 2 × 10−3 M, respectively.
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Electroless and electrodriven silver deposition on 
polypyrrole and poly(3,4-ethylenedioxythiophene)

K. Maksymiuk, M. Ocypa, M. Ptasińska, A. Michalska
Faculty of Chemistry, Warsaw University, Pasteura 1, 02-093 Warsaw, Poland

 E.A.H. Hall
  Institute of Biotechnology, University of Cambridge,

 Tennis Court Road, Cambridge, CB2 1QT, UK

Processes of metal deposition (either spontaneous or driven by external polarisation 
[1]) on conducting polymers films are important from the point of view of possible 
applications in: electrocatalyst production, sensors, recovery of heavy metal ions and 
manufacturing metal – polymer contacts.
In our work, silver deposition from AgNO3 solutions on electrodes coated by semi-
oxidized conducting polymers: polypyrrole and poly(3,4-ethylenedioxythiophene) 
was studied. It is known that in the case of spontaneous deposition, Ag(I) ions are 
reduced by the conducting polymer [2,3,4]. In the present work, more detailed kinetic 
information concerning this redox process was obtained from open circuit potential 
transients. It was found that for slightly oxidized polymers in quiescent solution the 
rate of Ag(I) reduction is dependent on Ag(I) ion diffusion in solution. Either in stirred 
solutions or for more oxidized polymers the initial step of the process is controlled 
by a new phase (Ag on conducting polymer) formation. The influence of Ag(I) 
concentration, conditioning time, kind of polymer and its thickness on the amount of 
deposited silver was analysed.
Comparison of these results with silver deposition studies, carried out under potentiostatic 
conditions, using chronoamperometry and rotating disk electrode voltammetry, points 
to similarity of both deposition modes (electroless and electrodriven). The reaction-
diffusion balance determines, where the silver is deposited in the polymer. Although 
both polymers can be penetrated by Ag+ ions, the highest amount of the metal is 
detected on the polymer surface, as laser ablation coupled with mass spectrometry 
experiments have shown. 

1 S. Ivanov, V. Tsakova, Electrochim. Acta, 50 (2005) 5616.
2 N.L. Pickup, J.S. Shapiro, D.K.Y. Wong, Anal. Chim. Acta, 364 (1998) 41.
3 F.-Y. Song, K.-K. Shiu, J. Electroanal. Chem., 498 (2001) 161.
4 Z. Mousavi, J. Bobacka, A. Ivaska, Electroanalysis, 17 (2005) 1609.
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High temperature polymer electrolyte fuel cells. Model 
and experiment
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Assessment of the optimal electrochemical method to 
develop an immunosensor for steroid

Mamun Jamal and Edmond Magner
Material and Surface Sciences Institute, University of Limerick, Limerick, Ireland

The reliable identification of illegal growth promoters in cattle is based on expensive 
gas chromatography-mass spectrophotometric analysis. The use of simple, semi-
quantitative electrochemical biosensor may provide a means of screening for the 
presence of illegal steroids. Until now there is no electrochemical biosensor reported 
to detect steroids. Development of a biosensor based on appropriate detection 
technique would be a greater interest. In this work a range of electrochemical detection 
techniques such as Differential Pulse Voltammetry, Square Wave Voltammetry, Linear 
Scan Voltammetry, Chronoamperometry and Capacitative techniques were examined 
to detect testosterone in urine. Chronoamperometry was found to be the optimum 
technique to detect testosterone in urine. An algorithm was developed to increase 
the efficiency of the detection technique. It was found that integration of 8 to 10 s in 
chronoamperogram provided the highest slope and optimal correlation. The substrate 
TMB and H2O2 are stable for 20 mins, a 40% of decrease in the signal was observed 
after 20 mins. The optimal pH was 6 for the sensor utilizing HRP an the enzyme.  
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Voltammetric Determination of Acetylsalicylic Acid at a 
Boron Doped Diamond Electrode

Ciprian Radovan1*, Ilie Vlaicu2, Daniela Dascalu1, Codruta Cofan3, Vlad Chiriac1, 
Florica Manea4, 

1-West University of Timisoara, Laboratory of Electrochemistry, Pestalozzi Street No.16, 300115 
Timisoara, Romania,2-R..A.AQUATIM,Gh.Lazar Street No.11A, Timisoara, Romania,3- University 

of Medicine and Pharmacy, E. Murgu Squqre No.2,Timisoara,Romania
4-“Politehnica” University of Timisoara, P-ta Victoriei No.2,300006, Timisoara, Romania

*radovan@cbg.uvt.ro

The paper reports the electrochemical determination of acetylsalycilic acid (ASA), 
commercially known as aspirin, both in standard aqueous solutions containing only the 
active substance (pharmaceutical purity) and in solutions resulting from three common 
aspirin-based pharmaceutical products. Cyclic voltammetry and amperometry were 
performed on copper, gold and a boron doped diamond electrodes in standard solutions. 
Comparative assessment allowed highlighting of the distinct aspects offered by the use 
of determination of ASA under various experimental conditions (different supporting 
electrolytes, various formulations). Electrochemical measurements were performed 
by using an AUTOLAB PGstat 20 Eco Chemie and a Metrohm cell and three different 
electrodes, i.e. the working electrode, platinum foil as the counter electrode, and a 
saturated calomel electrode (SCE) as reference electrode. The amperometric detectors 
employed were: a BDD disk Windsor electrode, a gold disk Metrohm electrode, and 
a copper disk home manufactured electrode embedded in Teflon. All disks had a 3mm 
diameter. The reagents were of analytical grade purity, except the active substance 
which was of pharmaceutical purity and the three types of aspirin-pharmaceutical 
commercial products. Standard solutions were prepared from the active substance 
(neutralized and hydrolyzed, acetylsalicylic, and salycilic acid respectively) dissolved 
in 0.1 M NaOH.  The final concentration range inside the cell was 0.05-10 mM, and 
below the lower limit under the hydrodynamic and amperometric batch injection 
conditions, respectively. The supporting electrolytes used were sodium hydroxide, 
for all electrodes, neutral phosphate buffer, and neutral sodium sulphate solutions 
for BDDE.. The voltammetric data showed a single pronounced anodic wave and the 
irreversible behaviour of the all the investigated systems. The good amperometric 
signal as well as the voltammetric wave for gold and copper (obtained as catalytic 
response) and the high anodic signal for BDDE in alkaline media corresponded 
to a potential range of 0.5-0.8 V vs. SCE. The amperometric responses (as cyclic 
voltammetry CV and chronoamperometry CA) strongly manifested, stable and 
reproducible were obtained for the BDDE-analyte system at higher anodic potential 
range (0.9-1.25 V vs.SCE) in quasi-neutral media. The high chemical stability and 
non-fouling of the electrode, the linearity of the current vs. concentration plot, the 
very low relative standard deviation (RSD) sustain the use of BDDE for voltammetric 
determination of acetylsalycilic or salycilic acid.
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Copper electrode-an electrochemical alternative for 
amperometric organics assay in waste water
Florica Manea1*, Ciprian Radovan2, Ilie Vlaicu3, Georgeta Burtica1 
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Copper electrode preformed as copper oxide electrode was tested as a catalytic detector 
and an alternative of classical method for the detection of some electrochemical 
oxidable organics, conventionally and predominantly considered responsible within 
chemical oxygen demand (COD) evaluation. Copper oxide electrode was obtained 
in-situ by five repeated scans in a potential range of –0.221 V to 1 V (first vertex 
potential) and –1 V (second vertex potential) vs SCE in 0.1 M NaOH as supporting 
electrolyte. Based upon the voltammetric peak for the organics oxidation, it was 
found that the copper oxide electrode in the presence of different concentrations of 
organics using cyclic voltammetry (CV) is suitable for analytical applications. The 
voltammograms shapes of copper oxide electrode obtained for the studied organics 
were similarly except those obtained in the presence of sulphur-containing organics. 
For all situations, a linear relationship between the amperometric responses of a 
copper electrode and the concentration of certain organics was obtained within the 
potential range of 0.2-0.6 V vs SCE. The calibration plot was established for the 
determination of each studied organic compound and concentration range. Under 
these conditions, the most adequate supporting electrolyte for organics detection 
was found. The best results were obtained using the mixture of 0.1 M NaOH and 
0.01 M Na2SO4 solution as supporting electrolyte. The inorganic species, which are 
usually present in the real waste water (e.g., NO3

-, NO2
-, Cl-, NH3, SO4

2-) did not 
interfere organics detection within above-mentioned potential range. Within the 
selected potential range, the correlation between the overall amperometric response 
of the copper oxide electrode, as overall equivalent of the concentration of analytes, 
and COD parameter corresponding to organics overall concentration and determined 
by classical method was established. It was determined the analytical performance 
characteristics of the amperometric determination of oxidable organics on the copper 
oxide electrode in alkaline media regarding the method reproducibility and accuracy, 
electrode sensitivity and recovery test, and compared with those of the classical 
method of COD evaluation. Also, data related to the electrode fouling were obtained 
using chronoamperometry (CA) within the batch injection analysis (BIA) as an easy 
and fast method of amperometric detection of organics, when the linear relationship 
between amperometric current magnitude and organic concentration was obtained, 
without the consistent fouling of the electrode.
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Electrooxidation of ethanol at glassy carbon modified 
with metallic microparticles

T. Mubita, O. P. Márquez*, J. Márquez, S. Adán López, Y. Martínez
Universidad de Los Andes, Facultad de Ciencias Lab. Electroquímica. E-mail: olgamq@ula.ve
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Modified Glassy carbon (GC) electrodes were tested as electrocatalysts to oxidize

ethanol. Mo, Pd, Ru and Pd / Ru / Mo, supported on GC.

Electrooxidation of ethanol is expected to occur following any of these steps or a

mixture of them: ��
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It has been shown that ethanol oxidizes within two potential regions: the first one starts

at about 0.5 V vs. SHE and it is attributed to adsorption of ethanol at the catalyst

surface and the second one at 0.7 V and it has been assigned to oxidation of adsorbed

ethanol to yield acetaldehyde, acetic acid or carbon dioxide or a mixture of them.

Results on Ru/Mo/GC and Ru/Pd/Mo/GC are promising and are under study.

Voltammetric responses of different modified electrodes and at bare GC in ethanol

ACKNOWLEDGMENTS: The authors thank FONACIT- Venezuela; project S1-2000000448
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ELECTROCHEMICAL OXIDATION OF METHANOL 
ON V(ox)/Pt 
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Cyclic voltammetric (CV) evaluation of NaVO3 in HClO4 on platinum, within the

potential range -0.2V to 1.6V vs Ag/AgCl (KClsat) was initially performed. The

formation of vanadium II, III, IV and V along the anodic potential sweep as well as

vanadium III and II in the cathodic direction were confirmed by CV and UV-Vis

experiments. A voltammetric zone of polyvanadium IV was also defined (fig 1).

The electrochemical oxidation of CO and MeOH on some of these electrodes was

performed and electrochemical parameters measured. It was found that the way the

electrode was prepared has much to do with its efficiency in the oxidation process. In

some cases, the oxidation current was more than five times the value on platinum and

this difference was kept along the electrolysis. The FTIR results showed carbon dioxide

as the main reaction product and also showed that its production started much earlier

on the platinum modified electrode (fig.2). The scanning electronic microscopy (Fig. 3)

gave some information about the morphology of deposits, it is amorfous in the zone of

low potentials, with an increase in cristalinity when the anodic potential was increased.

In this last case, a type of capsules and needles were formed.

Cyclic voltammetry of platinum on: (a) 1M HClO4

(b) 9x10-2M NaVO3  in 1M  HClO4

Insitu FTIR response of 1 M methanol oxidized in

0 .5 M  HClO4 at  platinum  and V(ox)/Pt electrodes

SEM of  V(ox)/Pt electrodes prepared by 60 min. pulse potentials: A) 0.3 V,  B) 1.2 V  y  C)  1.5 V
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Amperometric micro biosensors for determination of 
ATP at the carotid body
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Laterally resolved release of ATP was determined at the carotid body using a 
miniaturized dual-enzyme biosensor [1] based on the co-immobilization of glucose 
oxidase and hexokinase under various stimuli to establish the dose-response of 
the carotid body from rat pups. The carotid body preparations were stimulated by 
potassium depolarization, hypoxia, and hypercapnia and the thereby induced ATP 
release in a concentration range of 2.5-10 µM was measured. The carotid body 
preparation time-response to each stimulus was established using these local micro 
sensors. Potassium depolarization causes a quick release of ATP in the order of 
a few seconds followed by a second stage of ATP release at lower concentration. 
Hypoxic and hypercapnic conditions triggers ATP release in much longer time scale 
of a few minutes, where ATP concentration increases with extended exposure to 
either hypoxic or hypercapnic conditions. A novel immobilization scheme based on 
the covalent attachment of enzymes will be realized at gold ultramicroelectrodes of 
25 μm diameter. The enzymes, glucose oxidase and hexokinase, can be covalently 
linked to the gold surface by using a self-assembled monolayer (SAM) tether. An 
activated mercaptohexadecanoic acid to allow spontaneous attachment of enzymes 
and biomolecular receptors to gold surfaces in general was synthesized. Optimization 
of the immobilization scheme was performed for a glucose microsensor and will be 
adapted and implemented for ATP sensing. By optimizing the experimental enzyme’s 
reaction conditions such as pH, temperature and reaction time enhanced sensitivity 
for glucose compared to current state-of-the-art enzyme entrapment in polymer 
suspensions could be obtained. Furthermore using the covalent attachment to a SAM 
also yielded superior reproducibility and stability.
In this contribution we present first results on localized ATP measurements above 
the carotid body along with flow-injection analysis for demonstrating the analytical 
performance of the novel enzyme’s immobilization chemistry. Theoretical modeling of 
enzymatic biosensors response was performed to corroborate the analytical response 
obtained with such sensors. 

[1] A.Kueng, C. Kranz, B. Mizaikoff, Biosens. & Bioelectron, 19, 1301 (2004)
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Electrocatalytic oxidation of L-cysteine on the surface of 
glassy carbon electrodes modified with quinizarine 

M. Mazloum Ardakani*, P. Rahimi, Hamid R. Zare
Department of Chemistry, Faculty of Science, Yazd University, Yazd, Iran

Chemically modified electrodes (CMEs) have recently attracted much attention [1-3]. 
They are characterized by a chemically altered surface displaying new qualities that 
can be exploited for electrochemical purposes. The preparation and electrochemical 
characterization of glassy carbon electrodes modified with L-cysteine were 
investigated by employing cyclic voltammetry, chronoamperometry and rotating disc 
electrode techniques. The cyclic voltammograms of the electrooxidation of L-cysteine 
showed an enhanced current peak at approximately 0.725 V in presence of hydrazine 
in phosphate buffer pH=2 and scan rate 10 mV/s. The thermodynamic and kinetic 
parameters of the oxidation of L-cysteine at glassy carbon have been evaluated using 
cyclic voltammetry. The experimental parameters were optimized and the mechanism 
of the catalytic process was discussed. The obtained values of Eº´ (V vs. Ag/AgCl), 
the apparent electron transfer rate constant ks (s-1), n, α (charge transfer coefficient of 
L-cysteine) and D were as follows: Eº´ (0.725 V vs. Ag/AgCl) at scan rate 10 mV/s 
(pH 2), ks=4.44 s-1, n=1, α=0.46 and D=4.5×10-6cm2s-1. 

References:
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Voltammetric Behaviour Of Indole And 3-Methyl 
Indole At Screen-Printed Carbon Electrodes And Its 

Exploitation For Sensor/Biosensor Applications
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 email: john.hart@uwe.ac.uk
2Quest International Flavours and Fragrances Ltd, Willesborough Rd. Ashford, Kent, TN24 0LT, 

UK

The aim of this investigation was to develop screen-printed carbon electrochemical 
sensors/biosensors for the measurement of indole and 3-methyl indole which would 
have potential in oral malodour studies.  Screen-printed carbon electrodes (SPCEs) 
were fabricated using two different ink formulations; an organic solvent based carbon 
ink and a water-based carbon ink.  Two strategies for the measurement of the analytes 
were investigated: direct oxidation at plain SPCEs and a biosensor containing an enzyme 
and electrocatalyst cobalt phthalocyanine (CoPC).  The latter decreases the required 
potential for hydrogen peroxide detection which is produced in the enzyme reaction.  
The water-based carbon ink also incorporates the enzyme and permits the fabrication 
of the biosensor in one step.  Studies were performed using cyclic voltammetry in 
order to understand the voltammetric behaviour of the two indoles and indicated the 
possibility of exploiting the redox behaviour of these species in the development 
of an amperometric sensor using the optimised conditions.  In order to simplify the 
measurement system, chronoamperometry and constant potential amperometry were 
investigated and were shown to possess the required sensitivity for the proposed 
application.  This poster will describe the results of these investigations.
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Electrochemical Impedance Spectrometry as a Tool for 
Characterizing Carbon Paste Electrodes

T. Mikyseka, Ana Ionb, I. Svancaraa, K. Vytrasa, and F.G. Banicac*
a) University of Pardubice, Department of Analytical Chemistry, nam. Cs. legii 565, CZ-532 10, 

Pardubice, Czech Republic, phone: +42046603708, fax: +420466037068, 
e-mail: tomas.mikysek@upce.cz. b) University Politechnica of Bucharest, Faculty of Applied 

Chemistry and Material Science, Bucharest, Romania. c)* Norwegian University of Science and 
Technology (NTNU), Department of Chemistry, N-7491 Trondheim, Norway,

phone: +(47)73596957, fax: +(47)73596255, e-mail: F.Banica@chem.ntnu.no

This contribution includes an overview of achievements and prospects of 
electrochemical impedance spectrometry (EIS) applications for characterizing the 
surface of the carbon paste electrodes (CPE). Several general guidelines are pointed 
out and illustrated by experimental results. EIS determinations have been performed 
either in the absence or in the presence of a redox couple. In the first case, the surface 
state is described by the characteristics of the constant phase element only, but the 
equivalent circuit must take into account the possible occurrence of both basal and 
edge planes at the carbon-solution interface [1]. In the second case the charge transfer 
resistance (which is inversely proportional to the apparent standard rate constant) also 
comes into play. Sometimes, the redox probe may interact with the paste material 
and react in the adsorbed state as well and relevant elements should be added to the 
equivalent circuit [2]. In addition, we attempted at applying the theory of the charge 
transfer reaction at partially blocked electrodes [3] in order to assess the average size 
and spacing of the active sites on the carbon paste surface. In order to estimate the 
effect of the probe-carbon paste interaction, various redox probes with different charge 
and hydrophobicity degrees have been selected and also the effect of the counter ion 
was scrutinized. The above procedures have been applied to investigate the effect of 
additives and surface pretreatment, with a particular focus on applications for metal 
ion determination by stripping voltammetry.

Acknowledgement. NATO financial support under the project PST.EAP.CLG 980619 
is gratefully acknowledged.
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 Luminol Electrochemiluminescence on Screen Printed 
Electrodes

Zainab Mohammed Redha* and Peter R. Fielden
 School of Chemical Engineering and Analytical Science, University of Manchester, PO BOX 88, 

Manchester, M60 1QD, UK.
*z.mohammed-redha@postgrad.manchester.ac.uk

A novel flow cell with screen printed electrodes was tested for its feasibility for heavy 
metal detection of ions such as copper and cobalt, through the combination of stripping 
voltammetry as a micro-preconcentration procedure, with electrochemiluminescence 
(ECL) detection. A dual working electrode system was used with a carbon electrode 
for  metal preconcentration and oxygen reduction and a platinum electrode for 
luminol electro-oxidation. Each electrode was 50 μm wide and the spacing between 
them was 125 μm. The reference and counter electrode ; silver/silver chloride and 
platinum respectively, were each 1mm wide and 500 μm from the working electrodes. 
All electrodes were screen printed on a ceramic substrate with a printed area of 
35x17.5 mm2. The ECL flow cell was fabricated in-house using an injection moulding 
technique. 
The performance of several electrode designs were evaluated for carrying out the  
luminol electrochemiluminescence reaction in borate buffer pH 9 with an applied 
asymmetric double step (negative and positive) potential. Preliminary results show 
great potential of such a combination for the enhancement of the performance and 
selectivity of the electrochemiluminescence technique. 
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Determination of Azinphos-methyl in Soils With a Gold 
Ultramicroelectrode
S. Morais*, C. Delerue-Matos

REQUIMTE, Instituto de Engenharia do Porto, Departamento de Engenharia Química, Rua S. 
Tomé, 4200 Porto, Portugal.

*sbm@isep.ipp.pt

Organophosphorus compounds are one of the most important classes of insecticides. 
There are a number of characteristics of these pesticides, including their persistence, 
degradation and elimination, genetic effects on diverse organisms, and effects on 
people’s health that are of social and scientific interest. Azinphos-methyl ((dihydro-
oxobenzo-triazinyl-methyl)-dimethyl-phosphorodithioate) belongs to this group and 
it is a systemic and general insecticide.
In recent years, modern voltammetric techniques are gaining increasing importance 
in environmental control. Analytical voltammetry is being significantly influenced 
by the use of ultramicroelectrodes since they exhibit several attractive and important 
properties [1]. 
The main aim of the present study was to investigate the electrochemical behaviour of 
azinphos-methyl on a gold ultramicrodisk surface (radius = 12.5 x10-6 m) and to study 
the applicability of stripping voltammetry performed by ultramicroelectrodes in order 
to obtain a simple, fast and highly sensitive procedure for analysis of the selected 
insecticide in soil extracts. 
Preliminary investigations of the electrochemical behaviour of azinphos-methyl were 
performed by cyclic voltammetry. To get the more appropriate conditions for stripping 
voltammetric detection at the gold ultramicroelectrode, the square-wave parameters, 
namely, pH, deposition and conditioning potentials, deposition time, 
frequency, amplitude and step were optimized. Once the influence of all 
these variables was studied and their optimum values established, validation of the 
proposed procedure for quantitative assay of the selected organophosphorus insecticide 
was examined via evaluation of linear working range, limit of detection, repeatability 
and recovery.
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Electrocatalytic oxidation of some carbohydrates at 
ni(ii)-curcumin modified glassy carbon electrode in 

alkaline media
M. Yousef Elahi, M. F. Mousavi*, H. Heli 
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Tehran, Iran.

*Corresponding author. E-mail address: mousavim@modares.ac.ir,  
Tel: +98 21 88011001(ext.:3479 lab; 3474 room), Fax: +98 21 88006544.

Curcumin (1,7-bis[4-hydroxy-3-methoxyphenyl]-1,6-heptadiene-3,5, dione) is an 
important natural phytochemical found in the rhizomes of curcuma longa or turmic, 
which has been known for its medical properties since ancient times. Recently there 
have been many reports in the literature on the metal chelating properties of curcumin, 
employing techniques like potentiometry and spectroscopy [1-2]. Curcumin forms 
complexes of the type 1:1 and 1:2 with transition metals [3-4]. It was found that such 
modified electrodes formed by electropolymerization its metal complexes act as very 
effective catalyst for oxidation of some organic compounds [5]. 
In our previous work, we reported the electrocatalytic oxidation of glucose at Ni(II)-
curcumin modified glassy carbon electrode [6]. In this study, the electrocatalytic 
behavior of Ni(II)-curcumin complex on electrooxidation of some carbohydrates 
(monosaccharides: such as fructose and galactose, disaccharide: maltose) were 
investigated and compared with glucose by using cyclic voltammetry (CV), 
chronoamperometry (CA) and stationary polarization methods. The cyclic 
voltammetric studies indicated that in the presence of carbohydrates the anodic peak 
current was increased, followed by decreasing in the corresponding cathodic current. 
The oxidation of carbohydrates at Ni(II)-curcumin modified glassy carbon electrode 
gave approximately 12 electrons. Also, diffusion coefficients, rate constants of the 
catalytic reaction and electron transfer coefficients of carbohydrates were obtained. 
The results have been shown that by using the Ni-curcumin modified electrode, 
yielded low detection limits for determination of carbohydrates in aqueous media. 

Keywords: Nickel, Curcumin, Carbohydrates, Modified Electrode, Electrocatalysis.
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Polyelectrolyte-Functionalized ionic liquids and their 
applications to electroanalytical chemistry 

Yuanjian Zhang, Yanfei Shen, Li Niu
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As low melting organic salts, ionic liquids (ILs) have attracted an increasing amount of 
interests due to their features such as low volatility, non-flammability, high chemical 
and thermal stabilities, high ionic conductivity and broad electrochemical windows. 
The initial investigations have been focused on chemical synthesis, catalysis, 
and separation as “green” solvents. More recently, ILs have started to emerge for 
fabrications of ionic devices, analytical chemistry, non-aqueous enzymology, 
preparation of functional nanostructures, their immobilization, etc. 
It was noted that polyelectrolyte could be easily immobilized onto many substrates 
through various methods such as electrophoresis, layer-by-layer (LbL) assembly and 
casting, etc. Therefore, it would be helpful for us to immobilize IL facilely on general 
substrates with the aid of polyelectrolyte as carrier. So, the facile immobilization of 
ionic liquids by using polyelectrolyte as carrier (PFIL) was achieved.  As examples, the 
immobilized PFIL exhibited the direct electrocatalysis activity towards the oxidation 
of NADH, which was never reported concerning the electrocatalysis of ILs.
Furthermore, a new approach based on a polyelectrolyte-functionalized ionic liquid 
(PFIL) for supporting electrolytes-free electrochemistry was succeeded. Such a PFIL 
with high ion conductivity and good compatibility towards a number of inorganic and 
organic species was immobilized on the electrode, which made it a promising solid 
polyelectrolyte for supporting electrolytes-free electrochemistry.  And, the successful 
application of PFIL in a flow system was also achieved, suggesting that PFIL would 
bring a new area for the supporting electrolyte-free electrochemical detection and 
the HPLC-electrochemical detection (HPLC-ECD) system. This investigation 
would pave a new and significant way in the field of the supporting electrolyte-free 
electrochemistry, such as electrochemical synthesis, flow analysis, fuel cells and 
electrolysis.
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New concept to remove heavy metals from liquid waste 
based on electrochemical pH-switchable immobilized 

ligands.
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2 CIMMA, UMR CNRS 6200, Université d’Angers, 2 Bld Lavoisier, F-49045 Angers Cedex, France 
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Absorption on resins is often used as secondary step in the treatment of water-based 
effluents, in order to reach very low concentrations. The separation of the trapped 
effluents from the resins and the regeneration of the resins for further use create wide 
volumes of secondary effluents coming from the washings of the resins with chemical 
reagents. We propose an alternative solution based on a « surface strategy » through 
adsorption phenomena and electrical control of the expulsion stage [1, 2]. The final 
goal is to limit or ideally to avoid the use of chemical reagents at the expulsion (or 
regeneration) stage of the depolluting process. Heavy metal ions were captured on 
active filters composed by a conducting surface covered by poly-4-vinylpyridine 
(P4VP). Due to pyridine groups those polymer films have chelating properties for 
copper ions. Our strategy for electrical triggering of the copper expulsion in aqueous 
medium is based on pH sensitive chelating groups. Applying moderate electro-
oxidizing conditions generates acidic conditions in the vicinity of the electrode i.e. 
“inside” the polymer film. This allows a “switch-off” of the complexing properties of 
the film from the basic form of pyridine to pyridinium. Interestingly, no buffer washing 
is necessary to restore (or “switch-on”) the complexing properties of the polymer 
film because the pH of the external medium is left unchanged by the electrochemical 
effect that affects only the vicinity of the electrode. Switch-on/switch-off cycles are 
followed and attested by IR spectroscopy and EQCM method.

[1] Viel, P.; Palacin, S.; Descours, F.; Bureau, C.; Le Derf, F.; Lyskawa, J. and Sallé, 
M.  Applied Surface Science 2003, 212, 792-796.

[2] Lyskawa, J.; Le Derf, F.; Levillain E.; Mazari M.; Sallé, M.; Dubois L.; Viel, P.; 
Bureau  C. and Palacin, S. J. Am. Chem. Soc 2004, 126, 12194-12195. 
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The aim of this study is to develop novel screen-printed biosensors for application in 
toxicological analysis.  The biosensor system should allow continuous measurements 
of the cellular metabolites lactate, and lactate dehydrogenase as markers of cellular 
toxicity.  It has been shown that these biomarkers can be linked and monitored via 
the production of hydrogen peroxide (H2O2) [1].  Screen printed carbon electrodes 
incorporating the electrocatalyst cobalt phthalocyanine have been investigated given 
their ability to detect H2O2.  These devices demonstrate that H2O2 can be determined 
over the range 10µM-1mM with a sensitivity of 0.92 nA µM-1.  The results were 
obtained in 0.25M phosphate buffer at pH 7.3 indicating that the biosensor should 
operate successfully in tissue culture medium.  The data provides proof of principle 
evidence that cobalt phthalocyanine can be used to detect micromolar levels of H2O2.  
Current research is underway to miniaturise the working electrode, so that toxicity 
measurements may be performed continuously without significant perturbation of the 
biological system.  

[1] S. Young, J. P. Hart, A. A Downman, D. C. Cowell (2001).  The Non-specific 
Inhibition of Enzymes by Environmental Pollutants: A Study of a model System 
Towards the Development of Electrochemical Biosensor Arrays. Biosensors and 
Bioelectronics, 16, 887-894.
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Fast Response and Selective Perchlorate Polymeric 
Membrane Electrode Based on Bis(dibenzoylmethanato) 

nickel(II) Complex as a Neutral carrier
B. Rezaei* and V. Nafisi

Department of Chemistry, Isfahan University of Technology 84156, I. R. IRAN
* Tel.: +98 311 3913268; fax: +98 311 3912350; E-mail: rezaei@cc.iut.ac.ir

The traditional anion-selective membrane electrode based on ion exchanger always 
displays a Hofmeister selectivity sequence, in which a membrane selectivity is 
controlled by the tree energy of hydration of the ions involved recently have been 
more concerning on the electrodes using plasticized poly (vinyl chloride) (PVC) 
membranes incorporating different complexes as a carrier [1].Recent research has 
shown that chlorate and perchlorate anions may be found at high concentrations (>50 
and >1000 mg l-1, respectively) in surface waters and ground waters around the world 
[2]. Such contamination is due to the perchlorate salts that are used in solid propellants 
and in a wide variety of industrial situations. Thus, the determination of perchlorate 
in different samples such as ground water, driver water and urine in presence of 
other anions is of vital importance [3]. The determination of perchlorate ion has been 
carried out directly or indirectly by a variety of classical and instrumental methods. 
These methods include volumetric titration, gravimetery, spectrophotometry, atomic 
absorption spectrometry and ion chromatography. However, most of these methods 
are susceptible to interference from different cationic or anionic species and are either 
time-consuming or need sophisticated instruments. Potentiometric detection based on 
ion-selective electrodes, as a simple method, has several advantages, for example speed, 
ease of preparation and procedures, simple instrumentation, short response time, no 
contamination, nondestructive, unaffected by color or turbidity, wide dynamic range, 
reasonable selectivity, and the list of available electrodes has grown substantially 
over the last few years. In this study the feasibility of a synthesized Ni(II) complex 
(Ni(DBM)2) as a novel ionophore for the preparation of solid ion selective polymeric 
membrane (PVC) was tested. The Ionophore has shown with enhanced potentiometric 
selectivity toward perchlorate compared to other anions. The selectivity sequence 
of this electrode is as follows: ClO4

-> SCN-> I-> CN-> ClO3
-> NO3

-> Br-> SO3
-> 

BrO3
-> F-> Cl-, which is a Hofmeister selectivity sequence. The proposed electrode 

possesses very wide Nernestian potential linear range to perchlorate from 1.0×10-6 to 
1.0×10-1 M (0.138 μg ml-1-138 mg ml-1), low detection limit (6.6×10-7 M) and good 
perchlorate selectivity over the wide variety of other anions. The developed electrode 
have especially fast response (<5S) and wide pH independent range (1.2-12.5) in 
comparison with recent reported electrodes. The proposed electrode was used for the 
determination of perchlorate in the water samples and human urine with satisfactory 
results.
[1] X. Huang , Y. Chai , R. Yuan , X. Wang , Q. Li  Analytical Sciences 20 (2004) 

1185.
[2] B. E. Logan Biorem. J. 2 (1998) 69.
[3] J.I. Kroschwiz, M. Howe-Grant, Krik-Othmer, “Encyclopedia of Chemical 

Technology”, 4th ed., vol. 18, Wiley, New York, 1996, p. 167. 
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Application of polydiphenylamine (pdpa) films as 
potentiometric ph sensors

M. J. Rodríguez Presa, D. Posadas, M. I. Florit*
Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas, Departamento de Química, 

Facultad de Ciencias Exactas, Universidad Nacional de La Plata, Sucursal 4, Casilla de Correo 
16, (1900), La Plata, Argentina

*mflorit@ inifta.unlp.edu.ar

The measurement and control of pH in different media are subjects of great importance 
in numerous fields of science and technology. Several methods have been developed 
for the determination of pH; among them the potentiometric ones. The glass electrode 
is the most widely used, nevertheless it presents some disadvantages that justify 
the increasing interest  in the design of new sensors for pH. Chemically modified 
electrodes, especially by conducting polymer films, have gained considerable attention 
as pH sensors due to their ease of synthesis and  stability under ambient conditions . 
It is possible to generate pH sensors for different pH range, using ring substituted or 
N-substituted PANI derivatives, because it is possibly to tune the pKa of the film.  In 
the present work, a study on the possibility of use of PDPA as a potentiometric pH 
sensor is reported. Different experimental conditions for electrochemical synthesis of 
the film are discussed, that allow to obtain adherent films as well as to improve the 
potentiometric pH response.
PDPA films were deposited on gold wire electrodes by electropolymerization from 
a deoxygenated 3.7M HClO4 solution containing a variable concentration of the 
monomer. In order to obtain homogeneous films, with good adherence and sensitivity 
for pH measurements, different experimental conditions were employed. The influence 
of monomer concentration, upper potential limit and number of cycles were analyzed. 
Best results were obtained with the following conditions: saturated monomer solution, 
potential limits, -0.1 and 0.60 V, and 200 cycles. The potentiometric response of 
polymer films was measured in the pH range of 0-10.
The results obtained in this work indicate that PDPA modified electrodes are suitable for 
pH sensing. Stable and adherent films are obtained on gold by electropolymerization 
in diphenylamine saturated solution and  it is possible to improve the linearity of 
calibration curve by means of an electrochemical conditioning treatment. 



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

r

H
N

O E t

O

E tO

O

N
H

N

O E t

O

E t O

O

N

H

H

H
N

O E t

O

E tO

O

N
H

N

O E t

O

E t O

O

N

H

H

H
N

O E t

O

E tO

O

N
H

N

O E t

O

E t O

O

N

H

H

H
N

O E t

O

E tO

O

N
H

N

O E t

O

E t O

O

N

H

H

Electrochemical Characterization of new 4-indolyl 1,4-
dihydropyridines 

Ricardo Salazar, P. Navarrete.  J. A. Squella &. L. J. Núñez-Vergara*
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Modified carbon paste ion-selective electrode for 
copper(ii) determination

S. Lotrean*, R. Sandulescu,  L. Roman
University of Medicine and Pharmacy “Iuliu Hatieganu”, Faculty of Pharmacy, Department of 

Analytical Chemistry, 4 Pasteur 400349 Cluj-Napoca,slotrean@umfcluj.ro

Some carbon paste electrodes modified with bisthiourea derivatives were developed 
for potentiometric measurements of copper(II) in aqueous medium. Bisthiourea, 
phenyl-, bis-phenyl-, bis-alyl-, bisthiourea were the studied ionophores. Best results 
were obtained using bis-phenyl-bis-thioureea (BTBF) 14,2% (w/w) modified carbon 
paste sensor. Limit of detection was 2,58x10-6 mol/L, slope 33,91 mV/decade and 
response time 2,1 minute. Fixed interferent method was used to determine the 
selectivity coefficient over Co(II), Pb(II), Zn(II), Ni(II), Cd(II), Mg(II), Ca(II). The 
potential of the sensor decreases with the increase of the pH, both, in the presence and 
in the absence of Cu(II), which recommends the use of buffer solutions. 
The sensor was used for determination of Cu(II) concentration in alcoholic drinks 
that are traditionally prepared after fermentation of plums by distillation in copper 
tanks. The results were compared with the one obtained by staircase anodic stripping 
voltammetry using hanging mercury drop electrode.

Acknowledgements:
The authors are grateful to the MEC (research grant CEEX Matnantech 6/2005) for 
the financial support.
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limitations and their implication in drug action testing
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Electrodeposition of silver at disorganised monolayer 
modified gold electrodes

Micheál D. Scanlon, Grégoire Herzog, Damien W. M Arrigan*,
Tyndall National Institute, Lee Maltings, Prospect Row, Cork, Ireland.

*damien.arrigan@tyndall.ie

The application of voltammetric techniques at solid electrodes for low-level detection 
of metal ions has proven a challenge in the presence of large surfactant excess. The 
target analyte in this study was silver, a trace metal pollutant found in photographic 
waste. As illustrated by earlier studies a disorganised thiol monolayer formed on gold 
surfaces allows determination of metal concentrations in the presence of surfactants.1 

The excellent electroanalytical abilities of underpotential deposition-stripping 
voltammetry (UPD-SV) in terms of limit of detection and sensitivity have been noted.2 

The combination of UPD-SV with the simplicity of use of the disorganised monolayer 
approach for surfactant exclusion has previously allowed determination of copper 
concentrations in real samples such as soil extracts.3

In this work, an investigation of the Ag electrodeposition at gold surfaces modified 
with a thiol disorganised monolayer was undertaken. The influence of deposition 
times on the bulk and UPD Ag deposition at both bare and thiol modified electrodes 
were illustrated using CV studies. UPD-SV was used to investigate the influence of 
the Ag concentration on the evolution of the stripping signal at both bare and thiol 
modified electrodes. Surfactant exclusion studies were carried out with gelatin and 
show the influence of the gelatin concentration on the stripping peak current of Ag 
at bare and thiol modified electrodes. This investigation provides information on the 
arrangement of the thiol monolayer when the Ag atoms underpotentially deposit and 
provides an alternative method of detecting trace metals in sample matrices containing 
surfactants, proteins or other fouling materials.

1G. Herzog. D.W.M. Arrigan, Anal. Chem., 2003, 75, 319-323.
2 G.Herzog, D.W.M. Arrigan, TrAc, 2005, 24, 2308-217.
3 G. Herzog, V. Beni, P.H. Dillon, T. Barry, D.W.M. Arrigan, Anal. Chim. Acta, 2004, 

511, 137-143.
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The electrochemical behaviour mechanism of osmium 
tetroxide

A.A. Sechina, N.A. Kolpakova
Tomsk Polytechnic University, 30, Lenin avenue, Tomsk, Russian Federation

Frog555@yandex.ru
Electroanalysis and Sensors

Investigation of electrochemical behaviour of osmium tetroxide in the presence of 
hydrogen peroxide detected the interesting property of system OsO4 - H2O2. At the 
electrolytic oxidation of precipitate, produced at the electrolytic reduction of osmium 
tetroxide to metal osmium, reverse peak is observed at the voltammetric curve.
This paper gives the results of reverse peak nature studying and the mechanism of 
the osmium tetroxide electrochemical reduction and oxidation in the presence of 
hydrogen peroxide.
As it is known, the hydrogen peroxide in solution can be oxidant or reducer. The effect 
of different oxidants and reducers on the peaks of this process were investigated in 
order to determinate the hydrogen peroxide role in the process of osmium tetroxide 
electrolytic oxidation. Sodium nitrite and sodium sulphite were used as reducers, 
potassium bromate and potassium chromate ware as oxidants.
The results showed the reverse peak appeared in presence of oxidants (H2O2, BrO3

- 
and CrO3

-). Therefore the hydrogen peroxide was determinated to be the oxidant in 
electrochemical reaction. The comparison of reverse peaks values in presence of 
different oxidants such as hydrogen peroxide, bromate and chromate showed that the 
biggest value of reverse peak is observed in presence of hydrogen peroxide.
It should be noted that voltammetric curve of osmium tetroxide electrolytic reduction 
without hydrogen peroxide can be seen two peaks: one at 0.0 V and the other at 
–0,15 V. It was established that the sensitivity of osmium tetroxide determination 
in presence of hydrogen peroxide at the cathode voltammetric curves is higher than 
in other known backgrounds. This effect can be explained by the chemical reaction 
influence of osmium dioxide and hydrogen peroxide interaction. During electrolytic 
reduction on the electrode surface the reduction of osmium tetroxide to osmium 
dioxide, and later to metal osmium is observed. At the same time, osmium dioxide 
can be oxidized to osmium tetroxide by chemical reaction (1).
OsO2s+4H2O2=OsO4aq+4H2O+O2s      (1)
As a result of process (1) the current of electrolytic reduction can be higher in presence 
of hydrogen peroxide. Produced by chemical reaction oxygen is adsorbed on the 
Os+OsO2 precipitate.
At the voltammetric curve of electrolytic oxidation of precipitate, produced by 
electrolytic reduction of osmium tetroxide without hydrogen peroxide two anode 
peaks are observed, one at 0,35 V, and the other at 0,6 V. With the hydrogen peroxide 
in system two reverse peaks are observed. As the result of investigations it was 
established that these peaks belong to the process of oxygen electrolytic reduction (2), 
which is adsorbed on the electrode surface by the Os and OsO2  precipitates.
2O2s+4H++4e=2H2O2       (2)
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Direct electrochemistry of laccase covalently 
immobilized on a dendrimer attached conducting 

polymer and its application to biosensors
Aminur Rahman, Mi-Sook Won, Yoon-Bo Shim*

Department of Chemistry and Center for Innovative BioPhysio Sensor Technology, Pusan National 
University, Busan 609-735, South Korea

Corresponding author’s e-mail address: ybshim@pusan.ac.kr 

The direct electron transfer processes of protein or enzyme provide redox mechanisms 
in biocatalyst and metabolic processes involving electron transfer in biological 
systems [1] and establish a foundation for constructing the third generation biosensors 
without using mediators. Among enzymes, laccase catalyzes the various phenolic 
compounds with the concomitant reduction of oxygen to water [1]. There are only a 
few publications reporting on the direct electrochemistry of laccase [2]. However, the 
mechanism of the direct electron transfer of the immobilized laccase has not yet been 
fully understood. In this respect multilayer films may provide a suitable environment 
for laccase to transfer electrons with underlying electrodes. The covalent layer-by-
layer (LBL) assembly is one of the most perspective methods for the formation of 
stable multilayer films on solid surfaces [3]. The multilayer formation of an enzyme 
using dendrimers, which are highly branched, mono-dispersed macromolecules with 
a high number of surface functionalities are of great interest from the view point of 
application in biosensing, biocatalyst, etc. 
In the present study, laccase from Rhus vernicifera was immobilized layer-by-layer on 
a conducting polymer using dendrimer as a building unit for the multilayer formation. 
The laccase multilayer was prepared by an alternate covalent LBL deposition of a 
carboxylic acid terminated polyamidoamine dendrimer (G3-PAMAM) and laccase on 
a diamine functionalized conducting polymer [4]. The dendrimer/laccase multilayer 
films were characterized using cyclic voltammetry (CV), electrochemical impedance 
spectroscopy (EIS), quartz crystal microbalance (QCM), x-ray photoelectron 
spectroscopy (XPS), and atomic force microscopy (AFM). The direct electron transfer 
reaction of laccase was studied at the dendrimer attached conducting polymer modified 
electrode. The dendrimer/laccase multilayer biosensor was used for the detection of 
catechol and catechin. The immobilized laccase oxidised catechol and catechin in the 
presence of oxygen and the conducting polymer reduced the oxidized product at about 
-200 mV and -50 mV, respectively. Amperometric detection of catechol and catechin 
was studied and their detection limits were evaluated. 

References
[1] J. F. Rusling, Acc. Chem. Res. 31 ( 1998) 363.
[2] S. Shleev, J. Tkac, A. Christenson, T. Ruzgas, A. I. Yaropolov, J. W. Whittaker, L. 

Gorton, Biosens. Bioelectron. 20 (2005) 2517.
[3] G. Decher, Science 277 (1997) 1232.
[4] M. A. Rahman, M.-S. Won, Y.-B. Shim, Anal. Chem. 75 (2003) 1123.
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The applications of conductive polymers (CPs) to sensors have been received 
considerable attention due to their unique properties [1]. The CPs serve as an 
immobilizing matrix and provide a suitable environment for biomolecules in 
the biosensor systems. Of the many classes of conductive polymers, poly (1,8-
diaminonphthalene) (poly-DAN) [2,3] having amine groups can be one of promising 
immobilizing matrix for biomolecules. Moreover, the conductivity of poly-DAN 
film can be increased by the electrochemical deposition of metal nanoparticles in or 
beneath the film. To our knowledge, there is no publication reporting the application 
of a poly-DAN film with or without metal nanoparticles in the fabrications of sensors 
or biosensors. 
 In the present study, amperometric hydrogen peroxide biosensors were fabricated 
by immobilizing an enzyme, horseradish peroxide (HRP) onto a poly-DAN film on 
glassy carbon electrode surfaces with or without gold nanoparticles (Au NP). At first, a 
stable film of poly-DAN was electrochemically grown using cyclic voltammetry (CV) 
on glassy carbon surfaces with or without prior deposition of Au NP. The enzyme, 
HRP was then immobilized onto these films through the covalent cross linking 
using glutaraldehyde as a cross-liker. The immobilized HRP on these films showed 
a direct electron transfer process in cyclic voltammetric experiments. The surfaces 
of the HRP/Poly-DAN/Au NP/GCE and HRP/Poly-DAN/GCE were characterized 
using scanning electron microscope (SEM), x-ray photoelectron spectroscopy (XPS), 
quartz crystal microbalance (QCM), and electrochemical impedance spectroscopy 
(EIS) techniques. The electrocatalytic activities of the both electrodes towards 
hydrogen peroxide detection in a phosphate buffer solution were studied and were 
compared. The enhanced conductivity of the poly-DAN film by Au NP resulted in 
the high sensitivity to the detection of hydrogen peroxide compared to our previous 
result employing a terthiophene based conducting polymer [4]. The linear dyanamic 
range obtained at the optimized condition was between 0.0001 and 25.0 mM and the 
detection limit was determined to be 0.1±0.05μM.

References
[1] A. Guiseppi-Elie, G. G. Wallace, T. Matsue, In Handbook of Conducting Polymers, 

2nd ed., T. Scotheim, R. Elsenbaumer, J. R. Reynolds,. Eds., Marcel Dekker, New 
York, 1998, Chapter 34, pp. 963.

[2] J. W. Lee, D.-S. Park, Y.-B. Shim, S.-M. Park, J. Electrochem. Soc.  12 (1992) 
139.

[3] C.-S. Jin, Y.-B. Shim, S.-M. Park. 1995, Synth. Met. 69 (1995) 561.
[4] Y.-T. Kong, M. Boopathi, Y.-B. Shim, Biosens. Bioelectron. 19 (2003) 227. 



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

r
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Electrodeposition Polymers as Immobilization Matrix in 

Amperometric Glucose Biosensors
Halyna Shkil, Dimitri Guschin, Sandra Janiak, Peter Zinn, Wolfgang Schuhmann*

Anal.Chem. - Elektroanalytik & Sensorik, Ruhr-Universität Bochum, D-44780 Bochum
*wolfgang.schuhmann@rub.de

The rational design of specific biosensor properties in accordance with the prerequisites 
imposed by the analytical application is important on the way from the principal sensor 
design to its application in real samples. Previously, we have proposed electrodeposi-
tion polymers as immobilization matrix for enzymes in amperometric biosensors, and 
attempts were made to elucidate the impact of the polymer composition on the sensor 
properties using combinatorial parallel synthesis of polymer libraries [1]. It was 
demonstrated that the sensor characteristics varied significantly in dependence from 
the polymer composition and initial attempts were made towards a rational design 
of electrodeposition paints for improved biosensors in terms of sensitivity and linear 
range of response to the analyte.
In most cases the correlation between the polymer composition represented as the 
impact of the individual monomers used in the polymer synthesis and the biosensor 
properties are not linear and suitable mathematical models describing the complex 
parameter space are not available. However, screening of all the possible polymers 
compositions concerning their impact on the sensor properties could lead to insights 
into the complex parameter space, although the fabrication and testing of a large 
number of sensors will be tideous and time consuming. In order to overcome this 
drawback and finally to develop tools for a fast and straight forward optimization of 
complex biosensors architectures a strategy is proposed based on genetic algorithms. 
Premised on the evolutionary ideas of natural selection, genetic algorithms paved 
way for a significant decrease in time that has to be spent in finding a suitable 
polymer composition that can be used for fabrication of biosensor with defined 
characteristics.
As an initial objective for our experiments we have chosen glucose biosensors with 
simple architecture using cathodic electrodeposition polymers as immobilization 
matrix and glucose oxidase as biological recognition element. Fabrication and 
evaluation of biosensors were performed automatically using a previously described 
[2] electrochemical robotic system. As optimization parameter the maximal current 
at substrate saturation was used (Imax

app) aiming on optimized biosensors with high 
sensitivity. Optimization of the polymer composition using genetic algorithms and 
automated sensor fabrication and evaluation in an automatic electrochemical robotic 
system will be presented. 

[1] B. Ngounou, S. Neugebauer, A. Frodl, S. Reiter, W. Schuhmann, Electrochim. 
Acta 49 (2004) 3855-3863

[2] T. Erichsen, S. Reiter, V. Ryabova, E.M. Bonsen, W. Schuhmann Rev. Sci. Instr. 
76 (2005) 062204.
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Electro  analysis  of  heavy  metal,  cd2+  by  gold  
electrode  modified  with  self-assembled  monolayers  of  

di-thiols
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2Department of Inorganic and Analytical Chemistry, The Hebrew University of Jerusalem, 

Jerusalem 91904, Israel, mandler@vms.huji.ac.il, Ph: +972-2-6585831, Fax: +972-2-
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The application of self-assembled monolayers (SAMs) in enhancing the selectivity 
and sensitivity of interfaces towards different species, in particular heavy metals, is 
well established [1]. SAMs offer a convenient and simple approach for controlling 
and structuring the interactions between the interface and species in the solution. We 
will review our recent studies, which will highlight the advantages and prospects 
of these approaches. The formation of a dithiol monolayer on a polycrystalline Au 
disk electrode surface has been used for the anodic stripping voltammetry of Cd(II) 
ions. We found that a monolayer of either 1,6-hexanedithiol or 1,9-nonanedithiol 
resulted in the appearance of two sharp stripping peaks of Cd(II). The nature of the 
anodic stripping peaks depends on the deposition time, modification time of the gold 
electrode. The peaks and the system have been studied by different electrochemical 
techniques, cyclic voltammetry, linear sweep voltammetry, squarewave voltammetry 
and differential pulse volttametry, XPS and IR and reveal very interesting interaction 
of the deposited Cd with the thiol groups. By charactising the Cd deposition onto the 
gold modified dithiol SAMs at different potential by XPS and IR, we believe that the 
Cd electrochemically deposit beneath the thiols and therefore continuously interacts 
with it upon electrochemical dissolution.

[1] D. Mandler and I. Turyan, Electroanalysis 8, 207(1996).
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derivative: Nitro radical anion formation in presence of 

surfactants
J.A,Squella*, P. Jara, L.J. Núñez-Vergara. 

Bioelectrochemistry Laboratory, Chemical & Pharmaceutical SciencesFaculty University of Chile 
POB 233 Santiago CHILE.

*asquella@ciq.uchile.cl



S
y
m

p
o
s
iu

m
 2

 -
 P

o
s
te

r

A photoelecetrochemical signal chain using cytochrome c 
and a quantum dot modified gold-electrode

Ch. Stoll1, W. Parak2, F. Lisdat1*
1 University of Applied Sciences Wildau, Biosystems Technology, 15475 Wildau, Bahnhofstr. 1, 

Germany
2 Center for Nanoscience, Ludwig Maximilian University Munich,  80799 München, Germany

*flisdat@igw.tfh-wildau.de

Generating signal chains on electrodes is a versatile tool to detect specifically various 
species in solution. The model of such a chain can be found in several biological 
systems which are often associated with protein interactions on membranes as for 
example the respiratory chain. Based on that model several systems have been 
developed in biosensorics by means of protein modified electrodes. 
An evolution of the known signal chain framework would be to implement a switch 
which allows to read out the generated signal in a time and spatially- resolved manner. 
The photoexcication of so called quantum dots has been shown to be capable of acting 
as such a  switch. An “on” and “off” differentiation can give access to a parallel read 
out of planar sensor electrodes with different interaction places.

Here we show the application of CdSe/ZnS- quantum dots on gold electrodes in an 
switchable arrangement based on the light induced generation of electron-hole pairs 
inside the particles. A light-induced electron transfer from and to the particles could be 
obtained using light pulses in the range of seconds. The photo current  was dependent 
on the concentration of oxidised/ reduced cytochrome c in the mircromolar range. 
The formal potential of the protein in our setup was determined. The influence of the 
excitation wavelength on the signal was examined between 450 and 600 nm.
A signal chain starting from  superoxide radicals via cytochrome c to the quantum dot 
modified electrode could be established. It is based on the electron transfer from the 
radical to oxidized cytochrome c. Thus, a switchable detection chain for the superoxide 
radical, a potent marker of oxidative stress, could be developed.
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The construction of a reliable taste sensor for control of food quality is very important 
in food industry. Liquid membrane oscillators were proposed for molecular recognition 
of taste substances. They are composed of two aqueous phases: donor phase (ionic 
surfactant) and acceptor phase (taste substance) separated by organic solvent phase. 
The influence of substances belonging to four taste classes on the oscillation of 
electric potential difference between aqueous phases was examined. The oscillation 
curves were analyzed by construction of attractors using time delay method. The two-
dimensional attractors were different in shape and size for systems investigated. They 
might be used as fingerprints for identification of responsible substances. However, 
due to chaotic behavior they can not be applied in taste sensors.
Lipid (elaidic acid, cholesterol) and lipid like (benzylhexadecyldimethylammonium 
chloride, hexadecylamine, 1-dodecanol) – polymer membrane electrodes were used in 
five-channel taste sensor. Their responses were sensitive to appropriate bitter, sour and 
salt substances present in the system and not too sensitive to sucrose concentration. 
This sensor was successfully applied for discrimination and quality control of different 
kinds of tonics containing sucrose, quinine hydrochloride and carbon dioxide. 
The mixtures of substances belonging to four taste classes have been investigated 
using potentiometry methods. The five-channel taste sensor was successfully used 
for recognition of commercial aqueous drinks made up from sucrose, citric acid and 
carbon dioxide (orangeades).
The characteristics of these membranes and their interactions with taste substances 
are still poorly recognized. Poly(vinyl chloride) membranes loaded with lipids or lipid 
like substances in contact with quinine hydrochloride solution were characterized by 
electrochemical impedance spectroscopy in a frequency range from 100 kHz  to 0.1 
Hz of the AC signal. Impedance measurements allowed to distinguish three different 
time constants: high frequency resistance Rhfr, medium range frequency resistance 
and capacitance in series RMCM, and diffusion impedance ZW measured as Warburg 
coefficient σ.
Values Rhfr were not sensitive to the outer electrolyte concentration for all membranes. 
Medium frequency resistance, RM, was found to be dependent on the outer electrolyte 
concentration membranes with benzylhexadecyldimethylammonium chloride and 
hexadecylamine.
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Much attention has been paid to enzymatic hydrolysis of starch granules catalyzed 
by amylases. In most studies, the reaction has been followed by spectrophotometry 
of saccharides in the reaction mixture after removing starch granules at different 
times. In comparison with spectrophotometry, electrochemical measurements have 
advantages of being free from the influence of turbidity and coloration of a test 
solution. In this study, an amperometric glucose sensor, in which the oxidation current 
of the redox mediator reduced by the glucose oxidase (GOx) reaction is monitored, 
has been introduced to study the kinetics of hydrolysis of starch granules catalyzed by 
glucoamylase (GA). The dependence of the initial rate of the hydrolysis on the amount 
of enzyme and substrate and on the specific surface area of substrate is discussed.
Maize starch granules (0.025−1.0 g) were suspended in 5.0 mL of 0.1 M acetate buffer 
(pH 5.0) for the electrochemical measurement. A film-coated GOx-immobilized 
benzoquinone (BQ)-mixed carbon paste electrode (CPE) was prepared as described 
by Ikeda et al. (Agric. Biol. Chem. 49 (1985) 541). GOx (30 units) was trapped by a 
dialysis membrane on the surface of CPE (3.0 mm diameter) containing 10 wt % of 
BQ in carbon paste. An oxidation current was recorded at a fixed electrode potential 
of 0.60 V vs Ag/AgCl/0.1 M KCl without deaeration. The suspension was stirred by 
a magnetic stirrer at 500 rpm. The film-coated GOx-immobilized BQ-mixed CPE 
allowed the determination of D-glucose concentration sensitive to levels as low as 
0.01 mM, with a linearity of up to 10 mM. The response time was approximately 20 s. 
Direct and continuous observation of the hydrolysis even in a thick starch suspension 
can be achieved.
Upon addition of GA to the starch suspension, the current increased linearly. When 
the supernatant was used in place of the suspension, the current did not change by 
addition of GA, indicating that dissolution of starch was negligible and that the current 
increase can be attributed to production of glucose by the surface hydrolysis of starch 
granules catalyzed by GA. The slope of the linear increase of the current was used to 
determine the initial rate (v). The v-value increased with increasing concentration of 
the enzyme to approach a saturation value, whereas it was proportional to the amount 
of the substrate. Also, the v-value was proportional to the specific surface area of 
the substrate. The experimental results can be explained well by the rate equations 
derived from a three-step mechanism, which consists of the adsorption of the free 
enzyme onto the surface of the substrate, the reaction of the adsorbed enzyme with the 
substrate, and the liberation of the product.
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The rapid and accurate determination of blood glucose is of fundamental importance 
for the effective management/treatment of diabetic patients. The monitoring of 
glucose levels is also very important in industrial applications. In this work, ferrocene-
carboxylate (Fc-CO2H) and ferrocene-sulfonate (Fc-SO3H) have been used as redox 
mediators for the oxidation of the enzymatically produced H2O2 in amperometric 
biosensors for glucose determination. Glassy carbon electrodes (GC) have been 
modified with a biofilm constituted by the ferrocene-derivatives, intercalated into a 
Mg/Al double layered hydroxide(LDH) and glucose oxidase (GOx) immobilized by 
crosslinking with glutaraldehyde. The LDH was synthesised by the coprecipitation 
method in the presence of the anions of the ferrocene mediators [1]. The performances 
of the two biosensors were evaluated by chronoamperometric tests both in batch and 
in FIA working at low anodic potentials (0.400 V vs. SCE for Fc-CO2H and 0.5 V for 
Fc-SO3H ). A comparison of the sensitivities to glucose showed that both biosensors 
have a linearity range extending up to 1.5 mM, in batch and 10 mM in FIA, although 
the biosensor based on Fc-CO2H was more sensitive (6.6 ± 0.3 versus 2.8 ± 0.3 µA 
mM-1cm-2 in batch mode, and 37.1 ± 0.3 versus 15.4 ± 0.4 µA mM-1cm-2 in FIA). 
Long-term stability was about 21 days, if the electrodes were stored in phosphate 
buffer, pH 7.0 at 4°C. An accurate determination of glucose at a much lower value 
than the physiological one (0.75 mM) in the presence of the most common interfering 
compounds (ascorbic acid, uric acid and acetaminophen), at the concentrations 
usually found in the biological fluids[2], was possible by application of an oxidative 
membrane, based on MnO2

[3], on the biosensors’ surface.
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The enzyme Bilirubin oxidase (EC 1.3.3.5, BOD) is an interesting and promising 
candidate for the bioelectrocatalytic oxygen reduction e.g. in biofuel cells. Thus the 
investigation of the electroactive properties of BOD is of basic relevance and may 
open up new ways for creating alternative systems for energy generation.
Recently the possibility of direct electron transfer between BOD and carbon electrodes 
under anaerobic and aerobic conditions has been shown. In the presence of oxygen 
a reduction current was detected at several carbon electrodes (spectrographic  and 
highly oriented pyrolytic graphite, glassy carbon) modified with BOD (Shleev et al., 
2004; Tsujimura et al., 2004).
Here we present the investigation of oxygen reduction by BOD at carbon nanotube 
(CNTs) modified electrodes.
During our experiments we used multi walled CNTs (average length <1µm, average 
diameter 10nm). Glassy carbon electrodes (GCEs) were modified by adsorbing CNTs 
out of a dispersion in ethanol. This strategy resulted in robust electrodes which yield 
reproducible results over two weeks.
These optimized CNT modified GCEs and unmodified GCEs were successfully used 
for electrochemical investigations of BOD. Oxygen reduction was measured with 
dissolved and adsorbed BOD, under aerobic and anaerobic conditions, at different pH 
with linear sweep voltammetry. The CNT modification of GCE enhances the oxygen 
reduction current by about a factor of 10 (at pH 4) in comparison with the signal at an 
unmodified GCE in the presence of BOD. Highest enzymatic activity was observed at 
pH 4, but also at neutral pH acitivity could be detected. 
It was also demonstrated that BOD can be adsorbed at the CNT surface. Such 
electrodes showed in protein-free buffer similar oxygen reduction currents compared 
to the situation in solution (10 µM BOD). Oxygen reduction occurred at a half wave 
potential of about 0,540 V vs. Ag/AgCl/1M KCl for adsorbed BOD and thus was 
shifted to more positive values with respect to soluble BOD.

References :
Shleev S. et al., Electrochemistry Communications 6, 2004, 934
Tsujimura S. et al., Electrochemistry 72, 2004, 437
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Electrode reaction mechanisms of electrolytical coating by metals of paraffin 
impregnated graphite electrode (PIGE) were investigated by voltamperometric 
methods including the elimination voltammetry with linear scan (EVLS). The EVLS 
is based on the fact that the total voltammetric current (LSV) response consists of a 
set of particular currents, e.g. charging, diffusion, and kinetic currents having different 
dependences on scan rate. From voltammetric currents measured at different scan 
rates the elimination procedure enables selected current components to be eliminated, 
some current components to be conserved and unknown processes to be revealed 
[1-3]. In aqueous acidic solutions one of these processes is the hydrogen evolution 
[3,4]. The attention was focused on the interpretation of electrochemical behavior 
of metals (Cd, Ni, Co, and Cu) from chloride and sulphate electrolytes. Experiments 
were performed using the AUTOLAB potentiostat (EcoChemie) with three-electrode 
setting. For the calculation of elimination functions three voltammetric curves at 
different scan rates were recorded under the same experimental conditions (potential 
step and range) [5]. The differences in mechanisms of metals deposition from various 
supporting electrolytes have been observed as a function of metal concentrations, 
pH, scan rate, and electrode surface roughness. The EVLS helped also to identify 
the charge carrying species of metals, and the effect of electrode surface roughness. 
During the deposition processes the EVLS (E4 function) revealed the pre-peak (Ipp) 
reflecting some kinetically controlled surface reactions (e.g. adsorption, surface 
diffusion, nucleation). The study showed that the EVLS is suitable and powerful tool 
for the study of reduction processes of metals not only on mercury electrodes but also 
on solid electrodes. 
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Ten years ago the theory of elimination voltammetry with linear scan (EVLS) was 
published and experimentally verified for reversible, quasi-reversible and irreversible 
electrode systems [1,2]. Up to date this method has found applications not only in 
electroanalysis, but also in the study of electrode processes of inorganic and organic 
electroactive substance at mercury, silver or graphite electrodes [3-5]. The EVLS can 
be considered a mathematical model of the transformation of current-potential curves 
capable of eliminating some selected current components, and conserving others. This 
contribution is devoted to the EVLS transformation of irreversible current-potential 
curves of an adsorbed electroactive substance. The function eliminating charging and 
kinetic current components, and conserving the diffusion current component, yields 
specific, sensitive and well developed peak-couterpeak (p-cp) signal [6-7]. This signal 
was successfully employed in the analysis of nucleic acids and short homo- or hetero-
deoxyoligonucleotides (ODNs) containing adenine (A), cytosine (C) and guanine 
(G). For the calculation of the elimination functions three voltammetric curves at 
different scan rates were recorded under identical experimental conditions. While 
only incompletely developed peaks or overlapped reduction peaks of A and C can be 
seen on LSV or CV curves, the peak-counterpeak signal is able to increase the current 
sensitivity and to separate two overlapped peaks. The heights and positions of p-cp 
signals were affected by pH, accumulation time and potential, and by the sequence 
of bases in ODN chains. It was shown that the EVLS in combination with adsorptive 
stripping procedure is a promising tool for achieving very good resolution of electrode 
processes in ODNs, for qualitative and quantitative analysis of ODNs, as well as for 
identification of neighbouring and non-neighborouring bases.
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The overall aim of the work presented here is to develop methods to analyze and control 
reactions and interactions on different artificial substrates for biomimetic applications. 
In this contribution, we will explore the combination of electrochemical techniques and 
imaging ellipsometry, allowing for example real time imaging of processes occurring 
at electrodes. Since electrochemistry is a surface sensitive method, it is very useful 
in investigating physical-, chemical- and biological phenomena occurring at various 
metal surfaces. Several electrochemical techniques (i.e. voltammetry, potentiometry, 
and electrochemical impedance spectroscopy) will be used to obtain information 
about the structure and behaviour of the system under study. Imaging ellipsometry 
is, on the other hand, a powerful tool for visualization of the thickness distribution of 
thin layers on a surface [1]. Using a focusing lens combined with a CCD camera as 
detector, high contrast ellipsometric images can be obtained with lateral resolution in 
the µm range and a thickness resolution in the sub-Å range.
The applications of this instrumental set-up mainly focus on the creation and analysis 
of self-organized biomimetic structures on the molecular level. We will generate 
gradients of alkanethiol SAMs on gold surfaces, using an electrochemical potential 
gradient, as described in ref. 2. The formation of the molecular gradient will hence 
be monitored in real time with the imaging ellipsometer. We will also investigate the 
effect of potential control of a surface hosting a hydrogel. The idea is that the potential 
may affect the conformation of the hydrogel, and the ion mobility within the hydrogel 
matrix. The latter will be investigated by electrochemical impedance spectroscopy.
Preliminary tests using the combination of electrochemistry and imaging ellipsometry 
have been conducted by depositing copper on a gold surface with constant-current 
chronopotentiometry. The measuring cell consists of a three electrode set-up, arranged 
so that the laser beam is reflected on the working electrode. A significant change in the 
ellipsometric parameters Δ and Ψ were seen upon deposition and oxidation of copper. 
These parameters could then be used together with a model of the surface system to 
determine the thickness of different surface layers.

[1] J. Gang, P. Tengvall, I. Lundström, H. Arwin, Anal. Biochem. 232 (1995) 69
[2] K.M. Blass, B.D. Coleman, C.H. Lansford, R.T. Haasch, P.W. Bohn, J. Phys. 

Chem. B 105 (2001) 8970 
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Cysteine is a nonessential amino acid, meaning that it can be synthesized in the 
human body, for example from methionine. It is one of the few amino acids that 
contains a thiol group and is found in most proteins, though only in small quantities. 
Cysteine plays a valuable role by crosslinking proteins in an intramolecular sense. 
This increases the molecular stability in the harsh extracellular environment, and also 
functions to confer proteolytic resistance. Intracellularly, disulfide bridges between 
cysteines within a polypeptide support the protein’s secondary structure. Cysteine can 
also be converted into glucose and used as a source of energy and according to several 
studies, in people infected with HIV, blood levels of cysteine are low. In addition, 
this amino acid may play an important role in the communication between immune 
system cells.
Several methods have been reported for the measurement of cysteine, such as colorimetric 
and high-performance liquid chromatography followed by spectrophotometric or 
fluorometric detection. These methods usually require adding a colour-producing 
or derivatizing reagent that reacts with the free sulfhydryl group. Moreover these 
methods are easily affected by the colour and turbidity of the sample. Electrochemical 
studies of cysteine have been performed too, namely using a mercury electrode or 
amperometric detection following liquid chromatographic separation. These methods 
present low selectivity and require overpotentials at most conventional electrode 
surfaces. As an alternative to previous methods reported in literature, electrochemical-
based measurements could be considered. They enable quick responses with simple 
procedures; analysis of samples requires often only a simple dilution with a suitable 
supporting electrolyte and buffering agent. Other advantages concern the reduced 
consumption of reagents and emissions of effluents.
In the present work, a detailed study of the electrochemical reduction of Cysteine at 
platinum electrodes using different voltammetric techniques, namely, cyclic, square 
wave and differential pulse, has been investigated. The effect of the supporting 
electrolyte, the pH and the cathodic potential on the reduction curves has been obtained 
at various scan rates to elucidate the reaction mechanism. The results were applied to 
the determination of cysteine in pharmaceutical formulations.
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Electroactivity of Boron Doped Diamond Microarray 

Electrodes
Cara G. Williams,+ Anna L. Colley,+ Ulrika D’Haenens Johansson,o Mark E. 
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Spatial variations in the electrical and electrochemical activity of microarray electrodes, 
fabricated entirely from diamond with insulating intrinsic diamond surrounding disc-
shaped regions of polycrystalline boron doped diamond (BDD), have been investigated 
and their applicability for electroanalysis assessed.1 Atomic force microscopy (AFM) 
imaging of the surface reveals a roughness of no more than ± 10 nm over the array. 
Each BDD microdisk within the array contains polycrystalline BDD with a variety 
of different grains exposed. Using conducting-AFM, the conductivity of the different 
grains was found to vary within a BDD microdisk. Scanning electrochemical 
microscopy (SECM) operating in substrate generation–tip collection mode revealed 
that, under apparently diffusion-limited steady-state conditions, there was a small 
variation in the response between electrodes. However, the majority of electrodes in 
the array appeared to show predominantly metallic behaviour. For the electrodes which 
showed a lower activity, all grains within the microdisk supported electron transfer, 
albeit at different rates, as evidenced by studies on the electrodeposition of metallic 
silver. The possibility of using these array electrodes for steady-state diffusion-limited 
measurements in electroanalytical applications is far-reaching. However, caution 
should be exercised in the kinetic analysis of voltammetric measurements, since wide 
variations in the electroactivity of individual grains are apparent when the potential is 
below the diffusion-limited value.

1  A.L.Colley, C. G. Williams, U. D’Haenens Johansson, M. E. Newton, P. R. Unwin, 
N. R. Wilson and J. V. Macpherson, in press Anal. Chem.
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1Departamento de Química Orgánica y Fisicoquímica, Facultad de Ciencias Químicas y 
Farmacéuticas, Universidad de Chile.  Santiago, Chile.

2Universidad Pedagógica “Rafael María de Mendive”. Pinar del Rio. Cuba
*e-mail: cyanez@ciq.uchile.cl

Cyclodextrins (CDs) are cyclic water-soluble D-glucopyranose oligomers featuring a 
central hydrophobic cavity capable to form stable inclusion complexes with organic 
molecules.  Among them, thiolated CDs are well known electrode modifiers forming 
SAMs on electrode surface.  We have reported the synthesis of thiolated CDs and the 
successfully modification of gold electrodes, which were characterized both cyclic 
voltammetry and scanning electrochemical microscopy (SECM) [1,2]
The aim in the present work is to study electro-oxidation of estradiol using these 
thiolated CD modified electrodes. The modified electrodes were obtained as was 
already described [1] by immersion of the gold electrode in an ethanolic solution of 
thiolated CDs during 12 hrs.  The coverage study was performed by both reductive 
desorption experiments in KOH and cyclic voltammetric experiments using two 
electroactives probes such as ferricyanide and ferrocenemethanol.  The results 
showed that CDs covered about 95% of the electrode surface.  Optimization of the 
modification time and completely exhaustive washing with ethanol/water mixed are 
necessary previously use the modified electrodes, because several difficulties were 
found when we used these completely modified electrodes: no reproducible results 
were obtained due probably thiol groups of modified-CD in solution already penetrate 
into cavity of CD fixed on the electrode surface giving a no reproducible multilayer 
modified electrode. Also, a few cycles in support electrolyte in the interested region 
of potential were necessary before oxidation of the steroid. Estradiol showed an 
oxidation peak at 385 mV (versus Ag/AgCl) on bare Au electrode.  A shift about 100 
mV to more positive potentials was found on modified electrode, but no enhanced 
of oxidation current of estradiol was observed. However, a current response was 
obtained indicating association between estradiol and cavity of the CD fixed on the 
surface.  Different concentrations of estradiol were tested with these electrodes.  An 
increase the current according to concentration increase was observed. Treatment of 
the data using the Langmuir isotherm has been carried out. 

[1] S.Bollo, C.Yáñez, J.Sturm, L.J.Núñez-Vergara, and J.A.Squella. Langmuir, 
19 (2003) 3365-3370. [2] A.Fragoso, E.Almirall, R.Cao, L.Echegoyen and 
R.Gonzalez-Jonte, Chem. Comm., (2004) 2230-2231.

This work was supported by FONDECYT, project Nº 1040935 and 7050280
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Identification of Acanthopanax Senticosus (Rupr. Et 
Maxim.) Harms from Different Sources by Capillary 

Electrophoresis with Electrochemical Detection
Xiaoguang Zhoua, Chunying Zhengb, Tianyan Youa,*, 

a State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
Chinese Academy of Sciences, Graduate School of the Chinese Academy of Sciences, Changchun, 

130022, China,
b Life Science College, Heilongjiang University, Harbin, 150080, China

*Corresponding authors. Tel & Fax: +86-431-5262850. E-mail address: youty@ciac.jl.cn (T. You).
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Detection of Cysteine Using Nonionic Fluorosurfactant-
Modified Gold Electrode

Zuofeng Chen, Yanbing Zu* 
Department of Chemistry, The University of Hong Kong, China

*ybzu@hku.hk

Cysteine is of physiological importance as thiol-containing agent and metabolite. Its 
deficiency is associated with a number of clinical situations, such as liver damage, skin 
lesions, slowed growth, and AIDS. Many electrochemical and fluorimetric methods 
have been used for the sensing of aminothiols, and the selective determination could 
be achieved by conjugating with some separation techniques, such as HPLC and 
capillary electrophoresis. The development of much simpler methods for the detection 
of specific thiols in biological samples without separation steps is attractive.
The large overpotential of cysteine oxidation at noble electrodes makes it necessary to 
apply a high potential (usually ~ 1.0 V vs SCE) for its electrochemical detection. Many 
biomolecules could be oxidized at this potential, leading to poor detection selectivity. 
In this study, we used nonionic fluorosurfactant species (Zonyl FSO) to modify gold 
electrodes, and an oxidation wave of cysteine was observed at a relatively low potential 
(~ 0.25 V vs SCE at pH 7). It is interesting to note that the adsorption layer of FSO at 
the electrode generally inhibits the oxidation of other biomolecules, such as glucose, 
ascorbic acid (AA), uric acid (UA), cystine, glutathione, tyrosine and tryptophan. 
Although the presence of large excess AA may still interfere the detection of cysteine, 
the modification of the FSO-gold electrode with a Nafion layer significantly reduced 
their influences. Therefore, it is possible to detect cysteine selectively in a biosample 
without separation steps. 
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The effect of the cation capture on the charge 
propagation process of poly(o-aminophenol) film 

electrodes
R. Tucceri *

Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas, Departamento de Química, 
Facultad de Ciencias Exactas, Universidad Nacional de La Plata, Sucursal 4, Casilla de Correo 

16, (1900), La Plata, Argentina
* rtucce@inifta.unlp.edu.ar

Poly-o-aminophenol (POAP) is an electroactive polymer that seems to capture Fe+3 
ions and further transforms them in Fe+2 ions through interaction with its redox sites. 
In this sense POAP can function as potentiometric ferric ion sensor [1].  It is expected 
that this cation capture affects the charge propagation process at POAP modified 
electrodes. In this work it is demonstrated by employing Rotating Disk Electrode 
Voltammetry (RDEV) [2] and ac impedance measurements on POAP films contacting 
an active redox couple in solution (p- benzoquinone/hydroquinone). A degree of 
cation capture was defined for POAP [3] by comparing the voltammetric response 
of freshly prepared POAP films and POAP films after to be subjected to a soaking 
process in the presence of a solution containing ferric ions. The study of the electron 
transport by using RDEV allows one to infer the existence of redox sites distributions, 
which become more extended, as the higher is the content of ferric ions. However, by 
reducing the amount of ferric ions on POAP by an alkali treatment, the original redox 
site distribution was not fully recovered.  In this way a hysteresis remains on POAP 
after to eliminate part of ferric ions. Ac impedance measurements were also performed 
in order to extract the dependencies of the different charge transport and charge 
transfer parameters of POAP films on the degree of cation capture. Two impedance 
models [4] were employed in order to interpret the experimental impedance plots. 
While parameters such as electron (De) and ion (Di) diffusion coefficients and redox 
capacitance (Cp) as a function of the degree of cation captures (increase and decrease) 
exhibit hysteresis, other interfacial parameters such as the electron (Re) and ion (Ri) 
resistances at the polymer-solution interface and the charge transfer resistance  (Rt) 
and interfacial capacitance (CH) at the metal/polymer interface, do not exhibit the 
mentioned hysteresis between the increase and decrease of the amount of captured 
ferric ions.   

 [1] J. Yano, H. Kawakami, S. Yamasaki, Y. Kanno, J. of the Electrochem. Soc., 
148  (2001)E61-E65.

[2] A. Bonfranceschi, A. Pérez Córdoba, S. Keunchkarian, S. Zapata, R. Tucceri,  
J.  Electroanal.Chem.,477(1999)1.

[3] R. Tucceri, J. of New Materials for Electrochemical Systems, 2005, in press.
[4] M.A. Vorotyntsev, C. Deslouis, M.M. Musiani, B. Tribollet, K. Aoki, 

Electrochim.  Acta, 44, 2105 (1999). 
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Studies of electron transfer through Self-assembled 
monolayer on silver electrodes

Lioudmila M. Doubova*,  Monica Fabrizio, Sergio Daolio 
Institute for Energetics and Interphases of the Italian Research  Council, Corso Stati Uniti 4, 

35127, Padua, Italy; * L.Doubova@ieni.cnr.it

Self-assembling of alkanthiols molecules on noble metals provides dense and ordered 
monolayers   under certain conditions depending on the length of the alkyl chain and 
the choice of the substrate. Such films are found to be useful for  several applications 
including corrosion inhibitions, chemical microsensors and  as biomaterials. Alkanthiol 
films on Ag were also tested for reduction of silver tarnishing and formation of 
protective films. All of these applications will be significantly dependent on the film 
stability.
The object of this study to investigate the  top surface structure properties  and a 
long range electron-transfer phenomena of such ordered adlayers since  it determines  
the interaction of organic layer with any environments. In the case of self-assembled 
monolayers (SAM) of alkanthiols  on Ag, chemisorbed molecules are  bonded by the 
S head to the Ag surface (as Au) although their tilt angle with respect to the substrate 
normal ranges from 15º to 0º. The reductive desorption studies of SAMs on Ag 
single crystal electrodes have been shown the results for the hydrocarbon chain-chain 
and hydrocarbon chain-solvent interactions similar to those on Au.  The significant 
differences of a given alkanthiolate  were observed   in the desorption peak potential 
which have been shifted on Ag to the more  negative potentials. Theoretical calculations 
are demonstrated also the different space accommodations of water molecules within 
Ag-supported and Au-supported SAMs.
In  present work the  HS(CH2)10 film formations and their stability on different   
controlled surface poly- and   single crystal Ag electrodes  is being systematically 
investigated  in aqueous  NaNO3 solution  by means of different capacity and 
impedance experiments combining with cyclic voltammetry  method. The films of  
decane thiol  on Ag electrodes were exposed  for prolong periods in atmospheric 
exposure  o/and  were conserved  under the solutions. Protective effectiveness of two 
procedures were tested with respect of electron transfer blocking properties and of 
possibility  the oxidant species to penetrate the closely packed alkyl chain structure.  
The oxidation of rather long chain length alkanthiol SAM on silver electrodes was 
found rather small in air exposure and generally SAMs on Ag retain their integrity and  
high stability with atmospheric pollutant elements [1,2].  

[1] M.H. Schoenfisch, J.E. Pemberton, J.Am.Chem Soc. 1998,120,4502.
[2] L. M. Doubova, S. Daolio, A. Forlini, S. Rondinini, A. Vertova, Russian Journal 

of  Electrochemistry, submitted.

Acknowledgments: The financial support of the Italian  Research Council  is gratefully 
acknowledged.
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Voltammetry of chromium(vi) at liquid|liquid interfaces
Aoife M. O’Mahony1, Micheál D. Scanlon1, Alfonso Berduque1, Valerio Beni1, 

Damien W.M. Arrigan1, Enrico Faggi2 and Andrea Bencini2

1Tyndall National Institute, Lee Maltings, University College, Cork, Ireland.
2Dipartimento di Chimica, Università di Firenze, Via della Lastruccia 3, 50019 Sesto Fiorentino, 

Firenze, Italy.

 
Chemical sensors consist of appropriate recognition and transduction chemistries 
together with associated devices and systems for electronic measurement. In recent 
year ion-transfer reactions across the Interface between Two Immiscible Electrolyte 
Solutions (ITIES) has been investigated as possible recognition tool for sensor 
development. ITIES has been proved to be a powerful technique for the investigation 
of the lipophilicity of molecules, mainly drugs. Moreover the use of specific receptors 
(able to complex target molecules with the aim of improving their lipophilicity) also 
gives the opportunity of developing new sensor characterized by a strong selectivity 
[1]. Speciation is one of the major challenges in environmental chemistry, particularly 
metal speciation. In solutions chromium may exist in Cr(III) and Cr(VI) oxidation 
states which makes the detection of chromium species a challenging task as these two 
environmentally relevant valence states of chromium have a contrasting impact in 
environment and health. Cr(III) is relatively harmless and plays and essential role in 
biological processes, whereas Cr(IV) is about 100-1000 times more toxic. 
The aim of this work was to assess the ability of ITIES voltammetry to perform 
selective detection of Cr(VI). The selective detection of the Cr(VI) versus Cr(III) is 
based on charge difference between the two Cr oxidation state being Cr(VI) mostly 
present as oxo-anion (chromate) and the Cr(III) as cation. The Cr(VI) detection 
was done by “Transfer by Interfacial Complexation” (TIC) using a polyamine 
macrocycle 2,5,8,11,14-pentaaza[15]-16,29-phenanthrolinophane (NeoTT) [2] as 
artificial receptor. Moreover this work is one of the few examples of the use of ITIES 
voltammetry as a tool for the analytical investigation of anions.
 

[1] V. Beni, M. Ghita and D.W.M. Arrigan, Biosens. Bioelectron., 20, (2005), 2097-
2103

[2] C. Bazzicalupi, A. Bencini, V. Fusi, C. Giorgi, P. Paoletti and B. Valtancoli, Inorg. 
Chem., 37, (1998),  941–948.
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Electrochemical and AFM characterization of 
sulfonated calixarene doped polypyrrole films for the 
electrochemical detection of cationic iron  in seawater 

A.-C. Tassel, G. Folcher, A. Pailleret*, C. Deslouis
aUPR 15 CNRS Interfaces et Systèmes Electrochimiques, University P. et M. Curie, 4 Place Jussieu, 

75252 Paris Cédex 05, France
paillere@ccr.jussieu.fr
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Nanostructured Materials Based Electrodes for  
biofuel cells

Xing-Hua Xia*, Yan-Yan Song, Cui-Hong Wang and Jin-Hua Yuan, 
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Novel Electrochemical Immunosensors and Cytosensing
Huangxian Ju*

Key Laboratory of Analytical Chemistry for Life Science (Education Ministry of China), 
Department of Chemistry, Nanjing University, Nanjing 210093, P. R. China

Email: hxju@nju.edu.cn

Tumor cell has its individual immuno-expression style. The detection of tumor 
markers both in serum samples and on cell membranes plays an important role in initial 
diagnostic evaluation and follow-up examination during therapy of cancer diseases. 
In previous study we presented several immunoassay methods and immunosensors 
for tumor markers, such as CA125, CA19-9, CEA and AFP, including a disposable 
immunoassay chip and several flow-injection chemiluminescent immunoassays. This 
presentation introduced the further development in immunosensors and cytosensing 
in our laboratory.
Firstly, an amperometric immunosensor for human serum chorionic gonadotrophin 
(HCG) was constructed by immobilization of HCG in titania sol-gel and the 
direct electrochemistry of immobilized HRP labeled to HCG antibody. Another 
electrochemical immunoassay system for HCG was proposed by using a colloidal 
Au nanoparticles modified chitosan membrane to immobilize immunoconjugate. With 
encapsulation of HRP labeled HCG antibody in a colloidal gold nanoparticle/titania 
sol-gel composite architecture, a novel reagentless electrochemical immunosensing 
approach for sensitive detection of HCG was proposed. 
Then, an immunosensor for CA125 was proposed based on the immobilization of 
CA125 on colloidal gold nanoparticles that was stabilized with cellulose acetate 
membrane on a glassy carbon electrode. A new simple immunoassay method for CEA 
detection using a disposable immunosensor coupled with a flow injection system 
was developed. This system could automatically control the incubation, washing and 
current measurement steps.
At the same time, a new technique for exogenous effect study of cell viability by 
immobilization of living cells on nanoparticles was developed. A novel electrochemical 
anti-tumor drug sensitivity test was proposed with a multi-wall carbon nanotubes-
modified glass carbon electrode. Based on the immobilization of leukaemia tumor 
cell on colloidal gold/chitosan membrane, a novel immunoassay method for directly 
detecting the protein on the surface of living cell membrane was also developed. 
The results were comparable to flow cytometric analysis. A new highly hydrophilic 
zwitterionic monolayer film with good biocompatibility was constructed. It provided 
an appropriate biomimic interface for attachment and proliferation of cells. Thus 
monitoring the proliferation and apoptosis of cells on the zwitterionic surface was 
achieved.
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The electric vehicles projects and related batteries in 
China. 

Shengmin Cai*1, Weishan Li2, Henghui Zhou1, Zhanjun Zhang3, Jingjian Li1  
                       1College of Chemistry, Peking University, Beijing, 100871 China

2 Chemistry Department, South China Normal University, Guangzhou, 510631 China
3 College of Chemistry, Graduate University of CAS, Beijing, 100049 China 

caism@pku.edu.cn

In recent years the rapidly developing electric vehicles (EV) projects in China have 
attracted more attentions. We (Peking University EV project collaboration team) had 
carried out related battery materials researches and productions, submitted proposals 
and suggestions to the authorities concerned and participated in the supervision of EV 
projects including The huge National EV project (exceeds 2 billions RMB) organized 
by Chinese Science and Technology Ministry.
  China National EV Project includes: 1.Battery operated EV (BEV), works concentrate 
on Ni-MH batteries and Lithium ion batteries; 2.Hybrid EV (HEV), a pilot HEV public 
bus team (12 buses) runs on city Wuhan’s street, saves 30% fuels. 3.Fuel Cell(PEMFC) 
EV, including buses, transit buses and sedans. The management of this huge project is 
unique and regarded as effective, problems will also be discussed.
Other important EV events include: The Demonstration EV Project in 2008 Beijing 
Olympics (investment 409 M RMB, third largest investment of its kind, 1000 EVs); 
FCEV Bus Program in 2010 Shanghai World Exposition (which is planning 1000 
FCEV buses and taxis on route); National 973 project “The Fundamental Research 
on New Systems of Green Secondary Batteries” (funding 30 M RMB) is an important 
support to National Key EV Project; Electric bicycles become a blooming industry 
(2005 yields ~ 10 million Ebikes) demonstrating the great needs (at an affordable 
price ~1500 RMB) from people. All above requirements for batteries will be referred 
to. 
The related R&D of quality/cost effective batch productions of LiFePO4 materials and 
active carbon, EV batteries expert system, VRLA for EV are mentioned. Conclusions 
and suggestions drawn from the above situations will be discussed.
Project supported by NSFC #20573008
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Exploitation of the FFC Cambridge Process
G. E. Cooley

Metalysis Ltd, Unit 2 Farfield Park, Wath upon Dearne, Rotherham, S63 5DB, UK
graham.cooley@metalysis.com

The FFC Cambridge Process was discovered in 1997 at the University of Cambridge.  
In 2002, Metalysis was formed to commercially exploit the technology for a range 
of metals and alloys.  Significant funding was secured from the venture capital 
community in 2005.  This paper will describe the steps taken to convert the FFC 
Cambridge Process from the university bench to a commercial operation and will 
outline the longer term vision for the company.
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My son Ephraim Heller and I founded TheraSense Inc. in 1996 to help diabetic people. 
The company was acquired by Abbott Laboratories in 2004 for $ 1.2 billion. 
TheraSense removed the pain associated with the assay of blood glucose by self-
monitoring diabetic people by introducing in 2000 , an accurate thin-layer 
micro-coulometer in which glucose is rapidly electrooxidized. The blood volume it 
required was reduced to 300 nL, a volume so small that it is painlessly obtained. About 
6 billion glucose assays are performed each year, more than all other medical and non-
medical analyses combined. TheraSense also completed clinical tests of a continuously 
glucose monitoring system, designed to alleviate the worry of diabetic people. The 
system alerts its user to low and high subcutaneous glucose concentration, as well as to 
impending low or high glucose concentration. Its core component is a subcutaneously 
implanted, miniature, amperometric, user replaced, glucose sensor, with a 3-5-day 
operational life. The implanted sensor is based on electrical wiring of glucose oxidase 
within an electrically conductive redox hydrogel. The implanted disposable sensor is 
now hard wired to an external battery-powered  non-disposable amplifier transmitter.  

Our current work at the University of Texas at Austin is aimed at the integration of the 
disposable miniature implanted wired glucose sensor and its non-disposable amplifier-
transmitter into a miniature disposable sensor-amplifier-transmitter-battery package.   
The largest and most expensive component of the package is its battery. Batteries 
comprise corrosive, reactive or toxic components and require a steel case.  In 
collaboration with Woonsup Shin and his co-workers at Sogang University in Seoul, 
we designed and built a case-less, miniature, implantable Zn�serum�AgCl battery, 
operating at 1 V. The cell reaction is 3Zn+2H2PO4

-+6AgCl+4H2O �
Zn3(PO4)2.4H2O+6Ag+6Cl-+4H+. The enabling breakthrough was the discovery that 
hopeite-phase lamellae of Zn3(PO4)2.4H2O grow on Nafion-coated Zn anodes in 
physiological, phosphate-buffered, pH 7.3, saline electrolytes.  The hopeite lamellae 
are solid Zn2+ conductors. They are impermeable to O2, preventing the non-faradaic 
(O2-caused)  Zn-corrosion, while allowing the anode to discharge.  

A future disposable package might broadcast the subcutaneous glucose concentration 
to a second package on the skin, containing an RF-receiver, a microprocessor, insulin, 
an actuator and a pump. Such a system would be the harbinger of other therapeutic 
drug-delivering feedback loops, with local temperature, pressure, flow and chemical 
concentration being measured, and with fast-acting drugs being delivered from skin-
attached packages in small doses to maintain optimal physiological parameters.   

Electroanalysis in Diabetes Management
Adam Heller

The University of Texas at Austin  heller@che.utexas.edu  
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The ITI Energy model for the generation of new 
technologies

Ian Edwards, Mike Weston
ITI Energy, The Exchange No1, 62 Market Street: Aberdeen, AB11 5PJ, UK

ian.edwards@itienergy.com, mike.weston@itienergy.com

ITI Energy is an innovative publicly funded company that invests in the development 
and management of early stage research and development projects across the energy 
spectrum. Since ITI Energy announced its first R&D project just over a year ago, it 
has now seven underway with potential investments in excess of £30m. Included in 
its portfolio of projects is the development of a new cathode material for the next 
generation of Li-ion rechargeable batteries, a large-scale flow battery technology 
and a li-ion battery management system for electric vehicles.  Ian Edwards and Mike 
Weston will outline the key principles behind the company s unique model, including 
the critical areas of market opportunity, technology competitiveness, IP strength and 
commercialisation strategy as a route to successful commercialisation. They will give 
insights into their model and its success to date and highlight how the electrochemistry 
community, academic and commercial, can be a part of the ongoing success.
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ImmuSpeed: microfluidic electrochemical plateform 
applied to Enzyme Linked Immunosorbent Assay 

(ELISA)
Frederic Reymond and Joel S. Rossier*

DiagnoSwiss S.A., Rte de l’Ile-au-Bois 2, c/o Cimo S.A. – CP, CH - 1870 MONTHEY (Switzerland)
*j.rossier@diagnoswiss.com, www.diagnoswiss.com
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NanoPores to GATTACCA
Gordon Sanghera 

OxfordNanoLabs Ltd., Central Chemistry Laboratory, South Parks Road, Oxford, OX1 3QH 

gordon.sanghera@oxfordnanolabs.com

Oxford NanoLabs is a recent (June2005) spin out from the University of Oxford 
Chemistry Department.  During the first year the company has successfully completed 
one international acquisition and two rounds of financing.  The presentation will 
outline the challenges faced by an early stage start up and the process of fund raising.  
The presentation will also outline the technology behind and the development of 
the Nanopore Biochip , describing the methodologies for modifying protein pores 
for detection of analytes ranging from small charged molecules through to proteins, 
antibodies and DNA.
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The role of lithium batteries in fighting global warming 
and  in reducing energy consumption

Bruno Scrosati
Dipartimento di Chimica, Università “La Sapienza”, 00185 Rome, Italy

Batteries play a key role for the  progress of  modern technology, for a better use 
of the energy resources and for a more accurate control of the world atmosphere. 
The continuous evolution  of  popular   mobile electronics such as cellular phones, 
laptops and PDAs, requires high power and high energy density  microbatteries. The 
fast decay  of oil resources urgently calls for an increased use of renewable  energy 
sources, such as solar and wind which, due to their discontinuity  require  appropriate  
storage systems and electrochemical batteries are ideal in this respect. Finally, since 
transportation represents a significant portion of world energy consumption, the 
development of zero or low emission battery-operated vehicles, i.e. electric cars, EVs, 
or hybrid cars, HEVs, is an important issue from both economical and environmental 
points of view.
To be  effective for the electronic market, for  energy storage and for powering cars,  
batteries having specific features such as low-cost, high energy and high power density, 
as well as safety and long life, have to be selected. This is a challenging task since the 
above  requirements are not commonly met by the existing batteries. Conventional 
types, such as lead-acid, nickel-cadmium and even nickel-metal hydride, suffer by 
low values of energy content and also by a certain degree of toxicity which may be 
undesirable in view of the present environment concern.
The best  choice  is the lithium-ion battery which in fact, already  dominates the 
portable electronic market.  However, although a commercial success, the lithium-
ion battery is still open to improvements.  In this paper the evolution of this battery 
from its early stage to the expected development to meet the demands of the modern 
technology  and of the changes in the  transportation scenario, will be reported and 
discussed. 
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Taking Science to Market
Stephen Brooke

IP2IPO Group plc, Warwick Court, 5 Paternoster Square, London EC4M 7BP
stephen.brooke@ip2ipo.com

The talk will cover some of the challenges and opportunities around the 
commercialization of science in the UK.  University spinout companies have become 
a major phenomenon in the UK.  The talk will look at their characteristics and why 
they sometimes work, and sometimes do not.  Reference will be made to the US 
experience also and compare this to the UK.
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Electrochemical gating: a way to control the orbital 
occupation of quantum dot solids

Arjan Houtepen and Daniel Vanmaekelbergh* 
Condensed Matter and Interfaces, University of Utrecht, Princetonplein 1, Utrecht, The 

Netherlands
*Daniel@phys.uu.nl

Due to size-quantization, semiconductor nanocrystals possess discrete conduction 
electron - and valence hole levels, with atom-like symmetry, i.e. S, P, … Semiconductor 
nanocrystals can be assembled to form artificial solids,  also called quantum-dot solids.  
The opto-electrical properties of such a material will depend on the electronic structure  
of the nanocrystal building blocks and their mutual quantum mechanical interaction. 
Of key interst is the occupation of the quantum-dot orbitals by electrons and/or holes. 
We have shown that it is possible to control this occupation by electrochemical gating : 
the solid is used as a work electrode in an electrochemical cell; the electron occupation 
can be varied by the electrochemical potential. The charge of the electrons occupying 
the orbitals in the quantum dot solid is compensated by ions in the nanovoids of the 
solid. In such a system electronic (electrochemical) equilibrium prevails. Electronic 
transport in such a quantum dot solid can be measured for a controlled electron 
occupation,  allowing us to study the physics of artificial metals and insulators.  Also 
the optical properties of quantum dot solids at variable electron occupation can be 
studied. This may lead, for instance, to the development of a zero-threshold quantum 
dot laser. 
In this key-note lecture I will present the virtues and drawbacks of electrochemical 
gating, and pay attention to the great possiblities offered for nanoscience. 

Staircase in the Electron Mobility of a ZnO Quantum Dot Assembly due to Shell 
Filling  A. L. Roest, J. Kelly, D. Vanmaekelbergh and E. A. Meulenkamp Physical 
Review Letters 89, 036801/1-036801/4 (2002). 
Wide energy-window view on the density of states and hole mobility in poly(p-
phenylene vinylene)  I. N. Hulea, H. B. Brom, A. J. Houtepen, D. Vanmaekelbergh, 
J. J. Kelly and E. A. Meulenkamp,  Physical Review Letters 93, 166601/1-166601/4 
(2004).
Electron-conducting quantum dot solids: novel materials based on colloidal 
semiconductor nanocrystalsD. Vanmaekelbergh and P. Liljeroth,  Chemical Society 
Reviews 34, 299-312 (2005).
Orbital Occupation in Electron-Charged CdSe quantum-dot solids.
A. J. Houtepen and Daniel Vanmaekelbergh, J. Phys. Chem. B, 109, 19634 (2005)



S
y
m

p
o
s
iu

m
 4

 -
 K

e
y
n
o
te

The Electrochemistry At Nano-Sized Electrodes

Shengli Chen*, Rui He and Rong Zhang
Department of Chemistry, Wuhan University, Wuhan, 430072, P. R. China

slchen@whu.edu.cn



S
y
m

p
o
s
iu

m
 4

 -
 K

e
y
n
o
te

Electrochemical Tunnelling Spectroscopy Studies on 
Redox-Active Molecules

Tim Albrecht,1 Kasper Moth-Poulsen,2 Adrian Guckian,3  Johannes G. Vos,3  
Thomas Bjørnholm,2 Jens Ulstrup,1* 

1 Technical University of Denmark, Dept. Chemistry, Nano•DTU, DK-2800 Kgs. Lyngby
2 University of Copenhagen, H.C. Øersted Institute, Nano-Science Center, DK-2100 Copenhagen 

3 Dublin City University, School of Chemical Science, Dublin 9, Ireland
*ju@kemi.dtu.dk

Electrochemical Scanning Tunnelling Microscopy (STM) has proven to be a versatile 
tool for studying surface structures and dynamics in electrochemical environments. 
Target systems include small organic molecules, transition metal complexes, proteins, 
enzymes, DNA fragments, metal nanoparticles and other supramolecular structures.
Electrochemical environments offer full potential control of tip and substrate 
electrodes on an absolute scale. Electrode Fermi levels can independently be aligned 
with redox levels of immobilized species, inducing tunnelling current modulation and 
conspicious transistor and switching features. As a unique feature of electrochemical 
STM, two tunnelling spectroscopic tools are available: current/bias spectroscopy at 
constant substrate potential and current/overpotential spectroscopy at constant bias. 
We use both approaches to study charge transfer processes through individual (or 
a few) pyridyl-based transition metal complexes with Ru, Os, and Co as central 
metal ions. These molecules can be brought to display both transistor and diode 
characteristics. We could show that charge transport occurs via electron hopping, i. e. 
in two subsequent electron transfer (ET) steps, which is in keeping with expectations 
from condensed-matter charge transfer theory. Tunnelling current enhancement factors 
appear to be correlated to monolayer ET rate constants, establishing a direct link 
between the macroscopic and single-molecule regimes. Under appropriate conditions, 
the overall tunnelling process is dominated by the substrate/molecule step. Combining 
experimental data on single-molecule conductivity and theoretical models, a single-
molecular tunnelling rate constant could be estimated.
We have successfully extended our tunnelling studies from aqueous solvents to 
ionic liquids. Ionic liquids are a novel environment in this context and appear to 
have a number of advantages which we have begun to explore for charge transport 
measurements at the single-molecular scale.

[1] T. Albrecht, K. Moth-Poulsen, J. B. Christensen, A. Guckian, Th. Bjørnholm, J. G. 
Vos, J. Ulstrup, Faraday Discuss., 2006, 131, 265-279. 

[2] T. Albrecht, A. Guckian, J. Ulstrup, J. G. Vos, “Transistor-like Behavior of 
Transition Metal Complexes”, Nano Lett. 2005, 5, 1451-1455.
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Oxygen-competition mode of SECM. Application for 
localized visualization of fuel cell catalyst activity 
Kathrin Eckhard, Xingxing Chen, Florin Turcu, Wolfgang Schuhmann*

Ruhr-Universität Bochum, Anal. Chem. - Elektroanalytik & Sensorik, Universitätsstr. 150, 
D-44780 Bochum, Germany; *wolfgang.schuhmann@rub.de
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Electron Transfer at Gold surfaces Modified by Tethered 
Osmium Complexes

A. Ricci, S. Rothacher, C. Bonazzola, E. J. Calvo
INQUIMAE. DQIAyQF, Fac. Ciencias Exactas y Naturales Universidad de Buenos Aires,

Pabellon 2, Ciudad Universitaria, Argentina
 calvo@qi.fcen.uba.ar

N. Tognalli, A. Fainstein
Instituto Balseiro, Centro Atómico Bariloche, Bariloche, Argentina
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Local Electroless Deposition of Nanoparticles by 
Scanning Electrochemical Microscopy 

Y. Yerucham, E. Malel, E. Mekahel and D. Mandler*
The Hebrew University of Jerusalem, Jerusalem 91904, Israel 
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Scanning Electrochemical Microscopy
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Sers at structured Pt and Pd surfaces
M. E. Abdelsalam1,*, P. N. Bartlett1, S. Mahajan1, S Cintra1, A. E. Russell1,  

J. J. Baumberg2, T. Kelf2, and Y. Sugawara2
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Application of thin electrolyte layer ATR-FTIR 
spectroscopy for the surface characterization of 

synthesized Pt-based nanocatalysts
E.A. Baranova*, D. Ilin, C. Bock, B. MacDougall

National Research Council of Canada, Institute for Chemical Process and Environmental 
Technologies, Montreal Road, Ottawa, ON K1A 0R6, Canada 

*olena.baranova@nrc-cnrc.gc.ca
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Nanopore arrays from directionally solidified eutectics 

as templates for the electrodeposition of gold

Belen Bello Rodriguez and Achim Walter Hassel* 
Max-Planck-Institut für Eisenforschung, Max-Planck-Str. 1, 40237 Düsseldorf, Germany 

*hassel@mpie.de
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Reflectance, Electroreflance and SERS from Au 
Nanowire Arrays

B.G McMillan1, L.E.A. Berlouis11, F.R. Cruickshank1 and P.F. Brevet2

1WestCHEM, Department of Pure and Applied Chemistry, University of Strathclyde, 295Cathedral 
Street, Glasgow. G1 1XL

2Laboratoire de Spectrométrie Ionique et Moléculaire, Université Claude Bernard, Lyon 1, F-
69622 Villeurbanne Cedex, France.
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Quantized Charge Transfer in Nanoparticle Organized 
Arrays

Shaowei Chen*, Fengjun Deng, Sulolit Pradhan, Renjun Pei, Yiyun Yang
Department of Chemistry and Biochemistry, University of California, 1156 High Street, Santa Cruz, 

California 95064, USA
*E-mail: schen@chemistry.ucsc.edu
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Sensitive Resolution of Electronic Structure and 
Interfacial Property of Alkanethiol Self-assembled 

Monolayers at Liquid/Solid Interfaces
Qijin Chi*, Jingdong Zhang, Jens Ulstrup

Department of Chemistry and NanoDTU, Technical University of Denmark, DK-2800 Kgs. Lyngby, 
Denmark.  (*E-mail: cq@kemi.dtu.dk)
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Electrodeposition of cuprous oxide films and nanowires: 
growth mechanism and nucleation behavior

Anne-Lise Daltina,*, Ahmed Addadb, Jean-Paul Choparta

aDTI, EA 3083, URCA, B.P. 1039, 51687 Reims Cedex 2, France
bStructure et Propriétés de l’Etat Solide, UMR 8008, Bât. C6, 59655 Villeneuve d’Ascq, France

*Corresponding author. Tel. : +33326918449 ; fax : +33326918915 ; e-mail address : 
al.daltin@univ-reims.fr
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Mixed self-assembled monolayers 
of 2-mercaptobenzimidazole and 2-

mercaptobenzimidazole-5-sulfonate: determination and 
control of the surface composition

Th. Doneux, M. Steichen, T. Bouchta, Cl. Buess-Herman
Service de Chimie Analytique et Chimie des Interfaces, Université Libre de Bruxelles, 

Boulevard du Triomphe, 2, CP 255, 1050 Bruxelles, BELGIUM, cbuess@ulb.ac.be
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Nanoparticle mediated electron transfer across ultrathin 
self-assembled films 

C.R. Bradbury, J. Zhao, M. Schnippering and D.J. Fermín*
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Synthesis of nanoporous crystalline metals or 

compounds with superior catalytic and capacitive 

activity via electrochemical lithiation 
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Max Planck Institute  for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart, Germany

*Email: Y.Guo@fkf.mpg.de
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The synthesis of novel nano-structured carbons and 
their application in direct methanol fuel cells

S.M. Holmes*1, E.P.L. Roberts1, B. Ganiel Garcia1, P. Foran1

1School Of Chemical Engineering, The University of Manchester, UK
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Oxygen reduction on nanostructured nIckel in alkaline 
solution. The effect of alkali metal intercalation

Annika Johansson and Elisabet Ahlberg* 
Department of Chemistry, Göteborg University, SE-412 96 Göteborg, Sweden, 
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A new type of in situ single molecule rectifier 

A.A. Kornyshev* and A.M. Kuznetsov
Department of Chemistry, Imperial College London, SW7 2AZ London, UK

* a.kornyshev@imperial.ac.uk

“It is only theory that tells us what we actually observe” (Albert Einstein)
We present a theory of in situ tunnelling conductance of a chain molecule controlled 
by  fluctuations of relative conformations between the nearest neighbour units of the 
molecule. The theory leads to a simple formula for linear conductance. In one regime 
it reproduces recently reported Arrhenius dependences for alkanedithiols (Haiss et al, 
2005) with activation energy proportional to the length of the molecule, whereas in 
other regimes it shows activationless behaviour which corresponds to the tunnelling 
across more rigid molecules. The general formula covers the transition between the 
two limits, predicting some new dependencies that could be challenging to verify 
experimentally.  We extend the theory to describe the voltage and electrolyte dependence 
of the current. We show that the current/voltage characteristics of this junction may 
provide striking rectification and gating  features at moderate potentials in a purely 
symmetric system which without electrolyte will not exhibit such behaviour.  
Biological molecules often possess higher lying electron energy levels, so that 
tunnelling through a molecule is facilitated by the virtual transitions to these states 
(superexchange mechanism).  We extend the theory on this case as well, and derive a 
transparent analytical formula, which exhibit different temperature dependence of the 
tunnelling conductance, but similar rectification behaviour. 
In addition to new horizons in electrochemically-based molecular electronics, the 
predicted spectacular effects offer new opportunities for the study of polypeptide 
chains by the methods of in situ tunnelling spectroscopy and suggest new design 
for lab-on-a-chip biosensors. Treating experimental data, this theory can also help to 
distinguish the mechanisms of electron transport through of single-molecule.  
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Bridge-mediated electron tunneling in in situ 
electrochemical junctions: physical mechanisms, 
rectification, relaxation, hysteresis, and all that
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Sciences, Leninskij Prospect 31, Moscow 119071, Russia. *theor@elchem.ac.ru
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Thin film photovoltaic cell with porphyrin-fullerene 
dyads and gold nanoparticles
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Fabrication of nanobands and nanoband arrays by 
focused ion beam (FIB) milling and characterisation by 

voltammetry
Yvonne H. Lanyon, Damien W.M. Arrigan*

Tyndall National Institute, Lee Maltings, University College, Cork, Ireland.
*damien.arrigan@tyndall.ie

The fabrication of nanoelectrodes has gained increasing interest in recent years [1]. 
While a number of advantages of such electrodes over conventionally sized macro-
electrodes have been proposed, including enhanced mass transport rates and increased 
signal to noise ratios, a disadvantage associated with their use is the very small current 
that is generated from them. The use of nanoband geometries, where the width of the 
band is in the nanometre range, can generate larger currents but still retain non-linear 
diffusion characteristics, thus enhancing the aforementioned advantages. Using an 
array of nanobands can further enhance the current, however, non-linear diffusion is 
also dependant on the inter-electrode spacing.
Nanoband fabrication techniques have incorporated (i) creation of insulator-metal-
insulator layers followed by etching or polishing to expose one of the edges, (ii) 
evaporation of metal films followed by electron beam lithographic patterning and 
etching, and (iii) deposition of molybdenum oxide (MoO2) nanowires into Highly 
Ordered Pyrolytic Graphite (HOPG) trenches followed by polymer film deposition 
and gold evaporation [2]. Some disadvantages associated with such techniques include 
difficulties in accurate bandwidth determinations, laborious multi-step procedures and 
undefined nanoband spacing.
In this work, single nanobands and arrays of nanobands have been created by focused 
ion beam (FIB) milling through a passivation layer of silicon nitride to an underlying 
layer of platinum. This technique has provided a simple and rapid means for the 
fabrication of nanobands and array prototypes, with controlled nanoband dimensions, 
numbers and inter-band spacing. Voltammetric characterisation has determined 
the nature of diffusion at the nanoband electrodes, allowing their development and 
potential application as analytical sensing devices.

[1] D.W.M. Arrigan, Analyst 129 (2004) 1157.
[2] M.E. Hyde, T.J. Davies and R.G. Compton, Angew. Chem. Int. Ed. 44 (2005) 

6491.
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 On the stability of modified Au nanowires
P. Vélez, S.A. Dassie, E.P. M. Leiva*

Unidad de Matemática y Física, Facultad de Ciencias Químicas, INFIQC,
Universidad Nacional de Córdoda, Ciudad Universitaria, 5000 Córdoba, Argentina

*eleiva@fcq.unc.edu.ar

The formation of monoatomic gold chains has awakened particular interest among 
both experimentalists and theoreticians. Different experimental groups have recently 
generated linear chains of 3-4 Au atoms between two tips of the same material and 
have obtained images of the system by means transmission electronic microscopy 
(TEM) [1-3]. In the last years, it has also became of both theoretical and experimental 
interest the formation of these chains in the presence of atoms and small molecules. 
On one side, the unusual interatomic distances observed have been explained through 
the intercalation of foreign atoms. On the other hand, the existence of fractional 
conductance values has also been explained in terms of the insertion of hydrogen 
atoms[4-6]. Furthermore, it has been suggested recently that the intercalation of 
different molecular entities may serve to control the critical force at which the wires 
should break.
In the present work we have performed first principles calculations for monoatomic 
free Au chains and also interacting with diatomic molecules (H2, O2) and other species 
within density functional theory (DFT) using the SIESTA code [8], to which we have 
added the nudged elastic band technique (NEB) [9]. This has allowed us to obtain 
information concerning the minimum energy path (MEP) for the elongation and 
rupture of the nanowires, as well as to obtain information on the dissociation process 
of the molecules upon nanowire elongation.

[1] H. Onishi et al., Nature 395, 780 (1998)
[2] A. I. Yanson et al., Nature 395, 783 (1998)
[3] Y. Takai et al., Phys. Rev. Lett. 87, 106105 (2001)
[4] Sz. Csonka et al.; Phys. Rev. Lett. 90, 1116803 (2001)
[5] F. D. Navovaes et al., Phys. Rev. Lett. 87, 036101 (2001)
[6] http://www.uam.es/departamentos/ciencias/fismateriac/siesta/
[7] G. Henkelman et al., J. Chem. Phys. 113, 9978 (2000)
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Self-Organized Nanostructure on Silicon by 
Photoelectrochemical Oscillation

H.J. Lewerenz1, K. Skorupska1, J. Grzanna and M.  Aggour2

1Hahn-Meitner-Institut Berlin 
Glienicker Str. 100, D-14109 Berlin, Germany

2University of Kenitra, Maroccoi

 Oscillatory behaviour of silicon electrodes occurs in fluoride containing 
solutions at increased anodic potential. Depending on solution composition, pH and 
illumination level (for n-type samples), regular sustained and damped oscillations 
with varying frequency can be adjusted. The theoretical description of photocurrent 
oscillations is based on the assumption of two types of oxides formed during  
oscillation. Within an oscillatory cycle, earlier formed oxides are less stressed than 
later formed ones because of the compressive stress in the remaining non-oxidized 
Si. The later formed oxide contains more cracks and pores and etches faster by three-
dimensional attack. Such oxide pores are seen with high resolution scanning electron 
microscopy (HRSEM) and their width and density depends on the photocurrent phase 
at the instant of sample emersion. Using the selectivity of alkaline etching, pores 
in silicon oxide that connect to the silicon substrate can be etched deeper into Si. 
Selective HF etching of the ~10nm thick oxide prepares an oxide-free surface that 
shows nanometre-sized pores propagated into Si(100) in an AFM experiment. 
 The following structure has been further processed: silicon with an oxide 
that contains nanopores that have been etched deeper into the underlying Si was used 
for deposition of metals (Pt, for instance) that form a Schottky barrier with n-Si. Pt 
islands have been electrodeposited at positions on the surface where electrical contact 
between Si and the electrolyte could be made. Beneath theses metal nano-islands, the 
insulating oxide covers the Si surface. HRSEM and AFM images and XPS analyses 
show and identify the Pt islands. 
 In photoelectrochemical experiments on the nanocomposite structure, 
photoelectrochemical solar cells and photoelectrocatalysis is investigated. Already 
initially, a photovoltage of 0.5V on a non-optimized structure was found. It will be 
shown that the increased propagation of nanopores can be used for the fabrication of 
novel nanostructures of thin film Si-based photovoltaic solar cells. 
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Electrodeposition of Mesoporous PbTe Films from 
Lyotropic Liquid Crystalline Phases

Xiaohong Li a, Iris S. Nandhakumar a*, Matthew L. Markham b, Peter Macfie b, 
David C. Smith b, Jeremy J. Baumberg b, George. S. Attard a 

a School of Chemistry, b School of Physics and astronomy, University of Southampton, Highfield, 
Southampton, UK, SO17 1BJ

iris@soton.ac.uk

Lead chalcogenides are very promising materials for infrared detectors, laser 
diodes and thermophotovoltaic energy converters due to their narrow band gaps 
and face-centered cubic structure. Both theoretical predictions and experimental 
studies based on molecular beam epitaxy suggest that large improvements could 
be achieved in nanostructured systems [1]. Furthermore, recent studies have shown 
that monodispersed PbSe nanocrystals exhibit the expected size-dependent effects 
of quantum confinement and offer high photoluminescence quantum yields [2]. It 
is therefore essential to develop a new approach of fabricating nanophased lead 
chalcogenide films to extend their application in optical devices. In this paper we will 
present the first synthesis of mesoporous nanostructured PbTe semiconductor films 
via direct liquid crystal templating.
  The synthesis of mesoporous nanostructured PbTe films was carried out by cathodic 
electrochemical codeposition of lead acetate and tellurium dioxide dissolved in 
the aqueous domain of the lyotropic liquid crystalline phases of the non-ionic 
surfactant octaethyleneglycol monohexadecyl ether (C16EO8). It was found that 
the electrodeposition conditions have significant effects on the nanostructure and 
morphology of the deposited PbTe films. By careful control of the deposition conditions 
and the phase structure of the employed plating mixtures it is possible to produce 
mesoporous PbTe films with hexagonal and bicontinuous cubic phases. The evidence 
of the existence of a nanostructure for the films was obtained by TEM and low-angle 
XRD. In addition quartz crystal microbalance studies provide further evidence for 
the mesoporosity of the films. Wide-angle XRD spectra revealed that the deposited 
films are crystalline cubic PbTe (Fm3m). Optical studies showed that the mesoporous 
PbTe films deposited from plating mixture with a hexagonal phase exhibit strong 
birefringence due to the anisotropic characteristic of the hexagonal phase. Since the 
mesopore dimension and the topology of the nanostructured semiconductors are under 
direct experimental control, this approach enables us to explore band-gap engineering 
and quantum size effects of such nanostructured lead chalcogenide semiconductor 
films.
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Thomas, J. Silcox, Nano Lett. 2 (2002) 1321.
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Superconformal film growth: mechanism and 
quantification

T. P. Moffat, D. Wheeler, S.-K. Kim and D. Josell
Materials Science and Engineering Laboratory
National Institute of Standards and Technology

Building 224, Room B166
     Gaithersburg, Md 20899

     thomas.Moffat@nist.gov

State of the art manufacturing of semiconductor devices involves electrodeposition 
of copper for device wiring. The process, pioneered by IBM, depends on the use 
of electrolyte additives that affect the local deposition rate thereby resulting in 
superconformal, or bottom–up “superfilling” of trenches and vias. This remarkable 
growth process is examined in the context of the recently developed curvature 
enhanced adsorbate coverage (CEAC) mechanism [1]. The model stipulates that 1.) the 
growth velocity is proportional to the local accelerator, or catalyst, surface coverage 
and 2.) the catalyst remains segregated at the metal/electrolyte interface during 
copper deposition. For growth on non-planar geometries this leads to enrichment 
of the catalyst on advancing concave surfaces and dilution on advancing convex 
sections; thereby giving rise to bottom-up superfilling of sub-micrometer trenches 
and vias. The mechanism is applicable to any growth process that is mediated by 
an interfacial chemical reaction such as electrodeposition, electroless deposition or 
chemical vapor deposition. The talk will focus on the quantitative application of the 
CEAC mechanism to connect kinetic measurements performed on planar surfaces 
with 3-D shape evolution during feature filling. This will be accompanied by a report 
of recent in situ surface analytical studies of catalyst evolution relevant to the copper 
Damascene process that is used in the fabrication of microelectronic and MRAM 
devices. 

1. T.P. Moffat, D. Wheeler, M. Edelstein and D. Josell, IBM J. of Res.& Dev., 49, 19 
(2005).
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Intercalation of cations into TiO2 nanotubes: 
photoelectrochemical processes
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Single molecule conductance in ambient conductions and 
electrolytes

Richard J. Nichols,* Wolfgang Haiss, Harm van Zalinge, Simon J. Higgins,  
David J. Schiffrin, Donald Bethell and Horst Höbenreich
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Methods for forming stable molecular wires between a gold surface and a gold STM 
tip in both ambient conditions will be discussed and compared in this presentation. 
The resulting single molecule conductance (SMC) values for a variety of dithiol 
molecules, including more complex molecules with electrochemically active groups 
along the molecular wire and DNA will be discussed. Methods for obtaining single 
molecule conductance during current-distance and current-time experiments will be 
described. For instance, spontaneous formation of stable molecular wires between 
a gold scanning tunnelling microscopy (STM) tip and substrate is observed when 
the sample has a low coverage of dithiol molecules and the tunnelling resistance is 
made sufficiently small without touching the tip against the surface. The versatility 
of the techniques is demonstrated on a variety of molecule wires ranging for simple 
alkanedithiols [3] to redox active molecular wires [1,2,4] and single and double 
stranded DNA [5]. 
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Effects of the seeding conditions on the crystal growth 
of gold nanoparticles on indium tin oxide surfaces in the 

seed-mediated growth method
Munetaka Oyama,* Hanping He, Gang Chang, Kazuyuki Hirao 
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Gold nanoparticles are the most intensively studied and applied metal nanoparticles 
in electrochemistry owing to their stable physical and chemical properties, useful 
catalytic activities and small dimensional size.  These attractive properties allow 
them providing some important functions for electroanalysis and the construction of 
electrochemical sensors.  
In recent years, our group is studying on the fabrication method of gold nanoparticles 
directly attached indium tin oxide (AuNP/ITO) electrode.  By utilizing the seed-
mediated growth approach, which was developed for the wet synthesis of gold 
nanorods by Murphy et al. [1], we successfully attached AuNP onto the ITO surface 
without using peculiar binding reagents [2].  A characteristic feature of the AuNP/ITO 
is the reduced charge transfer resistivity due to the nature of the direct attachment, 
which was verified using the electrochemical impedance measurement [3, 4].  In 
addition, in our approach, AuNP are weakly capped by cetyltrimethylammonium ions, 
so that the further modification of the surfaces of AuNP on the ITO would be easily 
performed [5, 6].
In the seed-mediate growth method for the surface attachment of AuNPs on ITO, the 
first step is the immersion of a piece of ITO in to the Au colloid solution whose size 
is ca. 4 nm.  We had been using the seed solutions containing the same component in 
our published works [2-6].  However, recently, the component of the seed solutions, 
i.e., the concentrations of trisodium citrate and HAuCl4, has been found to affect the 
grown-up nanostructures of AuNPs, even though the same growth solution was used 
in the treatment for the growth of AuNPs . 
Thus, in the present paper, we would like to present how the nanostructures of AuNPs 
changes depending the components of the seed solution.  Although the Au nano-seed 
particles were not gathered in the original conditions, some larger AuNPs were found 
to be formed on the ITO surfaces even just after the seeding process in some peculiar 
conditions.  However, the nanocrystal growth of AuNPs was found to proceed in all 
the cases  reflecting the components of the seed solution.  The detailed results will 
be presented in the meeting together with the electrochemical performances of the 
AuNP/ITO electrodes having thus formed various nanostructured surfaces.

[1]  B. D. Busbee, S. O. Obare, C. J. Murphy, Adv. Mater. 15 (2003) 414.
[2]  M. Kambayashi, J. Zhang,  M. Oyama, Cryst. Growth Des. 5 (2005) 81. 
[3]  J. Zhang, M. Kambayashi, M. Oyama, Electrochem Commun. 6 (2004) 683.
[4]  J. Zhang, M. Kambayashi, M. Oyama, Electroanalysis  17 (2005) 408. 
[5]  J. Zhang, M. Oyama, J. Electroanal. Chem. 577 (2005) 273.
[6]  J. Zhang, M. Oyama, Anal. Chim. Acta 540 (2005) 299. 
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Unfolding Electrocatalytic Properties of Carbon 
Nanotube-Metallophthalocyanine (CNT-MPc) Sensing 

Platforms 
Kenneth I. Ozoemena*,1, 2 , Msimelelo Siswana2, Jessie Pillay2, Tebello Nyokong2, 

Isabelle Fernandes3 and Michael J. Cook3

1Department of Chemistry, University of Pretoria, Pretoria 0002, South Africa.
2 Department of Chemistry, Rhodes University, Grahamstown 6140, South Africa

3 School of Chemical Sciences and Pharmacy, University of East Anglia, Norwich, UK.
E-mail: k.ozoemena@ru.ac.za

Carbon nanotubes (CNTs), single-walled (SWCNTs) or multi-walled (MWCNTs), 
exhibit unusual but excellent electrical conductivity and mechanical properties, possess 
modifiable sidewalls and functionalisable open-ends, and are ideal for constructing 
efficient electrochemical sensors.1,2 Transition metal phthalocyanine (MPc) complexes 
(e.g., CoPc and its derivatives), versatile class of organic macrocycles with 18 π-
electrons, have continued to established themselves as excellent electrocatalysts 
suitable for the fabrication of electrochemical sensors.3 We believe that smart 
coordination of these two remarkable π-electron species may revolutionize their 
applications as excellent electrocatalysts for the fabrication of high-performance 
electrochemical sensors for various organic and inorganic species.
Recently, we have been engaged in the rational design and functionalisation of 
CNT-MPc complexes and exploring their potential applications in the fabrication 
of electrochemical sensors. This paper will discuss some of our recent findings on 
the unusual but exciting microscopic, spectroscopic (including electrochemical 
impedance spectroscopy), electrochemical and electrocatalytic properties of these 
new complexes and their thin solid films at basal plane pyrolytic graphite electrode 
(BPPGE) as electrodeposits or gold electrode as self-assembled monolayers (SAMs) 
towards the detection of pollutants and cheap chemical weapons.
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CS-AFM investigations of iron oxide nanoparticles/
polypyrrole type electrochemically generated hybrid 

materials 
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Among composite materials, organic/inorganic hybrid materials constitute a 
fascinating research subject. Nevertheless, they have been only poorly investigated 
from a fundamental point of view, up to now, despite the key applications they can be 
involved in. Let us cite for example protection against corrosion [1], the conception 
of positive electrodes for battery materials [2] and electrocatalysis [3]. It appears 
nevertheless more than likely that their various properties, such as their mixed ionic/
electronic conductivity and their electroactivity, result from an inter-dependence 
between structural, surface and grain boundaries effects. 
Atomic force microscopy (AFM) allows the determination of morphology at the 
nanometer scale as well as a cartography of the conductivity of the imaged samples 
on condition that it be carried out using a conductive AFM tip. The so-called current-
sensing (CS) mode of AFM thus allows a structure/conductivity/reactivity correlation 
to be established easily.
In this contribution, we report CS-AFM studies of electrogenerated iron oxide/
polypyrrole hybrid materials as a function of various electrodeposition or CS-AFM 
imaging parameters. To this purpose, iron oxide particles of hematite, Fe2O3 and 
magnetite, Fe3O4 were trapped in tetra-oxalate doped polypyrrole films during the 
electrodeposition of this latter on gold coated mica substrates. In parallel, transmission 
electron microscopy (TEM) experiments were performed in order to investigate the 
spatial distribution of iron oxide particles trapped in the polypyrrole matrix; EQCM 
measurements allowed characterizing the particle fraction in volume.

[1] B. Garcia, A. Lamzoudi, F. Pillier, T.H.L Nguyen. and C. Deslouis., J. Electrochem. 
Soc., 149 (12) (2002) B560.

[2] S. Kuwabata, S. Masui and H. Yoneyama, Electrochim. Acta, 44, (1999) 4593.
[3] H. Nguyen Cong, K. El Abbassi and P. Chartier, Electrochemical and Solid-State 

Letters, 3 (4), (2000) 192.
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oxidation
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Characterization of monolayer-protected gold 
cluster films in aqueous solutions by UV-Vis 

spectroelectrochemical quartz crystal microbalance 
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Au clusters coated with a monolayer of thiolate ligands, so-called monolayer protected 
clusters (MPCs), exhibit very interesting chemical, electronic and optical properties 
[1]. In particular, it is possible to observe single-electron charging of sub-2 nm Au 
MPCs at room temperature due to their subattofarad double layer capacitance. We 
have recently observed the emergence of bands in the UV-Vis absorption spectra of 
hexanethiolate-protected Au147 cluster films concurrently with each single electron 
charging step in aqueous solutions [2]. The potential-induced spectral changes 
observed by UV-Vis Absorption Spectroscopy in multilayer films deposited on ITO 
were linearly dependent on the MPC core charge. 
However, the origin of the spectral transitions in charged MPC films is not 
totally understood yet. In order to shed more light on the origin of this interesting 
phenomenon, it is essential to assess the influence of key experimental factors. For 
instance, the role of the electrolyte during charging-discharging of these hydrophobic 
films in an aqueous environment is crucial. We show here the importance of using 
multiresponse techniques, and in particular, UV-Vis Spectroelectrochemical Quartz 
Crystal Microbalance (a combination of UV-Vis Reflectance Spectroelectrochemistry 
and Electrochemical Quartz Crystal Microbalance) in order to gain knowledge on the 
interdependence between the electrical charge and the optical properties in this type 
of Au MPC assemblies. The complementary information provided simultaneously by 
the three responses (coulometric, gravimetric and optical) facilitates understanding of 
the processes leading to the observed potential-induced spectral changes.
Acknowledgements 
Funding from Junta de Castilla y León (BU011A05), Ministerio de Educación y Ciencia 
(MAT2003-07440) and Juan de la Cierva Program is gratefully acknowledged.
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Electrochemical Study of Composite Nanostructures:  
Contrasting behaviour of two redox pairs on 

Polyelectrolyte/Gold Nanoparticle Multilayers
Mariana Chirea † , Vladimir García-Morales,‡ José A. Manzanares‡, Carlos Pereira†, 

Rubin Gulaboski,† A. Fernando Silva†*
† Centro de Investigação em Química, CIQ-L4

Departamento de Química da Faculdade de Ciências da Universidade do Porto, 
Rua do Campo Alegre, 687, 4169-007 Porto (Portugal)

E-mail: afssilva@fc.up.pt
‡ Departament de Termodinàmica, Universitat de València, E-46100 Burjassot (Spain)

The redox pairs [Fe(CN)6]-3/-4 and [Ru(NH3)6]3+/2+ were used as electroactive species 
to gain insight in the mechanism of charge transport through olyelectrolyte/gold 
nanoparticle multilayers composed of poly(L-lysine) (pLys) and mercaptosuccinic acid 
(MSA) stabilized gold nanoparticles (Au NPs). The assemblies were characterized using 
UV-vis absorption spectroscopy, cyclic and square wave voltammetry, electrochemical 
impedance spectroscopy and atomic force microscopy. We report a large sensitivity 
to the charge of the outermost layer for the permeability of these assemblies to the 
probe ions. With the redox pair [Fe(CN)6]-3+/-4+, striking changes in the impedance 
response were observed for thin multilayers  for each new layer deposited. In contrast 
for the redox pair [Ru(NH3)6]3+/2+, the multilayer behaves as a conductor exhibiting 
a noticeable lower impedance response being the electric current enhanced as more 
layers are added for Au NP terminated multilayers. These results are interpreted 
quite satisfactorily by means of a capillary membrane model that encompasses the 
wide variety of behaviors observed. It is concluded that electron transfer through the 
Au NPs is the dominant mechanism in  the case of the [Ru(NH3)6]3+/2+ pair  while 
nonlinear slow diffusion through defects (pinholes) in the multilayer is the governing 
mechanism for the [Fe(CN)6]-3/-4 species. 
Acknowledgments
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Controlling  supramolecular  assembly  by  scanning  
electrochemical  microscopy: Redox  active  dendrimers 

at  molecular  printboards  on  glass
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Redox-active ferrocenyl (Fc) functionalized polypropylene (PPI) dendrimers were 
solubilized in aqueous media by complexing all Fc end groups with β-cyclodextrin 
(βCD). Complexation of all Fc moieties of the dendrimers with βCD at pH = 2 
resulted in water soluble dendrimer-βCD assemblies which were characterized by 
cyclic voltammetry. The Fc dendrimers were immobilized at monolayers of βCD 
at SiO2 (“molecular printboards”) via multiple host-guest interactions. The directed 
immobilization of the generation 3 dendrimer-βCD assembly (G3-PPI-(Fc)16-
(βCD)16) at the printboard was achieved by supramolecular microcontact printing 
(μCP). During conformal contact between the stamp and substrate, the dendrimers 
form multiple host-guest interactions with the printboard resulting in stable patterns 
of the dendrimers at the molecular printboard. The redox activity of the patterned 
dendrimers was mapped by scanning electrochemical microscopy (SECM) in the 
positive feedback mode using [IrCl6]3+ as a mediator. The local oxidation of the 
ferrocenyl-decorated dendrimers resulted in an effective removal of the dendrimers 
from the host surface since ferrocene in its oxidized form (the ferrocenium cation) is 
not able to form inclusion complexes with βCD. Thus, SECM provided a way not only 
to image the surface, but also to control the binding of the Fc-terminated dendrimers 
at the molecular printboard. Additionally, the desorption process could be followed 
in time. In addition to that Scanning electrochemical microscopy (SECM) has been 
used as a means of generating a flux of [IrCl6]4+ ions at a Pt disk micro electrode near 
to ferrocenyl (Fc) functionalized polypropylene (PPI) dendrimers surface by means 
of potential step chronoamperometry (PSC). By following the chronoamperometric 
curves, the redox activity of the patterned Fc-functionalized polypropylene (PPI) 
dendrimers can be evaluated quantitatively.
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Study of electrocatalytic and IR properties of 
nanomaterials constructed by electrochemical methods

Shi-Gang Sun*, Qing-Song Chen, Wei-jun Huang, Na Tian, Tao Huang,  
Yan-Xia Jiang, Zhi-You Zhou, Sheng-Pei Chen, Jun-Tao Li, Zhang-Fei Su 

State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of 
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China

*sgsun@xmu.edu.cn

Owning to the quantum size effect, surface effect, dielectric confinement effect and 
other particular effects of materials at nanometer scale, the nanomaterials exhibit 
often novel properties, among which the electrocatalytic and optic properties have 
attracted extensive attentions. We have investigated systematically, in recent years, 
the electrocatalytic and anomalous IR properties of metallic nanomaterials including 
platinum group metals and metals of ion triad. 1-3 Novel IR properties, such as the 
abnormal infrared effects (AIREs), and high activity in electrocatalysis of these 
metallic nanomaterials were revealed. It has demonstrated that the study is of 
particular importance in fundamental studies of multidiscipline, and in applications of 
electrocatalysis as well as optical sensors and devices. 

The present paper reports our recent studies emphasized upon the electrochemical 
construction of nanostructured materials and the investigation of electrocatalytic and 
anomalous infrared properties of these nanomaterials. In combination with different 
technologies, such as surface template, chemical synthesis, interfacial assembly, etc. 
the electrochemical methods were used to construct different metallic nanomaterials, 
including nano-films, ordered nanostructure systems and  nanoparticles in different 
states (dispersed, aggregated, confined, etc.). The electrochemical methods present 
advantages not only in structure control deposition of nano-films but also in shape 
control inductive growth of nanoparticles. The results obtained by electrochemical 
investigations and CO-probe in situ FTIR spectroscopic studies revealed the particular 
electrocatalytic and anomalous IR properties of the constructed nanomaterials, and 
thrown light upon understanding of the intrinsic law of materials at nano-meter scale 
and the structural dependence of activity of electrocatalysts. 

Acknowledgement: The study was supported by grants from natural science foundation 
of China (20021002, 90206039) and Special Funds for Major State Basic Research 
Project of China (2002CB211804).
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Non-spherical Gold Nanoparticles – Synthesis and 
Optical Properties
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Non-spherical gold nanostructures, particularly rod-shaped and cubes, offer excellent 
prospects for probing biological systems due to the biochemically inert nature of 
the material and the unique optical properties from the localized surface plasmon 
resonances that may extend from the visible to the NIR region.  However, production 
of high quality non-spherical particles in a reproducible manner is quite challenging 
due to the highly symmetric cubic system that gold exhibits and the requirement of 
synthetic protocols to induce symmetry-breaking in the growth stages.  A variety of 
synthetic routes have been reported in the literature using either seeded or non-seeded 
approaches with CTAB acting as the stabilizing agent and growth medium.  The 
advantages and disadvantages of these methods will be discussed.  Research in the 
authors’ lab have shown that the seed particles are not stable over extended period of 
time as reported previously and the role of ascorbic acid in the growth medium needs 
to be considered further in the growth mechanism.  Non-seeded methods developed in 
the authors’ lab, which are reproducible for producing gold nanorods will be discussed 
and corresponding theoretical simulation of the uv-visible region for suspensions of 
these nanorods are presented.  
The organization of non-spherical nanoparticles into 2-D and 3-D assemblies is 
of great interest with potential applications in biological sensing by exploiting the 
shifts in the plasmon bands and interplasmon coupling in the Au nanorods.  To apply 
these gold nanorods to biologically relevant systems, they were functionalised with 
carboxylic acid-terminated thiols to form chains and the interplasmon coupling was 
theoretically studied.  Testing of the response of the system to glucose molecules is an 
avenue being explored.
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Two-dimensional assembly and local redox-activity 
of  molecular and ionic hybrid structures in an 

electrochemical environment 
Z. Li1, B. Han1, I. Pobelov1, M. Mayor2, G. Meszaros3, Th Wandlowski1,*

1Institute of Surfaces and Interfaces (ISG 3) and cni – Center of  Nanoelectronic Systems for 
Information Technology, Research Center Juelich, 52425 Juelich, Germany

 2 INT, Research Center Karlsruhe, 76021 Karlsruhe, Germany
3 Chemical Research center, Hungarian Academy of Sciences, H -1025 Budapest, Hungary

*th.wandlowski@fz-juelich.de

The idea of building an electronic device using individual molecules was first proposed 
by Aviram and Ratner i. The molecular approach bears several unique opportunities: 
(1) custom-design of nanoscale molecular units, (2) high reproducibility due to 
self-organization and recognition properties of the molecular building blocks, (3) 
implementation of localized functions such as charge transfer, π-π - stack conductivity 
or molecular rectification etc.  In the present work we aim to explore the adsorption 
and electron transport properties of redoxactive molecules at solid/liquid interfaces 
employing in-situ scanning tunneling micros-copy (STM), scanning tunneling 
spectroscopy (STS) and surface enhanced infrared reflec-tion absorption spectroscopy 
(SEIRAS) in combination with electrical (electrochemical) measurements. We aim 
to create in-situ metal | molecule | metal (gold) nanobridges, which contain single 
and/or small numbers of specifically tailored molecules. A vertical STM/STS – based 
approach is combined with a horizontal nano-electrode based hybrid configuration. 
Methodological developments towards a nanoscale electrochemistry with bare 
and redox-molecule tailored electrode assemblies will be presented. The custom-
made molecular reactands contain one or two thiole – groups, separated by alkyl or 
phenylethynylene spacer groups and a redox-active center. Specifically, we will report 
on the local redox-activity of functionalized viologens and immobilized terpyridines 
(Me = Co2+/3+, Ru2+/3+) on “macro” and “nano”-sized gold electrode assemblies. Possible 
structure changes involved will be discussed based on in-situ SEIRAS investigations. 
By tuning the Fermi level of the (nano-) electrodes relative to the energy levels of 
the redox-molecules we aim to explore concepts of redox-gated nanostructures in 
an electrochemical environment. Working in an electrochemical environment offers 
the possibility that two potential differences can be controlled individually: the bias 
voltage between the two working electrodes, and the potential drop between one 
working electrode and the reference electrode. The latter may be considered as a “gate 
electrode”. The current flow to the external circuit is assisted by a fourth electrode, 
the counter electrode. An attempt will be made to correlate molecular structure, gap 
composition and electron transport. 

i    A.Aviram, M.Ratner, Chem. Phys. Lett. 29 (1974) 277
ii    Z.Li, B.Han, G.Meszaros, I.Pobelov, Th.Wandlowski, A.Blaszczyk, 

Th.Wandlowski, Farad. Disc. 131 (2006) 121
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Research of physical and electrochemical property of 
single enzyme molecules

Mingkui Wang, Werner Schindler, Ulrich Stimming* 
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Garching, Germany. Tel: 0049-89-28914351, Fax: 0049-89-28912530,  
e-Mail: mingkuiw@yahoo.com
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Correlating the electrochemical properties of carbon 
nanotubes to their electrical characteristics

N.R. Wilson*†, T.M. Day, I. Dumitrescu, M. Guille, P. R. Unwin, and  
Julie V. Macpherson

Departments of Chemistry and Physics†, University of Warwick, Coventry, CV4 7AL, UK
*Neil.Wilson@warwick.ac.uk

Single walled carbon nanotubes have many remarkable properties, but perhaps one 
of the most overlooked is that every atom is exposed to its environment; there are 
no surface and bulk atoms, only surface atoms. As a result the delocalised π orbitals 
that give the nanotubes their well-known electrical properties are all exposed to their 
environment. We may thus expect the electrical and electrochemical properties of 
nanotubes to be uniquely intricately linked. Previous studies on the effect of solution 
on the conductivity of nanotubes have shown that the charge double layer present 
next to surfaces in solution can electrostatically dope semiconducting nanotubes to 
be either conducting or non-conducting depending on the solution potential, so called 
‘wet gating’1. A link between electrical ‘defect’ sites and metal nucleation points at 
low overpotentials has also been observed2.
We have fabricated carbon nanotube electrodes that allow both electrical and 
electrochemical measurements. The nanotubes are grown by chemical vapour 
deposition onto an insulating surface. Photolithography is then used for patterning 
electrodes onto the substrates, enabling electrical measurements on individual 
nanotubes, several nanotubes in parallel or networks of nanotubes. To study the 
electrochemical properties of these electrodes the final step is a coating of insulation, 
leaving only the nanotube(s) exposed. 
We will present a method for obtaining electrical and electrochemical results 
simultaneously, which enables a direct correlation between the electrical properties and 
the electrochemical response3. We have also used a variety of standard conductivity 
measurements, and electrical based scanned probe techniques to investigate the 
conductivity of the nanotube, e.g. scanned gate microscopy to identify the defect 
sites along the nanotubes. These results can then be correlated with subsequent 
electrochemical investigations, e.g. enabling us to comment on the effect of defect 
sites on electrochemical activity.

[1] Sami Rosenblatt, Yuval Yaish, Jiwoong Park, Jeff Gore, Vera Sazonova, and Paul 
L. McEuen, Nano Letters 2, 869 (2002).

[2] Yuwei Fan, Brett R. Goldsmith, and Philip G. Collins, Nature Materials 4, 
906-911 (2005).

[3] Tom Day, Neil R. Wilson, and Julie V. Macpherson, J. Am. Chem. Soc. 126(51), 
16724-16725 (2004)
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Self-Assembly Dynamics of Surface Layer Proteins on 
Gold Electrodes

C. Zafiu1, G. Trettenhahn1, D. Pum2, U. B. Sleytr2, W. Kautek1*
1 University of Vienna, Department for Physical Chemistry 

Waehringer Strasse 42, A-1090 Vienna, Austria
2 University of Natural Resources and Applied Life Sciences (BOKU) 

Centre for NanoBiotechnology, Gregor Mendel-Strasse 33, A-1180 Vienna, Austria 
*Corresponding author: wolfgang.kautek@univie.ac.at

Two-dimensio¬nal crystalline bacterial cell protein surface layers (S-layers) on 
solid substrates are of fundamental and technological interest in biotechnology [1], 
biomineralization [2], bio sensorics [3,4], and bottom-up nanostructuring technologies 
[5,6]. First electrochemical in-situ quartz microbalance and ex-situ SPM and XPS 
measurements showed that self-assembly dynamics and surface bonding of the protein 
molecules dependent strongly on the structure of the electrochemical double layer 
[7,8]. It could be shown that electropositive metal salts (e.g. aurates) can lead to the 
autocatalytic formation of metal nanodots on the protein surface [9].
In this context, the role of calcium ions as lateral bridging agent and as competitor for 
protein-metal bonds has been studied by dynamic quartz-microbalance and scanning 
force microscopy investigations. 

[1] U.B. Sleytr, P. Messner, P., D. Pum, M.. Sára, Angew. Chemie Int. Ed. 38 (1999), 
1034.

[2] S. Dieluweit, D. Pum, U.B. Sleytr, Supramolec Sci 5 (1998), 15.
[3] A. Neubauer, S. Pentzien, S. Reetz, W. Kautek, D. Pum, and U.B. Sleytr, Sens. 

Actuators B 40 (1997), 231.
[4] P. Pum, A. Neubauer, U.B. Sleytr, S. Pentzien, S. Reetz, W. Kautek, Ber. Bunsenges. 

Phys. Chem. 101 (1997), 1686.
[5] A. Neubauer, W. Kautek, S. Dieluweit, D. Pum, M. Sahre, C. Traher, U.B. Sleytr, 

PTB-Berichte F-30 (1997), 149.
[6] M. Sahre, S. Reetz, B. Lindner, A. Medovic, U.B. Sleytr, A. Neubauer, W. Kautek, 

PTB-Bericht F-39 (2000), 8.
[7] W. Kautek, M. Sahre, and D.M. Soares, Ber. Bunsenges. Phys. Chem. 99 (1995), 

667.
[8] M Handrea, M. Sahre, A. Neubauer, U.B. Sleytr, and W. Kautek, Bioelectrochemistry, 

61 (2003), 1.
[9] S. Dieluweit, D. Pum, U.B. Sleytr; W. Kautek, Materials Science and Engineering 

C 25 (2005), 727.
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One Step Fabrication and Characterization of Gold 
Nanoelectrode Arrays Formed via Amphiphilic Block 

Copolymer Self-Assembly
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Department of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou 225002, 
China
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Molecular Scale Electron Transfer and In Situ Scanning 
Tunnelling Spectroscopy of Redox Molecules and 

Biomolecules
T. Albrecht1, J. Zhang1, Q. Chi1, A. M. Kuznetsov2, M. Grubb1, H. Wackerbarth1  

and J. Ulstrup1

1Department of Chemistry and Nano•DTU, Bldg. 207, Technical University of Denmark, DK-2800 
Lyngby, Denmark. 2The A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of the 

Russian Academy of Sciences, Leninskij Prospect 31, Moscow 119071, Russia

Molecular spectroscopy and electronic conductivity at the single-molecule level have 
developed broadly over the last decade. Single-molecule conductivity reports have 
mostly referred to ultra-high vacuum and/or cryogenic temperatures, but ambient 
air and aqueous solution environment has come in recent intense focus. Redox 
molecules have been particularly attractive by their sophisticated electronic function 
(amplification, negative differential resistance etc.) in electrochemical nanogap and 
in situ STM configurations. Recent experimental studies on single-(redox)molecule 
conductivity in electrochemical environments have been paralleled by new theoretical 
concepts and formalism for molecular scale electrochemical electron transfer, 
sometimes preceding experimental discoveries [1,2].
We provide first a brief overview of some concepts appropriate to two- and multi-
step molecular scale electronic conductivity of redox molecules confined between 
electrochemical nanogap electrodes or in an in situ STM gap. We then overview 
some cases of electrochemical in situ STM of redox molecules and biomolecules 
comprehensively studied in our group over the last couple of years. The systems 
include transition metal complexes [3] and, notably, both a redox metalloprotein 
(the blue copper protein azurin) [4] and a redox-functionalized oligonucleotide [5]. 
The systems display strong tunnelling spectroscopic features resembling molecular 
electronics function and broadly accord with theoretical frames. In this way they also 
substantiate new electron transfer phenomena.

1. J. Zhang, Q. Chi, T. Albrecht, A.M. Kuznetsov, M. Grubb, A.G. Hansen, H. 
Wackerbarth, A.C. Welinder, J. Ulstrup, Electrochim. Acta 50 (2005) 3143-3159.

2. Contributions in: Faraday Discussions, Molecular Wires and Nanoscale 
Conductors, 131 (2006).

3. T. Albrecht, A., Guckian, J. Ulstrup, J.G. Vos, NanoLett 5 (2005) 1451-1455.
4. Q. Chi, O. Farver, J. Ulstrup, Proc. Nat. Acad. Sci. USA 102 (2005) 16203-

16208.
5. M. Grubb, H. Wackerbarth, T. Albrecht, J. Wengel, J. Ulstrup, Work in progress.



S
y
m

p
o
s
iu

m
 4

 -
 P

o
s
te

r

Preparation of gold nanoplates modified indium tin oxide 
surfaces for electrochemical measurements

Akrajas Ali Umar and Munetaka Oyama,* 
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Study of the electrogeneration of Ag nanoparticles by 
Bidimensional Spectroelectrochemistry

Alberto Martínez, Oscar Orcajo, Álvaro Colina, M. Aránzazu Heras, Virginia Ruiz, 
Jesús López-Palacios* 

Departamento de Química. Facultad de Ciencias. Universidad de Burgos.
 Pza. Misael Bañuelos s/n E-09001 Burgos, Spain. 

* e-mail: jlopal@ubu.es
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Synthesis and characterization of alloys ru base 
produced by mechanical alloying

A. Ezeta-Mejía1., O. Solorza-Feria2, E.M. Arce-Estrada 1*

1Instituto Politécnico Nacional, Departamento de Metalurgia y Materiales. UPALM Ed. 7, 
 07830 México, D. F. MEXICO.

2Depto.Química Centro de Investigación y de Estudios Avanzados del IPN, A.P 14-740, 07000 
 México D.F., México.

Ru-Se and Ru-Mo (1:1 wt %) alloys have been produced by mechanical alloying using 
commercial Ru, Se and Mo powders. The formation process and structural properties 
of these nanocrystalline materials were characterized by X-ray diffraction (XRD) 
and Scanning Electronic Microscopy (SEM). The methods employed for studied the 
behavior electrocatalytic were cyclic voltammetry (CV) and rotating disc electrode 
(RDE). The electrocatalytic properties of these nanocrystalline materials were studied 
for oxygen reduction reaction (ORR) in 0.5 M H2SO4 aqueous solution at room 
temperature. XRD analysis of alloyed powders showed the presence of two phases. 
Scherrer´s equation was used to calculate average grain size ss an approximation. 
Ru-Se and Ru-Mo alloyed powders showed greatest catalytic activities for ORR than 
Ru bulk electrodes. The electrocatalytic behavior was related to characteristics of 
enhanced solubility, morphology and nanometric grain size exhibited by mechanically 
alloyed powders. 
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Elecrochemical Impedance Study of Polycarbazole and 
Its Derivatives
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Local Ionic Conductivity Measurements Using Atomic 
Force Microscopy Tips 

A.J. Bhattacharyya*, Y.-G. Guo, J.-S. Lee, J. Fleig and J. Maier
Max Planck Institute For Solid State Research, 70569 Stuttgart, Germany         
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Formation of Gold Nanoparticles using Amine Reducing 
Agents

J. D. S. Newman, G. J. Blanchard* 
Michigan State University, Department of Chemistry, East Lansing, MI  48824 USA

*blanchard@chemistry.msu.edu

We report on the use of amines as reducing agents in the formation of gold nanoparticles.  
We can predict whether or not the amines will function as reducing agents in this 
reaction based on their redox properties.  The kinetics of AuNP formation can be 
understood in terms of Marcus electron transfer theory, where the slower reactions 
proceed in the inverted region owing to the difference between the Au reduction 
potential and the amine oxidation potential.  For certain of the amine reducing agents, 
following reduction of HAuCl4, a subsequent reaction of the amine radical cation with 
other reducing agent molecules in solution can form poly(amine)s.  These findings 
point collectively to the utility of amines as reducing agents in AuNP formation and 
provide information on the conditions under which these reactions will proceed.
We have also used poly(allylamine) (PAH) as a reducing agent for the formation of 
gold nanoparticles (AuNPs).  The formation of AuNPs using this polymer matrix 
allows for the AuNPs to be imbedded in the polymer matrix, once formed.  The 
kinetics of AuNP formation are shown to be pseudo first-order in [HAuCl4].  The 
kinetics of AuNP formation are controlled by the ratio of reducing agent to HAuCl4 as 
well as the overall concentration of the PAH and HAuCl4.  Additionally, at low PAH: 
HAuCl4 ratios, the plasmon resonance wavelength can be controlled through the ratio 
of the reactants.  This plamson resonance shift shown to be related to AuNP size by 
means of TEM imaging data on the AuNPs.
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Nanostructured Pt/C electrocatalysts  
Preparation, size measurement and electrochemical 

behaviour
S. Brimaud, E. Garnier, C. Coutanceau* and J.-M. Léger

Laboratoire de Catalyse en Chimie Organique, Equipe Electrocatalyse, UMR 6503, CNRS-
Université de Poitiers 40 avenue du Recteur Pineau 86022 Poitiers Cedex FRANCE

*christophe.coutanceau@univ-poitiers.fr

It is well know that electrochemical reactions occurring under fuel cell conditions 
(electrooxidation of alcohol and carbon monoxide in reformate gas, oxygen 
electroreduction) are sensitive to the nature and the structure of the electrocatalyst. 
Therefore the precise characterization of nanostructured catalysts is of great interest in 
order to optimise the metallic charge and to approach catalytic fundamental processes. 
Nevertheless, the reproducible method of catalyst preparation has to be developed. 
The water-in-oil microemulsion was chosen to prepare platinum nanoparticles 
supported on carbon powder [1]. The weight loading of platinum dispersed on carbon 
was determined by correlation of thermal gravimetry and XRD measurements. From 
recent development in crystallography theoretical developments and mathematical 
tools to determine the nanoparticle size distribution from XRD diffractogramms 
could be used [2] which led to avoid the problem of statistical representativeness of 
a particle counting using TEM photographs. This procedure will be presented. The 
size distribution from DRX measurements will be compared with the size distribution 
obtained by TEM. At last, the increase of the mean particles size of platinum dispersed 
on carbon will be studied as a function of temperature under controlled atmosphere. 
The apparent activation energy of the sintering process of platinum nanoparticles will 
be discussed [3], which could be a new indicator for the characterization of stability 
and metal/support interaction of the electrocatalysts. A correlation between XRD 
results and electrochemical experiments (cyclic voltammetry, CO stripping, RDE 
measurement in CO saturated solution, in-situ InfraRed experiments) used to measure 
metallic area and catalyst behaviour will be presented. 

[1] S. Eriksson, U. Nylén, S. Rojas, M. Boutonnet, Appl. Catal. A : General 265 
(2004) 207.

[2] D. Balzar, N. Audebrand, M.R. Daymond, A. Fitch, A. Hewat, J.I. Langford, A. 
Le Bail, D. Louër, O. Masson, C.N. McCowan, N.C. Popa, P.W. Stephens, B.H. 
Tobyk, J. Appl. Cryst. 37 (2004) 911.

[3] N. Audebrand, J.-P. Auffrédic, D. Louër, Chem. Mater. 12 (2000) 1791.
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Catalytic reduction of H2O2 by Horseradish Peroxidase 
on Au and Pd via direct electron transfer

Sven Bugarski*, Werner Schindler, Ulrich Stimming 
TU-München, James-Franck-Strasse 1, 85748 Garching

*bugarski@ph.tum.de

It was shown by several groups that HRP can bind directly to Au surfaces and retain 
its catalytic activity by direct electron transfer from the electrode to the enzyme. The 
aim of our experiments is to investigate the catalytic reduction of H2O2 by Horseradish 
Peroxidase (HRP) on metal nano-clusters.
Before immobilizing enzymes to nano-clusters, their behaviour should be investigated 
on extended surfaces. Polycrystalline Au and Pd surfaces were used as substrates; the 
Pd substrate was obtained by depositing electrochemically three monolayers of Pd on 
Au.
Current densities of the direct oxidation/reduction of Au and Pd by H2O2 at different 
concentrations show that H2O2 is a highly reactive species, which produces undesired 
background currents. Using a concentration of [H2O2] = 0,1mM, the addition of HRP 
to the Au/H2O2 system produced cathodic currents at potentials between 100mV and 
900mV vs. NHE. In contrast to Au, the same experiment on a Pd surface produced 
cathodic currents at potentials between 600mV and 900mV vs. NHE, while for 
potentials between 100mV and 300mV vs. NHE, small anodic currents occurred.
STM experiments are currently done to clarify whether the different behaviour of 
HRP on Au and Pd can be explained by differences in adsorption.
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Nano- and Micro - Structured Composite Coatings  
SiC-Nickel: Electrochemical and Structural Studies

Lidia Benea1,*, Geta Carac2,, Alina Ciubotariu1, Magda Lakatos-Varsanyi3

1Faculty of Metallurgy and Materials Science, Dunarea de Jos University of Galati, 
47 Domneasca St., 800008 Galati, Romania.

2Dept. of Science – Chemistry, European Centre for Excellent Environment, 
111 Domneasca, 800008 Galati, Romania.

3Bay Zoltán Foundation; Institute for Materials Science and Technology
Budapest, H-1116 Hungary.

E-mail: Lidia.Benea@ugal.ro , getacc_2000@yahoo.com

At present the research and development of composite coatings of various types 
is of great interest. This is explained by their excellent combination of physical-
chemical properties, such as low friction coefficient, wear resistance, corrosion 
resistance and chemical stability, otical properties, etc. This work is focused on: 1) 
Electrochemical methods (cathodic polarisation and electrochemical impedance 
spectroscopy diagrams performed at cathodic potential) to study the influence of 
dispersed nanosized and microsised dispersed phases on the mechanism of nickel 
reduction; 2) Surface characterisation of composite coatings obtained by SEM and 
TEM. The composite coatings have been obtained by electrodeposition using a nickel 
Watts baths and two types of dispersed phases: nanosized SiC (20 nm mean diameter) 
and microsized SiC (30 µm mean diameter). Influence of nano- and micro- sized 
SiC particles on nickel electrodeposition was observed by potentiodynamic diagrams 
and electrochemical impedance spectroscopy measurements performed with and 
without dispersed particles. The charge transfer resistance calculated from impedance 
diagrams. The addition of silicon carbide particles displaces the nickel reduction 
curve to more positive potentials. The shift in reduction potential were attributed to 
an increase in the active surface area due to the adsorbed particles on the cathode and 
to a possible increase in ionic transport by dispersed particles with their ionic layers 
adsorbed. It is supposed that the dispersed particles are surrounded by a thin layer of 
(Ni2+) and (H3O+) ions adsorbed after the particles were introduced in the electrolyte. 
These positively charged particles could reach the cathode surface. The negatively 
charged particles will be rejected to the bulk of the solution. The EDS analysis show 
the presence of nanosized silicon particles in the composite layer by content of carbon 
and silicon founded. The SEM investigations shows that the composite coatings with 
nanosized dispersed particles develop in a nodular disturbed surface structure. The 
EDS spectra of composite coating obtained by codeposition of microsized SiC with 
nickel show a higher content of dispersed phase. The highest content of silicon carbide 
is due to bigger SiC particles (30 μm mean diameter). The structure of nickel matrix is 
also perturbed but seems to have a more regular grain size than that in the case of SiC 
nanoparticles codeposition. We suppose that the higher density of nucleation sites due 
to nanosized silicon carbide particles perturb the growth of nickel matrix resulting in 
smaller grain size and random orientation of nanostructured composite coating.

Acknowledgements to ESF - COST (STSM D19-00391 ) and CNCSIS (Grant A No. 
1347/2005-2006).
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Preparation of Anodic Porous Niobium Oxide for DNA 
biosensor applications 

Jinsub Choi,* Jae Hoon Lim, Jeong Ho Chang, Kyung Ja Kim 
Nanomaterials Application Division, Korea Institute of Ceramic

Engineering and Technology, Seoul 153-801, South Korea
*Corresponding author’s email address : jinsub@kicet.re.kr

The research activities for the preparation of new biosensors to detect DNA or protein 
have dramatically increased over the past decade. Immobilization of a DNA probe on a 
desired substrate is very important process for the preparation of DNA biosensor since 
the sensitivity in the detection of target DNA is significantly affected by immobilization 
step. In this presentation, we will discuss on the preparation of conductive porous 
niobium oxide by anodization [1] and its application for electrochemical DNA 
biosensors. 
In order to prepare self-ordered porous niobium oxide, anodization was carried out 
under well-controlled electrochemical oxidation conditions. In respect to the effects of 
electrolytes on the formation of porous structures, we found that a single HF electrolyte 
leads to the formation of pores as well as to the destruction of formed pores by the 
dissolution of pore wall, whereas the dissolution of the formed oxide is significantly 
retarded by the addition of appropriate amount of H3PO4. It is probably due to either 
the formation of thicker protective oxide films by PO43- or competitive adsorption of 
F- and PO4- on the metal surface, which leads to decrease of electrochemical reaction 
areas by F-. 
As the same tendency has been reported in the preparation of porous alumina, the 
interpore distance of porous niobium oxide is determined by anodization potential 
with a proportional constant of 1.4nm/V (vs. Ag/AgCl/ M KCl). As explained in the 
previous section, the electrolyte and the applied potential should match each other 
in order to prepare ordered porous structures. In that respect, it is found from SEM 
observation that optimized potential is 2.5V (vs. Ag/AgCl/ M KCl) in the mixture of 
1wt% HF and 1M H3PO4.
After an optimized anodic time (~1h), the pore walls are dissolved, resulting in the 
formation of interconnected pores at the surface (~2h), or destruction of porous 
structures (~16h). The density of pores at the surface does not increase after 1h, 
meaning that we could achieve porous structures with a high aspect ratio if the 
dissolution of the formed oxide is well controlled.
In addition, immobilization of ssDNA on anodic porous niobium oxide by selective 
terminus adsorption will be discussed in the presentation in detail. 

0345-139477
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Electrocatalytic Reduction of CO2 on Nanocrystalline 
TiO2 Film Electrode in aqueous solution
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Electrodeposition of Nanoporous Platinum from the 
Reverse Micelle Phase of a Nonionic Surfactant

Taek Dong Chung * 
Department of Chemistry and Center for NanoBio Applied Technology, Sungshin Women’s 

University, Seoul 136-742, Korea
*chembud@sungshin.ac.kr

A new fabrication method of nanoporous platinum thin film by electroplating from 
reverse micelle (L2) solution of nonionic surfactant is demonstrated. So far, metallic 
thin films with nanopores of a few nm scales have been deposited electrochemically 
in hexagonal (H1) lyotropic liquid crystalline phase1, or micelle-type assembly of 
surfactant formed on the electrode surface by a potential applied2. Although the 
lyotropic liquid crystal or the micelle-type aggregation is one of the dominant phases 
that the mixtures of water and surfactant can form, there are a few more phases to 
be exploited as templates for nanostructured materials. One of them is the reverse 
micelle solution (L2) phase, which electroplating of nanoporous metal has been hardly 
reported for. In this presentation, we will demonstrate that nanoporous platinum thin 
film can be fabricated by electroplating in reverse micelle (L2) solution, and propose 
it as a new electroplating method with valuable advantages. 
Through this work, nanoporous platinum thin films were successfully electroplated 
from reverse micelle solutions of a widely used nonionic surfactant, Triton X-100. 
The resulting platinum film showed a nanoporous structure (pore size 1.29(±0.29) nm 
and high roughness factor (ca. 232 for passed charge of 2.55 C cm-2). The observed 
pore size is smallest among the nanopores fabricated by electroplating method. The 
electroplating in L2 phase shows rapid plating and alleviates the electrode polarization. 
The high fluidity of the L2 phase may let itself to be adapted to the electroplating 
bath acceptable for the automated plating and mass production process. The use of 
nonionic surfactant is expected to make the structure of electroplated platinum less 
sensitive to the applied potential. In terms of electroplating nanoporous metals, these 
results extend the scope that has been limited within liquid crystalline template and 
potential controlled self-assembly. 

1. G. S. Attard, P. N. Bartlett, N. R. B. Coleman, J. M. Elliott, J. R. Owen, J. H. Wang, 
Science 1997, 278, 838.

2. K.-S. Choi, E. W. McFarland, G. D. Stucky, Advanced Materials 2003, 15, 2018.
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Core-Shell Dendrimer-Au@Prussian Blue Electrode 
Using Layer-by-Layer Self Assembly Approach 
 Frank N. Crespilho1,2*, Valtencir Zucolotto3, Christopher M.A. Brett2,  

Francisco C. Nart1 and Osvaldo N. Oliveira Jr3 
1Instituto de Química de São Carlos,Universidade de São Paulo, 13560-970, Brazil

2Departamento de Química, Universidade de Coimbra, 3004-535 Coimbra, Portugal
3Instituto de Física de São Carlos – Universidade de São Paulo- Brazil

 *frank@iqsc.usp.br

A novel class of modified electrodes has been prepared using polyelectrolytes 
and dendrimer-encapsulating metal nanoparticles using the layer-by-layer 
technique (LbL) [1]. In this work, we report the fabrication of nanostructured films 
comprising nanoparticle-containing polyamidoamine (G4-PAMAM) dendrimers and 
poly(vinylsulfonic acid) (PVS) through the LbL technique. Nanosized Au nanoparticles 
were grown inside PAMAM molecules using formic acid as the reduction agent. The 
PAMAM-Au hybrids were then assembled onto an indium thin oxide (ITO) electrode 
for electrochemical characterization. In subsequent electrochemical experiments, 
Prussian Blue (PB) was employed in order to evaluate the adsorption of a redox mediator 
onto the Au-nanoparticles (Au@PB), via electrodeposition. The presence of the PB 
mediator on the nanoparticles is interesting due to its outstanding electrochemical and 
electrochromic properties. In addition, materials based on PB molecules have been 
studied in self-organized media mainly because of PB’s ferromagnetic properties.
Formation of Au@PB was studied using 5 mmoL L-1 Fe(CN)6

-3 in 0.5 mol L -1 H2SO4 
electrolyte solution at a 6-bilayer ITO-PVS/PAMAM-Au. The voltammograms 
obtained corresponding to three stages of formation of the system core-shell Au@PB. 
During the first potential cycle, a redox pair due to hexacyanoferrate (II)/(III) as well 
as the oxidation and reduction peaks of the gold nanoparticles are observed. After 10 
cycles, the gold nanoparticles’ surface is already partially covered by adsorbed PB, 
as shown by the presence of two new anodic peaks attributable to PB at ca. 0.6 and 
0.8 V (Ag/AgCl) as well as that of gold. After two hours in the same solution, at open 
circuit, the gold oxidation peaks were not observed any more, indicating that the PB 
film had completely covered the Au nanoparticle surface, with formation of an ITO-
PVS/ PAMAM-Au@PB electrode. 
This approach could be applied in a number of technological applications such as 
biosensors and nanoelectronics where a reversible redox mediator is required.

[1] F.N. Crespilho, F. Huguenin, V. Zucolotto, P. Olivi, F.C. Nart, O.N. Oliveira Jr., 
Electrochem. Commun. (2006) 348–352.
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Modified porous electrodes applied in the detection of 
heavy metal cations

Cecilia Cristea1,*, R. Sandulescu1, C. Moinet2

1University of Medicine and Pharmacy « Iuliu Hatieganu », Faculty of Pharmacy, Department of 
Analytical Chemistry, 4 Pasteur 400 349 Cluj-Napoca, 

2Laboratoire d’Electrochimie et organométalliques, Institut de Chimie, University of Rennes 
1, Campus de Beaulieu, 35042 Rennes Cedex, France

*ccristea@umfcluj.ro

Heavy metals represent a serious pollution problem. Several heavy metals cations 
(Pb2+, Cu2+, Cd 2+, Hg2+) are known as extremely toxic and not biodegradable. 
Nowadays sensitive electrode materials were developed, capable to detect ppb levels 
in a very short time and with low cost analytical devices. Besides the detection of 
heavy metals from diluted solutions their removal became more and more important. 
The modified graphite felt electrodes were used over 20 years in electrocatalysis or 
in electro synthesis. Our first approach using these kinds of electrodes was to prepare 
by an unconventional way new heterocycles having biological activity1,2. Lately the 
covalent attachment of different catalyst on graphite-felt electrode was achieved 3.
The removal of heavy metals from diluted solutions is a research direction with 
application in drugs quality control, environmental protection and recovery of heavy 
metals, detection of heavy metals from biological fluids etc.
A new approach regarding porous carbon felt electrodes allowed us to modify by 
covalent grafting this electrode material. In this purpose some new promising 
materials from supramolecular chemistry known as water-soluble receptor for heavy 
metals cations were used 4. Among these, the aza oxo derivatives play an important 
role due to their remarkable stability and selectivity over a few heavy metals cations 
(Pb2+, Cu2+, Cd 2+, Hg2+ etc).
The presentation will discuss about the covalently modified porous electrodes and 
about the electroanalytical studies showing the detection and the removal of two 
heavy metal cations (Pb2+ and Cu 2+) from diluted solution using a divided flow cell.

1. C.V. Cristea, C. Moinet, M. Jitaru, M. Darabantu, J. Applied Electrochemistry, 
35(9), 845-849, 2005.

2. C.V. Cristea, C. Moinet, M. Jitaru, I.C. Popescu, J. Applied Electrochemistry, 35(9), 
851-855, 2005.

3. F. Geneste, C. Moinet, New J. Chem, 28, 722-726, 2004.
4. J.M. Loris, R. Martinez-Manez, M.E. Padilla-Tosta, T. Pardo, J. Soto, P. D. Beer, J. 

Cadman, D. K. Smith, J. Chem. Soc., Dalton Trans., 2359-2369, 1999.
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Interfacial wetting at nano-scale contoured surfaces 
Samantha J. Daisley and A. Robert Hillman *

Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK 
*Email: arh7@le.ac.uk 

Development of materials with spatially ordered features and functionality is 
significant for a range of applications including (bio)sensors, data-storage, microchip 
reactors and photonics[1]. The fabrication of materials with nano/meso-scale 
architecture often involves expensive techniques such as electron beam lithography or 
nanoscale lithography. Recent studies have yielded a simple cost efficient route for the 
preparation of mesoporous surfaces with pore sizes of a few hundred nanometers, via 
the formation of close packed arrays of uniform colloidal spherical particles (silica, 
polystyrene latex microspheres or polymethylmethacrylate) as sacrificial templates. 
The desired metal/semiconductor is electrochemically deposited in the interstices of 
the close packed spheres and the template is finally removed to leave the required 
highly ordered porous film[2]. Spherical particles suitable for template formation are 
readily available in a wide range of diameters (10 nm – 50 μm). As the pore size is 
directly related to the sphere diameter used in the template this enables the production 
of films with various pore sizes. Coupled with appropriate choice of deposited 
material, this can lead to films with novel electronic, optical, magnetic and chemical 
properties[2,3]. 
In many applications, one could anticipate that a critical issue would be the extent of 
penetration of solution into the porous film. This study sets out to address the extent of 
fluid penetration using the electrochemical quartz crystal microbalance (EQCM), here 
using 10 MHz AT-cut quartz resonators with Au electrodes. Copper nano-porous films 
were prepared by electrochemical deposition from acidified 1x10-3 mol dm-3 aqueous 
CuSO4, through polystyrene latex microsphere templates of varying sizes, onto the 
Au surface of the quartz resonator. Dissolution of the polymer template reveals the 
ordered porous film. We describe the use of the EQCM as a gravimetric probe of 
surface composition, providing precise and sensitive in situ real time monitoring of 
film deposition. AFM images also support the success of the deposition strategy. The 
effects of pore size, fluid properties and surface derivatization on film wetting will 
be examined and compared to a recent theoretical model for the wetting of idealized 
corrugated surfaces [4].

[1] A.A. Zhukov, E.T. Filby, A.V. Goncharov, M.A. Ghanem, P.N. Bartlett, R. 
Boardman, H. Fangohr, V.V. Metlushko, V. Novosad, G. Karapetrov and P.A J. de 
Groot, Journal of Low Temperature Physics, 139 (2005) 339.

[2] P.N. Bartlett, J.J. Baumberg, S. Coyle and M.E. Abdelsalam, Far. Disc., 125 (2004) 
117.

[3] A.S. Dimitrov, T. Miwa and K. Nagayama, Langmuir 15 (1999) 5257.
[4] L.A. Theisen, S.J. Martin and A.R. Hillman, Anal. Chem., 76 (2004) 796.

Acknowledgment: SJD thanks the EPSRC for a studentship.
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Can Nanomaterials Improve Energy Storage?
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by the Liquid Phase Infiltration Method
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Electrochemical-chemical fabrication of (Cu,Ag-)oxide 
– porous indium phosphide nanocomposites

A.I. Dikusar1*, P. G. Globa1, O. O. Redcozubova1, S. P. Sidelnikova1,   
L. Sirbu2 and I. M. Tiginyanu1, 2

1 Institute of Applied Physics of Academy of Sciences of Moldova
 5 Academy str., MD-2028 Chisinau, Republic of Moldova, dikusar@phys.asm.md

2 Center for Materials Study and Testing, Technical University of Moldova, 168 Stefan cel Mare str., 
MD-2004 Chisinau, Republic of Moldova, tiginyanu@yahoo.com

* dikusar@phys.asm.md

We investigated the chemical-electrochemical plating techniques as a method of 
fabrication of nanocomposites on the basis of AIIIBV semiconductor materials (n-
InP). The results of fabrication of nanocomposites by means of electroless plating 
of copper and silver oxide in pores of n-InP on the basis of structures produced by 
method of electrochemical anodic dissolution are reported.  Parallel pores (diameter of 
pores � 80 - 110 nm) stretching perpendicular to the initial surface of the sample were 
introduced by electrochemical dissolution of bulk n-InP substrates in HCl aqueous 
solution under conditions of self-arrangement of pores in two-dimensional hexagonal 
lattice (aspect ratio A = h/d ~ 500, where h – depth of pore, d – diameter of pore). The 
kinetics of metallization and features of distribution of metal oxide in nanopores at 
high A are described. 
We demonstrate the filling degree of nanopores is determined by rate of chemical 
deposition. Relatively high rate of deposition of copper oxide (from glycerate 
aqueous solution for chemical coppering) results in nonuniform filling of pores and, 
as a consequence, low throwing power of electrolyte and low filling degree of pores.  
Unlike this considerably lower rate of chemical plating of silver oxide (from solution 
containing triethanolamine) results in higher uniformity. In consequence of this the 
conditions, under which the filling degree of pores by metal oxide is higher, are 
realized. At electroless plating of silver oxide the uniform average concentration of 
metal (from oxide) in pores being equal ~ 50 wt % is reached.

This work has been supported by CRDF/MRDA, grant nr. MOE2-3062-CS-03.



S
y
m

p
o
s
iu

m
 4

 -
 P

o
s
te

r

Microscopic studies of organic electrochemical 
intercalation and Cu electrodeposition on 1T-TaS2

*Sujit Kumar Dora1, Yinxiang Bai1, Olaf Magnussen1, 
Mady Elbahry2, Rainer Adelung2 

1Institut für Experimentelle und Angewandte Physik, Christian-Albrechts-Universität zu Kiel, 
Leibnizstraße 19, 24118 Kiel, Germany

2Technische Fakultät der Christian-Albrechts-Universität zu Kiel
Kaiser straße 2,24118 Kiel, Germany

*dora@physik.uni-kiel.de

Transition metal dichalcogenides are ideal host materials for the intercalation of 
organic molecules, resulting in large changes of structural and electronic properties. 
Furthermore, vapour deposition on these layered crystal surfaces results in the 
formation of various metallic nanostructures, in particular metal nanowire networks. 
In this study the atomic-scale mechanisms of the electrochemical intercalation /
deintercalation of pyridine[1] and octylamine[2] in 1T - TaS2 and the formation of 
Cu nanowires by electrodeposition on  1T - TaS2 were investigated by in-situ electro-
chemical STM, AFM, electron microscopy, and cyclic voltammetry.STM studies 
in 0.01 M pyridine and octylamine solution (pH 3) show characteristic structural 
changes in the surface morphology at potentials negative of -0.45V vs. SCE, where 
intercalation commences, indicate an important role of surface defects, such as holes 
and steps.  In particular, the formation of holes, step flow etching and the formation 
of small islands of submanolayer height were observed. Studies of Cu deposition on 
TaS2 reveal that metal nanowires can not only be formed under vacuum conditions 
[3], but also by electrochemical deposition. Using a combination of ex-situ scanning 
electron microscopy, and AFM the morphology of these wires and of the TaS2 substrate 
was characterized as a function of coverage and deposition rate. These observations 
indicate characteristic differences to Cu nanowires formed by vacuum deposition and 
provide details on the growth process.

[1]  T.K.Kim, V.P. Babenko,B.N, Novgorodov, D.I. Kochubey, Sh.K. Shaikhutinov, 
in: Nuclear Instruments and Methods in Physics Research section A,Vol. 405, 
Issue 2-3,  p. 348-350   

[2] E.D Brandner, A. Munier, J.M Zhu, B.A. Averill and B.S.Shivaram in :Journal of           
materials Science, Vol. 33, Number 7, p.1949-1954

[3] R.Adelung, R.Kunz, F.Ernst, L.Kipp, and M. Skibowski,  in :Adv. in Solid State 
Physics 43,  B.Kramer (Ed.), Springer, Heidelberg,2003, p.463-476
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Effect of Introducing Oxygen Type Functionalities on the 
Electrochemical and Conductance Properties of Single 

Walled Carbon Nanotubes
I. Dumitrescu,a N. R. Wilson,b P. R. Unwin,a J. V. Macpherson a* 

aDepartment of Chemistry and bDepartment of Physics, University of Warwick, Coventry, CV4 7AL, 
UK

j.macpherson@warwick.ac.uk

Increasingly, the importance of chemically functionalized SWNTs for chemical sensing 
type applications is becoming recognized.1 Carboxylate (-COOH) derivatisation 
of SWNTs, through acid etching, is often the first step in the route to chemically 
functionalize SWNTs.2 However, the effects of this process on the electrochemical 
and solution conductance properties of the SWNTs, which is obviously important for 
solution-based chemical sensing applications, is still little understood. In this study, 
we introduce oxygen functionality into the SWNTs in two ways; through (a) acid 
etching and (b) plasma ashing.3 The SWNTs are grown in network form on insulating 
substrates using catalyzed chemical vapour deposition (CVD) and sputtered iron as 
the catalyst. Modifications to the structure of the SWNTs are studied using various 
imaging techniques and Raman spectroscopy, whilst changes in conductivity across the 
networks are investigated using electric force microscopy, two point probe conductance 
measurements and silver electrodeposition. It is found that the major effect of acid 
reflux treatment is shortening of the SWNTs leading to a reduced number of tube-
tube contacts and decreased network conductivity. In addition, Raman microscopy 
shows preferential oxidative attack at metallic SWNTs. In contrast, the predominant 
mechanism during plasma treatment appears to be sidewall functionalisation. The 
change in the hybridisation of the carbon atom from sp2 to sp3 leads to a drastic change 
in SWNT electronic structures4, as supported by Raman spectroscopy and conductance 
measurements. The effect of both treatments on the electrochemical response of inner 
sphere and outer sphere electron transfer processes at SWNT electrochemical devices 
has also been explored. 

1. (a) A. Hirsch, Angew. Chem. Int. Ed. 2002, 41, 1853-1859; (b) Z. N. Utegulov, D. 
B. Mast, P. He, D. Shi, R. F. Gilland, J. Appl. Phys. 2005, 97, 104324; (c) E. Katz, 
I Willner, ChemPhysChem 2004, 5, 1084-1104.

2. S. Banerjee, T. Hemraj-Benny, S.S. Wong, Adv. Mater. 2005, 17, 17-29.
3. I. Dumitrescu, N. R. Wilson, P. R. Unwin, J. V. Macpherson, paper in preparation.
4. J. Zhao, H. Park, J. Han, J. P. Lu, J. Phys. Chem. B 2004, 108, 4227-4230.
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Diagnostics of nanostructured low-conducting matrix 
using impedance spectroscopy

V. L. Karbovsky1, Yu. S. Dzyazko2,  A. G. Dzyazko3, V. A. Dubok4
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3Taras Shevchenko University, Vladimirskaya str. 64, 01033, Kiev, Ukraine
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Scanning ion conductance microscopy: Development and 
applications

Martin A. Edwards, Cara G. Williams, Anna L. Whitworth, Julie V. Macpherson, 
Patrick R. Unwin*, 

Department of Chemistry, University of Warwick, Coventry, CV4 7AL, U.K.
*P.R.Unwin@warwick.ac.uk

Scanning Ion Conductance Microscopy (SICM) [1,2] is a high resolution, non-contact 
electrochemical imaging technique. Imaging takes place under solution, whereby an 
electrode containing, micro- or sub-micro- pipette filled with electrolyte is scanned 
in a raster pattern over the substrate, while a potential is applied between the intra-
pipette electrode and a reference electrode. The magnitude of the ionic current varies 
with the proximity of the substrate and can be calibrated to give a measure of distance 
between the pipette and the surface. Furthermore, upon scanning over pores one is 
able to detect current due to ionic flow.
The diameter of the pipette aperture dictates, to a large extent, the resolution of the 
instrument, thus micro- and sub-micro- resolution is readily attainable. This work will 
describe the construction and testing of an instrument suitable for both SICM and 
scanning electrochemical microscopy (SECM). Preliminary findings on a range of 
substrates are presented, including the imaging of a microporous biological substrate 
(dentine).

References
[1] P.K. Hansma, B. Drake, O. Marti, S.A.C. Gould, C.B. Prater, Science 243 (1989) 

641.
[2] A.I. Shevchuk, J. Gorelik, S.E. Harding, M.J. Lab, D. Klenerman, Y.E. Korchev, 

Biophys. J. 81 (2001) 1759.
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On the Origin of the Spontaneous Potential Oscillations 
Observed during Galvanostatic Deposition of Layers of 
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Electrochemical Investigation of Molecular          
Transport into Nanostructured Silica Thin Films 

M. Etienne,a* D. Grosso,b A. Quach,b C. Boissière,b C. Sanchez,b A. Walcariusa 
a: Laboratoire de Chimie Physique et Microbiologie pour l’Environnement, UMR 7564, CNRS-
Université H. Poincaré Nancy I 405, rue de Vandoeuvre, F-54600 Villers-lès-Nancy, France. 

b: Laboratoire de Chimie de la Matière Condensée, UMR 7574, CNRS - Université Pierre et Marie 
Curie, 4, place Jussieu, 75 252 Paris Cedex 05

*etienne@lcpme.cnrs-nancy.fr

The intersection between silica-based mesoporous materials and electrochemistry 
is very rich. Material science takes advantage of the powerful tools provided by 
electrochemist community to characterize processes occuring into their materials, 
especially the monitoring of mass transfer processes [1]. And from the other side, 
electroanalysts can exploit mesoporous materials for the development of new sensor 
devices [2]. 
Since the discovery of mesostructured MCM-41 materials [3], an intense research has 
been devoted to the control of the porosity of sol-gel materials by use of templated 
molecules. In particular, important effort has been made to shape the mesoporous 
material in the appropriate form: particles with varying size and shape, monoliths, 
fibers and films.
Evaporation Induced Self-Assembly (EISA) has been introduced recently to prepare 
thin mesoporous films with controlled mesostructure [4]. With using Cetyltrimethyl-
ammonium Bromide (CTAB) as template, the EISA method allows to prepare 
thin films with various textures (p6m, P63/mmc and Pm3n) and thicknesses. It is 
particularly important to control the relative humidity into the deposition chamber 
during the evaporation process in order to direct the mesostructure [5].
The present work deals with the electrochemical investigation of mass transfer 
processes into mesostructured silica thin films as deposited by EISA method onto 
Indium-doped Tin Oxide (ITO) electrodes. The porosity of the different films (with 
p6m, P63/mmc and Pm3n textures) have been characterized by ellipso-porosimetry 
using water adsorption-desorption cycles. Electrochemical characterizations by cyclic 
voltammetry and wall-jet electro-chemistry were performed in aqueous solution using 
electrochemical probes displaying various charges and sizes (I-, Fe(CN)6

3-, Ru(bpy)3
2+, 

FcMeOH).
Strong modification in permeability results from modification of the material texture. 
This study points out the importance of texture control in thin film technology when 
considering applications that involve mass transfer through such thin layers, as for 
example electrochemical sensing devices.
[1] A. Walcarius, M. Etienne, B. Lebeau, Chem. Mater. 2003, 15, 2161.
[2] A. Walcarius, C. R. Chim. 2005, 8, 693.
[3] C.T. Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli, J.S. Beck, Nature 1992, 

359, 710.
[4] J.B. Brinker, Y. Lu, A. Sellinger, H. Fan, Adv. Mater. 1999, 11, 579.
[5] D. Grosso, F. Cagnol, G.J.A.A. Soler-Illia, E.L. Crepaldi, H. Amenitsch, A. Brunet-

Bruneau, A. Bourgeois, C. Sanchez, Adv. Funct. Mater. 2004, 14, 309. 
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Template synthesis and examination of cadmium 
nanostructures

Anna Frydrychewicz, Krystyna Jackowska
Faculty of Chemistry, Warsaw University, Pasteura 1 02-093 Warsaw Poland

frydrych@chem.uw.edu.pl

In this study we have electrochemically produced and examined cadmium nanorods 
of defined diameters and lengths. As the templates polycarbonate membranes of 
various porosities (from 50 to 800 nm) were used. These membranes were attached 
on to a graphite paste electrode and cadmium was electrodeposited electrochemically 
via cyclic voltammetry or chronoamperommetry. After synthesis the samples were 
examined by scanning electron microscopy (SEM) and atomic force microscopy 
(AFM).
Cyclic voltammetry was mainly used for prepreparation, wetting and conditioning of 
membrane template. 
Chronoamperometry was realized in different time and potential regimes. The i vs. t 
plots were used to establish the mechanism of cadmium nucleation and growth within 
the pores. We have found cadmium to nucleate instantaneously on graphite paste 
and on template covered graphite. However, the presence of membrane provokes 2D 
growth of existing nucleus while 3D growth prevails on uncovered graphite.
AFM and SEM images confirmed that Cd deposition starts at the bottom of the pore 
and provided the deposition time is long enough,  nanorods emerge from the pore 
and eventually cadmium crystals starts to grow over the membrane. The shape of 
cadmium dendrites covering the template depends on membrane porosity and time 
of deposition.
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means of the damascene process for microelectronics
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DC electrodeposition of niquel and cobalt on AAO 
templates with highly ordered pores

H. Gómez*1 , A. Cortés1,  E. Dalchiele2
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C.C. 30, 11000 Montevideo, Uruguay.
* e-mail: hgomez@ucv.cl

Electrodeposition inside nanoporous membrane templates provides a versatile 
approach to prepare free-standing nanowires of metals, semiconductors and polymers. 
Provided the diameter and the density of the pores can be properly controlled, porous 
anodic aluminum oxide (AAO) is particularly suitable for this purpose. Current 
work deals with the optimization of the experimental conditions for obtaining AAO 
templates with pores ordered in a hexagonal structure for further potentiostatic 
electrodeposition of nickel and cobalt nanowires. In order to obtain a homogenous 
surface, aluminum was successively pre-treated with annealing, mechanical polishing 
and electropolishing.  Anodization was conducted   in two steps in 0.30M  oxalic acid 
at a voltage of 40V and 20°C. V.  After the first anodization, the oxide is dissolved in a 
H3PO4 /H2CrO4 mixture which leaves a pre-textured aluminum substrate with concave 
hemi-spheres very well distributed, serving as preferential nucleation sites for the 
pores formed in the second anodization.  This procedure assures a maximum order in 
the final porous structure as confirmed by AFM images from which a pore diameter 
and interpore spacing of 30nm and 100nm, respectively, was verified.   
The effect of overpotential and pH at room temperature on the structure of Ni and Co 
nanowires were systematically studied. XRD shows that at -0.900 V (vs Ag/AgCl) Ni 
nanowires present a preferred crystallographic orientation along the [111] direction, 
changing to [220] at -1.10 V. Possible reasons for this behavior are discussed on the 
basis of thermodynamics and electrochemistry. In turn, the increase in pH produces a 
better crystallinity without orientation changes. On the other hand, the XRD of the Co 
nanowires were more complex, probably due to the fact that this metal can be found 
either in the cubic or hexagonal phases. The latter is stable at higher temperatures 
however, some authors have reported its presence in nanowires prepared at room 
temperature.  This behavior should be examined in detail further. 
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Preparation of Co-Ag nano-heterogeneous films by 
electrodeposition

E. Gómez*, J. García-Torres, E. Vallés
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(Spain)
*e.gomez@ub.edu

In recent years the development of magnetoresistive materials in which nanometric 
clusters of ferromagnetic metals are included in a non ferromagnetic matrix has 
attracted much interest. The possibility to obtain this kind of materials by means of 
electrodeposition is contrastable. Silver is an excellent matrix to include ferromagnetic 
metals. In this line, our interest is the design of silver baths to allow the simultaneous 
electrodeposition of cobalt to prepare magnetoresistive films, taking into account the 
substantial difference between the standard potentials of cobalt and silver metals.
Electrodeposition of silver films, potentially useful as a matrix for cobalt-silver 
magnetoresistive materials, is studied in perchlorate bath over vitreous carbon electrode. 
Acidic baths are used, varying the pH between 2 and 5. Silver electrodeposition at 
negative potentials is analyzed in order to attain deposition potentials next to those of 
cobalt using 0.1 mol dm-3 of thiourea as complexing agent. Voltammetric experiments 
show that the presence of thiourea shifts the deposition process to negative potentials 
and decreases the deposition rate. Thiourea allowls silver electrodeposition in a wide 
range of potentials in which secondary process of proton reduction is not significant.
Scanning electron microscopy analysis of deposits obtained potentiostatically shows 
that the presence of thiourea in the bath is beneficial, since the silver films coated 
the substrate completely, as opposed to behaviour observed from a free-thiourea 
bath. Furthermore, the obtained silver deposits are compact, fine grained but rough. 
Compositional analysis shows that S is not incorporate in the deposits.
New species as sodium gluconate (0.1-0.3 mol dm-3) and boric acid (0.1-0.3 mol dm-3) 
are added to the electrolytic bath to improve the quality of deposits. Their presence 
does not modify the general behaviour of the deposition process. Deposits are fine-
grained, smooth and uniform up to more negative deposition potentials, in the same 
way as the potential range in which coherent deposits are obtained is enlarged. 
However, when very negative potentials are used, dendrític growth develops. As 
silver electrodeposition results very sensitive to temperature in the tested bath, low 
temperature (15ºC) is selected to perform the deposition. The lowering of bath 
temperature shifts the onset of the deposition process to negative values, close to 
those of cobalt deposition, maintaining the deposits quality.
Cobalt-silver codeposition is studied in the silver optimized bath, using always 
a high cobalt (II) : silver (I) ratio in order to obtain nano-heterogeneous Co-Ag 
deposits with moderate cobalt percentages adequate to magnetoresistive behaviour. 
Voltammetric experiments allow selecting the more adequate conditions to perform 
the electrodeposition. Different deposition techniques (single step or multi step), bath 
composition and several potentials or current densities are tested to delimit the cobalt 
percentages in the uniform binary Co-Ag deposits. 
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We have prepared ultrathin nanostructured melanin films on Au(111) by using an 
electrochemical method. Film formation takes place at a noticeable rate at E = –1.0 V 
(vs SCE) in 0.100 M NaOH. High resolution STM images at the early stages of growth 
show that the smallest units of the film, 5-8 nm in size and 0.3-0.4 nm in height, form 
ordered arrays that closely follow the Au(111) topography by electrochemical self-
assembly process. These films contain iron species and were characterized by Auger 
electron spectroscopy, scanning tunneling microscopy, magnetic force microscopy 
and electrochemical techniques. The inorganic-organic composite exhibits magnetic 
properties and catalyze the hydrogen peroxide electroreduction in alkaline and neutral 
electrolyte solutions. Results from this paper can be used for understanding the 
complex chemistry and electrochemistry of the iron-melanin system that seems to be 
involved in Parkinson´s pathogenesis.
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3D Electron Tomography Characterization of Nickel 
Foams and Their Electrocatalytic Activity 
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Micro- and nano-structured nickel materials are used in rechargeable batteries, fuel 
cells and supercapacitors either as an active electrode mass or a current collector.  
One of the most important issues related to the implementation of Ni-based, high 
surface area materials is a reliable evaluation of their active surface area, mechanical 
properties, chemical stability and electrical conductivity.  Suitable methods should 
be applied to analyze porous, micro- and nano-structured Ni materials, such as 
foams, filamentary powders, and polycrystalline sheets or wires.  In this contribution, 
we present results on comprehensive materials science and electrochemical 
characterization of industrial nickel foams (INCOFOAM�).  3D electron tomography 
analysis reveals a fibrous nanostructure within individual micro-fibres of the foam’s 
3D skeleton.  Electrochemical characterization of the foams is performed in aq. KOH 
solution.  We investigate the behaviour of “as-received” foams and compare it to 
that of the same materials after chemical etching.  The results show that the etching 
reduces the amount of Ni surface oxides/hydroxides formed as well as increases its 
surface roughness.  We analyze different experimental methods to determine the 
active surface area.  The first approach is based on the charge density associated with 
the reversible oxidation of Ni (to α-Ni(OH)2), whereas the second is based on the 
double-layer charging current.  We observe that the capacitive behaviour of the foams 
is affected by Mott-Schottky capacitance. The data show that the conditions at which 
the reversible Ni oxidation is carried out should be carefully selected in order to avoid 
the possible overlap of the H2 oxidation current and the irreversible transition between 
various forms of Ni(II) compounds (α-Ni(OH)2 and β-Ni(OH)2).  We further study the 
kinetics and mechanism of the hydrogen evolution reaction (HER) at the Ni foams.  We 
investigate HER at “as-received” and pre-treated Ni foam.  The pre-treatment methods 
include chemical etching, anodic oxidation and cathodic polarization, and lead to an 
increase of the surface roughness as well as changes in the reduction/formation of Ni 
surface oxides (such as NiO, Ni(OH)2, or NiOOH).  The pre-treatment changes both 
the Tafel slope (b) and the exchange current density (io) of HER, because the reaction 
is affected by the electronic state of the electrode surface.  The chemical etching leads 
to an increase of b and io.  We analyze the changes in kinetic parameters of HER on 
the basis of modification of semiconducting properties of the electrode surface.  The 
results obtained using the Ni foams are compared to those for bulk-type Ni. 

1 On leave of absence from the Department of Chemistry, Warsaw University, Warsaw, Poland 
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The dynamics of the basic elements of the Au(100) surface reconstruction -

hexagonally-ordered five atom wide strings, embedded in the topmost atomic Au layer

- has been studied by Video-STM in 0.01 M Na2SO4 + 0.001 M HCl. These “hex”-

strings can be observed during the potential-induced phase transition from Au(100)-

(1x1) to the “hex” reconstructed surface.

In this work we will focus on the surprisingly high mobility of isolated “hex”-

strings parallel and perpendicular to the string direction [1-3]. In particular, results of a

detailed quantitative study of the motion perpendicular to the string direction will be

presented, using “hex”-strings which are confined by other, perpendicular running

strings on each end (Fig. 1). This study reveals (a) that two elementary processes

(jumps by one and by two Au spacings, respectively) contribute approximately equal to

this motion and (b) that the perpendicular mobility does not depend on the string

length. These observations can be explained within a simple model, where the string

moves due to nucleation and propagation of lateral string distortions “kinks”.

Furthermore, we discuss potential- and temperature-depend measurements, which show

that the string mobility increases towards more negative potentials and is thermally

activated.

Fig.1: Video-STM sequence showing the motion of confined “hex” strings on Au(100).
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In-situ Video-STM study of the dynamic behavior 
of nanoscale metal strings on reconstructed Au(100) 

electrodes
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the Te-Modified Au electrode 
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Effects of surfactants on the crystal growth and 
electrochemical properties of gold nanoparticles on 

indium tin oxide surfaces
Toshihiro Horibe, Munetaka Oyama* 
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Metal nanoparticles have unique optical, electronic, magnetic, and catalytic properties 
that are often different from those of the bulk metals.  These properties are currently 
under intense study for potential uses as optoelectronic components, spectroscopic 
enhancers, biological detection labels, and chemical sensing elements.  For 
electrochemical measurements, much attention has been devoted to the modification 
of electrodes with metal nanoparticles, which is a promising approach to provide 
nano-structured functional interfaces [1]. 
 In recent years, our group is studying on the fabrication method of gold nanoparticles 
directly attached indium oxide (AuNP/ITO) electrode.  By utilizing the seed-mediated 
growth approach, which was developed for the wet synthesis of gold nanorods by 
Murphy et al [2], we successfully attached AuNP onto the ITO surface without using 
peculiar binding reagents [3].  A characteristic feature of the AuNP/ITO is the reduced 
charge transfer resistivity due to the nature of the direct attachment, which was verified 
using the electrochemical impedance measurement.  
In our previous works, cetyltrimetylammonium bromide (CTAB) has been used as a 
capping reagent, which allowed some further modification [4] as well as the electron 
transfer reactions thorough the weaker capping.  However, to know the effects of the 
capping reagents, we need to observe what happen if we used the different ones.
Thus, in the present work, we tried to attach AuNPs onto ITO in the presence of 
sodium dodecyl sulfate (SDS).  SDS was selected because it is an anionic surfactant 
though CTAB is cationic.  Moreover, it has been reported that, in solution phase, 
highly faceted pentagonal shaped AuNPs were synthesized in the presence of SDS 
[5]. 
As the result for optimizing the reduction conditions to promote the nanostructural 
growth of AuNPs on ITO, we could fabricate the AuNP/ITO even in the presence of 
SDS.  Thus, the electrochemical properties were compared depending on the nature 
of the capping reagents, i.e., CTAB or SDS.  The results of the electrochemical 
impedance measurements showed that the electron transfer resistivity was improved to 
a similar extent for both CTAB and SDS.  In the cyclic voltammetric measurements of 
Fe(CN)6

3-/4- and Ru(NH3)6
3+/2+, no dramatic changes were observed due to the charges 

of the reactants and surfactants, so that it is expected that both surfactants are loosely 
capping the AuNPs.  The detailed results will be presented at the meeting, together 
with the results of other capping reagents.
[1]  W. Cheng, S. Dong, E. Wang, Langmuir 18 (2002) 9947.
[2]  B. D. Busbee, S. O. Obare, C. J. Murphy, Adv. Mater. 15 (2003) 414.
[3]  M. Kambayashi, J. Zhang, M. Oyama, Cryst. Growth & Des. 5 (2005) 81.
[4]   J. Zhang, M. Oyama, J Electronal. Chem. 577 (2005) 273.
[5]  C.H. Kuo, T.F. Chiang, L.J. Chen, M. H. Hung, Langmuir 20 (2004) 7820. 
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Innovative Electrochemical Processes towards Industrial 
Applications

    Yasuhiko Ito * and Tokujiro Nishikiori**
*Department of Environmental Systems Science, Faculty of Engineering, 

Doshisha Univ., Kyotanabe, Kyoto 610-0321, Japan (yasito@mail.doshisha.ac.jp ) 
**   I’MSEP Co.Ltd., 134 Chudoji Minamimachi, Shimogyo, Kyoto 600-8813, Japan

The authors and coworkers have been extensively challenging to create and develop 
innovative molten salt electrochemical processes (MSEP), some of which are currently 
progressing towards commercialization steps. 
Functional Nitride Films
Cathodic reduction of nitrogen gas occurs with sufficiently high current density, under 
moderate condition by using a nitrogen gas electrode in a molten LiCl-KCl system. This 
reaction can be used as a counter electrode for the electrochemical implantation of nitrogen 
atom into metal, to form various types of functional nitride film.   For instance, in case of 
the electrochemical surface nitriding of stainless steel (SUS 304), an adhesive coherent 
nitrided layer was formed on the specimen surface and the hardness in the layer increased 
up to about 1300 Hv.   And the layer can be formed both on the outside and inside surfaces 
of the thin tube homogeneously. This process is also applicable to synthesize various types 
of semiconductor and magnetic materials.  
Functional Carbon Films     
     Carbon film with interesting morphology can be electrochemically formed by a cathodic 
reduction of CO3

2- ion dissolved in LiCl-KCl eutectic melt at, for instance,   723K. Here, 
total cathodic reaction is expressed as: CO3

2-  + 4 e-  �  C  +  3O2- Morphology of the 
electrodeposited carbon is drastically affected by the electrolytic conditions as well as 
the substrate metal, and by applying appropriate electrolytic conditions, the carbon film 
having interesting nano-structured construction can be obtained. Beside the function of 
surface coating of various substrate, this electrolytically  deposited carbon film can be 
applied for an electrochemical capacitor and/or negative electrode of Li-ion battery. This 
process is also interesting from the viewpoint of the fixation of CO2. When CO2 is bubbled 
into the melt, it reacts with O2- ion in the melt produced by reaction (1) to become CO3

2-, 
according to the reaction:
CO2  +  O2-  �  CO3

2-.   The CO3
2- ion thus produced is cathodically reduced to form functional 

carbon film.  The remaining oxide ion can be oxidized at the anode to evolve oxygen gas 
according to the reaction: 2 O2-  �  O2  +  4 e- .   As a result,  CO2 is electrochemically fixed 
in the form of ‘valuable’ functional carbon.   On the other hand, when sufficiently reactive 
carbon is used as an anode, alternative reaction is the anodic dissolution of carbon. Thus, 
low quality carbon can be transformed to the valuable functional carbon film.

Plasma-induced Electrolysis to Form Fine Particles   
Even in the case where one electrode is positioned outside over the electrolyte 
surface, plasma-induced stationary discharge makes continuous electrolysis 
possible under some appropriate conditions even under atmospheric pressure.  By 
this process, various kinds of fine particles have been formed; Ag, Cu, Ni, Nb, 
Ta, C, TiO2, WS2, MoS2 and C3N4. Especially, the fine particles of Nb and Ta thus 
obtained are attracting much attention from the viewpoints of commercialization.   
The bench-scale experiments have been conducted in success by the authors. 

References 
[1] Y. Ito,  Electrochemistry, 73, 545 (2005) 
[2] Y. Ito, Proc.7th Int. Symp. on Molten Salts Chemistry and Technology, 33 (2005)
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Since cohesive and free surface energy are linearly correlated with each other and 
with electrocatalysis for hydrogen electrode reactions, the stronger the intermetallic 
bonding, the less strong the adsorptive interaction of rate determining intermediates 
and the more active such a composite electrocatalyst arises. The same effect imposes 
the Strong Metal Support Interaction (SMSI) between the individual or prevailing 
hyper-d-interelectronic catalyst and usually hypo-d-oxide supports. Besides the 
strong d-d-bonding effect, there also arises the interactive spillover effect of primary 
oxides (M-OH), these being decisive for both cathodic CO oxidation and oxygen 
reduction (ORR). The present paper is primarily based on and introduces highly 
electronic conductive and SMSI Magneli phases (in average Ti4O7) along with their 
anatase titania surface modification as interactive supports for Low Temperature PEM 
Fuel Cells (LT PEM FC) and membrane-type hydrogen generator in water splitting. 
Since nanostructured electrocatalysts usually feature the SMSI effect only along the 
circumference of two phase interactive contacts, such an effect tends to its maximum 
when metallic catalyst distribution approaches monoatomic network dispersion and 
almost individual interatomic strong bonding with the interactive support. Such a 
SMSI Au upon anatase titania and Magneli phases has been shown to be interactively 
brought to feature the reversible properties of hydrogen electrode along with advanced 
CO tolerance. At the same time a monoatomic network of Pt dispersion upon Magneli 
phases exceeds all results achieved so far in electrocatalysis for the ORR and promises 
to approach the reversible oxygen electrode properties upon both acidic and even 
more so alkaline membranes. New trends towards higher middle temperatures (above 
160 oC), in particular with OH-conductive alkaline membranes, promise to reduce 
dramatically the corrosion requirements and even the significance of electrocatalysts 
based on noble metals, so that the entire phenomenon shrinks upon thermodynamic 
or thermal effects. Since in heterogeneous catalysis every single nanoparticle forms 
an independent and mutually integrated micro-reactor for the overall efficiency, the 
current collection represents a substantial problem in electrocatalytic systems where 
all particles should be current collected, but carbon carriers can not satisfy with about 
30% of particles missing to be current collected. In such a respect high electronic 
conductive (1,000 S cm-1) and rather strong d-d-bonding Magneli phases arose as an 
ideal and unrepeatable supporting material in electrocatalysis both for the LT PEM 
FC and water electrolysis. Unfortunately, at the present time Magneli phases expose 
a rather low surface per mass area (~ 1.2 m2 g-1) and the main intention has been to 
increase the latter to about 50 m2 g-1. Modification of Magneli phases by submonolayer 
of anatase titania (TiO2) upon its exposed surface already satisfies such requirements 
and keeps conductivity almost unaltered, while a new approach with direct reduction 
of TiO2 promises to resolve all  problems..
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Gea Jürmann, Kaido Tammeveski*
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Carbon nanotubes (CNTs) are novel nanomaterials, which reveal unique electronic, 
chemical and mechanical properties. The electronic behaviour of CNTs reveals that 
they have the ability to promote electron-transfer reactions, which is the main reason 
why they possess a remarkable electrocatalytic activity toward O2 reduction in alkaline 
media [1, 2]. This makes CNTs very promising in electrochemical applications [3,4].
The aim of the present work was to study the applicability of multi-walled carbon 
nanotubes (MWCNT) for the electrochemical generation of H2O2. The electrochemical 
reduction of oxygen has been studied on MWCNT modified highly oriented pyrolytic 
graphite (HOPG) electrodes in 0.1 M KOH solution using the rotating disk electrode 
(RDE) technique. HOPG was used as an electrode substrate due to its inactivity toward 
O2 reduction [5]. We investigated the O2 reduction behaviour of MWCNT/HOPG 
electrodes of various modifications. As the first method, MWCNTs were dispersed in 
water in the presence of an anionic surfactant dihexadecyl phosphate (DHP) achieving  
the MWCNT-DHP film-coated HOPG electrode. It was found that a stable and uniform 
MWCNT-DHP film formed. The RDE data showed that O2 reduction occurs via two 
steps, first to HO2

− and then to OH−. Alternatively, MWCNTs were dispersed in DMF 
and MWCNT coated HOPG electrodes were achieved. To obtain a stable MWCNT 
film, the electrode was finally covered with a Nafion layer. According to the RDE 
results the number of electrons exchanged (n) was close to 3.5. As the third procedure, 
multilayer film of MWCNTs was assembled on HOPG electrode with layer-by-layer 
(LBL) method, based on electrostatic interaction of poly(diallyldimethylammonium 
chloride) and MWCNTs. These electrodes showed a lower activity as compared to the 
previous ones and the value of n was close to 2.5. Finally, MWCNTs were abrasively 
immobilised onto HOPG surface. An activity decrease was observed during the RDE 
measurements, which is probably related to the desorption of MWCNTs from HOPG. 
Apparently, the abrasive immobilisation of MWCNTs is not a suitable method for the 
preparation of electrodes for the oxygen reduction electrocatalysis.
On the basis of the results obtained with variously modified MWCNT/HOPG 
electrodes it is concluded that these electrodes are active catalysts for O2 reduction.

1. M. Zhang, Y. Yan, K Gong, L. Mao, Z. Guo, Y. Chen, Langmuir 20 (2004) 8781.
2. F. Wang, S. Hu, J. Electroanal. Chem. 580 (2005) 68.
3. J.J. Gooding, Electrochim. Acta 50 (2005) 3049.
4. G.G. Wildgoose, C.E. Banks, H.C. Leventis, R.G. Compton, Microchim. Acta 152 

(2006) 187.
5. A. Sarapuu, K. Helstein, D.J. Schiffrin, K. Tammeveski, Electrochem. Solid-State 

Lett. 8 (2005) E30.
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Miniaturization to nano-scale usually creates new scientific and technological 
fields, and electroanalysis is not an exception. Improved analytical characteristics of 
amperometric sensors can be achieved by decrease of electrode dimensions resulting 
in hemi-spherical profile of analyte diffusion. In case of single electrode, however, 
this causes requirements to measure very low currents. To overcome this problem it is 
convenient to use micro-electrode arrays.
To form nano-electrode arrays we propose nano-structuring of electrocatalyst onto 
inert electrode support. Indeed, if background electrode reaction is negligible, analyte 
fluxes are directed to islands of electrocatalyst, which thus behave as nano-electrodes. 
The highest signal-to-background ratio has been achieved for deposition of Prussian 
Blue (a superior electrocatalyst for hydrogen peroxide reduction) through sol-gel 
templates based on vinyltriethoxysilane. As compared to unstructured electrocatalyst 
the signal-to-background ratio was improved by an order of magnitude. 
AFM investigation confirmed nano-structuring of the electrocatalyst.
Except for improved signal-to-background ratio, nano-electrode arrays are expected 
to be characterized by much faster equilibration of diffusion fluxes at the electrode 
surface. This may cause flow-injection response to ultra-low analyte concentrations.
Indeed, hydrogen peroxide sensor based on nano-structured Prussian Blue in FIA 
mode displayed: (i) sensitivity similar to unstructured electrocatalyst (0.7 A L mol-

1 cm-2), (ii) linear calibration range prolonged over 7 orders of magnitude of H2O2 
concentration with (iii) its lower limit of 10-9 mol L-1 (0.03 ppb) H2O2; the latter is 
two orders of magnitude lower as compared to the sensor based on conventional 
(unstructured) Prussian Blue. The 100 times decreased detection limit without loss 
of sensitivity seems to be at the limiting level for sensor improvement by forming of 
micro- or nano-electrode arrays. 
The linear calibration range prolonged over 7 orders of magnitude of analyte 
concentration with its lower limit of 10-9 mol L-1 (0.03 ppb) H

2
O

2 
achieved for the 

Prussian Blue based nano-electrode arrays are record in electroanalysis.

References.
1. A.A. Karyakin, E.A. Puganova, I.A. Budashov, I.N. Kurochkin, E.E. Karyakina, 

V.A. Levchenko, V.N. Matveyenko, S.D. Varfolomeyev. Anal. Chem. 76 (2004) 
474-8.

2. E.A. Puganova, A.A. Karyakin. Sens. & Actuat. B 109 (2005) 167-70.
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Mesoporous metal oxide electrode materials for 
pseudocapacitors 
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Interests in the development of electrochemical capacitors for high power applications 
have greatly intensified in recent years. On the basis of the electrode material and the 
charge storage mechanism, electrochemical capacitors are classified into: (a) electrical 
double-layer capacitors (EDLCs) that employ carbon electrode materials with high 
surface area, and (b) pseudocapacitors (or supercapacitors) in which electroactive 
materials such as transition metal oxides or conducting polymers are employed as 
electrodes.
Among several transition metal oxide electrode materials for pseudocapacitors, 
hydrous ruthenium oxide shows a high capacity over 700F/g and excellent cyclability 
in aqueous H2SO4. Because of its high cost, alternative metal oxide electrode materials 
are being searched to replace ruthenium oxide, e.g. NiOx, CoOx, MnO2, etc. Compared 
with RuO2, however, these transition metal oxides exhibit lower electrochemical 
capacitive performance. 
Electrode materials with a large surface area and a highly porous structure 
would effectively combine high energy with high power characteristics required 
forpseudocapacitors. Materials characterized by a bicontinuous structure of a solid 
phase surrounding pores in the range of a few tens of nanometers would be excellent 
candidate materials for high-performance  pseudocapacitors. 
It is well known that mainly the micropores (<2 nm) are not easily accessed by the 
liquid electrolyte and the exposed surface in micropores may not be utilized for charge 
storage whereas the mesopores (2~50nm) can play an adsorption and transporting 
role, especially for high rate condition in EDLC. 
High surface area metal oxide materials containing regularly interconnected 
mesopores are highly desirable for the pseudocapacitor electrodes.  Mesoporous 
electrode materials would allow the electrolyte to deeply penetrate within the solid 
phase.  And very thin solid phase of the material would further reduce the length of the 
ionic diffusion paths for the ions participating in electrochemical reaction. In addition, 
increased electric conductivity of the electroactive material in the electrode is very 
important to improve rate capability of a  pseudocapacitor.
We tried to improve the electrochemical performance of the electrodes based on metal 
oxides introducing an ordered mesoporous structure into metal oxide materials. For 
this propose, we prepared mesopoous metal oxides and meporous metal oxide/carbon 
composite electrode materials by liquid template method. 
More details about mesoporous metal oxides and/or mesoporous metal oxide/carbon 
composite synthesis and their structural and electrochemical properties will be 
presented at the meeting.
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The drive to move away from silicon as the base of all electronic devices is being 
spearheaded by research into organic compounds. The aim is to understand better 
the processes of electron transport through organic molecules and investigate 
structures with the potential to serve as alternatives to current technology. In our 
study we have looked at linear hydrocarbon molecules terminated by thiol groups 
at both ends. Specifically we have investigated the phenomenon of electron hopping 
through molecules consisting of alkyl chains bridged by conjugated aromatic groups, 
such as benzene and 4,4’-bipyridyl. Synthesis of these molecules was followed by 
conductance measurements on an STM (scanning tunnelling microscopy) machine, 
which involved a gold tip being brought into close proximity to a gold (111) surface 
having a low phase coverage of adsorbed organic molecules. When a molecule bridges 
the tip-substrate junction a change in the tunnelling current is observed. The tunnelling 
current between tip and substrate is measured as either a function of distance, (Is), or 
as a function of time, (It). This change is understood to be due to the presence of an 
organic molecule. STM conductivity measurements reveal that electronic transport 
through the molecules is facilitated by the presence of the aromatic groups when 
compared to alkanedithiols of similar length. We believe these groups act as ‘hopping 
centres’, providing a less resistive pathway for the electrons to tunnel along.   
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In the past decade, considerable attention has been drawn towards nanostructured 
materials, including nanotubes, nanorods, nanoparticles, nanosheets, and nanowires, 
becasue of their interesting physical properties and their wide range of potential 
applications in nanodevices. Much effort has been made to understand the magnetic, 
electronic, and optical properties of these nanostructures because they exhibit novel 
physical and chemical properties, differeing from those of their bulk counterparts, due 
to their reduced size and large surface-to-volume ratios. To date, various approaches, 
including thermal evaporation, chemical vapor deposition, laser ablation, and 
solution-based process, have been developed for the preparation of nanostructured 
magnetic materials such as magnetic metals, alloys, and metal oxides. To the best of 
our knowledge, there are rare reports on the growth of 1D nanostructures or related 
nanostructures by simple dipping the metal foil into the chemical solution. Iron oxides 
are widely used as semiconductor, recording material and photocatalysts. Accordingly, 
in the present work, we report the successful production of FexOy nanostructures by 
the simple dipping of Fe foil onto the HF solution. We have discussed the possible 
growth mechanisms. The as-synthesized products were characterized by X-ray 
diffraction, field emission scanning electron microscopy, and transmission electron 
microscopy. 
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Embedded capacitor technology can improve electrical performance and reduce 
assembly cost compared with traditional discrete capacitor technology. Nano-porous 
TiO2 thin films on Cu cladded polymers have been of great interest as embedded 
capacitor material because they has the following benefits: better electrical 
performance, higher reliability, lower cost and improved design options.
Embedded capacitors refers to capacitors as passive devices which are mounted as 
parts of a printed circuit board(PCB). The most important advantage of the embedded 
capacitor PCB is that since the capacitors are mounted as parts of the PCB, there is no 
need to mount the capacitors on the surfaces of the PCB.
To improve the capacitance density of the TiO2 embedded capacitor on Cu cladded 
fiber reinforced plastics(FR-4), the specific surface area of TiO2 thin films were 
enlarged  and the morphologies were controlled by anodization process parameter 
variations.
Nano-porous TiO2 thin films were grown from the titanium metal films using an anodic 
oxidation process, from which high capacitance density embedded capacitors were 
fabricated.  Titanium films sputter deposited on Cu cladded polymer were anodized  in 
a fluorine containing electrolyte to obtain the nano-porous morphologies.  The current 
changes during the anodization were observed to control the microstructures of the 
nano-porous TiO2 layers. The crystal structure of titanium oxide films prepared in the 
H2SO4 solution was a mixture of Anatase and Rutile and contained nano-sized pores.
Nano-porous TiO2 thin films with Pt top electrode show the capacitance density of 
244 nF/cm2 at 1 MHz, the breakdown voltage of 9 Volts, and the leakage current of 
20 μA/cm2 at 3.3V.
Herein, we will discuss the morphologies, structure and electrical characterizations 
of the nano-porous TiO2 layers which is fabricated by the anodic oxidation in the 
electrolyte and with the external biases.
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*eleiva@fcq.unc.edu.ar

The fabrication of metal and semiconductor nanostructures with a given size and 
spatial order on metal or semiconductor surfaces is a key point in many fields of 
nanotechnology [1]. In particular, the preparation of dots and ripples in different 
materials has attracted considerable attention. Metallic ripples have been used as 
platforms to build anisotropic magnetic nanostructures by deposition of ultrathin 
layers of transition metals [2]. Metal electrodeposition is a well known technique 
involving relatively low cost equipments and it is currently used in many technological 
applications. Electrodeposition on patterned templates is particularly attractive to 
build metallic, oxide and semiconductor nano/microstructures [3] because extremely 
low amounts of material can be deposited in a controlled way by changing the 
applied potential (or current).  Recently, we have performed experiments where silver 
nanodots and nanoripples were grown on nanocavity-patterned Au templates by 
controlled electrodeposition [4]. By controlling the amount of deposited Ag dots ≈ 40 
nm in average size and ≈ 4 nm in average height can be grown with spatial and size 
distributions dictated by the template. The dots were found to be in a metastable state. 
Further Ag deposition turned the dot surface structure into nanoripples formation. 
In the present work we tackle the transition from dots to ripple regime by means of 
computer simulations.  We model this type of phenomena by means of the Ising model 
[5] and analyze the metal deposition of different surface structures with this type of 
defects under different conditions.
[1] G. Timp, In Nanotechnology, Springer-Verlag, New York, 1999.
[2] L. Vattuone, U. Burghaus, L. Savio, M. Rocca, G. Constantini, F. Bautier de 

Mongeot, C. Boragno, S. Rusponi, U.J. Valbusa, Chem. Phys. 115 (2001) 3346.
[3] P.L. Schilardi, P. Dip, P.C. dos Santos Claro, G.A. Benitez, M.H. Fonticelli, O. 

Azzaroni, R.C. Salvarezza, Chemistry E.J. 12 (2006) 38.
[4] C. dos Santos Claro, M. Fonticelli, G. Benítez, O. Azzaroni, P. L. Schilardi, E. 

Leiva and R.C. Salvarezza,  to be submitted.
[5] D.P. Landau and K. Binder, A Guide to Monte Carlo Simulation in Statistical 

Physics. Cambreidge 2000.
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 *Corresponding author: Fax: +54-351-4344972,

             e-mail: eleiva@fcq.unc.edu.ar

The formation of metallic nanostructures on foreign metal and semiconductor 
surfaces plays an important role in modern nanotechnology. The usual fabrication 
procedure is carried out at solid/vacuum interfaces under UHV conditions. However, 
electrochemical nanostructuring at solid/liquid interfaces has great advantages in this 
field because local supersaturation or undersaturation can be precisely adjusted and 
rapidly changed via the electrode potential [1]. Super and undersaturation determine 
the number of metal atoms in the critical nuclei and growth mode of the subsequent 
electrochemical growth process. On the other hand, surface defects may serve 
as nucleation centers, from which the new phase emerges. In the present work the 
energetic stability of a set of 36 adsorbate/substrate(111) couples involving Au, Ag, 
Cu, Ni, Pt and Pd is analyzed for perfect metal surfaces and for metal surfaces with 
different types of defects. A Monte Carlo annealing at low temperatures is performed 
to obtain the minimum energy configurations. The results of the simulation are used 
to check some theories employed to calculate the binding energy of atoms on surfaces 
from simple energetic considerations, and a new phenomenological formulation is 
developed. The latter can be employed to predict the existence of underpotential 
deposition in the case of several types of 0-dimensional structures. 

[1] G. Staikov, W. J. Lorenz and E. Budevski, “Low-Dimensional Metal Phases 
and Nanostructuring of Solid Surfaces”, in Imaging of Surfaces and Interfaces 
- Frontiers of Electrochemistry, Vol 5, p.1, edited by P. N. Ross and J. Lipkowski, 
Wiley-VCH., New York, (1999).
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Universidad Nacional de Córdoba, 5000 Córdoba, Argentina
eleiva@fcq.unc.edu.ar

Recent studies have shown that titanium decoration of carbon nanotubes remarkably 
increases the capacity of the latter for hydrogen storage from the gas phase [1]. In the 
present study, the behavior of a single carbon layer (SCL) modified with titanium is 
studied in presence of oxygen and water. The blocking of hydrogen adsorption sites 
by the adsorption of oxygen molecules is analyzed. Furthermore, the interaction of the 
substrate with water is considered. The present results are relevant for electrochemical 
hydrogen storage, since in the latter case the hydrogen stored comes from water 
electrolysis. 
The SCL was considered as an infinite system by means of periodic boundary conditions 
in x and y directions. For oxygen and water adsorption, the minimum energy path was 
found by means of the nudged elastic band method and density functional theory 
(DFT) calculations employing the SIESTA computer code [2], which uses a localized 
basis set to represent the Kohn-Sham orbital. Exchange and correlation effects were 
described using the generalized gradient approximation (GGA) with the Perdew-
Burke-Ernzerhof (PBE) functional [3]. The basis set used was a double-ζ one plus 
polarization quality. 

[1] T. Yildirim, S. Ciraci, Phys. Rev. Lett. 94 175501 (2005).
[2] E. Artacho, J. Gale, A. García, J. Junquera, P. Ordejón, D. Sánchez Portal, S.M. 

Soler 
[3] J. P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett. 77 3865 (1996).
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Scanning electrochemical microscopy (SECM) offers a novel approach for the 
formation of micrometer- and nanometer-sized metal structures at interfaces beneath 
an ultramicroelectrode (UME) tip [1] and for the characterization of reactions at 
nanostructured interfaces [2]. Here, we present the first study using SECM to deposit 
metal structures at liquid/liquid interfaces and to determine the underlying kinetics. 
Ag particles have been electrodeposited at the 1,2-dichloroethane (DCE)/water 
interface by anodic dissolution of an Ag UME positioned in the aqueous phase close 
to the liquid/liquid interface [3]. Ag+ ions diffuse to the liquid/liquid interface and 
undergo reduction by an electron donor (decamethyl ferrocene) which is confined to 
the DCE phase. We show how the resulting current-time behaviour for potentiostatic 
experiments provides information on the nucleation and growth kinetics. The use 
of the method to study other metal deposition processes is also considered. In a 
separate aspect, the use of SECM to investigate nanoparticle-catalyzed processes 
has been examined. The hydrogen evolution reaction (HER) catalyzed by Pd and Pt 
nanoparticles supported on solid substrates has been characterized and investigated by 
SECM. The dependence of the kinetics on pH and the effective particle concentration 
has been studied thoroughly; the catalytic efficiency of these nanoparticles for 
hydrogen generation has been demonstrated.

Achknowlegment  We thank Prof. David Fermin from the University of Bern and 
Prof. Robert A. W. Dryfe from the University of Manchester for contributions to the 
HER studies. 
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The photocatalytic oxidation and reduction reactions on the surface of TiO2 have been 
widely investigated as an effective method to environmental purification since the 
Honda-Fujishima effect [1] was discovered. Many efforts have been made to solve 
the problem of low photocatalytic efficiency and the difficulty of separationg particles 
from aqueous solution.[2,3] 
In this paper, a novel Ti/TiO2 nanostructure electrode as a new type of electrode was 
produced by electrochemical anodization process.[4] To evaluate the photocatalytic 
efficiency, methyl orange (MO) was used as dye pollutants for photoelectrocatalytic 
oxidation under UV irradiation. The effects of structure, surface morphology and anodic 
bias on its photocatalytic activity were investigated in the lab. The photocatalytic (PC) 
oxidation and PEC oxidation of MO in aqueous solution were investigated. It is found 
that the highest MO photocatalytic activity is achieved by the 5 min photochemical 
reduction with silver content around 0.16 wt% on  Ti/TiO2 nanostructure electrode 
with 4500C pretreatment. The photocatalytic activities are strongly dependent on the 
amount of deposited silver nanoparticle. The lower loaded silver can increase the 
color removal efficiencies, while higher silver content decreases the color removal 
efficiencies due to the blocking of UV light by the over-coated silver grains. The 
kinetic constant of MO degradation on the optimal content silver loaded on the Ti/
TiO2 (0.16 wt%) nanostructure electrode is four times faster than that without silver 
nanoparticle doping. Moreover, it is demonstrated that the PEC oxidation by applying 
an anodic bias between the Ti/TiO2 electrode and Pt electrode can also significantly 
enhance the MO degradation rate compared with the PC oxidation. It is attributed to the 
extension in lifetime of the active photoholes and the reducing sites of photoelectro-
hole recombination in the degradation reaction.

[1] K. Honda, A. Fujishima, Nature 238 (1972) 37.
[2] M. D. Ward, A. J. Bard, J. Phys. Chem. 86 (1982) 3599. 
[3] R. Asahi, T. Morikawa, T. Ohwaki, K. Aoki, Y. Taga, Science 293 (2001) 269.
[4] Y. K. Lai, L. Sun, C. Chen, J. Zuo, C.J. Lin, Appl. Surf. Sci. 252 (2005) 1101.
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Surface-enhanced Raman spectroscopy (SERS) is a very sensitive and selective 
technique for detecting surface species. Mostly ultra-violet (UV) and visible excitation 
laser sources are used in SERS experiments. This can cause photochemical reactions 
on the surface apart from fluorescence from the adsorbed molecules, which could be 
particularly disadvantageous with biomolecules. A way to circumvent this possibility is 
the use of near infra-red (NIR) laser sources. However, this would warrant appropriate 
design of substrates for NIR-SERS for obtaining maximum enhancement of signals 
from analytes.  
Colloidal crystal templated ‘inverse opal’ nanostructured gold films have been 
demonstrated to be excellent SERS substrates [1, 2]. Most reports in the literature 
use UV-visible  laser excitation. Also, though the optical and enhancement properties 
of SERS substrates have been found to be structure dependent [3, 4], no reports exist 
wherein such substrates are targetted and tailored for use with a particular excitation 
wavelength, especially in the NIR region, for SERS.  In the present study, we use 
variation in sphere size of colloidal templates and electrochemical control over 
film height to tune substrates for NIR-SERS for use with a 1064 nm laser source. 
Proper combination of the two parameters of sphere size and film height resulted in 
significant enhancement of signals from the adsorbed analyte. We demonstrate the 
effect of matching incident and scattered radiation with plasmonic resonances on 
the enhancement of Raman bands of benzene thiol adsorbed on our nanostructured 
gold substrates. Our study proves the feasibility of design and empirical fruition of 
reproducible NIR-SERS substrates. 

References
[1] S. Cintra, M. Abdelsalem, P. N. Bartlett, J. J. Baumberg, T. Kelf, Y. Sugawara, A. 

E. Russell, Faraday Discussions 132 (2005).
[2] P. M. Tessier, O. D. Velev, A. T. Kalambur, A. M. Lenhoff, J. F. Rabolt, E. W. 

Kaler, Adv. Mater. 13 (2001) 396.
[3] R. C. Schroden, M. Al-Daous, C. F. Blanford, A. Stein, Chem. Mater. 14 (2002) 

3305.
[4] P. N. Bartlett, J. J. Baumberg, S. Coyle, M. E. Abdelsalam, Faraday Discussions   

125 (2004) 117.
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A lot of previous experiments have shown that alloys  exhibit magnetic 
properties which could be of interest in the industrial field, especially for data 
storage.
We have focused our attention on the electrolytic procedures in order to define 
simple technological methods of preparation; in most of previous experiments the 
electrolytical   procedures were running at temperature higher than the ambient 
temperature and implemented solutions whose concentration in metallic ions take 
higher values; the solutions were either basic or acid.
Starting from the previous experiments and the technological ways, which has been 
identified, it has been attempted to define optimal conditions for the reproducible 
electrolytical deposition of Ni-Fe alloys; an exhaustive analysis of the influence of the 
physical and chemical parameters has been examined for Ni-Fe layers whose atomic 
percentage in Fe is situated in the 10-50% range.
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Electrophoretic deposition (EPD) of ceramic coatings has become very interesting 
because this method has allowed the formation of thin films or multilayer films of 
controlled thickness, enabling the formation of films on substrates of complex geometry. 
The use of sol-gel routes in ceramic processing has many advantages in comparison to 
conventional powder-based processing techniques: greater purity, higher homogeneity 
and ultrafine grain size distribution, while the sintering temperatures can be lowered 
by several hundred degrees.
The aim of this work was to prepare boehmite coatings of lower sintering temperature 
using electrophoretic deposition from boehmite aqueous sol. 
Boehmite aqueous sol was prepared by the peptization of Al(OH)

3
. The boehmite 

powder, obtained by drying the prepared aqueous sol, was characterized by infrared 
(IR) spectroscopy, X-ray diffraction (XRD) analysis and scanning electron microscopy 
(SEM). The thermal properties of the boehmite powder, i.e. water desorption 
and phase transformation from pseudoboehmite to α-alumina, were analyzed 
by thermogravimetric analysis (TGA). The starting formula of pseudoboehmite 
was calculated from TGA to be Al

2
O

3
�1.82H

2
O, while XRD analysis confirmed 

pseudoboehmite structure.
The influence of the applied voltage and deposition time on the electrophoretic 
deposition of boehmite coatings on titanium from aqueous sol was investigated. 
The deposition was performed at constant voltage between 1.0 and 10 V and for a 
constant deposition time between 10 and 30 min. An increase in the applied voltage 
and deposition time increased the mass of the boehmite deposit, as well as the amount 
of evolved hydrogen, causing a more porous structure. It was shown that boehmite 
coatings of maximum thickness, low porosity and good adhesion can be formed at 
lower deposition voltage (4.0 V) and longer deposition time (30 min).
A coating electrodeposited at 4.0 V and for a deposition time of 30 min was treated at 
1300 °C and α-alumina was confirmed. This indicates the significantly lower sintering 
temperature of the boehmite coating obtained by the EPD process from aqueous sol 
compared to sintering temperature of 1600 °C for boehmite coating obtained by 
classical forming methods.
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N,N’-dimethyl-4,4’-bipyridium dication commonly known as methylviologen has 
been widely used as an electron acceptor for artificial photoredox systems. Interest is 
particularly high in the incorporation of MV2+ into inorganic solids because such a 
host-guest approach may offer improved efficiencies of photoinduced charge 
separation. In 2004, we present a new strategy for constructing birnessite-type layered 
manganese oxides intercalated with alkaline metal and alkylammonium ions in a thin 
film form.1) The process involves a potentiostatic oxidation of aqueous Mn2+ ions in the 
presence of the guest cations. This methodology is remarkably versatile because the 
inorganic host can adjust itself to accommodate guest molecules upon 
electrodeposition.2,3) In this study, electrolysis was similarly performed with MV2+ ions 
to confine them between Mn oxide multilayers. 

Electrodeposition was made on a polycrystalline Pt plate by applying a constant 
potential of +1.0 V in a 2 mM MnSO4 solution containing 5 mM MVCl2. Conventional 
and in-plane XRD analyses were performed to elucidate the layered structure.  

Fig. 1 shows the conventional (a) and in-plane 
(b) patterns of the film deposited on a Pt electrode, 
along with the pattern of synthetic K-birnessite
powder. Peaks at 11.4º and 22.8º in pattern a are 
indexable to 001 and 002 reflections of Mn oxide 
layers, respectively, and the d001 value, 0.78 nm, 
corresponds to the interlayer distance. Considering 
the size of the planner molecule MV (1.35×0.6 nm), 
the pyridine rings orient parallel to the Mn oxide 
layers. In pattern b, the above two peaks are 
dramatically weakened. Instead, two diffraction 
peaks assigned as 100 and 110 are observed at 
36.5º and 65.5º, suggesting that these faces are 
perpendicular to the substrate direction, i.e. the Mn 
oxide sheets are electrochemically assembled 
dominantly parallel to the electrode surface.  
References 
1. M. Nakayama, S. Konishi, A. Tanaka, K. Ogura, Chem. Lett. 2004, 33, 670. 
2. M. Nakayama, S. Konishi, H. Tagashira, K. Ogura, Langmuir 2005, 21, 354. 
3. M. Nakayama, H. Tagashira, S. Konishi, K. Ogura, Inorg. Chem. 2004, 43, 8215. 

Fig. 1 Conventional (a) and in-plane 
(b) XRD patterns of the deposited film 
(along with the pattern of synthetic 
K-birnessite).  
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Layered nanocomposites are usually composed of an organic polymer included 
between layers of an inorganic host having a nanoscale repeated unit. Great efforts has 
been made to develop synthetic routes for these materials, e.g. (i) in situ polymerization 
of intercalated monomers; (ii) exfoliation of a layered host and subsequent adsorption 
of polymer and reaggregation; (iii) template synthesis of host structures in 
polymer-containing solutions. In 2004, we presented a direct electrochemical route to 
construct a polymer/manganese oxide layered structure. The product is crystallized 
from a homogeneous aqueous solution of a strong polyelectrolyte and Mn2+ ion 
precursors by a potentiostatic oxidation at +1.0 V vs Ag/AgCl. In the present study, 
such an anodic methodology was extended with the use of a weak polyelectrolyte 
(poly(allylamine hydrochloride), PAH).    

A layered manganese oxide film with PAH was prepared on a Pt plate electrode by 
applying a constant potential of +1.0 V in a 2 mM MnSO4 solution containing 200 mM 
PAH. The resulting Pt-supported film was characterized by XRD, XPS, and CV. A 
typical CV of the layered PAH/MnOx film in 0.1 M KCl solution is depicted in Fig. 1A, 
along with that of the amorphous counterpart. Moreover, XRD measurements were 
made for the films being polarized at oxidizing (+0.8 V) and reducing (0 V) potentials 
for 20 min after the voltammetric steady state had been reached (Fig. 1B). Clearly, the 
CV of the layered product is much larger in size than that of the amorphous one, while 
the layered structure is maintained during the potential cycling and further polarization. 
These results strongly suggest that the electrochemical process including the redox of 
Mn3+/Mn4+ takes place at the interior surface of the multilayered PAH/MnOx film.   

Fig. 1 (A) CVs of layered and amorphous films of PAH/MnOx taken in a 0.1 M KCl 
solution at 20 mV/s. (B) XRD patterns of the layered PAH/MnOx after polarization at 
+0.8 and 0 V. 

References 
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     Gold nanoparticles are the most intensively studied and applied metal nanoparticles 
in electrochemistry owing to their stable physical and chemical properties, useful 
catalytic activities and small dimensional size.  These attractive properties allow 
them providing some important functions for electroanalysis and the construction of 
electrochemical sensors.  
     In recent years, our group is studying on the fabrication method of gold nanoparticles 
directly attached indium tin oxide (AuNP/ITO) electrode.  By utilizing the seed-
mediated growth approach, which was developed for the wet synthesis of gold 
nanorods by Murphy et al. [1], we successfully attached AuNP onto the ITO surface 
without using peculiar binding reagents [2].  A characteristic feature of the AuNP/ITO 
is the reduced charge transfer resistivity due to the nature of the direct attachment, 
which was verified using the electrochemical impedance measurement [3, 4].  In 
addition, in our approach, AuNP are weakly capped by cetyltrimethylammonium ions, 
so that the further modification of the surfaces of AuNP on the ITO would be easily 
performed [5, 6].
     In the seed-mediate growth method for the surface attachment of AuNPs on ITO, 
the first step is the immersion of a piece of ITO in to the Au colloid solution whose 
size is ca. 4 nm.  We had been using the seed solutions containing the same component 
in our published works [2-6].  However, recently, the component of the seed solutions, 
i.e., the concentrations of trisodium citrate and HAuCl4, has been found to affect the 
grown-up nanostructures of AuNPs, even though the same growth solution was used 
in the treatment for the growth of AuNPs . 
     Thus, in the present paper, we would like to present how the nanostructures of AuNPs 
changes depending the components of the seed solution.  Although the Au nano-seed 
particles were not gathered in the original conditions, some larger AuNPs were found 
to be formed on the ITO surfaces even just after the seeding process in some peculiar 
conditions.  However, the nanocrystal growth of AuNPs was found to proceed in all 
the cases  reflecting the components of the seed solution.  The detailed results will 
be presented in the meeting together with the electrochemical performances of the 
AuNP/ITO electrodes having thus formed various nanostructured surfaces.

[1]  B. D. Busbee, S. O. Obare, C. J. Murphy, Adv. Mater. 15 (2003) 414.
[2]  M. Kambayashi, J. Zhang,  M. Oyama, Cryst. Growth Des. 5 (2005) 81. 
[3]  J. Zhang, M. Kambayashi, M. Oyama, Electrochem Commun. 6 (2004) 683.
[4]  J. Zhang, M. Kambayashi, M. Oyama, Electroanalysis  17 (2005) 408. 
[5]  J. Zhang, M. Oyama, J. Electroanal. Chem. 577 (2005) 273.
[6]  J. Zhang, M. Oyama, Anal. Chim. Acta 540 (2005) 299. 
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Electrodeposition is a low temperature growth method in solution, which offers the possibility of using 
organic additives as growth conducting agents. Of special interest are the oxides since a large variety 
of functional groups in organic molecules are able to interact to their surface. Zinc oxide illustrates 
spectacularly the possibilities offered by surface-additives interactions during the growth process not only 
for controlling the shape of the deposits but also to include organic compounds in the films and bring 
additional properties to them.
Specific interactions between different ZnO crystallographic planes and additives are considered at the 
origin of morphological control by influencing the associated growth rates. Polarity of the faces (Zn or O 
terminations) can also control the adsorption processes. At the moment there is a great demand to better 
understand these processes and curiosity to explore these interplays in new experimental systems.
The growth of zinc oxide by electrodeposition can be easily obtained by using dissolved oxygen as a 
reactant according to the overall reaction [1]:
Zn(II) + 0.5 O2  +   2e à ZnO
 Hydrogen peroxide [2] or nitrate ions can be also used as oxygen precursors. Films of zinc oxide of high 
crystalline quality are prepared at temperatures as low as 50-60°C. Epitaxial growth has been achieved on 
single crystalline substrates [3].
A large variety of organic molecules and ligands containing carboxylate, sulfonate or phosphonate groups 
were shown in recent years to interact with ZnO during deposition and to modify the structure of the films. 
Most often the films become nanostructured with a very fine porosity. Moreover the organic component is 
included in the film, anchored to the zinc oxide by means of the functional group. For instance by an ester 
bond in the case of the carboxylate group.
Impressive are the structural changes observed with eosin [4,5]. Eosin and Zinc (II) ions are strongly 
interacting, especially for the reduced form of eosin, with the formation of complexes (via the carboxylate 
group). This leads to remarkable shape controlling processes, with under some conditions, the formation of 
porous structures with interconnected pores filled with eosin. 
Similarly, the formation of highly porous structures are observed with another carboxylate groups containing 
organic ligand : the bipyridine dicarboxylate (dcbpy). Morphological transitions are observed not only with 
increasing the dcbpy concentration in the deposition bath, but also with the deposition time. If the initial 
zinc oxide layer is dense and poor with dcbpy, within a few minutes pores appear and the layer is finally 
made of entangled fibers containing both zinc oxide and dcbpy with a fibrous aspect.
dcbpy ligand contained in the film can be complexed with different cations by an activation treatment 
and the films obtained show remarkable luminescent properties under UV illumination . The color of the 
luminescent emission can be tailored by changing the ion.
Phthalocynine complexes functionalized with sulfonate groups are soluble in the zinc oxide deposition 
bath [6]. When codeposited with ZnO, the films are blue colored. They are also porous and the porosity is a 
function of the deposition potential and the metal in the complex (Ni, Co or Fe). These films present voltage 
monitored color changes when placed in an electrochemical cell. If all the films in their oxidized initial state 
are blue, their color transitions when polarized negatively, depend on the metal in the complex.  The film 
spectroelectrochemical analysis shows a full color transition. Almost all the Pc molecules included in the 
films are thus accessible to the electrolytic solution and an open porosity is developed.  The color changes 
observed can be analysed in term of redox state transition of the different Pc complexes

References :

[1] S. Peulon, D. Lincot, Adv. Mater 8 (1996) 166.
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Nanostructured ZnO Thin Films with a Controlled 
Wettability

C. Badre, M. Turmine, T. Pauporté, D. Lincot
Laboratoire d’Électrochimie et de Chimie Analytique (UMR 7575), ENSCP, 11 rue Pierre et Marie 

Curie, 75231 Paris cedex 05, France. E-mail : thierry-pauporte@enscp.fr

Electrodeposition is an interesting low temperature, low-cost method for the 
preparation of zinc oxide with a high structural quality [1]. By this method in solution, 
it is possible to control finely the thin film morphology by adjusting the deposition 
bath composition and the deposition time. In this way, a transition between a smooth 
dense layer towards arrays of nanorods can be observed for instance. Another approach 
for obtaining nanostructured films is to add organic molecules in the deposition bath 
which will act as structure directing agents. By the method, well-crystallized large 
single crystals with mesopores can be prepared [2,3].
The aim of this work was to study the influence of ZnO thin film morphology on the 
wettability of the layer. Electrodeposited films with different morphologies have been 
prepared and studied with the contact angle method. The effect of sample heating has 
also been investigated. If flat films present a contact angle ranging between 40 and 
70°, depending on the pH of the drop, the porous films are found hyperhydrophilic. 
The deposited drop rapidly disappears and wets the layer. The ZnO wetting properties 
can be tailored and transitions to a hydrophobic or a hyperhydrophobic (θ >140°) 
behavior can be obtained by adsorbing ad hoc molecules such as alkylsilanes. The 
adsorption is due to the anchoring of the organic molecule on the ZnO surface by its 
silane function [4]
Interestingly, the property is reversible: under UV light illumination, the organic 
component can be oxidized by the hole generated at the ZnO surface and transition 
towards hydrophilicity is observed.  

[1] T. Pauporté, D. Lincot, Appl. Phys. Lett., 75 (1999) 3817.
[2] T. Pauporté, T. Yoshida, R. Cortès, M. Froment, D. Lincot, J. Phys. Chem. B, 107 

(2003) 10077.
[3] T. Yoshida, T. Pauporté, D. Lincot, T. Oekermann, H. Minoura, J. Electrochem. 

Soc., 150 (2003) C608.
[4] R. D. Sun, A. Nakajima, A. Fujishima, T. Watanabe, K. Hashimoto, J. Phys. 

Chem. B., 105 (2001) 1984.
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Electrophoretic Fabrication of a Nanostructured 
TiO2/Carbon Photocatalyst for Oxidative Wastewater 

Treatment
J. M. Peralta-Hernández1; J. Manríquez1; F. Rodriguez1;                                              

     Y. Meas1; Thomas W. Chapman1; Manuel I. Maldonado2 and Luis A. Godínez1*

1Electrochemistry Department. Centro de Investigación y Desarrollo Tecnológico en 
Electroquímica S.C. Sanfandila, Pedro Escobedo, Querétaro. 76700, México.

2Plataforma Solar de Almeria-CIEMAT, Crta Senés s/n, Tabernas, Almeria.04200, España.
*lgodínez@cideteq.mx

In recent years, heterogeneous photocatalytic water-treatment technologies have 
attracted the attention of many research groups around the world [1].  Among 
advanced oxidation processes (AOPs), photocatalytic treatment offers high capacity 
for destroying organic   contaminants by oxidation with hydroxyl radicals •OH that 
are generated under mild conditions [2]. Organic dyes represent a major pollution 
problem for the textile industry.  Highly colored discharges of water to the ecosystem 
represent a serious environmental problem. The dye compounds, which are present 
in high concentrations, have very stable structures.   For this reason, standard 
physicochemical and biological treatments are ineffective for their degradation and 
decolorization [3]. Photocatalytic oxidation with TiO2 offers a potentially effective 
technique for treating such wastewaters.
Recent studies show that the light-absorption and photocatalytic efficiency of TiO2 can 
be improved by coupling TiO2 nanoparticles with non-metallic dopants, such as carbon 
[4]. In this paper we describe the electrophoretic preparation of a novel TiO2/Carbon 
composite photocatalyst on a glass substrate. The objective is to take better advantage 
of the e-/h+-pair generated by photoexcitation of semiconducting TiO2 particles. The 
transfer of the e- electrons into adjacent carbon nanoparticles promotes oxidation of 
oxygen to produce H2O2, which can subsequently in the presence of iron ions form 
•OH via the Fenton reaction. At the same time, adsorbed •OH is formed from water by 
the h+ holes in the TiO2.  Thus, the •OH oxidant is produced by two routes. 
Our results indicate that it is possible to generate H2O2 photochemically on the 
composite TiO2/Carbon catalyst, increasing the production of H2O2 by a factor of two 
with respect to TiO2 without carbon. With the objective of evaluating the capacity of 
this system to destroy target organic compounds, a 50 mgL-1 solution of Orange-II 
dye was treated with UV illumination of the catalyst.  We observed 30% removal of 
color within 2-3 hours, which was three times as effective as a TiO2 photocatalyst in 
the absence of    carbon.

 [1] P. R. Gogate and A. B. Pandit, Adv. Environ. Res. 8 (2004) 501
 [2] M.I. Franch et al., Appl. Catal-B: Environ. 55 (2005) 105 
 [3] A. Aguedach et al., Appl. Catal-B: Environ. 57 (2005) 55 
 [4] H. Wang and J.P Lewis, J. Phys.:Condens. Matter. 17 (2005) L209 
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Pt-Ru-Pt metallic multilayers for small organic 
molecules oxidation

S. Lemos1, R. T. S. Oliveira1, M. C. Santos1, P. A. P. Nascente2, L. O. S. Bulhões,  
E. C. Pereira1*, 

1 - NANOFAEL, CMDMC, UFSCar, Sao Carlos, Brazil; 2 – Depto. Eng. Materiais, UFSCar 
*decp@power.ufscar.br

 Metallic multilayers, in which each layer are few monolayers thick, can have 
unusual mechanic, electrical, optical and magnetical properties compared to the bulk 
metals or their alloys. Since the giant magnetic resistance effect was described for 
the first time, in 1988, several groups have investigated their magnetic and electronic 
properties. From a different point of view, there are few papers in the literature 
concerning the use  of noble metals multilayers  as electrocatalysts[1,2]. Considering 
these facts, we present here  the preparation and electrochemical characterization of 
Pt-Ru-Pt bilayers systems for the oxidation of small organic molecules.
 The preparation of the bilayers system were perfomed using a two step 
procedure. First, it was electrodeposited one monolayer of metallic ruthenium over 
a platinum substrate from a 1 mMolL-1 RuCl3 in 0.1 MolL-1 H2SO4 solution at 0.05 
V ( vs. Hydrogen Electrode in the Same Solution, HESS) during 300 s. Over the Ru 
layer, 1.1 monolayer of Platinum was electrodeposited from 0.5 mMolL-1 H2PtCl6 in 
0.1 MolL-1 HClO4 solution at 0.05 V during 20 s. The electrochemical oxidation of 
the methanol, ethanol and formic acid were investigated in 0.1 HClO4 solution using 
cyclic voltammetry and chronoamperometric curves. Finally, the electrode  properties 
were characterized using XPS, SEM and AFM measurements.
 The Pt-Ru-Pt electrode were characterized in 01. MolL-1 HClO4  solution and 
it has the characteristics of a bulk platinum electrode. The  electrochemical active area 
were calculated for both the Pt substrate and the Pt-Ru-Pt  are the results are equal  
indicating that the bilayer system is thin enough to not change the surface area. The 
average roughness factor from AFM data confirmed this result. Only one important 
difference can be observed in the  Pt-Ru-Pt electrode which is the decrease of the 
potential for oxygen evolution reaction which started at 1.42 V.   A complete different 
behavior is observed when small organic molecules are added to the solution. In this 
case, an important increase in the current density  oxidation peaks  is observed for the 
bilayer electrode. This increase is about 320 %, 340 % and 430 % for the methanol, 
ethanol and formic acid, respectively, compared to the bulk Platinum substrate. It is 
important to stress that  all the data are normalized to the electrochemical surface area 
and then the observed effect can’t be attributed to a change in the real surface area.  
The ratio among the current density peak during the direct (more positive potentials) 
and reverse sweeps also changed for the Pt-Ru-Pt electrodes. Finally, it was observed 
also a potentital displacement towards more negative potential of the beginning of 
the oxidation for  ethanol ( 100 mV) and formic acid ( 70 mV). Considering the 
results obtained, we  concluded that it was prepared a new material for small organic 
molecules oxidation.
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Templating of Electrodeposited Pd  
by Poly(ethylene glycol)

Oleg A. Petrii*, David R. Khairullin, Galina A. Tsirlina, Tatyana Ya. Safonova
Dept. Of Electrochemistry, Moscow University, Leninskie Gory 1-str.3, 119992, Moscow, Russia

*petrii@elch.chem.msu.ru

Additives of water-soluble polymers are usually used to regulate chemical and 
electrochemical metal deposition. We applied electrochemical techniques, SEM, 
STM, TG and XRD to  demonstrate the pronounced effect of poly(ethylene glycol) 
(PEG) molecular mass and concentration in [PdCl4]2- plating solution on nano- and 
microstructural properties of electrodeposited palladium.  
For diluted PEG solutions, we observed the phenomena we name quasi-templating 
effect [1,2]. Quasi-templating effect results from adsorption of polymer molecules 
on growing Pd nanocrystals. Adsorption is responsible for the decreased surface 
concentration of secondary nucleation centres as well as for more slow growth. The 
presence of adsorption products in thus formed deposits stabilizes Pd nanoparticles. 
A number of electrochemical experiments on PEG adsorption on dispersed 
electrodeposited Pt (as a model system) are reported, giving better understanding of 
quasi-templating peculiarities. It is found that PEGs tend to  dissociative adsorption 
and hydrogenation, and the rate of dissociative adsorption decreases with PEG 
molecular mass. Terminal groups of PEG take part in this process. PEG adsorbates 
can be imagined as collapsed spherical globules of PEG molecules. PEG adsorption 
behaviour differs strongly for the behaviour of monomeric ethylene glycol. The effect 
of adsorbed PEGs and inorganic polyanions on hydrogen and oxygen adsorption 
is compared, and a model of permeable adsorption layer is proposed to explain 
experimental data. 
For the most concentrated PEG solutions, the process of Pd electrodeposition can 
be considered as a classical template deposition [3,4]. It is regulated by sieving the 
reagent species across polymer solution.
The work is supported by RFBR, project 05-03-32592a. 

References
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2. T.Ya.Safonova, D.R.Khairullin, G.A.Tsirlina, O.A.Petrii, S.Yu.Vassiliev, 
Electrochim. Acta 50 (2005) 4752.

3. С.R.Martin, D.T.Mitchel, in Electroanal. Chem. (A.J.Bard and I.Rubinstein Eds.), 
21 (1999) 1.

4. P.N.Bartlett, J.Marwan, Phys. Chem. Chem. Phys. 6 (2004) 2895.



S
y
m

p
o
s
iu

m
 4

 -
 P

o
s
te

r

A Reusable Glucose Biosensor Based On Insoluble 
Meldola`s Blue And Glucose Dehydrogenase

M. Piano*2, N. Biddle3, R. W. Pittson3, G. A. Drago2, S. Serban3 and J. P. Hart1

1CRAMMS, Faculty of Applied Sciences, University of the West of England, Frenchay 
Campus,Coldharbour Lane, Bristol BS16 7QY, U.K;

 2Applied Enzyme Technology Ltd, Monmhout House, Mamhilad Park, Pontypool, NP4 OHZ, U.K.; 
3Gwent Electronic Materials Ltd, Monmhout House, Mamhilad Park, Pontypool, NP4 OHZ, U.K.; 

*martina@aetltd.com

The aim of this study is to produce a reusable glucose sensor that is oxygen independent, 
and is based upon a novel mediator system.
Our method is based on a screen-printed 2 electrode system, using an insoluble 
mediator incorporated into the carbon working electrode. A traditional screen-printed 
silver/silver chloride electrode is used as the reference/counter electrode, and a new 
modified carbon ink as a working electrode.
The bio cocktail includes stabilised glucose dehydrogenase, and  NAD+ cofactor which 
was deposited onto the working electrode via an automatic positive displacement 
syringe system.
An exclusion membrane was deposited onto the biosensor to avoid interference with 
ascorbic acid, uric acid, paracetamol.
The prototype biosensor was based upon an insoluble meldola`s blue mediated 
electrode.
A biosensor based on soluble meldola`s blue mediated electrode was used as a 
reference against the work carried out on the insoluble salt.
This poster will describe the results of our studies.
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Single Molecular Conductivity at Electrified Solid/
Liquid Interfaces – An in-situ STM approach 

I. Pobelov1, Z. Li, A. Bagrets2, F. Evers2, Th. Wandlowski1,*

1Institute of Surfaces and Interfaces (ISG 3) and cni – Center of  Nanoelectronic Systems for 
Information Technology, Research Center Juelich, 52425 Juelich, Germany

2 INT, Research Center Karlsruhe, 76021 Karlsruhe, Germany
*th.wandlowski@fz-juelich.de

We have performed macroscopic, microscopic and single molecule studies of a series 
of alkanedithiols (C5, C6, C8, C9, C10) at solid/liquid interface employing various 
techniques (single crystal electrochemistry and STM/STS) in different environments 
(aqueous electrolyte, non-polar organic solvent, argon atmosphere). 
Single molecule studies were carried out employing an STM – based stretching 
technique at room temperature 1,2,3. The approach involves the repeated formation 
and breaking of molecular junctions between a polyethylene coated gold tip, capable 
for atomic resolution, and a Au(111)-(1 x 1) substrate electrode modified with the 
appropriate alkanedithiol. Individual current – distance traces were acquired according 
to the following loop: (1) feedback disabled at zo (defined by starting conditions), (2) 
approach with a maximum rate to zmin, (3) dwelling time of 100 ms at zmin to form 
molecular junctions, (4) recording of the current vs. distance characteristics upon 
retraction from zmin to zmax (> zo) with a pulling rate of 2 to 4 nm s-1, (5) stabilizing of 
the tip at zo and switching on the feedback, (6) repetition of the cycle, and inspection 
of the surface by in-situ STM imaging. The recorded current – distance traces are 
non-exponential and exhibit single or a series of plateaus which are separated by 
characteristic steps. The statistical analysis of the plateau currents (typically from more 
than 500 individual traces) enabled the construction of histograms. Single molecular 
conductivities were determined and will be compared with relevant data obtained by 
other groups. The estimated single molecular conductaivities are linearly dependent 
on the applied bias voltage in Ebias < �0.2 V�and exhibit an exponential dependence 
on the chain length. The conductance properties of alkandithiol – junctions will be 
complemented with results obtained for the bifunctionalized alkans having selenol 
and pyridyl anchor groups.  The experimental data will be compared with results and 
predictions of first principle quantum chemical calculations.

1 B.Xu, N.J.Tao, Science, 2003, 301, 1221
2 W.Haiss, H. van Zalinge, S.J.Higgins, D.Bethell, H.Hörbenreich, D.J.Schiffrin, R.J. 
  Nichols, J. Am. Chem. Soc., 2003, 125, 15294
3 I.Pobelov, Z.Li, A.Bagrets, F.Evers, Th.Wandlowski, 2006, in preparation
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Formation of Phenylene Multilayers Films on 
Metal Electrodes by Electrochemical Reduction of 

Benzenediazonium Salt
Fetah I. Podvoricaa, Catherine Combellasb, Frédéric Kanoufib and Jean Pinsonc 

a Chemistry Department of Natural Sciences Faculty, University of Prishtina, rr. “Nëna Tereze” nr. 
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Electrolyte Effects on polymethoxyphenylpyrole grafted 
CFME’s Electrochemical Impedance Spectroscopy   
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Detection of Hydrogen Peroxide Produced during 
Electrochemical Oxygen Reduction

Yan Shen, Markus Träuble, Günther Wittstock*

University of Oldenburg, School of Mathematics and Natural Sciences, Institute of Pure and 
Applied Chemistry and Institute of Chemistry and Biology of the Marine Environment, D-

26111 Oldenburg 
* gunther.wittstock@uni-oldenburg.de

Generally, to establish the stoichiometry of the catalytic reduction of O2 on 
macroelectrodes, rotating disk electrode (RDE) and rotating ring-disk electrode 
(RRDE) voltammetric methods are used [1]. This has the disadvantage that for each new 
electrocatalyst an new ring-disk electrode must be prepared. Here we try to investigate 
the kinetic parameters and the electron transfer number of oxygen reduction by 
scanning electrochemical microscopy (SECM). The method is tested that is based on 
the substrate-generation/tip collection mode (SG/TC)[2]. The method is illustrated with 
three electrocatalysts showing different behavior as oxygen reduction catalysts. Both, 
O2 and H2O2 are reduced at Pt, while at Au only the reduction of O2 to H2O2 occurs. 
The alloy of PdCo alloy (including 8.75 atom % Co) is known to produce both H2O 
and H2O2 as the reaction product in a fixed amount. This method has the advantage 
that different substrates can be examined easily, i.e., without the need to construct 
RRDEs which are rather difficult to fabricate, and higher intere-lectrode fluxes are 
available without the need to rotate the electrode or otherwise cause convection in the 
solution. This is very useful for the selection of electrocatalyst in fuel cell.

Reference
[1] L. R. Faulkner, A. J. Bard, Electrochem. Methods: Fundementals and Applications,   

New York, 2001. Ch. 9.  
[2] J. Mauzeroll, M. Buda, and A. J. Bard, Langmuir, 2002, 18, 9453-9461.
Y.S. thanks the Alexander von Humboldt Foundation for research fellowship.
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Production of Gold Nanoparticles by Electrodeposition: 
Control of Particle Density & Size Distribution

Eoin Sheridan,1 Johan Hjelm and Robert Forster*
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*1Presenting author, *Corresponding author ,: Robert.Forster@dcu.ie
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Fabrication of ZnO nanotubes with silicon oxide 
templates by atomic layer deposition
Hyoun Woo Kim*, Seung Hyun Shim, Jong Woo Lee  
School of Materials Science and Engineering, Inha University

*hwkim@inha.ac.kr

Nanotechnolgy has now been recognized to have the potential to revolutionize a 
host of industries. One-dimensioanl hollow nanostructures, also called nanotubes or 
nanotubules, have attracted much attention owing to their potential applications in 
optoelectronics, biosensors, catalysts, and the separation of chiral compounds. Zinc 
oxide is a well-known direct wide band-gap wurtzite-type semiconductor with a large 
band-gap energy of 3.37 eV at room temperature. It is an excellent semiconductor 
material as a potential replacement for other wide band-gap materials like GaN and 
SiC. Furthermore, due to its large exciton binding energy of 60 meV, the excitons in 
ZnO are thermally stable at room temperature, and thus ZnO has significant advantages 
in optoelectronic applications, such as UV lasing. Owing to their promising uses in 
electronic and optical devices, various one-dimensional nanomaterials of ZnO with 
different morphologies, including nanotubes, nanowires, nanorods and nanobelts 
have increasing drawn attention. Among them, because of their unique structural 
characteristics, the preparation of nanotubes is relatively difficult, and fewer synthetic 
technology have been developed. In this study, we have employed the silicon oxide 
nanowires as a template for the growth of ZnO nanotubes. Although the silicon 
oxide nanowires are easily removable after the deposition of ZnO outer layers, the 
silicon oxide with the amorphous structure is usually not amenable for the formation 
of a continuous ZnO layer by most of synthesizing methods. Accordingly, we have 
generated the ZnO films on the silicon oxide nanowires by the atomic layer deposition 
technique. Pure ZnO nanotubes were formed readily by etching the silicon oxide 
nanowires as a template. In addition, large-scale production of ZnO nanotubes could 
be realized with this method without complicated preparation  procedures. 
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Si(111) Self-Organisiation on a Nanometer Scale: 
Accumulation Layer on Step Bunched Surface.

K. Skorupska, H. J. Lewerenz 
Hahn Meitner Institut Glienicker str 100, 14109 Berlin, Germany

Wet chemical treatments with alkaline solutions are of central importance for 
miniaturization on the nanometre scale. Despite widespread use of alkaline etching, 
several aspects of silicon dissolution are still not fully understood. Detailed 
knowledge of (electro)chemical dissolution steps in combination with a refined 
control of the (electro)chemical parameters can provide new strategies for directed 
nanostructuring.
We will report on nanostructure formation and a free standing accumulation layer on 
n-Si(111) after cathodic polarization in 2M NaOH thus forming a two-dimensional 
electron gas (2DEG). 2DEGs are of considerable interest for basic research (Quantum 
Hall effect) and applications, e.g., high electron mobility transistors.
Experiments were done in-situ at SoLiAs, the combined chemistry/ultra high vacuum 
(UHV) analysis system, were synchrotron radiation photoelectron spectroscopy 
(SRPES) at the U49/2 beamline at Bessy II was performed.
It will be shown that SRPES experiment allows indicating reaction intermediates and 
more probably reaction path. Further inspection of the SRPES data reveals a shift of 
the Si 2p core level of about 0.2 eV towards lower binding energy for higher excitation 
energy (i.e. lager escape depth). The high surface sensitivity x-ray photoelectron 
valence band spectrum shows that the energetic position of the valence band w.r.t. 
the Fermi level is extrapolated to be located at 1.06 eV. From the band diagram we 
can learn that an accumulation condition at the surface is responsible for the observed 
0.2eV shift in the SRPE spectra.
For surface nanotopography analysis ex-situ experiments using contact mode atomic 
force microscope and Si3N4 tips were performed. After electrochemical treatment, the 
Si surface developed step bunching. Accumulated steps are present; they are about 0.3 
µm wide and from 9 to 12 BL high.
SRPES data deconvolution showed that almost 30% of surface species are non (111) 
species. The AFM images and dissolution model show that the sample topography is 
built by the surface of {111} terraces but also by the side walls of bunched steps which 
are likely made of (100) oriented facets where the non-(111) species are localized. 
Evidences for this theory we will try to find in in-situ LEED (Low Energy Electron 
Dyffraction) experiment that can bring information about surface symmetry and 
position of atoms in elementary crystallographic cell.
Recent approaches on immobilization of proteins on semiconductor will be transferred 
to investigate protein absorption on this Si surface structure.
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Stability and Electrocatalytical Properties of 
Nanostructured Pt/GC Electrodes Produced by Colloidal 

Lithography
Y. Soppaa*, R. Lindströma, M. Gustavssonb, Z. Jusysa, B. Kasemob and R. J. Behma

aDept. Surface Chemistry and Catalysis, University of Ulm, D-89069 Ulm, Germany
* email: Yvonne.soppa@uni-ulm.de

bDept. of Applied Physics, Chalmers University of Technology, S-41296 Göteborg, Sweden 

We recently introduced colloid lithography (CL) as a tool for the controlled 
preparation of nanostructured model Pt/GC electrodes with well-defined particle 
sizes and interparticle distances [1]. The simple and controlled geometry of 
nanostructured samples offers an outstanding possibility to study mass transport 
effects on electrochemical reactions. The nanostructured surfaces are prepared from 
a Pt thin film deposited on the substrate. Subsequently, a layer of polystyrene (PS) 
particles is adsorbed as a mask prior to Ar sputtering. In previous works, electron 
beam evaporation was used as the deposition technique. However, it was shown 
that Pt nanodiscs, produced from the evaporated film had poor adhesion to the GC 
substrate and detached from the surface during electrochemical measurements under 
continuous electrolyte flow. Pre-treatment of the polished GC by Ar plasma slightly 
improved the adhesion, but more importantly, the adhesion was significantly enhanced 
through the use of sputter deposition instead of e-beam evaporation. No damage of the 
nanostructured electrodes was observed after the experiments where sputter deposition 
technique had been employed [2]. 
Previously, we have shown that the nanostructured Pt/C model catalysts have 
comparable electrochemical and catalytic characteristics with polycrystalline Pt and 
conventional Pt/C catalysts in CO and HCHO oxidation [3]. However, effects of 
surface morphology on the product distribution (HCOOH and CO2) in the HCHO 
oxidation reaction were registered that can be attributed to re-adsorption and 
mesoscopic transport effects. 
Here, we show recent results comparing the electrocatalytic properties for different 
nanostructured Pt/GC surfaces produced by the CL technique, now with sputter 
deposition. The influence of particle size (~130 and ~80 nm diameter) and distribution 
(from 20 to 40 % coverage) on the CO and HCHO oxidation reactions are investigated 
by means of Differential Electrochemical Mass Spectrometry (DEMS) using a thin-
layer flow-cell under controlled flow conditions. 

1. M. Gustavsson, H. Fredriksson, B. Kasemo, Z. Jusys, J. Kaiser, C. Jun, and R. J. 
Behm, J. Electroanal. Chem. 568 (2004) 371. 

2. R. Lindström, M. Gustavsson, Z. Jusys, B. Kasemo and R. J. Behm, “Stability 
of nanostructured Pt/GC electrodes prepared by colloidal lithography” in 
preparation.

3. R. Lindström, Z. Jusys, M. Heinen, Y. X. Chen, M. Gustavsson, B. Kasemo and 
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Kinetics of Nickel Electrodeposition from Aqueous 
Solutions Containing Glycine

N. V. Sotskaya *, O. V. Dolgikh  
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Synthesis of silver nanoparticles in ethanol environment
Maria Starowicz*, Barbara Stypula, Jacek Banas
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The characterisation of inorganic fullerene-like WS2 as 
an electrocatalyst in the sulfide/polysulfide redox couple

Ifan E. L. Stephens, Derek J. Fray*
University of Cambridge, Department of Materials Science and Metallurgy, Pembroke Street, 

Cambridge, CB2 3QZ, United Kingdom
*djf25@cam.ac.uk

Since their discovery in 1992, inorganic fullerenes have been investigated for a wide 
range of applications, including solid state lubricants, electrode materials for Li ion 
batteries,  materials for hydrogen storage, and catalysts for methanation.  Experiments 
are underway to characterise inorganic fullerene-like WS2 as an electrocatalyst in 
the sulfide/polysulfide redox couple, with the aim of improving the efficiency of 
redox flow batteries which employ this couple.  Characterisation techniques to be 
employed include cyclic voltammetery, BET surface area analysis and high resolution 
transmission electron microscopy.
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Preparation of Platinum Monolayer Islands on Au(111) 
and Their Electrocatalytic Activities on Oxygen 

Reduction
Susumu Kuwabata*, Anusorn Kongkanand 

Department of Applied Chemistry, Graduate School of Engineering, Osaka University
Suita, Osaka 565-0871, Japan

* kuwabata@chem.eng.osaka-u.ac.jp
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Redox properties of 1-hexanethiol protected gold 
nanoparticles

Bin Su, ;*
Laboratoire d’Electrochimie Physique et Analytique, Ecole Polytechnique Fédérale de Lausanne, 

Station 6, CH-1015 Lausanne, Switzerland
Email: huber.girault@epfl.ch

The alkanethiolate monolayer-protected gold nanoclusters (MPCs) demonstrate 
fascinating electronic properties and can be formally equivalent to multivalent redox 
species.[1-2] Their redox properties have been studied at the both solid|liquid and 
liquid|liquid interfaces.[3-4] Recently, by taking the bulk solvent effect into account, 
we have derived the absolute standard redox potential of hexanethiolate monolayer-
protected gold nanoclusters (MPCs) in solutions theoretically from electrostatic 
considerations. In terms of this derivation, the valence state of MPCs at a given 
potential can be estimated by employing an internal redox molecular reference, such 
as ferrocenium/ferrocene. Importantly, the significant effect of the solvent on the 
redox properties of MPCs was verified experimentally by studies in various organic 
solvents. Furthermore, the redox properties of MPCs self-assembled on the gold 
electrode surface through dithiol linkers were studied. The effect of the electrostatic 
interaction between MPCs and substrate electrode on the redox behavior of MPCs was 
theoretically considered in terms of the method of images in classical electrostatics 
and justified experimentally. 
MPCs were also used as redox quechers at the polarizable water|1,2-dichloroethane 
(DCE) interface. Photocurrent responses originating from the heterogeneous 
quenching of photoexcited porphyrin species by MPCs dissolved in the DCE phase 
were observed. As MPCs can function as both electron acceptors and electron donors, 
the photocurrent results from the superposition of two simultaneous processes, 
which correspond to the oxidation and reduction of MPCs. The magnitude of the 
net photocurrent is essentially determined by the balance of the kinetics of these two 
processes, which can be controlled by tuning the Galvani potential difference between 
the two phases. We show that, within the available potential window, the apparent 
electron transfer rate constants follow the classical Butler-Volmer dependence on the 
applied potential difference. The rate of the electron transfer reaction was found to be 
faster than those previously reported in the case of conventional redox molecules at 
liquid|liquid interfaces.

[1] S. Chen, R. S. Ingrma, M. J. Hostetler, J. J. Pietron, R. W. Murray, T. G. Schaaff, 
J. T. Khoury, M. M. Alvarez, and R. L. Whetten, Science, 280 (1998) 2098.

[2] S. Chen, R. W. Murray, and S. W. Feldberg, J. Phys. Chem. B, 102 (1998) 9898.
[3] A. C. Templeton, W. P. Wuelfing, and R. W. Murray, Acc. Chem. Res. 33 (2000) 

27.
[4] B. M. Quinn, P. Liljeroth, and K. Kontturi, J. Am. Chem. Soc. 124 (2002) 12915.
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 In-situ STS of self-assembled biphenyl-type monolayers 
on Au(111)-(1x1)

G. Su, R. Aguilar-Sanchez, Th. Wandlowski*
Institute of Surfaces and Interfaces (ISG 3) and cni – Center of  Nanoelectronic Systems for 

Information Technology, Research Center Juelich, 52425 Juelich, Germany
g.j.su@fz-juelich.de and th.wandlowski@fz-juelich.de

Studies on tailored functionalized structures and local electronic properties are 
challenging because of fundamental and applied reasons. We present macroscopic, 
microscopic and single molecule model studies of aromatic thiols (self-assembled 
monolayers or SAM`s) of a homologous series of ω-(4�-methylbiphenyl-4-yl) 
alkanethiols, CH3(C6H4)2(CH2)nSH (BPn, n=3,4,5,6)) at Au(111)-(1x1)/liquid 
interfaces using single crystal electrochemistry, in-situ STM and in-situ STS.
The electrochemical results reveal an “odd-even” effect with the alternating number of  
-CH2- units for the reductive and the oxidative desorption potentials as well as for the 
barrier properties of the monolayers. The effect is correlated with the structure of the 
various adlayers. The BP units with an odd number of -CH2 units exhibit a 25% higher 
packing density than those molecules with an even number of -CH2 units 1,2. Local 
electronic properties of BP3 and BP4 SAM´s were explored by current (respective 
conductance) – distance spectroscopy (IS, Iσ) and current-voltage (IV) spectroscopy 
in Au(111)-(1x1)-BPn/mesitylene-gold junctions. The junctions were created in 
a vertical SPM - configuration employing gold tips, which are capable for atomic 
resolution. The tunneling barrier heights were calculated from the statistical analysis of 
current-distance (IS) and conductance-distance (σS) measurements. Current-voltage 
spectros-copy (IV) revealed a wide stability window (~ 5V) and characteristics of the 
dielectric breakdown of the various BPn adlayers. The importance of the tip position 
on the estimated conductance characteristics of the molecule-modified tunneling gaps 
will be illustrated. The structural integrity of the SAM`s during the STS-experiment 
was ensured by simultaneous monitoring high-resolution adlayer images. 

1 P. Cyanik, M. Buck, W. Azzam, Ch. Wöll. J. Phys. Chem. B, 2004, 108, 4989.
2 G.Su, R.Aguilar, Th.Wandlowski, ChemPhysChem, 2006, in preparation
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Effect of the complexing agents on chrome plating from 
trivalent electrolytes

O. Nivinskienė, V. Jasulaitienė, A. Češūnienė, A. Selskis
Institute of Chemistry, A.Goštauto 9, 01108 Vilnius, Lithuania 

 e-mail: sveta@ktl.mii.lt

This work provides a new insight into the interaction of urea with formate during 
the chromium electrodeposition from a sulphate-based Cr(III) solution. The influence 
of solution chemistry on chromium electrodeposition in a Cr(III) bath containing   
complexing agents was studied by FT-IR, XPS and AFM.
To identify the species in the studied formate-urea electrolyte FT-IR spectra for both 
electrolyte and deposit were recorded. The deposit was analysed after coating removal 
from the plated sample. The data obtained suggest that the secondary ligand containing 
carbamidic groups was formed in the Cr(III) formate-urea electrolyte. The following 
reaction was considered as possible:
The results show that good quality Cr coatings may be obtained only in those cases 
when the secondary ligand with the carbamidic group predominates over urea 
in the electrolyte. It is suggested that the active chromium-carbamid complexes 
[Cr(carbamid)n(H2O)6-n]3+ delay the formation of the stable oligomeric species, and 
thus provide a prolonged working lifetime in the Cr(III) formate-urea electrolyte.
IR spectra recorded for Cr deposited from formate-urea baths containing 
hydroxylaminophosphate or hydrazine show the presence of [Cr(carbamide)n(H2O)6-n ]3+ 
in first case and [Cr(hydrazide)n(H2O)6-n]3+ with contamination of [Cr(carbamide)n(H2O)6-

n]3+ in last case. FT-IR and XPS spectra testify that hydroxylaminophosphate is not 
incorporated in Cr deposit This suggests that hydroxylaminophosphate acts as a 
stabilizer for active complexes bringing a balance between the stability and reactivity 
and, thus, effectively prevents the formation and precipitation of Cr(III) hydroxides.. 
In the case of hydrazine, on the contrary, the formation of Cr(III) hydroxide occurs 
seemingly due to the presence of [Cr(hydrazide)n(H2O)6-n]3+ complexes..
The morphology of Cr coatings obtained from these solutions is typical nodular 
structure. Cr deposited from bath containing hydroxylaminophosphate has the best 
quality and shows a less nodular and smoother fine-grained structure unlike the poor 
quality deposits with the higher percentage of both oxygen and nitrogen obtained in 
the presence of hydrazine. 
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      Fig.1  SEM micrograph showing Pt  

particles embedded on a (100) plane

of a synthetic diamond crystallite.

Nano-fablication of the Surface Layers of Diamond 
and Boron-doped Diamond Electrode with Metal 

Nanoparticles 
 Shunsuke Konishi, Tatsuya Ohashi, Wataru Sugimoto, Yoshio Takasu*

Department of Fine Materials Engineering, Shinshu University, 
3-15-1 Tokida, Ueda 386-8567, Japan

ytakasu@shinshu-u.ac.jp
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Tailored nano particles for batteries made by flame 
spray pyrolysis

J. Ufheilb*, F. O. Ernsta,  S. E. Pratsinisa, P. Novákb 
aETH Zürich, Particle Technology Laboratory, 8092 Zürich, Switzerland

bPaul Scherrer Institute, Electrochemistry Laboratory, 5232 Villigen PSI, Switzerland
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Nanostructured films base copper prepared by 
electrodeposition

E. Gómez, A. Roldán, S. Pané, E. Vallés* 
Electrodep, Dpt. Química Física, Universitat de Barcelona, Martí i Franquès 1, 08028 Barcelona 

(Spain)
*e.valles@ub.edu

Electrodeposition is tested as a useful method to prepare nanostructured copper 
coatings with new magnetic or magnetoresistive properties. Firstly, the possibility 
of embedding magnetite nanoparticles in a copper matrix to develop magnetic 
nanocomposite films is studied. Secondly, the possibility of obtaining magnetoresistive 
granular films from simultaneous electrodeposition of Cu, Co and Ni and a later 
segregation of ferromagnetic clusters in the copper matrix is analysed.
Magnetite (Fe3O4) prepared in our laboratory with 80% yield is characterised by Field 
Emission (FE-SEM) that reveals agglomerates of rounded particles of nanometric size. 
X-ray diffraction analysis shows a particle size of 20-30 nm. Magnetic characterization 
shows a saturation magnetization of 83 emu g-1 and a coercivity of 85 Oe. 
Magnetite is added to an electrolytic copper acidic bath. Cationic surfactant is used to 
maintain nanoparticles in suspension and favour their incorporation into the deposit. 
The magnetite incorporation is analysed as a function of the bath composition, stirring 
of the solution, electrodeposition method, deposition potential and temperature. 
Copper-magnetite samples are analysed after dissolution of deposits with aqua 
regia. Moderate stirring rates, low temperature of the electrolytic bath (15ºC) and 
pulse-plating method become the better conditions for an incorporation of 5-20 wt% 
magnetite in copper deposits. Copper-magnetite composites exhibit ferromagnetic 
response, with magnetic properties depending on the coating composition.
An electrolytic bath containing copper, cobalt and nickel is chosen to electrodeposit 
ternary Cu-Co-Ni alloy. Citrate is used as a complexing agent to bring the deposition 
of copper and ferromagnetic metals close. Electrochemical study of the ternary system 
electrodeposition process over different substrata is performed. Composition of the 
electrolytic bath is optimized to favour the formation of copper-rich alloys with 10-30 
wt% of Co + Ni. 
Ternary alloy is deposited. The composition can be adjusted as a function of the 
deposition potential. The system responds to solid solution behaviour, both from 
electrochemical and X-ray diffraction experiments. Homogeneous ternary deposits 
are obtained. Annealing of the samples under vacuum conditions induces segregation 
of ferromagnetic clusters in the matrix. Magnetoresistive behaviour of the annealed 
samples is observed, at room temperature (293 K) and especially at low temperature 
(45 K). Different values of magnetoresistance (MR) can be obtained as a function of 
the composition and the annealing temperature.
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Magnetic properties of CoNi films prepared by 
electrodeposition in the presence of surfactants

E. Gómez1, J. García-Amorós2, D. Velasco2, S. Pané1, E. Vallés1*, 
1) Electrodep, Dpt. Química Física, Universitat de Barcelona, Martí i Franquès 1, 08028 

Barcelona (Spain)
2) Química Supramolecular, Dpt. Química Orgánica, Universitat de Barcelona, Martí i Franquès 

1, 08028 Barcelona (Spain)
*e.valles@ub.edu

CoNi electrodeposits have been demonstrated useful to be used as mobile elements 
under magnetic fields applied in MEMS devices [1]. Our interest is now the developing 
of a deposition process of hard-magnetic materials compatible with MEMS processing.  
Previous studies reveal that presence of surfactants is able to drastically modify the 
structural properties of the alloy. Then, the electrodeposition of magnetic alloys in the 
presence of some surfactants is proposed as a method of obtaining metallic films with 
magnetic properties clearly modified.
CoNi electrodeposition is performed using an optimized chloride solution containing 
boric acid and saccharin at 55 ºC. The influence of two cationic surfactants on the 
electrodeposition process of the alloy is analysed. The dodecyltrimethylammonium 
chloride (DTAC) is not electrochemically active in the range of potentials useful 
to perform the deposition. 4-butylazobenzene-4’-(oxyethyl)-trimethylammonium 
iodide (AZTMAI) reduces at potentials previous to those corresponding to CoNi 
electrodeposition. The presence of surfactant shifts the onset of the deposition process 
to more negative potentials as a consequence of their adsorption.
Deposits of several microns are prepared over silicon/seed-layer substrates 
from solutions containing surfactant. CoNi deposits obtained exhibit noticeable 
morphological and structural changes respect to those prepared in absence of the 
surfactants. However, cobalt-rich deposits are obtained both in the absence and in the 
presence of surfactant as corresponds to anomalous codeposition. DTAC or AZTMAI 
presence favours the formation of CoNi deposits of acicular morphology. Crystalline 
structure evolves from fcc to hcp as a function of the additive concentration.
Magnetic properties of coatings are drastically changed when they are deposited from 
additive-containing bath. A drastic increase of the coercivity, as well as a decrease of 
the remanence and permeability is observed. In the presence of DTAC, the maximum 
coercivity obtained is from solutions containing low concentrations of additive. 
However, the coercivity of CoNi deposits prepared in AZTMAI–containing baths is 
gradually increased as a function of additive concentrations.
CoNi deposits obtained in the presence of DTAC are coherent and uniform only 
when they are prepared from solutions containing low concentrations of additive. 
At higher concentrations, deposits are fragile and fluffy as a consequence of the 
additive incorporation. On the contrary, CoNi deposits obtained from AZTMAI 
baths are more consistent and uniform because there is no incorporation during the 
electrodeposition.
[|] M. Duch, J. Esteve, E. Gómez, R. Pérez-Castillejos, E. Vallés, J. Electrochem. Soc. 

149 (2002) C201, J. Micromech. Microeng. 12 (2002) 400
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Immobilisation of Alkane(di)thiols on Nickel Surfaces
H. van Zalinge 1*, W. Schwarzacher2, R. J. Nichols1 

1. University of Liverpool, Department of Chemistry
Crown Street, Liverpool, L69 7ZD 

2. Department of Physics, HH Wills Physics Laboratory 
Tyndall Avenue, Bristol BS8 1TL

*vzalinge@liverpool.ac.uk

It has been previously shown through XPS characterisation that alkanethiols can 
adsorb on nickel surfaces. [1-4] The homogeneity of monolayers of alkanethiols on 
nickel could be improved by ensuring that the surface was oxide free. It has also been 
shown by Suzuki et al. that oxide free nickel surfaces can be imaged with STM in low 
pH Na2SO4 aqueous electrolytes under potential control. [5] There is, however, very 
little detailed knowledge of the adsorption behaviour of alkanethiols on nickel at low 
pH electrolytes. 
Here we show the effect of the pH on the adsorption of alkanethiols. In order to 
characterise the degree of adsorption of alkanethiols several experimental techniques 
have been used. Electrochemistry has been used to measure the electrochemical 
desorption of the molecule. In addition PM-IRRAS has been used to determine the 
orientation and packing of the molecular adlayer.

[1] Z. Mekhalif, F. Laffineur, N. Couturier, J. Delhalle, Langmuir 19 (2003) 637.
[2] Z. Mekhalif, J. Riga, J.J. Pireaux, J. Delhalle, Langmuir 13 (1997) 2285.
[3] D.R. Mullins, D.R. Huntley, T. Tang, D.K. Saldin, W.T. Tysoe, Surf. Sci. 380 

(1997) 468.
[4] D.R. Mullins, T. Tang, X. Chen, V. Shneerson, D.K. Saldin, W.T. Tysoe, Surf. Sci. 

372 (1997) 193.
[5] T. Suzuki, T. Yamada, K. Itaya, J. Phys. Chem 100 (1996) 8954.
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Highly-dispersed pt particles on carbon support as a 
catalyst for oxygen reduction

N. R. Elezović1, B. M. Babić2, N. V. Krstajić3, Lj. M. Vračar3*
1 Center for Multidisciplinary Studies, University of Belgrade, Belgrade, Serbia and Montenegro

2 Vinča Institute of Nuclear Sciencies, P.O.Box 522, 11001 Belgrade, Serbia and Montenegro
3 Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia and Montenegro

3*ljvracar@tmf.bg.ac.yu

Pt/C catalyst prepared by a modified polyol synthesis method in an ethylene glycol (EG) 
solution, with home made carbon cryogel synthesized by sol-gel polycondensation 
and freeze-drying was tested for oxygen reduction in 0.1 mol dm-3 NaOH solution. 
Specific surface area of carbon support was determined from nitrogen adsorption 
isotherm, without and after addition of nano-sized Pt particles. The adsorption 
isotherm is characterized with a hysteresis loop in the desorption branch indicative 
of a significant mesoporosity of a support. Specific surface area of carbon support, 
calculated by BET equation, was found to be 517 m2 g-1.

X-ray diffraction (XRD) with characteristic diffraction peaks of the fcc Pt demonstrate 
that a successful reduction of Pt precursor to metallic form has been achieved. 
Transmission electron microscopy (TEM) images show very uniform Pt particle size 
distribution with a mean particle size of about 2.65 nm of the catalyst. 
 Cyclic voltammetry (CV) was used for the determination of the actual exposed 
surface area of catalyst particles. 
The rotating disk electrode measurements of O2 reduction reaction were done to test 
the behaviour of the Pt/C catalyst and compare it with the same of pure Pt, for oxygen 
reduction reaction, in 0.1 mol dm-3 NaOH solution. By analysing these results the 
differences in activities of these two electrodes are obvious. The onset of O2 reduction 
and the half-wave potential are significantly moved to the positive potentials in case 
of Pt/C electrode indicating its higher catalytic activity for the reduction of oxygen, 
compared to the same on pure Pt.
The Tafel plots for Pt/C (5µg) and pure Pt, obtained from the kinetic currents show 
that both electrodes are characterized with two Tafel slopes: one close to -2.3 2RT/F 
Vdec-1 at high current densities and the other close to -2.3 RT/F V dec-1 at low current 
densities usually referred for polycrystalline Pt in alkaline solution. These results 
show that the kinetics of oxygen reduction on Pt/C electrode, in alkaline solution is 
described by the same equations as those on pure Pt.
The increase in activity of Pt/C catalyst is analysed through: the increase of active 
Pt surface area by reduction of Pt particles size even below 1 nm, and increase of 
the number of active sites for oxygen reduction through simply geometric effects, as 
well as, through the change of electronic structure of the catalyst, connected to the 
electronic interactions between platinum and the supportive material.
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Electrochemical study of specific binding behavior of the 
anticancer drug to dna based on the blending of nano 

tio2 and pla nanofiber
Min Song, Chao Pan, Xuemei Wang*, Zhongze Gu* 

State Key Laboratory of Bioelectronics (Chien-Shiung Wu Laboratory), Southeast University, 
Nanjing, 210096, P. R. China 

*Corresponding author. Tel: +86-25-83792177; Fax: +86-25-83619983; E-mail address: 
xuewang@seu.edu.cn

The binding study of antitumor drugs with DNA may lead to the revealing of 
the important mechanisms of the antitumor or antiviral components. Recently, 
nanomaterials have been utilized to facilitate the specific binding and improve the 
detection sensitivity of biomolecular recognition. As one of the most promising 
nanomaterials capable of a wide variety of applications in medicine and life science, 
the high reactivity of nano titanium dioxide (TiO2) makes it possible to apply as a new 
strategy in the photodynamic therapies of some kind of cancers. Especially, as one 
of the good biocompatible nanomaterials, the TiO2 nanoparticles could be utilized as 
an effective agent to accompany with other anticancer agents to facilitate the relative 
biomolecular recognition. On the other hand, some biodegradable nano polymers can 
carry the relative bioactive molecules to tissues of interest, due to the potential for 
the control of the release rate of the drug, and to the well-established methods of 
the preparation. Among these biocompatibility and biodegradable nano polymers, 
polylactide (PLA) has attracted intensive interest pertaining to drug delivery, tissue 
engineering and temporary therapeutic applications in pharmacology and surgery. 
Considering all of these above, we have explored the possibility of the application 
of the blending of TiO2 nanoparticles and PLA nanofiber to biomolecular recognition 
of anticancer drug daunorubicin by using electrochemical methods. Our observations 
illustrate that the blending of TiO2 nanoparticles and PLA nanofiber could be utilized 
as a new nanomaterial to improve the detection sensitivity for the relative biomolecular 
recognition of daunorubicin to nucleic acid. This blending may be also valuable to 
operate particularly in the field of controlled drug delivery.
Acknowledgements
The support from NSFC (20205001, 20535010 & 60121101) and State key lab 
foundation of Chie-Shiung Wu laboratory is greatly appreciated.

[1]  R. Cai, Y. Kubota, T. Shuin, H. Sakai, K. Hashimoto, A. Fujishima, Cancer Res. 
52 (1992) 2346.

[2]  K.S. Soppimath, T.M. Aminabhavi, A.R. Kulkarni, W.E. Rudzinski, J. Controlled 
Release. 70 (2001) 1.
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Fabrication of carbon nanotube electrodes
J. P. Edgeworth, I. Dumitrescu, M. Guille, N. R. Wilson*†, Julie V. Macpherson 

Departments of Chemistry and Physics†, University of Warwick, Coventry, CV4 7AL, UK
*Neil.Wilson@warwick.ac.uk

The remarkable electrical properties of carbon nanotubes have been extensively studied 
since their discovery in 1991. It is well known that single walled carbon nanotubes can 
either be metallic or semiconducting with a band gap inversely proportional to their 
diameter. Although the majority of research has focussed on studying the electrical 
properties of individual nanotubes, with possible applications as diverse as interconnects 
and sensors, more recently the benefits of nanotube networks as a macroelectronic 
material have been recognised1. Due to their high aspect ratio nanotubes can form 
highly interconnected networks at very low surface coverage. At low densities, i.e. 
just above the percolation limit, the networks behave as semiconductors, while at 
higher densities (although still only ~ 1% surface coverage) they behave as highly 
conducting thin films. We are interested in studying the electrochemical properties of 
these nanotube electrodes, the first step in which is, by necessity, the fabrication of 
carbon nanotube electrodes.
In this work we describe the catalysed chemical vapour deposition growth of carbon 
nanotubes on an insulating substrate. We can vary the density of nanotubes from below 
the percolation threshold to well above it, and by varying the size of catalyst particle we 
can vary the diameter of nanotube produced from ~ 1 –10 nm. Using photolithography 
we can pattern the nanotubes onto selected areas on the substrate, either by positioning 
of the catalyst before growth, or by selective removal of nanotubes after growth. 
Photolithography is also used for patterning electrodes onto the substrates, enabling 
electrical measurements on individual nanotubes, several nanotubes in parallel or 
networks of nanotubes. To study the electrochemical properties of these electrodes 
the final step is a coating of insulation, leaving only the nanotube(s) exposed. 

[1] E. S. Snow, J. P. Novak, M. D. Lay, E. H. Houser, F. K. Perkins, and P. M. Campbell, 
J. Vac. Sci. Technol. B 2004, 22(4), 1990
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Electrocrystallization and properties of nanostructured 
gold 

O. Yevtushenko, H. Natter, R. Hempelmann*, 
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*r.hempelmann@mx.uni-saarland.de

The preparation and the investigation of nanostructured materials are interesting 
because of the possibility to control their physical and chemical properties by changing 
the experiment conditions. Nanocrystalline gold was electrodeposited from a solution 
where Au+ was stabilized by complex formation with thiol groups. The change of the 
deposition parameters and the electrolyte composition leads to the change of physical 
properties of gold. The crystallite size was decreased down to 10 nm by means of pulse 
techniques and the amount of arsenic containing additive [1]. The structural properties 
were investigated in situ by high-temperature X-ray diffraction. Nanocrystalline gold 
exhibits thermal stability up to 573 K and the activation energy of surface diffusion 
was determined to be EA=29.5 kJ*mol-1 [2]. The surface morphology was investigated 
by means of AFM and REM. Nanostructured gold exhibits roughness of 13 nm 
(50×50 µm surface). The hardness of the deposit was estimated to be about 2,26 GPa 
by means of nanoindentation. The cauliflower-like growth of gold was observed what 
can be used in applications where big surface area is needed. 
The initial stages of gold electrodeposition on a glassy carbon electrode were 
studied in the above mentioned electrolyte using potentiostatically operated linear 
sweep voltammetric and chronoamperometric electrochemical techniques. The 
comparison between theoretical models for electrochemical nucleation and growth 
and experimental results for gold was made. The experimentally derived current-time 
transients were analyzed using nonlinear least-squares approximations by various 
models [3,4,5] of instantaneous and progressive nucleation and three-dimensional 
crystal growth with overlap.  Different electrodeposition mechanisms are observed 
depending on the deposition potential. A potential dependent inhibition phenomenon 
was observed during gold electrocrystallization.

[1]. O. Yevtushenko, H. Natter, R. Hempelmann, J. Solid State Electrochemistry, 
submitted (2006)

[2]. O. Yevtushenko, H. Natter, and R. Hempelmann, J. Thin Solid Films, in print 
(2006)

[3]. Alexander Milchev, Electrocrystallization. Fundamentals of Nucleation and 
Growth. Cluwer academic publishers, Dordrecht, 2002 

[4]. Y. G. Li, W. Chrzanowski, A. Lasia, Journal of applied electrochemistry 26 (1996) 
843-852

[5]. M. Y. Abyaneh and M. Fleischmann, J. Electroanal. Chem., 119 (1981) 187-195
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Antibacterial Surfaces– Formation and Characterization 
of Ag-nanoparticle Ultra-thin Films 
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1Helsinki University of Technology, Laboratory of Physical Chemistry and Electrochemistry,  

P.O. Box 6100, 02015 TKK, Finland
2Max-Planck Institut für Eisenforschung GmbH, Adhesion and Thin films, 

 Max-Planck-Strasse 1, 40237 Düsseldorf, Germany 
*kyosti.kontturi@tkk.fi

The bacterial colonalization has caused an increasing need for the developing efficient 
and long-term resistant antibacterial surfaces at low cost; biofouling does not only 
cause enormous economical losses worldwide annually but it has created a huge 
health risk for example in the form of hospital infections.
The traditional way for preparing antibacterial coatings is to use sol-gel films where 
antibacterial materials (e.g. silver, copper) are embedded for example in silica 
matrixes. This approach has several advantages such as homogeneity of the films and 
low temperature synthesis. However, the presence of a highly crosslinked matrix has 
also some disadvantages such as the limited formability and the change of the original 
properties of the surface (such as colour, conductivity). Thus a novel approach for the 
creating of antibacterial films is needed.
The formation of an extremely thin – monolayer thick – antibacterial film directly on 
the surface of interest has been studied using both glass and stainless steel substrates. 
The films containing silver nanoparticles were prepared successfully by immersing 
the samples into solutions of amino functionalized trimethoxy silane, methanol and 
silver nitrate similar to the layer-by-layer technique. A final annealing step at 120°C 
in which the reduction of Ag-ions to silver nanoparticles takes place completes the 
process. 
The effect of both of the immersing and annealing time were studied with UV/Vis 
spectroscopy (transmittance spectra and reflectance spectra using the integrating 
sphere) and the mechanism of the growth of the particles as a function of the annealing 
time was studied by means of scanning electron microscopy.
The plasmon resonance could be well correlated with the size, shape and matrix of the 
adsorbed Ag-nanoparticle. The adsorption of the protective self-assembled monolayer 
on the nanoparticles was done to increase the stability of the nanoparticles. 
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Study of size effect of conductivity of polyaniline 
nanowires by conducting AFM
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Localization of electrochemical reactions in 
electrocatalytic processes at nanocompositions

M.O. Danilov
Institute of General and Inorganic Chemistry NAS Ukraine, Kiev 

e-mail: dankoek@mail.ru

Electrochemical reactions underlie any electrocatalytic process that leads 
to electric current generation. In the electrode-electrolyte system, a compromise 
potential sets up in the electrode-electrolyte system, which depends on the potential 
value of the reactions that proceed in it at the same time. Using a catalyst-support 
nanocomposition, one can localize one reaction at the support and another reaction at 
the catalyst and influence there by the compromise potential.  The main criterion 
for the selection of constituents is different energy barrier to the occurrence of these 
reactions at the catalyst and support. 
For oxygen reduction reaction, which is employed in electrochemical generators 
with the use of a composition of carbon nanomaterials and catalysts, a localization 
of the reactions can be achieved. In this case oxygen adsorption will take place 
at the carbon nanomaterials, and for the catalyst a material with high oxygen 
evolution overpotential, at which electron attachment with bond rupture in the 
molecule will take place, must be used. Approximate activity order of metals-
catalysts for alkaline solutions:
Co <Fe <Ni <Cd <Pb <Au <Pt
For the hydride electrodes of nickel-metal hydride batteries, the reaction of electron 
attachment to the water molecule involving adsorbed hydrogen formation at the 
catalyst with high hydrogen evolution overpotential can be localized during hydride 
electrode charging making use of the reaction localization principle. In this case, 
the hydride formation reaction involving adsorbed hydrogen is localized at the 
hydride-forming alloy. This leads to an increase in charge capacity and cycle life. 
The preferable activity order of catalysts  is:
Pt <Pd <Co <Ni <Fe <Ag <Cu <Zn <Sn <Pb
For the hydrogen electrodes of fuel cells and hydrogen sensors, a catalyst with low 
hydrogen evolution overpotential must be introduced to localize the 
reactions. At the catalyst,  adsorbed atoms are formed with bond rupture in the 
hydrogen molecule, and at the carbon nanomaterials, electron detachment takes 
place with desorption of hydrogen ions. The activity order of catalysts is:
Pb <Sn <Zn <Cu <Ag <Fe <Ni <Co <Pd <Pt
Thus, thanks to the localization of reactions, the catalytic properties of materials 
can be explained and predicted. The localization of reactions manifests itself best in 
the case of nanoscale catalysts, which may be accounted for by the spillover of the 
reactant across the catalyst-support interface.
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Mesoporous metal oxide electrode material for 
supercapacitors 

Kwang-Heon Kim and Kwang-Bum Kim*
Deparment of Metallurgical Engineering, Yonsei University, 134 Sinchon-dong Seodamun-gu, 

Seoul, Korea
*Kbkim@yonsei.ac.kr

Interests in the development of electrochemical capacitors for high power applications 
have greatly intensified in recent years. On the basis of electrode materials used and the 
charge storage mechanisms, electrochemical capacitors are classified as: (a) electrical 
double-layer capacitors (EDLCs) that employ carbon material with high surface area, 
and (b) pseudocapacitors (supercapacitors) in which electroactive materials such as 
transition metal oxide or conducting polymers are employed as electrodes.
Among several transition metal oxide electrode materials for supercapacitors, hydrous 
ruthenium oxide shows a high capacity of over 700F/g and excellent cyclability in 
aqueous H2SO4. Because of its high cost, alternative metal oxide electrode materials 
are being developed to replace ruthenium oxide. e.g. NiOx, CoOx, MnO2, etc. However, 
comparing with RuO2, these transition metal oxides exhibit lower electrochemical 
capacitance performance. Thus, improving the capacitance performance of these 
materials is the next logical step.
Electrode materials with a large surface area and a highly porous structure would 
effectively combine high energy with high power characteristics required for 
supercapacitors. Materials characterized by a bicontinuous structure of a solid phase 
surrounding pores in the range of a few tens of nanometers, would be excellent 
candidate materials for high-performance supercapacitors. 
It is well known that mainly the micropores (<2 nm) are not easily accessed by the 
liquid electrolyte and the exposed surface in micropores may not be utilized for charge 
storage whereas the mesopores (2~50nm) can play an adsorption and transporting 
role, especially for high rate condition.
Mesoporous electrode materials would allow the electrolyte to deeply penetrate 
within the solid phase.  And very thin solid phase of the material would further reduce 
the length of the ionic diffusion paths for the ions participating in electrochemical 
reaction. In addition, increased electric conductivity of the electroactive material in 
the electrode is very important to improve rate capability of a supercapacitor.
Therefore, high surface area metal oxide materials containing regularly interconnected 
mesopores are highly desirable for the supercapacitor electrodes.
We have made an attempt to improve the electrochemical performance of the 
electrodes based on metal oxides introducing a ordered mesoporous structured metal 
oxides electrode materials. For this propose, we prepared mesopoous metal oxide 
and meporous metal oxide/carbon composite electrode materials by liquid template 
method. 
More details about mesoporous metal oxides and/or mesoporous metal oxide/carbon 
composite synthesis and their structural and electrochemical properties will be 
presented at the meeting.
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Surface Movements of Finger-like Islands in 
Electrochemical Environment

Joohan Lee and Juhyoun Kwak*
Department of Chemistry, Korea Advanced Institute of Science and Technology (KAIST) 

373-1 Guseong-dong, Yuseong-gu, 305-701 Daejeon, Republic of Korea 
*Juhyoun_Kwak@kaist.ac.kr

On the basis of time–dependent in situ scanning tunneling microscopy with 
electrochemistry, we demonstrate that a group of needle-like long islands move from 
the step edges of a Au surface to another neighboring step site, which is driven by 
the electrodeposition of submonolayered thallium metal. A flame-annealed Au(111) 
surface has large and flat terraces composed of alternating hexagonal close packing and 
face-centered-cubic stacking connected by partial dislocations that lead to the well-
known (22 ⅹ √3) reconstruction. When a little amount of thallium is decorated at step 
edges, Au atoms at hcp jump to the neighboring fcc position because fcc is the more 
stable than hcp. The lateral spacing between long islands is 6.5 nm, indicating that the 
surface movement is rooted in reconstructed Au surface. Moving stuffs diffuse at the 
speed of 0.2 nm/s that is similar to the self-diffusion rate of Au. Through a variety of 
experimental conditions such as the changes of electrochemical potentials, scanning 
speeds, tunneling currents, samples biases, and the fixing of the scanning tip after the 
introduction of thallium to Au surfaces, we conclude that a major agent is thallium 
for the migration of a bunch of chopstick-like islands even under the interference of 
aqueous components.
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Fabrication of carbon nanotube electrodes
J. P. Edgeworth, I. Dumitrescu, M. Guille, N. R. Wilson*†, Julie V. Macpherson

Departments of Chemistry and Physics†, University of Warwick, Coventry, CV4 7AL, UK
*Neil.Wilson@warwick.ac.uk

The remarkable electrical properties of carbon nanotubes have been extensively studied 
since their discovery in 1991. It is well known that single walled carbon nanotubes can 
either be metallic or semiconducting with a band gap inversely proportional to their 
diameter. Although the majority of research has focussed on studying the electrical 
properties of individual nanotubes, with possible applications as diverse as interconnects 
and sensors, more recently the benefits of nanotube networks as a macroelectronic 
material have been recognised1. Due to their high aspect ratio nanotubes can form 
highly interconnected networks at very low surface coverage. At low densities, i.e. 
just above the percolation limit, the networks behave as semiconductors, while at 
higher densities (although still only ~ 1% surface coverage) they behave as highly 
conducting thin films. We are interested in studying the electrochemical properties of 
these nanotube electrodes, the first step in which is, by necessity, the fabrication of 
carbon nanotube electrodes.
In this work we describe the catalysed chemical vapour deposition growth of carbon 
nanotubes on an insulating substrate. We can vary the density of nanotubes from below 
the percolation threshold to well above it, and by varying the size of catalyst particle we 
can vary the diameter of nanotube produced from ~ 1 –10 nm. Using photolithography 
we can pattern the nanotubes onto selected areas on the substrate, either by positioning 
of the catalyst before growth, or by selective removal of nanotubes after growth. 
Photolithography is also used for patterning electrodes onto the substrates, enabling 
electrical measurements on individual nanotubes, several nanotubes in parallel or 
networks of nanotubes. To study the electrochemical properties of these electrodes 
the final step is a coating of insulation, leaving only the nanotube(s) exposed. 

[1] E. S. Snow, J. P. Novak, M. D. Lay, E. H. Houser, F. K. Perkins, and P. M. Campbell, 
J. Vac. Sci. Technol. B 2004, 22(4), 1990
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Development and Scale up of the FFC Cambridge Process

I.R Buckingham1, S.J. Brewer1, A. Fones1, D.J. Fray2, D.R. Hodgson*1, D. Jackson1, 
L. Slevin1, S.E. Male1

1 Metalysis Ltd, Unit 2 Farfield Park, Wath upon Dearne, Rotherham, S63 5DB, UK
2 Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, UK 

*david.hodgson@metalysis.com

The FFC Cambridge Process was discovered in 1997 at the University of Cambridge.  
The process is very elegant and environmentally friendly in that an oxide is made the 
cathode in a bath of a molten chloride of a very electropositive element.  Under these 
conditions, the favoured cathodic reaction is the ionisation of the oxygen in the oxide 
to from oxygen ions that dissolve in the salt.  The final result is a finely divided metal 
product.  Metalysis Ltd has a world-wide exclusive license to exploit the technology 
for all materials containing less than 40% titanium.

The process starts with a metal oxide powder that is formed into a mechnically stable, 
porous pellet.  A collection of pellets is made the cathode in a bath of molten salt 
(typically CaCl2) and reduction of the oxide occurs under potential control.  The 
process has wide applicability and a number of materials have been produced in kg 
quantities.

This paper will describe the basics of the process, illustrate how the process is being 
scaled and will discuss the nature of a range of metals produced to date.
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Electrodeposition of nanomaterials in air and water 
stable ionic liquids

S. Zein El Abedin and F. Endres*

Faculty of Natural and Materials Sciences, Clausthal University of Technology, Robert-Koch-Str. 
42, D-38678 Clausthal-Zellerfeld, Germany.

frank.endres@tu-clausthal.de
sherif.zein@tu-clausthal.de

Ionic liquids, especially air and water stable, have attracted considerable attention 
since they have extraordinary physical properties superior to those of water or 
organic solvents. They have extremely large electrochemical windows, more than 
five volts, and hence they give access to elements which cannot be electrodeposited 
from aqueous solutions such as, e.g., Al, Mg, Ta, Ge and Si. Moreover, the problems 
associated with hydrogen ions in conventional protic solvents can be eliminated in 
ionic liquids because ionic liquids are normally aprotic. In this paper, we report on 
the electrodeposition of tantalum on different substrates such as, single crystalline 
gold Au(111), polycrystalline platinum, NiTi alloy and stainless steel in the water and 
air stable ionic liquid 1-butyl-1-methyl-pyrrolidinium bis (tri-fluoromethylsulfonyl) 
imide ([BMP]Tf2N) containing TaF5 as a source of tantalum. The results show that, in 
addition to the formation of insoluble compounds, Ta can be electrodeposited in the 
ionic liquid ([BMP]Tf2N) containing 0.5 M TaF5 at 200 oC. The XRD patterns of the 
electrodeposit show the characteristic patterns of crystalline tantalum. Moreover, it was 
found  that the deposition of an only 500 nm thick film of Ta on NiTi alloy improves 
its corrosion resistance which, in turn, enhances its biocompatibility. We report also 
the first results of the electrodeposition of nano- and microcrystalline aluminium in 
some water and air stable ionic liquids namely, 1-butyl-1-methylpyrrolidinium bis(tr
ifluoromethylsulfonyl) imide [BMP]Tf2N, 1-ethyl-3-methylimidazolium bis(trifluoro
methylsulfonyl) imide [EMIm] Tf2N and trihexyl-tetradecyl phosphonium bis(trifluo
romethylsulfonyl) imide (P14,6,6,6 Tf2N).  
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Electrochemical oxidation of synthetic dyes
Marco Panizza*, Rico Ricotti and Giacomo Cerisola

Dipartimento di Ingegneria Chimica e di Processo “G.B. Bonino”, Università degli Studi di 
Genova, p.le J.F. Kennedy 1 – 16129 Genova, Italy.

*marco.panizza@unige.it

The textile and paper industries require large volumes of water and produce effluents 
that contain large quantities of organic compounds and inorganic salts and have high 
COD and colour levels. In particular, due to the presence of reactive dyes, colour 
removal is the major problem in dealing with these effluents. In fact, synthetic dyes 
contain one or more functional groups and complex aromatic structures which make 
them very difficult to biodegrade. Commonly employed methods for colour removal 
are adsorption, coagulation, chemical oxidation with ozone or Fenton’s reagent and 
advanced oxidation processes; however these processes are quite expensive and have 
operational problems. For these reasons there has been increasing interest in the use 
of new methods such as electrochemical oxidation.
Many studies have been carried out on electrochemical treatment of organic 
compounds and several anode materials have been tested; however several of these 
have demonstrated a rapid decline in activity due to surface fouling (glassy carbon, 
and others have performed only selective oxidation of pollutants without obtaining 
their complete incineration (Ti/IrO2, Pt). The complete mineralisation of the organics 
to CO2 has only been obtained using high oxygen overvoltage anodes such as SnO2, 
PbO2  and boron-doped diamond because during electrolysis at high potentials these 
electrodes produce hydroxyl radicals from the water discharge on their surfaces. 
Among these electrodes BDD anodes exhibit good chemical and electrochemical 
stability even in strong aggressive media, a long life and a wide potential window 
for water discharge, and are thus promising anodes for industrial-scale wastewater 
treatment. 
The aim of this work was to study the electrochemical oxidation of a model 
wastewaters containing dyes with different structures: aniline blue (C32H25N3O9S3Na2) 
a triarylmethane dye, or alizarin red (C14H7O7SNa) an anthraquinone dye. The 
influence of the main operating parameters, such as current density, flow-rate and 
temperature, affecting COD and colour removal was investigated in order to find the 
optimum experimental conditions.
The results of the electrolysis revealed the suitability of the electrochemical process 
for completely removing the COD and effectively decolourising the wastewaters 
due to the production of hydroxyl radicals on the diamond surface. In particular, the 
oxidation was favoured by a low temperature, a low current density and a high flow-
rate meaning that the oxidation was a diffusion-controlled process.
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Electroreduction of polychloroethanes at silver 
electrodes

Alessandro Minguzzi, Sandra Rondinini, Alberto Vertova*
The University of Milan, Department of Physical Chemistry and Electrochemistry, Milan, Italy 

*alberto.vertova@unimi.it

Recent studies [1-2] on the electroreduction of volatile organic halides on Ag 
cathodes have highlighted the role of silver as powerful electrocatalyst for the 
hydrodehalogenation of volatile organic halides, namely polychloro-methanes and 
–ethanes, in non-aqueous and mixed solvents. The extended cyclic voltammetry 
experiments on both C1 and C2 derivatives, together with the preparative 
electrolyses performed on model compounds (CHCl3 and CH2Cl2), not only confirm 
that significant energy saving can be achieved by the use of silver as electrode 
material, as in all the other electroreductions of organic halides investigated so far, 
but also suggest that the reaction pathway(s) might once again differ from the one 
observed on less active materials, as in the case of glassy carbon.

In the present work the investigations have been focussed on polychloro-ethanes and 
extended from non-aqueous to pure aqueous media to confirm the applicability of the 
degradation procedure to any H2O-organic solvent composition, up to 100% H2O. 
The results point to a preferential pathway toward the total hydrodehalogenation 
of the substrates

Acknowledgments. The financial support of the University of Milan (FIRST) 
and of EC Programme Improving Human Research Potential and the Socio-
economic Knowledge Base - IHP contract number HPMT-CT-2001-00314 is 
gratefully acknowledged.

1. 1. S. Rondinini, A. Vertova, Electrochim. Acta, 2004, 49, 4035
2. G. Fiori, S. Rondinini, G. Sello, A. Vertova, M. Cirja, L. Conti, J. Appl. Electrochem. 

2005, 35, 363.
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Electrochemical mass transfer modelling of a complex two 
phase heat transfer problem: case of a prototype slagging 

gasifier
A.A. Wragg1*, N.P. Simpson1, M.A. Patrick1, J. Kalcikova2, J. Krysa2

1 Department of Engineering, University of Exeter, Exeter, EX4 4QF, UK
2 Department of Inorganic Technology, VSCHT , Technicka 5, 166 28 Prague 6, Czech Republic

*aawragg@exeter.ac.uk

This paper describes the modelling of heat transfer in the hearth of a prototype slagging gasifier using the 
electrochemical limiting diffusion current technique and subsequent application of the Chilton-Colburn 
analogy between heat and mass transfer.  The apparatus used was based on a quarter scale model of the 
British Gas Westfield gasifier and was manufactured in the form of a large conical vessel with top diameter 
of 0.61 m fabricated from nickel sheet.  The half angle at the cone base, where gas could be introduced 
through nozzles of various diameters, was 43 degrees. To provide suitable cathode and anode portions for 
the electrochemical cell the cone was cut vertically into two sections in the area ratio 1:5 and 32 nickel 
mini cathodes of diameter 1 mm were flush mounted with the inside surface of the cone at various distances 
from the nozzle blocks at the cone base.  The mini cathodes were fixed and isolated from the main cathode 
surface using Araldite adhesive.  The well known electrochemical equimolar ferri-ferro cyanide redox 
system in excess supporting electrolyte was used for the limiting current mass transfer measurements eg 
[1]. However, here we had to simulate the properties of a molten slag and CMC in various concentrations  
was used as additive to increase viscosity.  This precluded the use of the strong alkali NaOH, the usual 
supporting electrolyte, and a buffer solution of sodium carbonate and sodium bicarbonate was used.  The 
full range of solution compositions provided a comprehensive range of Schmidt numbers between 1624 
and 3,800,000.
Initially gas flow tests were carried out using water and air as fluids, the air being injected from the gas 
plenum through the vertical nozzles and into the conical model gasifier vessel. The bubble frequency was 
measured using a pressure tapping in the wall of the gas plenum and  plots of bubble frequency against flow 
rate yielded excellent agreement with British Gas data obtained using a wide variety of liquids.
Polarisation curves with very well defined limiting current plateaus were obtained in natural convection 
conditions (no gas flow into the electrolyte), but as soon as gas was injected through the nozzles fluctuation 
of the limiting currents occurred, in some cases giving very unsteady readings.  To avoid the electrolyte 
sloshing about in the conical vessel and to more accurately simulate conditions in the real gasifier a flow 
dampener was introduced in the form of table tennis balls glued together and situated on the top surface 
of the liquid.  The chart recordings of current fluctuations showed lower amplitudes and more regular 
waveforms when compared with flows under similar  but undamped conditions.
Plots of time averaged limiting currents from the mini-electrodes with the macrocathode simultaneously 
active allowed the distribution of mass transfer along the sides of the conical vessel to be determined. 
These distributions produced high values at the top where there is considerable surface motion and also 
near the base where there are intense liquid recirculation eddies associated with the emergence of the 
gas stream from the nozzles – a complex gas jet flow pattern.  The form of the distribution of local mass 
transfer coefficient was found to be sensitive to liquid viscosity and also to gas velocity.  Spatially average 
mass transfer coefficients based on macrocathode data and on integration of the mini electrode data with 
appropriate weighting for the varying cone area gave agreement within a few percent.
Plots of modified mass transfer j-factor against gas nozzle Reynolds number provided excellent correlations 
both for the 16 mm and 19 mm nozzles and for CMC concentrations between 0 and 3%.
Use of the Chilton-Colburn analogy between mass and heat transfer allowed the calculation of heat 
transfer coefficients, h, for the model gasifier using slag properties provided by Rhine et al [2].  Values of 
h thus calculated ranged between 160 and 200 W/m2 K.  These values might be somewhat enhanced by 
contributions from natural convection and agree remarkably with the value of 170 W/m2 K suggested by 
British Gas [3].
[1]  C.F.Oduoza, A.A.Wragg, Chem Engng Journal 85 (2002) 119.
[2]  J.M.Rhine, K.C.Mills, F.H.Putland, High Temps-High Press 17 (1985) 173.
[3]  A.R.Tait, M.G.Cooper, British Gas Report, MRS I 2777, Nov (1981).
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Nanostructured SnO2-IrO2 sol-gel composite 
electrocatalysts: from powders to electrodes

Laura Borgese, Alessandro Minguzzi, Sandra Rondinini*, Alberto Vertova
The University of Milan, Department of Physical Chemistry and Electrochemistry, Milan, Italy 

*sandra.rondinini@unimi.it

The research and development on new electrocatalytic composite materials entails 
a wide spectrum of parallel investigations on the electrochemical performance, 
the morphological features, the bulk and surface compositions, and their possible 
modifications in connection with the use of supporting materials and additives as 
required by cell and electrode design.
The supporting material and techniques become of critical importance when dealing 
with nanostructured composite materials [1-3] prepared via sol-gel, a technique which 
allows the accurate tailoring of the powder morphology and composition, but implies 
the adoption of appropriate current collectors.
In this context, the present work focuses on the role played by the support on the 
observed properties of nanostructured mixed Sn-Ir oxides, prepared by a low 
temperature sol-gel method, and used as electrocatalysts for the oxygen evolution 
reaction in acid water electrolyzers.
The materials are investigated by both ex-situ techniques (XRD, XPS, SEM and BET) 
and in-situ electrochemical characterizations (typically, voltammetric techniques 
and impedance spectroscopy). The results obtained for a Sn0.85Ir0.15O2 model powder 
are discussed in terms of different supporting materials and procedures, also in the 
presence of selected additives (carbon, proton conducting polymer).
Acknowledgments. The financial support of the University of Milan (FIRST) and 
of EC Programme Improving Human Research Potential and the Socio-economic 
Knowledge Base - IHP contract number HPMT-CT-2001-00314 is gratefully 
acknowledged.
1. S. Ardizzone, G. Cappelletti, M. Ionita, A. Minguzzi, S. Rondinini, and 
A. Vertova, “Low-temperature sol–gel nanocrystalline tin oxide Integrated 
characterization of electrodes and particles obtained by a common path”, 
Electrochim. Acta, 2005, 50, 4419-4425
2. M. Ionita, G. Cappelletti, A. Minguzzi, S. Ardizzone, C. Bianchi, S. Rondinini, A. 
Vertova, “Bulk, Surface and Morphological Features of Nanostructured Tin Oxide by 
a Controlled Alkoxide-Gel Path”, J. Nanoparticle Res., 2005, in press
3. S. Ardizzone; C. L Bianchi; G. Cappelletti; M. Ionita; A. Minguzzi; S. Rondinini; 
A. Vertova, “Composite ternary SnO2-IrO2-Ta2O5 oxide electrocatalysts”, J. 
Electroanal. Chem. 2006, in press
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Advanced modelling of 3D electrochemical machining 
with time dependent imposed current or potential

Marius Purcar*, Andrei Dorochenko, Leslie Bortels, Johan Deconinck,  
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Elsyca n.v., Kranenberg 6, 1731 Zellik, Belgium
*Marius.Purcar@elsyca.com

Most of the time the non-symmetrical and complicated tool/work piece configurations 
encountered in ElectroChemical Machining (ECM) can only be approached by real 
3D modelling. In addition to that the imposed current or potential is often changing 
during the process in order to gently start or to optimise the process. Finally the high 
current densities applied can involve local ohmic drops in resistive work pieces (e.g. 
made of stainless steel) that influence the final shape.  
This paper presents the basics of an integrated approach solving an electrical network 
that is coupled with three dimensional potential distributions in tool and work piece 
and three dimensional secondary current density distributions in the electrolyte.  This 
model is coupled with three dimensional electrode shape change simulations with 
moving tools.
The electrical network consists of resistors and time dependent current and/or 
potential sources. The electrochemical process model assumes that the electrolyte 
is well stirred and refreshed such that the current density in the electrolyte and the 
electrodes is governed by the Laplace equation. At the interfaces between electrodes 
and electrolyte non-linear boundary conditions model the electrode reactions.  The 
whole geometry is discretised in tetrahedra and the Finite Element Method (FEM) is 
applied to discretise the potential field. The electrode shape is found by displacing the 
nodes on the anode surface proportional with, and in the direction of the local current 
density and efficiency according to Faraday’s law.
The mathematical modelling of the whole ECM process is integrated in the CAD 
package SolidWorks®.  This enables to perform ECM design directly starting from 
scratch or by reading in existing CAD files (STEP, AutoCad, IGES, …). The software 
can visualise results at different stages of the electrode shape process using color 
plots, isolines and streamlines. 
In the examples the effects of the metal resistivity, different contacting methods, 
different power supply sources and different moving rates of the work tool will be 
demonstrated.
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Hard Chromium deposition using ionic liquids as a 
potential substitute to hexavalent chromium plating:  

First results in European IONMET programme.
Patrick Benaben*, Brice Sottil

TDS department/ SMS Centre
Ecole Nationale Superieure des Mines

158 cours fauriel
42023 –Saint-Etienne Cedex 2 – France

E-mail :benaben@emse.fr

Hexavalent chromium (CrVI) solution are worldwide largely used for hard chromium 
plating. But CrVI is reputed as a carcinogenic and highly toxic agent, so regulations 
through the world are becoming more and more drastic. As consequences, studies on 
hard chromium plating alternative processes are extensively developed : HVOF, PVD, 
electrolytic and electroless metal deposition (Ni or Co - with and without particles 
inclusions), trivalent chromium solutions…. But at the moment no processes are able 
to really industrially substitute the “old - good - simple” hard hexavalent chromium 
plating in all its applications. 
Due to highly specific characteristics and used in special conditions, Ionic Liquids 
formed with metal salts (as halide) could allow electrolytic deposition of metal 
which can be investigated as potential substitute of aqueous deposition in some 
applications. 
Experiments and results obtained in the course of hard chromium deposition during 
IONMET programme using ionic liquids formed with trivalent chromium salts will be 
presented. In particular influence of temperature, current density, additive elements and  
surface preparation will be disclosed. Potential industrial application of the process as 
alternative to hard chromium plating will be considered in particular in engineering 
(wear and corrosion resistance, friction coefficient) and in environmental aspects.
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Electrochemistry in Conservation
Sheelagh Campbell*, Iwona Beech and Peter Lawton+

Applied Electrochemistry Group, School of Pharmacy and Biomedical Sciences, University of 
Portsmouth, Portsmouth PO1 2DT, U.K.

+Hampshire County Council Museums Service, Treadgold Industrial Heritage Museum, Bishop 
Street, Portsmouth PO1 3DA, UK
*sheelagh.campbell@port.ac.uk

Environments rich in chloride ions pose threats to the stability of historic monuments 
and artefacts particularly where iron, or its alloy steel, are present as construction 
materials [1].  Chloride ions may disrupt protective layers on the metal surface, and 
corrosion of the metal object can then occur.  Wood/iron composites and assemblies 
represent another group of materials particularly vulnerable to degradation when 
chloride ion penetration is possible.  Thus, removal or reduction in levels of chloride 
ions present in metallic and non-metallic substrata and/or associated corrosion 
products, followed by protection of the metal surface will reduce the amount of 
deterioration and prolong the lifetime of the structure or artefact.  
This paper describes the use of electrolysis in the removal of chloride ions from two 
large-scale conservation projects involving the World War I monitor, the M33 [2] and 
the s.v.Cutty Sark [3-4]  The pre-treatment procedures and electroytic experiments are 
described.  In the case of the M33, a total of 52 kg of sodium chloride was ultimately 
removed from crevices present in a surface area of 250 m2 in the lower regions of 
the ship.  The electrolysis was carried out over a two-year period with areas treated 
sequentially; average electrolysis times were approximately 12-14 months.    The 
second example involves the electrolysis of composite structures of wood and iron from 
the Cutty Sark.  The laboratory experiments carried out to confirm the applicability 
of this method to treatment of a composite assembly are described.  In particlular, 
the electrochemical and microbiological aspects of a complex system are discussed 
together with the subsequent pilot study in the Aft Peak area of the ship confirming 
the feasibility of using electrolysis to remove chloride ions from the wood/iron matrix 
[5]. 

References
[1] B.D.Barker, For Future Generations, Ed.M.Jones, The Archaeology of the Mary 

Rose, Vol.5, The Mary Rose Trust, Portsmouth, 2003
[2] P.Lawton, Hampshire County Council Museums Services, Bishop Street 

Portsmouth.
[3] S.A.Campbell, S.P.Gillard, W.Davies, G.E.O.Monger, P.Lawton and I.B.Beech, 

Trans.Inst.Met.Fin., 83 (2005) 29.
[4] http://www.cuttysark.org.uk .
[5] I.B.Beech, J.R.Smith, A.A.Steele, I.Penegar and S.A.Campbell, Colloids Surf. B:

Biointerfaces, 23 (2002) 231.     
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Electrodeposition of Zn, Ni, Sn and Fe Alloys From Deep 
Eutectic Solvents Based on Choline Chloride

 John Collins*, Ian M. Dalrymple and Martin Potter
C-Tech Innovation Ltd, 

Capenhurst, Chester CH1 1EH, UK.
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Research at C-Tech Innovation as part of the EU FP6 IONMET project, has been 
conducted on electrodeposition of a range of metal alloys from eutectic mixtures 
(ionic liquids) as an alternative to conventional aqueous techniques. Here we describe 
the electrolytic deposition of Zn, Sn, Ni and Fe alloys from solutions of the metal 
chloride salts separately in urea and ethylene glycol / choline chloride based ionic 
liquids. We examine the effects of solution composition (metal concentration, 
ionic liquid and additives), temperature, current density and mass transport on the 
composition, morphology and adhesion of the deposits. We show that a wide range 
of alloy compositions can be obtained from ionic liquids and that suitable operating 
windows exist to alloy scale up beyond the laboratory to pilot plant scale. 
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of zirconium(IV) in The LiF-NaF-KF eutectic melt at 
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ENSCP, 11 rue Pierre et Maris Curie
75231 Paris CEDEX 05

email :sylvie-delpech@enscp.fr

The molten salt reactor was one of the concepts retained in the international forum 
Generation IV (2001) for the future nuclear energy systems. In this concept, the 
ThF4-UF4 fuel is dissolved in a molten fluoride mixture whose composition is 
not yet totally defined. In order to prevent any ThO2 or UO2 precipitation, ZrF4 is 
strongly envisaged as a component (from 5 to 20 mol%) of these future mixtures. 
Moreover, fuel salt reprocessing usually considered involves some steps based on 
electrochemical methods particularly liquid metal/molten salt extraction. Therefore, 
the electrochemical behaviour and the oxoacidic properties of the molten salt have to 
be very well known. Oxoacidic properties of Zr(IV) - which govern the ability to form 
either zirconium oxyfluoride or oxide - were thermodynamically determined with an 
oxide amperometric titration technique using a calibrated gold working electrode. The 
electrochemical redox potential were determined using voltametric measurements. 
The required equilibrium data necessary to precise oxoacidic and potential ranges of 
zirconium(IV)-based molten fluoride salts were so determined.
One of the major investigation lines for the development of the molten salt nuclear 
reactor (concept which was retained in 2001 at the international forum Generation IV 
for the future nuclear energy systems) is the formulation of the molten nuclear fuel. In 
particular, use of ZrF4 as an extra component is more and more considered because 
of its oxoacidic properties which enable to prevent any precipitation of ThO2 or UO2. 
In this frame, we have developed electrochemical techniques both for in situ accurate 
determination of the free oxide anion content of melt and for the obtention of the 
thermodynamic data relevant to the stabilities and solubilities of the zirconium(IV) 
oxyfluoride and oxide. The resulting data confirm the positive role of ZrF4 as a melt 
component.
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Fraunhofer IST, Bienroder Weg 54e, 38108 Braunschweig, Germany
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The use of magnesium in aviation industry will increase due to the fact that weight 
reduction is becoming increasingly important. However, magnesium suffers from a 
lot of severe corrosion problems and an effective corrosion protection for manifold 
applications is demanded.
A new coating system for Mg alloys based on electroless deposited zinc has been 
developed in the EC-funded project “Integrated Design and Product Development 
for the Eco-efficient Production of Low-weight Aeroplane Equipment” (IDEA). The 
coating was first applied to well known alloys (e.g. AZ91) and was then transferred to 
new Mg alloys with improved mechanical properties and casting qualities. 
State of the art of Mg metallization is an electroless deposited starting layer on 
the substrate with an autocatalytic electroless nickel/phosphorus coating and a 
subsequently electrodeposited reinforcement. However, this system suffers from the 
large electrochemical potential difference between magnesium and nickel causing 
dramatic corrosion damages.  
A more favourable process is the deposition of electroless zinc on magnesium which 
is, however, not an autocatalytic, but a cementation process (1, 2). The deposition 
rate and consequently the quality of the zinc layer is adjustable by the use of 
special complexing agents which control the concentration of free zinc ions in the 
electrolyte. 
The described process produces close layers with some pores due to the hydrogen 
evolution caused by the magnesium dissolution in the electrolyte. Thus, the magnesium 
has contact to the electrolyte up to a Zn thickness of about 2 microns, when the zinc 
layer will close and the hydrogen evolution stops.  
The starting layer is reinforced with an electrodeposited coating of zinc or zinc/iron 
alloy, passivated with a chromiumVI-free passivation. If demanded, the corrosion 
protection can be improved further by an organic sealing.

Literature:
1) I. Gadzhov et al., Galvanotechnik 94 (2003) 1874
2) US Patent 2 730 490 (1956)
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Electrodeposition of iron from molten salts
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aInstitute of Advanced Energy, Kyoto University, Japan

bDepartment of Metallurgy of Non-Ferrous Metals, AGH University of Science and Technology, 
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 *Geir.M.Haarberg@material.ntnu.no

The steel industry in Europe has initiated a research program to study possibilities for 
developing new processes for the production of iron and steel by eliminating or greatly 
reduce CO2 emissions. Electrowinning of iron from molten salts using an oxygen 
evolving anode is an attractive alternative. Controlled laboratory experiments were 
conducted to study the electrochemical behaviour of dissolved iron oxide in molten 
salt electrolytes at medium temperatures ranging from ~ 500 - 1000 oC. The cathode 
process during reduction of iron complexes was studied on substrates of carbon, 
tungsten, molybdenum and nickel. Laboratory scale bulk electrolysis experiments to 
deposit iron were also performed, and the cathode product was examined by XRD, 
SEM/EDA and SEM/EPMA. The solubility of hematite, Fe2O3, was determined by 
ICP and LECO of electrolyte samples or by using an in-situ emf method.
The major challenges have been to find an electrolyte which dissolves enough hematite 
to allow for a high current density for electrodeposition of iron and to obtain smooth 
electrodeposits of iron. Several electrolytes were tested, including molten chloride 
mixtures based on CaCl2, pure fluoride and mixed chloride/fluoride electrolytes. The 
performance of candidate inert anode materials to evolve oxygen was tested during 
electrolysis. Electrodeposits of pure iron were obtained in many electrolytes. The most 
promising results were obtained in the molten system KF-NaF-CaCl2. The solubility 
of Fe2O3 was determined to be of the order of 0.5 - 1 mol% in melts containing 
~10 mol% CaCl2. In these electrolytes pure iron was deposited at current densities 
exceeding 0.5 A/cm2 using a rotating Fe cathode to increase the rate of mass transfer 
of Fe(III) species. The current efficiency with respect to iron was consistently found 
to be above 95%.
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Electro-Reduction of Solid SiO2 in Molten CaCl2

Xianbo Jina,b, Pei Gaoa, Wei Xiaoa, Dihua Wanga, George Z. Chena,b *
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b School of Chemical, Environmental and Mining Engineering, University of Nottingham, 
University Park, Nottingham NG7 2RD, UK 

* george.chen@nottingham.ac.uk

Pure silicon is urgently needed in large quantity, not only in the traditional metallurgical 
processes but also in many modern semiconductor and solar energy devices. This 
industrial product through the carbothermic reduction of SiO2 at about 1700 oC, known 
as the metallurgical grade silicon (MGS), only has a purity about 97~99%, which can 
not be used directly to manufacture most high-tech products such as solar cells, where 
at least 99.99 % in purity of silicon is required. The industrial purification of the MGS 
is a multi-step process, which is too expensive to the growing application of silicon 
in solar cells industry. New method is highly desired especially for the production of 
low cost solar grade silicon (SG-Si).
Historically, high purity silicon was successfully prepared in laboratory by electro-
deposition from molten chlorides (99.999% purity claimed) [1] or from molten 
oxides (reported 99.98% purity, 1450 oC) [2]. It was reported recently that when solid 
metal oxides are made into an electrode, respective metals or alloys can be directly 
prepared by the electrolysis in molten CaCl2 [3]. This leads to a great possibility for 
the production of silicon directly from solid SiO2 [4-6].
This presentation introduces our recent experimental and fundamental findings in 
relation with the electro-reduction of solid SiO2 in molten CaCl2. It was found that the 
reduction of SiO2 is much earlier than the reduction of Ca2+ in the molten salt to Ca, 
providing a large potential range for the preparation of the silicon. Silicon has been 
achieved either by electrolysis of quartz glass plate or cylindrical pellets of pressed 
and sintered fine SiO2 powders. The reduction has been qualitatively confirmed to 
proceed via the propagation of the Si | SiO2 | CaCl2 three phase interlines (3PIs) [7]. 
Special attention is given to the lower reduction rate in the depth direction, which is 
progressively slower as a result of the ohmic and concentration polarisations.

References
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Pyrochemical processing is a promising technology for closing the nuclear fuel cycle 
for next generation nuclear reactors. At Idaho National Laboratory (INL), such a 
pyrochemical process has been implemented for the treatment of spent nuclear fuel 
from the Experimental Breeder Reactor (EBR-II) [1]. Electrorefining is considered 
to be the signature or central technology for pyrochemical processing. This paper 
summarizes the technical characteristics of a novel design high current density 
cathode aimed at improving the throughput of the existing electrorefiner to treat spent 
EBR-II fuel. The experimental conditions, results, and technical discussions are also 
provided in the paper.

Experiments and Results
Two engineering scale experiments with the high current density cathode were 
performed in the Mark-V electrorefiner, which is located in the hot cell of Fuel Cycle 
Facility in INL. The electrolyte was LiCl-KCl eutectic with actinide chlorides. The 
anode material was uranium/plutonium ingots of approximately 14 kg each. The 
highest achieved current density at the cathode was ~ 1A/cm2. The morphology of the 
deposit was fine particles or mud like due to high percentage of adhering salt. 
The material collected by the high current density cathode experiments was run 
through a Cathode Processor (CP) to distillate adhering salt. Based on the amount of 
distillate recovered, the salt fraction in the cathode product was 59 wt%.  After the 
CP run the material was consolidated in a Casting Furnace, where pin samples were 
taken for chemical analysis. Samples were also taken from the electrolyte before and 
after the experiments to confirm the partitions of the actinides in the salt and in the 
cathode product. 

References:
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Electrodeposition of Zn-Co alloy is considered complex and is usually divided into two 
potential regions i.e. a normal deposition range (positive to Zn equilibrium potential 
E0

Zn = -1.06V vs. SCE) and an anomalous deposition range (negative to E0
Zn).  

The electrodeposition of Zn-Co alloys from Chloride electrolytes is compared on both 
steel and Ni covered steel substrates. In order to elucidate the deposition mechanism a 
complementary approach was used based on the combination of various electrochemical 
techniques (such as potentiodynamic cathodic polarization, potentiostatic deposition 
and anodic stripping) and surface analytical techniques (SEM, EDS and GDOES.
It is found that a critical potential exists in the so-called normal deposition range. 
More positive to this critical potential the phase of Co-Zn (Zn up to max.30%) is 
favored. Further negative to the critical potential a severe mitigation of deposition 
occurs which corresponds to the under potential deposition (UPD) of a monolayer of 
Zn on the substrate and on active Co sites. The critical potential and UPD shifts to 
more negative values with the increase in Co+2/Zn+2 ratio in the electrolyte.
Beyond E0

Zn potential the deposition is considered anomalous due to the fact that a 
higher amount of Zn is detected than more noble Co. This anomalism is explained by 
the faster deposition kinetics of Zn as compared to Co on steel and Ni covered layer. 
The anomalism can be overcome by increasing the Co+2/Zn+2 ratio in the electrolyte or 
by carrying out the deposition at higher temperature. Both higher concentration of Co 
and temperature assist in increasing the amount of Co+2 in cathodic double layer and 
as a result recover the noble nature of Co during deposition. The results confirm that 
the hydroxide suppression mechanism that is usually associated with this anomalism 
is not responsible for this inhibition.
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During water electrolysis for hydrogen there are bubbles which are created at the two 
electrodes which imply a great hydrodynamic acceleration but also a quite important 
electrical field and electrochemical processes disturbance. This disturbance can lead 
to the modification of the local current density and to anode effects for example. 
There is few works concerning the local modelling of coupled electroactive species 
transport and electrochemical processes in a biphasic electrolyte. There are also few 
local experimental measurements in term of chemical composition, temperature or 
current density which will allow the numerical calculations validation. Nevertheless, 
effects like the anode effect, particularly expensive on the point of the process 
efficiency, should need a better understanding. Nowadays, the respective roles of 
the local temperature increases, the electroactive specie composition or the transport 
properties modification due to bubbles are not known.
The goal of the present work is the modelling and the numerical simulation of the 
hydrogen production process for a vertical electrode configuration. Bubbles presence 
is supposed to modify the electrical properties, the thermal properties and then the 
electroactive specie diffusive transport and the current density. Bubbles are also motion 
sources for the electrolysis cell flow, and then hydrodynamic properties are strongly 
coupled with specie transport and electrical field [1,2]. The present work shows 
hydrodynamic, electrical, thermal and chemical composition properties in a laboratory 
scale electrolysis cell with a vertical electrode. The numerical algorithm used was the 
finite volume used in the computational fluid dynamic software Fluent®.

[1] Ph. Mandin Philippe, J. Hamburger, S. Bessou, G. Picard, Calculation of the 
current density distribution at vertical gas-evolving electrodes, Electrochimica 
Acta, Volume 51, Issue 6, 25 November 2005, Pages 1140-1156

 [2] R Wüthrich, L.A. Hof, A. Lal, K. Fujisaki, H. Bleuler, Ph. Mandin, G. Picard, 
Physical principles and Miniaturization of Spark Assisted Chemical Engraving 
(SACE), J of Micromech. Microeng., 15 (2005) 1-8
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P. Cañizares, F. Martínez, J. Lobato, C. Jiménez, M.A. Rodrigo*
 Department of Chemical Engineering. Facultad de Ciencias Químicas. Universidad de Castilla La 

Mancha. Campus Universitario s/n. 13071 Ciudad Real. Spain.
* corresponding author: e-mail: manuel.rodrigo@uclm.es

In the literature, it is widely reported that the conventional coagulation and the 
electrocoagulation processes yield different efficiencies in the treatment of wastewaters 
[1-4]. However, very few works are focussed on the fundamentals of these processes, 
and thus, the cause of these differences is still unclear. 
The objective of this work is to study the differences that exist between the conventional 
and the electrochemical technologies, in terms of the hydrolizing metal species 
formed in both treatments. To do this, the characterization of aluminium species 
generated under conditions of coagulation and electrocoagulation have been studied 
by Al–Ferron complexation timed spectrophotometry [5]. The results obtained by 
this technique had allowed to distinguish among four different species of aluminium: 
monomeric, oligomeric, polymeric and precipitate. The total aluminium concentration 
and the pH were found to be the most significant parameters in this speciation. On the 
contrary, for the same value of both parameters, the way of adding aluminium (dosing 
or electrochemical) did not influence the results.
The speciation of the hydrolizing aluminium products have been used to explain the 
differences between several chemical and electrochemical experiments carried out 
in bench scale plants. Different wastes (colloidal suspensions, oil in water emulsions 
and solutions of dyes) have been studied for this purpose, and in every experiment, 
the efficiency in the removal of pollutants, the aluminium species formed and the Z 
potential have been monitored. In every case, operating results were satisfactorily 
explained in terms of the species of aluminium. This better understanding can help 
to improve the design of electrocoagulation processes and to optimize its operation 
conditions.

References
[1] P.K. Holt, G.W. Barton, M. Wark, C.A. Mitchell, Colloids and Surfaces A, 211 

(2002) 233.
[2] C.Y. Hu, S.L. Loa, W.H. Kuan, J. Colloid Interf. Sci. 283 (2005) 472.
[3] O. Larue a, E. Vorobiev, C. Vub, B. Durand, Sep. Purification Technol. 31 (2003) 

177.
[4]Y. Xiong, P.J. Strunk, H. Xia, X. Zhu, H.T. Karlsson, Wat. Res. 35 (2001) 4226.
[5] D.R. Parker, P.M. Bertsch, Environ. Sci. Technol. 26 (1992) 908.
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Real time imaging of the growth of anodic oxide coatings 
on titanium under sparking conditions

E. Matykina*, A. Berkani, P. Skeldon, G.E. Thompson 
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P.O. Box 88, Manchester, M60 1QD, U.K.
*E.Matykina@postgrad.manchester.ac.uk

 Plasma electrolytic oxidation (PEO) is a method of surface modification 
of valve metals. It involves anodizing at potentials above the dielectric breakdown 
voltage of an oxide film, which leads to the development of thick (typically of the 
order of 10 μm) ceramic coatings. The coatings are composed of crystalline and 
amorphous phases derived from constituents of the metal and of the electrolyte. The 
composition and structure of the coatings can be controlled and tailored by the process 
parameters. The coatings provide improved surface performance, such as increased 
hardness, wear resistance, corrosion resistance, and bioactivity. The areas of potential 
application of PEO coatings on titanium include aerospace, automotive, oil and gas 
and biomedical industries. 
 PEO involves continuous random spark or arc micro-discharges over 
the surface of the anode, accompanied by gas liberation, under the regimes of DC, 
pulsed unipolar or bipolar current or amplitude modulated AC. The development 
of the coatings involves discrete thickening at sites of dielectric breakdown, local 
growth at the metal/oxide interface and destruction of earlier formed oxide [1, 2]. 
The characteristics of the discharge process and their relation to the mechanism of 
coating growth are not well established, largely due to experimental difficulty of 
probing processes at individual discharge channels, occurring over dimensions of a 
few microns with durations of < 1 s. 
 Here, the microdischarge characteristics during DC PEO of titanium are 
disclosed by real time imaging at 25 Hz frame rate. The dynamic development of 
the microdischarges, their population density and fractional distributions in size and 
time are related to the corresponding stages of development of coating morphology, 
composition and topography, determined by SEM, EDX and AFM. The aspects 
affecting coating efficiency - a critical feature in a relatively high cost technology 
- are revealed, offering a new perspective on coating processes.

References
1. E. Matykina, F. Monfort, A. Berkani, P. Skeldon, G.E. Thompson and P. Chapon, 

Phil. Mag. 86 1 (2006). 
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Advanced PEM water electrolysers for the production of 
pressurized hydrogen and oxygen

P. Millet*1, S. Grigoriev2, V. Fateev.2, C. Puyenchet3, C. Etievant3

1 Institut de Chimie Moléculaire et des Matériaux d’Orsay, UMR 8182, Université de Paris XI, 15 
rue Georges Clémenceau, 91405 Orsay Cedex France

* pierre.millet@icmo.u-psud.fr
2 Hydrogen Energy and Plasma Technology Institute of Russian Research Center “Kurchatov 

Institute”, 123182 Moscow Russia, Kurchatov sq., 1
3 Compagnie Européenne des Technologies de l’Hydrogène (CETH), Innov’ Valley Entreprise, 

Bâtiment D0, Route de Nozay, 91461 Marcoussis cedex France

Water electrolysers are key components in hydrogen-based energy systems powered 
by renewable sources of energy. Potential applications cover the fields of re-filling 
stations for transport needs, autonomous power stations for radio transmission and 
energy supply units for remote sites. For such applications, the proton exchange 
membrane (PEM) technology is of particular interest for the production of hydrogen 
and oxygen of electrolytic grade, offering several advantages over the more mature 
alkaline process: higher reliability and lower on-site maintenance, higher gas purity 
(more than 99.99% for hydrogen, oxygen being the main impurity), higher security 
including the possibility of producing compressed gases (up to 200 bar) for direct 
pressurized storage without additional power inputs, and ecological safety.
GenHyPEM1 is a three-year long international research program coordinated by the 
University of Paris XI, launched by October 1st 2005. The project which is gathering 
partners from Russia, Romania, Germany, Belgium and France has received the 
financial support of the European Commission. Its main goal is to develop advanced 
PEM hydrogen generators in the medium power range, with reduced cost and improved 
operating performances.
This communication is aimed at presenting different results obtained recently. 
Concerning electrocatalysis, different techniques aimed at developing new electrode 
structures with quite large roughness factors and small amounts of noble metals (< 
0.1 mg cm−2) have been developed. Alternatively, new non-noble compounds have 
been synthetized, characterized and tested. Various membrane materials have been 
used to prepare different membrane–electrode assemblies and their electrochemical 
performances have been compared. Different stack design have been tested for high 
pressure operation and a prototype generator which can produce H2 up to 1000 Nl/
hour has been constructed and tested. 

1 GenHyPEM is a research project supported by the European Commission within the 
6th Framework Programme (Ref. No 019802).
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NO Reduction in the NO, CH4 ,Ar/Pt/C// 
Polybenzimidazole-H3PO4//Pt/C/H2,Ar at 135°C

I.M. Petrushina*, L.N. Cleemann, and N.J. Bjerrum
Department of Chemistry, Technical University of Denmark, Kemitorvet, B.207,

 2800 Lyngby, Denmark, e-mail: impetr@kemi.dtu.dk

Catalytic reduction of NOx plays a very important role in pollution control.  The 
use of hydrocarbons as reducing agents in this process has recently attracted much 
attention.
This study is a continuation of our previous research where Pt/C// Polybenzimidazole-
H3PO4//Pt/C was used in a catalytic methane oxidation and NO reduction1,2. In these 
two cases the electrochemically produced hydrogen promoted the partial catalytic 
oxidation of CH4 by oxygen to C2H2 and the catalytic reduction of NO by hydrogen.    
The present investigation revealed a more complex mechanism of the NO reduction 
in a mixture with methane. 
It has been found that, without any reducing agent (like CH4), NO can be 
electrochemically reduced in the  NO, Ar/Pt/C// Polybenzimidazole-H3PO4//Pt/C/
H2,Ar fuel cell with participation of H+ or electrochemically produced hydrogen.
When added, methane has partially suppressed the electrochemical reduction of 
NO. Methane outlet concentration monitoring has shown the CH4 participation in 
the chemical catalytic reduction, i.e. methane co-adsorption with NO inhibited the 
electrochemical NO reduction and introduced a chemical path of the NO reduction.
The products of the NO reduction were N2, CO and CO2. The catalytic NO reduction 
by methane was promoted when the catalyst was negatively polarized (-0.25V vs. 
hydrogen counter electrode). Maximum NO conversion was around 90%.
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2.  I. M. Petrushina, V. A. Bandur, F. Cappeln, N. J. Bjerrum, R. Z. Sørensen, R. H. 

Refshauge, and Qingfeng Li, J.Electrochem.Soc., 150, D87, (2003).



S
y
m

p
o
s
iu

m
 5

 -
 O

ra
l

Development in Direct Borohydride Fuel Cells (DBFCs)
C. Ponce de León1*, F.C. Walsh1, J.B, Lakeman2, D. Browning2
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University of Southampton, Highfield, Southampton SO17 1BJ, UK.

2Physical Sciences Department, Building 231, Dstl Porton Down, Salisbury SP4 0QR, UK.
*Corresponding author; capla@soton.ac.uk

The rapid development of different types of fuel cells has created the need for 
alternative source of energy to fossil fuels. It is likely that within the next decade or 
two, power generation for some portable electronic equipment and transportation will 
rely on fuel cells for energy the source. Serious questions remain about the reliability 
of these systems, safety during storage and supply of inflammable gaseous fuels. These 
concerns have stimulated research into alternative fuels. Liquid methanol has been 
widely studied, an alternative is sodium borohydride, which is typically available as a 
solid or as a 30% solution in concentrated, aqueous sodium hydroxide. 
The formal potential of the oxidation of borohydride ions is –1.24 V vs. SHE. In 
combination with the reduction of oxygen in a fuel cell, this provides an equilibrium 
cell voltage of around 1.6 V. This compares well with H2/O2 and CH3OH/O2 fuel cells, 
which have equilibrium cell voltages of 1.24, V and 1.21 V, respectively. Higher cell 
voltage can be achieved if H2O2 is used instead of O2. In addition, the energy density 
of solid sodium borohydride is 9.3 kWh kg−1, which is attractive in comparison with 
6.2 kWh kg−1 of pure methanol. 
A fuel cell operating with sodium borohydride and hydrogen peroxide using the 
FM01-LC electrochemical cell is reported. The borohydride oxidation was carried out 
on Au/C electrode while the reduction of hydrogen peroxide was carried out on Pt/C 
electrode at various temperatures. Results are shown for a single cell and for a four-
stack cell operating in the bipolar mode. Problems caused by low current densities 
and decomposition of the reactants are considered and an alternative cell design is 
proposed. Current challenges to the development of DBFCs are considered.
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Modelling of a large scale redox flow battery system
D. Scamman, E.P.L. Roberts * 
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Redox flow battery systems offer flexible storage of electrical energy with relatively 
high efficiency and have the potential for application at a very large (utility) scale.  
Such systems could offer a solution to the problems of matching supply with demand 
for renewable energy generation such as wind power.  In addition such systems can 
be used to manage the electricity supply network to improve security of supply and 
minimise the need for excess generation capacity for periods of high demand.
We have developed a model of a large scale redox flow battery system to enable 
evaluation of alternative redox flow battery electrolyte systems.  For a given 
electrolyte systems and operating conditions the model estimates the losses associated 
with electrode overpotentials, ohmic losses (in the electrolytes and membrane), and 
pumping energy.  In addition, the model can estimate the size of plant required for a 
given application and estimate the process costs.  The model can be used to optimise 
the operating conditions (current density and flow velocity) to minimise the cost of 
energy storage, and to determine the sensitivity of the process costs to features of 
the electrolyte system, such as electrochemical kinetics, solubility etc.  The model 
will be used to identify the features of electrolyte system that are needed to deliver a 
viable large scale redox flow battery system, and to compare the currently available 
electrolyte systems.
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Anodic oxidation of the blue reactive 19 dye on pure or 
fe,f-doped lead dioxide electrodes

Leonardo S Andrade1, Jesús Iniesta2, Vicente García-García2, Vicente Montiel2, 
Romeu C. Rocha-Filho*1, Nerilso Bocchi1, Sonia Biaggio1

1Departamento de Química, UFSCar, São Carlos – SP, Brazil; 2Departamento de Química Física, 
Universidad de Alicante – Spain; *romeu@dq.ufscar.br

The widespread conscientiousness of the necessity to avoid environmental 
contamination has greatly increased the interest on the elimination of toxic organic 
compounds present in industrial effluents. Because a very large quantity of dyes is 
industrially used each year, they are a type of organic compound commonly present 
in industrial effluents, mainly from textile plants. To avoid problems associated to 
the chemical and biological treatments, like the transport/storage of the chemical 
reactants and sludge formation, respectively, the use of electrochemical technologies 
has also been investigated for the removal of dyes from effluents [1,2]. Considering 
that the electrocatalytical activity as well as the stability of PbO2 can be significantly 
improved by the incorporation of dopants [3], in the present study we investigated the 
performance of Fe- or Fe and F-doped Ti-Pt/PbO2 electrodes in the electrooxidation 
of the Reactive Blue 19 dye (BR-19) in a filter-press cell. The PbO2 electrodes were 
electrodeposited (20 mA cm-2) on Ti-Pt using a four-electrode one-compartment 
cell; the amount of deposited PbO2 was 50 mg cm-2. The electrodeposition solution 
(magnetically-stirred, at 65 °C) was: 100 mmol L-1 Pb(NO3)2 + 0.5 g L-1 sodium 
lauryl sulfate, in 0.1 mol L-1 HNO3. To obtain the doped electrodes, 1.0, 10 or 100 
mmol L-1 Fe(NO3)3 and/or 30 mmol L-1 NaF were added to that solution. The results 
obtained in this work using pure or doped Ti-Pt/β-PbO2 electrodes indicate that they 
are interesting alternatives for the electrooxidation of dyes. When 100 mL of 25 mg 
L-1 BR-19 in 0.5 mol L-1 Na2SO4 was electrolyzed (50 mA cm-2), good results weree 
obtained for its decolorization simply using a pure Ti-Pt/β-PbO2 electrode: 90 % 
decolorization after passing a faradaic charge per unit solution volume of about 0.3 
A h L-1 (8 min of electrolysis). However, from the point of view of mineralizing the 
BR-19 dye in the solution (125 mL), Fe and F-doped Ti-Pt/β-PbO2 electrodes were 
the best performers: TOC decreased to only 5% after 2 h of electrolysis (8 A h L-1). 
The above results for the pure or Fe and F-doped Ti-Pt/β-PbO2 electrodes were better 
than the ones attained by carrying out the electrolysis using a boron-doped diamond 
anode, indicating that the lead dioxide electrodes might be excellent options for the 
electrooxidation of dyes.

Acknowledgements: FAPESP (grant # 04/08752-4), CNPq and CAPES.
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Electrodeposition of Zinc-Tin Alloys, Bright Metal 
Coatings and Composites From Deep Eutectic Solvents 

Based on Choline Chloride
 Andrew P. Abbott, Katy J. McKenzie, Glen Capper, and Karl S. Ryder*

Department of Chemistry, 
University of Leicester, 

University Road, Leicester LE1 7RH, UK.
*ksr7@le.ac.uk

Our research has focused on developing eutectic mixtures (ionic liquids) as 
alternatives to established technologies that utilize harsh and often very toxic aqueous 
environments.  Here we describe the electrolytic deposition of Zn, Sn and Zn/Sn 
alloys from a solution of the metal chloride salts separately in urea and ethylene glycol 
/ choline chloride based ionic liquids [1].  We show that the deposition kinetics and 
thermodynamics differ from the aqueous processes and that qualitatively different 
phases, compositions and morphologies are obtained for the metal coatings in the 
different ionic liquid systems.  We have quantified the electrochemical stripping 
responses using cyclic voltammetry together with compositional analysis using 
SEM/EDAX and x-ray diffraction.  The differences in electrochemical responses 
are rationalized in terms of the speciation of both Zn and Sn chlorides in the ionic 
liquids that have been identified using FAB mass spectrometry.  We demonstrate that 
composite metal coatings, e.g. containing Al2O3 particles, can be obtained from these 
liquid systems by virtue of the stable liquid suspensions.  This novel feature of these 
liquids is a function of their relatively high viscosity.  In addition we show that surface 
morphology of the metal deposits can be controlled by using metal ion coordinating 
agents such as EDTA, ethylenediamine or acetonitrile in the electroplating liquid.  
This has made it possible to produce optically bright coatings of several metals 
including Cu.  We will present the results of morphological studies, using atomic 
force microscopy (AFM), on these systems.  

[1]  Andrew P. Abbott, Glen Capper, Katy J. McKenzie and Karl S. Ryder, J. 
Electrochem. Soc., 2006, (in press ).
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Optimization of the electrosyntesis industrial process of 
peroxodiphosphate with conductive diamond electrodes
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Peroxodiphosphate salts are strong oxidizing agents which presently can be used 
as reagents in a great variety of industrial processes (organics synthesis, cosmetic, 
agriculture, polluted water treatment…), and also they have potential uses as 
persulphates substitutes. However, only few synthesis industrial processes have been 
developed, and most of them required the addition of reagents (whose later removal 
increases the manufacture costs largely) to obtain efficient processes [1,2]. In this work, 
the optimization of a new method for the synthesis of peroxodiphosphate [3] based on 
the use of boron-doped diamond electrodes was carried out. The procedure developed 
is able to produce high-purity peroxodiphosphate (no reagents different than phosphate 
salts are used as raw materials) with a high current efficiency. Results show that the 
conversion of phosphate to peroxodiphosphate and the efficiencies of the process 
strongly depend on the pH and on the operating conditions (temperature and current 
density). It was observed that the pH does not seem to influence the electrochemical 
process but the chemical stability of the oxidant generated. Thus, the control of 
the pH (around pH 12.5) seems to be one of the main operating constrains. Low 
temperatures are required during the electrosyntesis process to minimize the thermal 
decomposition of peroxodiphoshphate and to guaranty high current efficiencies and 
product conversions. In addition, two marked trends in the conversion and efficiency 
obtained (that only seem to depend on the current density used) are observed. This 
fact can be explained in terms of the contribution of hydroxyl radicals in the oxidation 
mechanisms that occur on diamond surfaces. In that essays carried out below the 
water oxidation potential, the generation of hydroxyl radical does not take place. In 
these cases, the direct mechanism is the only responsible of the peroxodiphosphate 
generation and, therefore, lower efficiencies are obtained. On the other hand, at higher 
potentials, both direct and hydroxyl radical mediated mechanisms contribute to the 
oxidant generation and the process is more efficient. However, for a given range of 
current densities, an increase in the current density does not lead to higher efficiencies 
and increases unnecessarily the specific energy consumption. Thus, a current density 
of 1000 A m-2 can be considered as the optimum value. In the search of industrial 
applications of this oxidant the procedure to obtain solid salts of peroxodiphosphate 
has a great importance. Moreover, it has been observed that the amount of oxidant 
recover as solid depends on the pH. For this reason, the procedure to obtain solid salts 
has been optimized.

[1]  O. G. Tyurikava, E. V. Kasatkin, N. B. Miller, A. E. Tishakina and Zh. N. Kantor, 
Electrokhim. 23 (1987) 199.

[2]  E. V. Kasatkin and E. N. Lubnin, Electrokhim. 23 (1987) 679.
[3]  P. Cañizares, F. Larrondo, J. Lobato, M.A. Rodrigo and C. Sáez,  J. Electrochem. 

Soc. 152 (11) (2005) 191.
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Electrochemical studies of the interfaces with ionic 
liquids
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Centro de Investigação em Química –L4
Departamento de Química da Faculdade de Ciências

Universidade do Porto
afssilva @ fc.up.pt

Ionic liquids, ILs, have received considerable attention particularly as solvents for 
chemical reactions and in electrochemical applications as on lithium rechargeable 
batteries, electrical double layer capacitors, dye sensitized solar cells, electrodeposition 
or electropolishing. Most of the studies have concentrated on imidazolium or piridinum 
based liquids but a different type of ILs have been developed using eutectic mixtures 
of quaternary ammonium halides and hydrogen proton donors. Despite the increasing 
number of studies the information related to interfacial properties of electrodes in 
contact with ionic liquids is scarce.
Inserted in a project aiming to understand the double layer properties of Ils cyclic 
voltammetry and electrochemical impedance spectroscopy data obtained for Au, Pt 
and Glassy Carbon electrodes in contact with [CnMIM] PF6, n=2,4,6 and choline 
chloride +urea mixtures will be presented and discussed. The influence of electrode 
material and size of the imidazolium cation on the interfacial capacity potential curve 
will be discussed.
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Study of the electrochemical 4-methylanisole 
methoxylation on the glassy carbon electrode
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4-methoxybenzaldehyde (4-MBA) is an important intermediate in the production 
of semi-synthetic antibiotics. 4-MBA can be synthetized chemically, however this 
synthesis is not very selective. Much more convenient is the electrochemical synthesis 
which can be carried out with the selectivity near 100% and substantially higher space 
time yields. The electrochemical synthesis is based on the anodic methoxylation of 
4-methylanisole (4-MA). An intermediate 4-methoxybenzylmethyl ether is once 
more methoxylated and yields 4-methoxybenzaldehyde dimethyl acetal (4-MBA 
DMA), that is acidically hydrolyzed to 4-MA. This study is a part of extensive project 
dealing with the development of more efficient process of 4-MA production. The 
main objective of our project is to increase the efficiency of 4-MBA production by 
using the microstructured reactor technology. In this report are presented results of 
the study of the anodic methoxylation reaction kinetics and mechanism in a methanol 
environment with NaClO4 as a supporting electrolyte. The results of this work serve 
as an input data for the mathematical modelling and optimisation of a design of the 
novel industrial microstructured electrochemical reactor.
Three-electrode RDE set-up was used with the glassy carbon (GC) and SCE as a 
working and reference electrodes, respectively. Platinized Ti or Pt grid served as 
a counter electrode. The linear voltammograms of 4-MA methoxylation reaction 
were recorded on GC electrode. Recorded polarization curves were corrected for 
the uncompensated Ohmic resistance of the solution and the simultaneous methanol 
oxidation. The Tafel slopes and the rate constants of the reactions, and the diffusion 
coefficients of the involved species were determined. 
It follows from the previous experiments, that in the presence of NaClO4 in the 
solution the reaction mechanism is influenced by the electrode material, as the 
electrode reaction is of the direct type. Two partially overlapped oxidation waves 
in the voltammogram can be seen on the GC electrode. The first oxidation wave 
corresponds to the 4-electron oxidation of 4-MA to 4-MBA DMA. The second wave 
is related to 4-MBA DMA overoxidation. All the electrode reactions are followed by 
the chemical ones. Thus the system was found to behave like totally irreversible. This 
is confirmed by the fact, that no cathodic current was observed even at high cathodic 
overpotentials. 

Financial support of this work by the EU within the framework of the IMPULSE 
project, contract no.: NMP2-CT-2005-011816, is gratefully acknowledged.
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Polycrystalline metal surfaces are heterogeneous [1]; they contain defects, e.g. terraces, 
ledges, kinks and adatoms; these correspond to surface atoms of different lattice 
coordination states, different energies, different redox potentials and even different 
types of electrochemistries. As discussed recently for gold [2], low energy and high 
energy metal atoms, at the same surface, exhibit different types of electrochemistries, 
the low energy (or conventional, EMS state) response, e.g. the Cu/Cu2+ transition 
of copper (at ca. -0.4V SMSE) being irrelevant from an electrocatalytic viewpoint. 
Copper also exhibits a very low level, virtually subliminal, transition at ca. -0.7 V 
(SMSE). The latter transition, apparently involving a Cu*/Cu+

ads couple (Cu* being 
an active, protruding, copper atom, i.e. an MMS State), dominates the electrocatalytic 
and bath additive behavior of copper surfaces in acid solution. 
Electrochemical impedance spectroscopy (EIS) is a powerful technique for the 
characterization of electrochemical systems. Most EIS studies of the copper electrode 
system [3, 4] in acid assume that the electrode process involved is simply

Cu2+ + 2e- = Cu

and concentrate on the mechanism of this reaction based on impedance data recorded 
at either a fixed potential or a narrow range of potentials close to the equilibrium 
value. The effect of additives [3, 4] in the plating solution on the reaction kinetics has 
also been discussed. Glarum and Marshall [5] measured the admittance of copper in 
the plating bath as a function of frequency, potential and concentration.
It appears that there are three important potentials or redox systems involved: E1 ≈ -
0.4 V (Cu/Cu2+), E2 ≈ -0.75 V (Cu*/Cu+

surf) and E3 ≈ -1.0 V (H2/H+): the potential scale 
involved here is SMSE i.e. saturated mercury/mercurous sulphate. E2 is associated 
with a rapid, but non-equilibrium, i.e. quasi-reversible or active state, transition. Non-
equilibrium (metastable) states play a central role in metallurgy; their role as catalytic 
centres [2] and in some cases as inhibitors [6] in the surface electrochemistry of solids 
was outlined recently; their central role in electrocatalysis and bath additive behaviour 
of copper in acid will be discussed.

References
[1] H.S. Taylor, Proc. Roy. Soc. London, 108 (1925) 105.
[2] L.D. Burke, Gold Bull., 37 (2004) 125.
[3] J.D. Reid and A.P. David, Plat. Surf. Fin., 74 (1987) 66. 
[4] C. Gabrielli, P. Moçotéguy, H. Perrot, R.Wiart, J. Electroanal. Chem, 572 (2004) 

367.
[5] S.H. Glarum and J.H. Marshall, J. of Electrochem. Soc., 128 (1981) 968.
[6] L.D. Burke and N.S. Naser, J. Appl. Electrochem., 35 (2005) 931.
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In view to reducing greenhouse effects in the steel industry, European steelmakers 
are screening various technologies in the frame of the five-year European programme 
ULCOS. As evidenced in the 70’s, the electrochemical reduction of iron ore particles, 
e.g. hematite in strong alkaline media over 100°C can be a promising route for such 
purpose: as a matter of fact, compact Fe deposits could be produced at 0.1 A cm-2 
with high faradaic yields at the surface of a rotating disk electrode. The present work 
was aimed at highlighting the mechanism of the complex deposition conduced in the 
presence of concentrated suspensions of particles
First, a software was developed for the prediction of the E-pH diagrams depending on 
temperature and the concentration of sodium hydroxide. Pourbaix diagrams yielded by 
the software showed that the concentration of ferric ions in the considered media was 
below 10-3M, as confirmed by experimental work: the reduction of dissolved Fe(III) 
cannot correspond to the experimental deposition current mentioned above, and more 
complex mechanisms had to be considered. Hematite, the ore phase considered here 
leads to the formation of ferric ions and magnetite, which is unstable at cathodic 
potentials and dissolves into ferrous and ferric species. Ferrous species, mainly in the 
form of Fe(OH)3

- appears to have a significant role in the overall deposition of iron.
Secondly, original experiments were designed to highlight the role of Fe(II) species. 
This species could be stabilised at approx. 0.1M by continuous anodic dissolution of 
iron; its reduction was shown to yield iron whose morphology is the same as what 
is observed for hematite reduction. The kinetics of Fe(II) reduction could not be 
drawn from the i-E variations, because of the absence of defined diffusion plateau 
and the likely side evolution of hydrogen. Fe(II) species was therefore shown to be an 
intermediate that can be easily reduced to metal Fe in the investigated conditions.
In order to understand how iron oxide particles can lead to metal in the process 
various pathways have been considered. Because hematite is a non-conducting phase, 
the polarisation of particles and the occurrence of core electrochemical reactions are 
questionable. A more likely mechanism involves the transformation of hematite to 
an intermediate phase at the surface of the suspended particles through a complex 
equilibrium with magnetite together with ferrous and ferric species in the reductive 
environement: this intermediate phase could be reduced to metal via its dissolution 
into ferrous ions. The planned electrochemical investigation of magnetite reduction 
in alkaline media should reveal whether it would be the searched intermediate species 
between hematite particles and iron, via ferrous species. The physical consistency of 
the overall mechanism is thoroughly discussed in the paper.
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Arsenic (As) is a highly toxic element that has been released into the environment 
by anthropogenic processes and weathering of As bearing minerals. Arsenic drinking 
water contamination is a worldwide problem concern and in the central part of northern 
of México (La Laguna (LA)) this problem is severe, recently underground sources of 
water in this region have presented an approximate arsenic content of 120 µg L-1, 
which is approximately a magnitude order higher than the maximum value admissible 
for drinking water (<10 µg L-1). Exist several methods for As removal from drinking 
water, however among them the electrochemical method of electrocoagulation (EC) 
presents important advantages respect the others, owing to the low sludge amount 
produced and not requirement of chemicals reagents addition. This study compares the 
arsenic removal degree by EC process between model water with an As content of 120 
µg L-1 and LA underground water contaminated with a similar As content and other 
ions normally found in small amounts in this type of water. The experiments were 
carried out using iron electrodes in galvanostatic conditions for 1 hour and two current 
densities, 1.5 and 3 mA cm-2, three temperatures, 30, 45 and 85°C and three pH values, 
about of 6, 8 and 12. The results have shown that for the model solution, near all As 
content was removed reaching values lower than 10 µg L-1 at the end of the EC process 
whereas for LA underground water no As was removed. This difference between the 
model solution and LA underground water, was attributed to the interference of the 
multiple ions present in LA underground water on the As removal. This study shows 
a procedure to surmount this interference in order to promote the As removal up to 
percentages higher than 70%.
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Previous studies [1] showed that cathodic polarizations at –3.0 V vs. HESS for 30 min 
are a simple and very efficient way for generating highly active electrochemical surfaces 
on boron-doped diamond (BDD) electrodes. This pre-treatment is accompanied by 
an intense hydrogen evolution and renders more precise analytical measurements as 
well as reproducible electrochemical responses. On the other hand, a recent work [2] 
describes the loss of such activity with time of exposure of the BDD surface to the 
atmosphere, which is recovered by further cathodic polarisations. Meanwhile, those 
repeated polarisations have other effects on the BDD behaviour, such as an apparent 
increase in the number of active sites as well as a physical degradation of the electrode 
surface probably due to erosion (as observed by SEM and AFM measurements) and 
will be described here.
Tafel plots obtained for the hydrogen evolution reaction in acid medium are shifted 
towards higher current densities as the BDD doping level increases from 300 to 8000 
ppm, an effect associated to a larger amount of active sites when the boron content 
increases. However, an extensively pre-treated 800-ppm electrode shows current 
densities higher than those of a 2000-ppm surface. This clearly indicates an increase in 
active (or conductive) sites brought-on by the pre-treatment since the electrochemical 
area remains constant for outer-sphere redox reactions (Fe(CN)6

4-/3) studied by cyclic 
voltammetry. In a sense, the surface behaves as an array of microelectrodes of variable 
number but sufficiently close to each other to produce an overlapping of the diffusion 
regions.
To minimize the physical degradation of the surface but retain the beneficial effects 
of the cathodic pre-treatments, experiments were carried out with the aid of EIS 
measurements. It was established that a minimum charge density value of -4 C cm-2 
using 1 A cm-2 allowed a totally reversible CV response for the couple Fe(CN)6

4-/3- 
without producing any physical degradation of the surface. Under those conditions, 
the resistance associated to a high-frequency element was similar to the one attained 
previously (4 Ω cm2) after –3.0 V for 30 min on a 4500-ppm BDD electrode [1].
These results show the way for proper activation of the BDD surfaces that avoid 
unwanted degradation of the material as well as some problems that may arise in 
industrial applications of cathodic processes using BDD electrodes.

[1] H.B. Suffredini, V.A. Pedrosa, L. Codognoto, S.A.S. Machado, R.C. Rocha-Filho, 
L.A. Avaca, Electrochim. Acta, 49 (2004) 4021.

[2] G.R. Salazar-Banda, L.S. Andrade, P.A.P. Nascente, P.S. Pizani, R.C. 
Rocha-Filho, L.A. Avaca, Electrochim. Acta, in press (available on line since 
02/02/06).
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industry wastewater

Ülker Bakır Öğütveren, A. Savaş Koparal, Yusuf Yavuz*
Anadolu Üniversitesi, Çevre Sorunları Uygulama ve Araştırma Merkezi, Eskişehir, Turkey
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Milk is composed of a complex mixture of lipids, proteins, carbohydrates, vitamins, 
and minerals. Therefore, these wastewaters are rich in biodegradable organics and 
nutrients. If not treated, they cause gross pollution of land and water with their high 
BOD and COD. The dairy industry wastewaters are generated primarily from the 
cleaning and washing operations in the milk processing plants and are estimated to be 
2.5 times the volume of the milk processed. Thus, because of high organic content, 
these kinds of effluents need to be treated prior to discharge.
In this study electrochemical treatment of dairy industry wastewater was investigated 
and over 95% of COD removal was obtained in a few minutes. Although there are 
some studies interested in the application of electrochemical methods to the dairy 
industry, this study can be evaluated as an innovating study for the treatment of dairy 
industry wastewater. There is a review [1] about the application of electrodialysis 
to the dairy industry, mentioned that the usage of electrodialysis for the transform, 
purify, or separate milk components. Also, in the other study [2] electrocoagulation 
was performed with the aim of protein extraction from whey.

[1] L. Bazinet, Electrodialytic Phenomena and Their Applications in the Dairy 
Industry: A Review, Critical Reviews in Food Science and Nutrition, 44 (2004) 
525.

[2] H.V. Janson, M.J. Lewis, Electrochemical Coagulation of Whey Protein, Journal 
of The Society of Dairy Industry, 47 (1994) 87.
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D-38678 Clausthal-Zellerfeld, Germany
*volkmar.neubert@tu-clausthal.de

In addition to their good corrosion resistance, Zn-Fe alloys have good weldability and 
ductility and suitability for deep black chromate coating.
An ionic liquid bath composed of choline chloride/urea has been used to dissolveZnCl2, 
FeCl2 and FeCl3. Voltammetry at a platinum electrode and low carbon steel substrate 
has been used to study the electrochemical deposition of Zn-Fe alloys in open-to-
air conditions and under vacuum system. Samples of electrodeposits were prepared 
and characterised by optical microscopy, scanning electron microscopy (SEM) and 
energy dispersive spectroscopy (EDS). A liquid mixture containing 1:1 ZnCl2/FeCl3 
produced a Zn-Fe alloy with a constant Fe content (around 7 %) independent on the 
applied current density. On the contrary, 1:1 ZnCl2/FeCl2 produced a Fe-15 % Zn alloy 
deposit.
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Synthesis of New 1,3-Indandione Derivatives

Abdolmajid Bayandori Moghaddam, Mohammad Reza Ganjali*, Parviz Norouzi, 
Maryam Latifi

Center of Excellence in Electrochemistry, Faculty of Chemistry,University of Tehran     P. O. Box 
14155-6455, Tehran, Iran.
Ganjali@khayam.ut.ac.ir

Ortho- and para- dihydroxybenzenes and their quinone derivatives are abundant 
in nature and play important roles in many biological systems. Due to the presence 
of two exchangeable hydrogen atoms capable of exhibiting both anti- and pro- 
oxidant behaviour [1], and 1,3-indandione has anticoagulant properties [2], this is 
the reason that motivate the present investigation. In this work we investigate the 
electrochemical oxidation of 2,3-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, 
2,3-dihydroxybenzaldehyde, 3,4- dihydroxybenzaldehyde, 4-methylcatechol and 4-
tert-butylcatechol in the presence of    2-phenyl 1,3-indandione as a nucleophile in 
aqueous solution (H2O:AcCN, 90:10) has been studied. This is an environmentally 
friendly method on the electrochemicalsynthesis in two step of EC mechanism reaction 
involving alternatively: electrochemical oxidation and chemical reaction. The research 
in this work, using a variety of experimental technique, including cyclic voltammetry, 
controlled-potential electrolysis, spectroelectrochemistry, and spectroscopic 
identification of products, and delineates application of the electrochemical and 
spectroelectrochemical studies in the design of an electrochemical method for 
synthesis of  new 1,3-indandione derivatives.

[1] A. Bayandori Moghaddam, F. kobarfard, A.R. Fakhari, D. Nematollahi, S.S.  
Hosseiny Davarani, Electrochim. Acta 51(2005) 739.

[2] J.E. Ansell, Arch. Intern. Med. 153 (1993) 586.
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The phenomenon of post-polarization of titanium self-
dissolution in acid liquor

M.Zh. Zhurinov, A. Bayeshov*, A.K. Bayeshova, G. Iztleuov
D.V.Sokolski Institute of Organic Catalysis&Electrochemistry, 142 D.Kunaev str., Almaty, 

Kazakhstan, orgcat@nursat.kz

The purpose of present work was the study of influence of preliminary polarization 
duration by an alternating current, initial concentration of an acid, current density and 
frequency on speed of chemical dissolution of metal after electrolysis. 
 The study was carried out in electrolytic cell consisting оf three sections; in middle 
section titanic shavings were working as bipolar electrodes. In extreme sections 
two titanic plates connected to alternating current source were used as the basic 
electrodes. 
At polarization of titanic electrode by alternating current with frequency from 30 up 
to 80 Hz in cathodic half-cycle the reduction of oxide layer of metal and uncovering 
of titanium surface take place:

TiO2    +   4H+   +   4e   →   Ti    +   2H2O
At further polarization of electrode metallic titanium not having protective oxide film 
on surfaces begins to dissolve anodically by reaction:

Ti    →   Ti+3   +   3e  
and as the result of chemical interaction with electrolytic solution:

2Ti    +   2H+   →    2Ti+3   +   H2
Obviously constant and intensive emitted hydrogen on titanium surface and near-
electrode layer of certain structure prevent to formation of new oxide film.  Due to this 
thing there is continuous titanium dissolution with formation of its trivalent ions. It 
is known that on titanium surface hydride layer can be formed which apparently also 
prevents to formation of oxide film. 
As is shown by results of study at increase of time of preliminary polarization by 
alternating current the rate of chemical dissolution begins to grow. At preliminary 
treatment of metal during 30 minutes and more the rate of further chemical dissolution 
of titanium practically remains constant.
At increase of initial concentration of acid after electrochemical activation of 
electrodes (τ = const) the rate of post-electrolytic self-dissolution of titanium raises. 
As the result of titanium self-dissolution with time crystal sediments of titanium (III) 
chloride and sulfate begin to precipitate. Also is shown that the increase of solution 
temperature essentially accelerates the rate of titanium self-dissolution that will be 
quite in accordance with thermodynamics of chemical processes.
The frequency of alternating current at electrochemical activation essentially effects 
on process of post-electrolytic self-dissolution of titanium. It was established that the 
maximal rate of chemical dissolution of titanic electrodes was observed at frequency 
of alternating current ≈ 50 Hz.
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Comparative Analysis of Measuring Techniques to 
Investigate the Scaling of the Cathode in Direct Water 

Disinfection Electrolysis
T. Kadyk1, M. E. H. Bergmann1, K. Bouzek2

1Anhalt University of Applied Sciences, Electrical Engineering, D- 06366 Koethen/Germany,
2Institute of Chemical Technology Prague, Department of Inorganic Technology, Technicka 5, CZ-

16628 Prague, Czech Republic, E-mail: bergmann@et.hs-anhalt.de

The direct electrochemical water disinfection in non-divided cells has been known 
for many years to be a subject of intensive studies. One of the main problems related 
to this method is the blocking of the cathode due to calcareous and other deposits. To 
remove these deposits, a periodical exchange of the electrode polarization is used. 
Within this work, different electrochemical methods were compared to study the 
scaling process at the cathode: linear sweep voltammetry, chronopotentiometry, 
chronoamperometry, potential decay measurements, electrochemical impedance 
spectroscopy and electrogravimetry using Electrochemical Quartz Crystal Nanobalance 
technology.  EG&G potentiostat 283, HEKA bipotentiostat and ELCHEMA model 
EQCN-700 were used in the experiments with synthetic and tap water systems. 
Isothermal experiments were carried out on Pt, RuO2, IrO2 and IrO2/RuO2 rotating 
disc electrodes of 1 cm² at 20°C.
With anodic linear sweep voltammetry it was not possible to characterize the scaling 
after cathodic prepolarization. Changes in the surface state of the electrodes and IR 
corrections by calculation (HEKA) were additional error sources. Surface re-oxidation 
could also be observed in chronopotentiometric experiments and overlaid effects 
from scaling in discontinuous experiments. Potential decay experiments resulted in 
measured curves, at which the existence of a scale layer could be clearly observed. 
Nevertheless, this method only led to a statement about the existence of a scale 
layer, but no conclusions about structure, morphology etc. of the precipitated layer 
could be made. However, the method provides information for a mode of changing 
polarization without damaging the electrodes from shocking them in rapid double 
layer discharge and charge. With the impedance spectroscopy, it was possible to 
measure the characteristics of the precipitated scale layer in-situ. No influence of the 
IR drop occurs when the measurements are carried out at equilibrium potential. An 
electrical equivalent circuit was derived to describe the layer. During cathodic electrode 
polarization of a gold electrode, EQCN technology was applied. Both potentiostatic 
and galvanostatic experiments showed clear dependences of deposited mass on the 
chosen electrode parameters. Besides CaCO3 also other water components were able 
to be deposited or form film-like structures, while sulphate ions had even hindering 
effects on the layer formation.

[1] Bergmann, H. et al., What is the so-called Anodic Oxidation and what can it do?, 
(Germ.), gwf-Wasser Abwasser 142 (2001) 12, 856-869.

Acknowledgement: The work was partially supported by the EU SOCRATES/
ERASMUS student mobility programme and by the German BMBF/AIF-FKZ 
1721X04
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Continuation of Discussion on Chlorine Dioxide 
Formation in Direct Drinking Water Electrolysis

M. E. H. Bergmann1,  A. S. Koparal2

1Anhalt University of Applied Sciences, Electrical Engineering, D- 06366 Koethen/Germany,
2Anadolu University Eskisehir, Tr-26470 Eskisehir/Turkey E-mail: bergmann@et.hs-anhalt.de

Chlorine dioxide is known for being an effective disinfectant with respect to immobilized 
microorganisms and biofilms. ClO2 can be formed chemically or electrochemically from chlorate 
at a cathode or from chlorite at an anode. Additionally, electrochemical formation starting from 
chloride is reported in literature but no detailed data exist. Using UV spectrophotometry we 
found unexpectedly that ClO2 may occur as by-product in low concentrated chloride electrolysis. 
A first discussion was given in [1]. The undefined presence of ClO2 may result in a formation 
of other by-products such as chlorate or chlorite, limiting concentrations of them is usually 
restricted by regulations. Chlorite is also discussed as an intermediate of the electrochemical 
chlorate process.
The results presented here are based on experiments in ppm range (0-50 ppm) of components’ 
concentration using IrO2/RuO2 anodes in three types of electrolytic cell. The first cell was a 
150 ml cell with rotating plate anode (diameter 35 mm) above an expanded mesh cathode 
made from IrO2. The second cell was a flow-through cell with two parallel plate electrodes 
(20mm x 50 mm) at a distance of some mm. Both were made from IrO2/RuO2. In a third case, 
this cell was divided by a cation exchange membrane. All cells were used in discontinuous 
operation at 20 °C. Concentrations were measured using spectrophotometrical methods of 
Macherey&Nagel and UV spectrophotometry (Analytik Jena). Varied main parameters were 
several concentrations, pH, temperature and current density (100 A m-2 - 500 A m-2). Buffers 
may suppress reactions, for example the anodic of chloride reduction. Thus, mostly non-
buffered solutions were electrolyzed.
In the electrolysis of chloride solutions only small amounts of chlorine dioxide, usually below 
1 ppm, were measured, except the case of disturbed experiments with changed flow fields or 
probably enlarged local current densities. The ClO2 concentrations were nearly independent on 
the rotation rate of anode and pH, whereas lower temperature, higher chloride concentration 
and higher current densities resulted in higher chlorine dioxide concentrations.
When chlorite was added to deionized water the increase of ClO2 concentration was significant 
and proportional to the added chlorite concentration. Adding of chloride to a chlorite solution 
lead also to higher chlorine dioxide concentrations - both at low pH and medium pH conditions. 
Chlorite disappeared in anolyte and catholyte during electrolysis. Chlorate was a main 
product in chloride electrolysis in the anolyte and in electrolytes of the non-divided cell. ClO2 
concentration was very small reacting hypochlorite and chlorite in the range of 20 ppm. Chlorate 
electrolysis did not result in ClO2 in the catholyte but chlorate can be slightly decomposed. 
Hypochlorite could more ore less react at the cathode and anode in dependence on the chosen 
current density. In acid media hypochlorite reacted rapidly but only small amounts of ClO2 
were detected. No higher ClO2 concentration was measured when active chlorine concentration 
increased during other experiments. Summarizing the experimental results it can be concluded 
that most of chlorine dioxide is formed electrochemically from chloride ions or corresponding 
intermediates, however more studies in divided cells are necessary.   

References  

{1] Bergmann, H.; Koparal, S.: Problems of chlorine dioxide formation during electrochemical 
disinfection, Electrochimica Acta 50 (2005) 26, 5218-5228.

Acknowledgement: Research work was partially supported by BMBF/AIF - FKZ 1721 X04. 
The authors thank also Prof. Rollin, Mr. Kresse and Mrs. Hummel (Anhalt University) for 
analytical studies. 
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About the potential risk of forming nitrite and 
ammonium using diamond electrodes in water 

electrolysis for disinfection
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anhalt.de
There are many new advertisements of electrodes for disinfection electrolysis 
of waters poor in chloride ions [1]. Mostly, boron-doped anodes are described for 
several oxidation and disinfection purposes.  In these cases, a disinfection activity 
may be caused by oxidants such as peroxides, ozone and radicals - often called 
reactive oxygen species. In fact, also our studies [2] showed a disinfecting ability of 
electrolysed waters, which contained only traces of chloride. However, in comparison 
with anodes producing chlorine the disinfecting ability is much lower.
The aim of studies described in the present work was the assessment of species 
formation resulting from nitrate reactions in non-divided cells for flow-through 
disinfection. Drinking water may include nitrate up to 50 ppm according to the 
corresponding regulations. A cell with rotating anode above a cathode was used for 
the discontinuous experiments at 20 °C. Current density was varied between 50 Am-2 
and 200 A m-2. A second cell was of semi-industrial type using stack electrodes for 
drinking water in single pass operation. Several cathodic materials such as IrO2 , IrO2/
RuO2, Ti and stainless steel were used. Boron-doped diamond and IrO2/RuO2 were 
typical anode material. Research studies were focused on the use of diamond anodes in 
combinations with other cathode materials. Waters containing nitrate, nitrite, chloride 
and sulphate ions in ppm range of concentrations were used in the experiments. 
Analysis was carried out using test sets of spectrophotometry, UV spectrophotometry 
and ion chromatography.      
Results show that a very complex mechanism of possible reactions exists. Both 
concentration ratios and electrode material combination are of decisive influence on 
the obtained product spectrum. Reactions mentioned as follows were identified in 
discontinuous electrolysis: anodic chlorine and chlorate production, chemical chlorate 
production, anodic chlorate oxidation, anodic and cathodic H2O2 formation, cathodic 
nitrite and ammonium formation, anodic ammonium oxidation, chemical and anodic 
nitrite oxidation. At mixed oxides electrodes, ammonium and nitrite are mainly formed 
from nitrate in the considered range of current density. Products may react each with 
other: peroxide with chlorine, chlorine with ammonium etc.. Obviously, adsorption of 
sulphate ions may suppress anodic reactions and thus influence by-product yields. The 
formation of chloramines is possible. All mentioned products are clearly detectable 
but usually in concentrations lower than 1 ppm. However, addition of some products 
is not allowed according to the rules for drinking water. It is interesting to note that 
the non-catalytic properties of diamond favour the presence of ammonium and 
nitrite, which can accumulate in the treated solution. The obtained results underline 
the fact that water electrolysis is significantly controlled by mass transfer, migration, 
adsorption and electrocatalytic electrode behaviour. Prediction of reaction results is 
very complicate.
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in chloride ions using BDD electrodes
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The study of geometrical factors of the electrolysis cell 
for direct drinking water disinfection with respect to 

chlorine evolution efficiency
R. Kodym1, M. E. H. Bergmann2*, K. Bouzek1, 

1Institute of Chemical Technology, Technicka 5, 166 28 Prague 6 / Czech Republi,
2Anhalt University of Applied Science, D-06366 Köthen / Germany  

*bergmann@et.hs-anhalt.de 

The main idea of direct drinking water disinfection (DDWD) is based on water 
electrolysis under formation of chlorine as the main electrodisinfection product from 
the natural chloride content in drinking water. Although the principle of the method 
is known for several decades, the knowledge on the electrode reaction kinetics is 
insufficient. Also, the complex reaction mechanisms of produced chlorine with 
constituents of the drinking water [1-3] are not yet fully understood.  Several factors 
such as chloride concentration, current density and the presence of other ions affect 
the resulting chlorine production rate. Geometrical factors are usually connected 
with current density distributions and they are considered to have a certain, so far 
unspecified influence on product and by-product formation.
The aim of the presented work was to develop a mathematical model of the DDWD 
electrochemical cell. The presented model of the rectangular cell equipped with plate 
or expanded mesh electrodes allows assessing influence of the geometrical factors 
and problems in cell design in dependence on the chlorine formation efficiency. The 
secondary current density distribution is considered. The electrode reaction kinetics 
as well as current efficiency values in dependence on the current density and chloride 
concentration were determined experimentally. An artificial drinking water with 
varied chloride concentration and a semi-technical cell with parallel plate electrodes 
were used. The Laplace equation was solved using the finite element method in the 
Femlab© environment [4]. 
The main attention has focused on the indication of inhomogenities in the local current 
density distribution and theirs impact on the process efficiency. It was demonstrated 
that because of the irregularities on the electrode edges, the expanded mesh electrode 
provides in this particular application less favourable results than simple planar 
electrodes.

[1] Bergmann H., Iourtchouk T., Schoeps K., Ehrig F., GWF-Wasser Abwasser, 856-
869, 142 (12) (2001). 

[2] Bergmann, H., Koparal S., Galvanotechnik, 3037-3043, 95 (12) (2004).
[3] Bergmann H., Koparal S., Electrochimca Acta, 5218-5228, 50 (2005).
[4] Femlab user’s guide, www.femlab.com.
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Aplication of electrochemical techniques in pyrochemical 
processes. Chemical and electrochemical behaviour of 

Eu(III) and Yb(III) in the eutectic LiCl-KCl
M. R. Bermejo*(a), E. Barrado(a), J. Medina(b), B. Calvo(b) and Y. Castrillejo(a)

(a) Dpto de Química Analítica. (b) Dpto de Física de la Materia Condensada y Cristalografía. 
Facultad de Ciencias. Prado de la Magdalena s/n. 47005 Valladolid Spain.

*Corresponding author’s email address qamsalts@qa.uva.es

Partitioning and transmutation (P&T) is one of the powerful strategies for reducing 
the radiotoxicity and volume of nuclear wastes. In this strategy, the separation 
(partitioning) of long-lived radionucleides, i.e. minor actinides (MAs), from other 
fission products especially lanthanides (Lns), is required before transmuting them into 
other stable or lower-level nuclides, otherwise the Lns absorb neutrons effectively and 
hence prevent neutron capture by the transmutable actinides. However, the separation 
of MAs from Lns is not simple due to the amount of Lns in the fission products and 
the similarity of their chemical properties.
This work is concerned with the electrochemistry of europium and ytterbium, a light 
and a heavy lanthanide respectively. The study has been carried out in the eutectic 
LiCl-KCl mixture at temperatures between 673 and 823 K using inert (i.e. GC, W) 
and reactive (i.e. Al) electrodes.
The stable oxidation states are (III) and (II). Eu and Yb metals react with the melt 
to displace lithium, so electrodeposition of metals cannot be observed within the 
electrochemical potential window. The electrochemical systems Eu(III)/Eu(II) and 
Yb(III)/Yb(II) are quasi-reversible and the values of the E1/2 and the kinetic parameters, 
k0 and α, have been calculated by simulation of the cyclic voltammograms or 
logarithmic analysis of the convoluted curves. Mass transport towards the electrode are 
simple diffusion processes, and the diffusion coefficient of Eu(III) and Yb(III) ions have 
been calculated. The validity of the Arrhenius law was also verified in both cases. 
Cyclic voltammetry, open-circuit chronopotentiometry and potentiostatic electrolysis 
pointed out that both Eu(III) and Yb(III) can be reduced on an aluminium electrode 
to form Eu-Al and Yb-Al alloys. Therefore, the use of a reactive cathode made of 
aluminium for the extraction of europium and ytterbium from chloride media could 
be the use of a pertinent route.
Potentiometric titrations of Eu(III) and Yb(III) solutions with oxide donors, using a 
yttria stabilized zirconia membrane electrode “YSZE” as a pO2- indicator electrode, 
have shown the formation of EuOCl, YbOCl and Yb2O3 compounds, and their 
solubility products have been determined at 723K. E-pO2- predominance diagrams of 
Eu and Yb in the studied melt have been constructed.

Acknowledgements.- The authors thank the Ministerio de Educación y Ciencia MEC-
FEDER (Spain) Project ENE2004-00317/CON for the financing of this work. 
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Biomass valorisation: electrochemical oxidation of lignin
Y. López, P. Parpot, A. P. Bettencourt*

Departamento de Química, Universidade do Minho, Campus de Gualtar,
 4710-057 Braga, Portugal, abete@quimica.uminho.pt

The low cost of lignin associated with its availability makes it an interesting raw 
material for fine chemistry. The estimated annual production of lignin as a by product 
of paper industry is about 30 millions tons. However most of it is burned or dumped 
as polluting effluent and only 5% is used to produce useful compounds. The aim of 
this work is to use electrochemical methods to perform oxidative degradation of lignin 
producing high valued compounds such as vanillin.
Previous studies [1,2] indicate that production of vanillin and vanilic acid is 
accomplished by electrochemical methods but the yields are quite low. In an attempt 
to increase the yields on vanillin and vanillic acid, the electrochemical oxidative 
degradation of Kraft lignin was studied on different experimental conditions.
A systematic study of the experimental parameters that could have an effect on the 
yields and selectivity towards vanillin and vanillic acid was carried on. Exhaustive 
electrolyses of lignin solutions in alkaline medium were performed at both controlled 
potential and constant current, in a flow cell (FM01-LC) and in a batch cell. The 
following experimental parameters were studied: applied potential and current, anode 
material (Ni, Cu and PbO2) and lignin concentration.
Direct quantitative analyses of the electrolyses solutions were performed after 
precipitation and centrifugation. The electrolyses products were identified and 
quantified by GLC and HPLC after comparison with commercial reference 
compounds.
Conversion and chemical yields were found to be dependent mainly on the applied 
current density and the partial pressure of oxygen at the interface. It was also noticed 
that the nature of the electrode influenced mainly the reaction rates.

[1] P. Parpot, A. P. Bettencourt, A.M. Carvalho and E.M. Belgsir, J. Applied 
Electrochemistry 30 (2000) 727.

[2] H. L. Chum and M. M. Baizer, in `The Electrochemistry of Biomass and Derived 
Materials’ (American Chemical Society Washington DC, 1985), chapter 7.

Acknowledgements: The authors are grateful to ICI for the loan of FM01-LC 
electrolyser and to FCT (Portugal) for financial support.
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Chromium (VI) Reduction Processes in Competition
Leo Binder* and Martin Linder

Graz University of Technology, Institute for Chemistry and Technology
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The problem of chromium (VI) compounds in industrial waste water is found in 
different  technical processes. The most common sources of effluents containing 
chromate ions are chromium plating shops working with electrolytes based on aqueous 
solutions of chromic acid, metallurgical plants producing or processing chromium 
alloyed steels and running acidic pickling baths, and – last but not least – factories 
for vanadium oxide production. The main fraction of this material is subsequently 
converted into ferro-vanadium and sold to steel industry.
The reason for a chromium problem in this process is the inevitable chromium content 
of all available vanadium raw materials (ores or slags) and the usual roasting procedure 
with soda under oxidising conditions. Hereby vanadium compounds are transformed 
to water-soluble alkali vanadate but simultaneously chromium oxide reacts to equally 
water-soluble alkali chromate (VI).
To fulfil the legal waste water regulations all this chromate has to be reduced to 
chromium (III) ions later and finally eliminated as barely soluble hydrous chromium 
(III) oxide. For this purpose waste water streams charged with significant amounts of 
chromate ions are frequently treated with reducing agents, e.g. sulphur dioxide.
All the chemical reduction processes are charged with one or more of the following 
drawbacks:
• handling of hazardous chemicals (e.g. liquid sulphur dioxide);
• raising the content of neutral salts (particularly sulphates) in effluents;
• supply of costly reducing agents in considerable amounts.
Consequently, electrolytic conversion of chromium (VI) to chromium (III) has to be 
seen as a reasonable alternative including the option of a combined electrochemical 
and chemical reduction if the legal concentration limit of chromate ions (0.1 mg/l) in 
waste water could not be reached economically by only one of them.  
In the case of cathodic reduction divided cells have to be used in order to prevent 
anodic re-oxidation of previously formed Cr (III)-ions. This means automatically the 
installation of two separate electrolyte loops (catholyte and anolyte will have different 
composition) and dimensions of industrial waste water streams require an active  
cathode area in the range of  some square meters.
For this reason the advantage of avoiding hazardous or costly chemicals and the 
benefit of preventing the spill of additional salts is partly compensated by cost for 
investment (cells, pumps, electrodes, separators…) and for electrical energy.  
A comparison of some chemical reduction methods and at least two different 
electrochemical cell modules with all their particular advantages and drawbacks is 
given.
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 Convective instability of binary electrolyte between ion-exchange membranes

 D. A. Bograchev * 
Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 

11999, Lenensky prospect 31, Moscow, Russia 
*bograchev@gmail.com

In the electrochemical systems with binary electrolyte, where ion-selective membranes 
with low resistance serve as the electrodes, the emergence of periodical convective 
structures at the near-limiting current is commonly explained by the electro-convective 
effects. However, in these systems, convective instability similar to the Rayleigh-
Benard convective instability can also arise. It is associated with the buoyancy forces 
that are caused by the nonuniform distribution of concentration, when a current is passed 
through the electrolyte. It was frequently assumed that the convective instability in the 
binary system is similar to the Rayleigh-Benard convective instability. However, as 
was indicated in [V.M. Volgin, A.D. Davydov, Russia J. Electrochem., 2006, vol. 42, 
no. 6], fluctuations of electric potential should be taken into account when instabilities 
in the binary electrolyte are analyzed.
In this work, the numerical analysis of convective stability of binary electrolyte is 
performed taking into account fluctuations of electrochemical potential of both types 
of ions.
This approach enables us to take into account not only the fluctuations of concentration, 
but also the fluctuations of electric potential. This makes a considerable contribution 
to the net result. In addition, electro-convective effects are taken into consideration. 
These effects arise in the binary electrolyte at the currents, which are not very close to 
the limiting current. The relationship between the conditions of convective structures 
origination and the current passing through the system are determined. It is shown 
that the fluctuations of electric potential and electroconvection have an additional 
destabilizing effect on the system, and also have a pronounced effect on the geometry 
of arising periodical convective structure. These results are obtained for the model and 
several particular electrochemical systems. 
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Synthesis and characterization of a surface modified 
cation exchange membrane with preferential selectivity 

for monovalent cations
H. Boulehdid, C. Buess Herman

Service de Chimie Analytique et Chimie des Interfaces, CPI. 255,
Université Libre De Bruxelles, Bld. Du Triomphe B-1050 Bruxelles, Belgium.

cbuess@ulb.ac.be

The synthesis of a cation exchange membrane with preferential selectivity for 
monovalent cations is of particular interest to treat acid effluents containing metallic 
salt produced by several industries in order to re-use and recycle the chemicals. 
Among the various ways of modifying a membrane, we have chosen to confer a 
monovalent cation permselectivity to a cationic membrane by chemically grafting 
positive charges on the membrane surface.
 A thin positively charged layer was formed on the membrane surface after reaction 
between SO2Cl groups of a styrene-divinylbenzene copolymer membrane and 
a diamine. The diamine used in this work is the 3-dimethylaminopropylamine (3-
DMAPA). The membrane surface was modified during a predetermined period of 
time in the presence of various diamine concentrations. After the amination reaction, 
the SO2Cl groups remaining in the inert part of the membrane were hydrolyzed by an 
aqueous sodium hydroxide solution. The terminal amine groups were protonated in 
acidic media. 
ATR-IR measurements on the membrane surface reveal that the intensity of the band 
associated to – SO2Cl decreased with increasing the diamine concentration. The cation 
capacity exchange is not significantly affected by the presence of the cationic layer on 
the surface of the membrane.
The influence of the surface modification on the resistivity and selectivity of the 
membrane will be discussed. Current-voltage curves and impedance measurements 
were performed to determine the membrane electric resistance while separation tests 
were based the Hittorf’s method. The results showed that a membrane modified with 
a low concentration of the diamine showed a high membrane resistance with a low 
limiting current and an excellent permeselectivity.  In contrast, a membrane modified 
with a high concentration of the diamine showed a low membrane resistance but a 
high leaking of the divalent cations.
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Electrocrystallization of ZnSe on porous titanium oxide
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of Athens, 9 Heroon Polytechniou str., Zografos Campus, Athens GR-15780, Greece 
*mirtatb@central.ntua.gr 

The electrochemical growth of microcrystalline zinc selenide II-VI semiconductor 
compound on microporous TiOx substrates is discussed, in terms of nucleation 
properties and microstructure of the resulting samples. The products of the process 
may be evaluated as semiconductor heterojunctions with large interface area dictated 
by the extended inner surface of the substrate. 
Porous oxide layers of variable thickness were prepared by anodizing Ti discs in acidic 
solutions. The structuring of the oxide overlayer was controlled through the type of 
the anodization bath and the oxidation overpotential used. Electrodeposition was 
performed cathodically in both potentio- and galvano-static manner, either in acidic 
or in alkaline baths of zinc and selenium precursors, under a mixed ionic transfer 
and chalcogen diffusion control [1, 2]. The as prepared substrate and deposit micro-
structures were identified down to very thin surface layers by Low Angle Incidence 
X-ray Diffraction (LIXD). The topology of the pores, their size distribution and the 
morphology of the deposits were determined by Scanning Electron Microscopy 
(SEM). Electrolytic current transients were recorded in the deposition baths in order 
to account for the nucleation and growth of the ZnSe clusters.
Thin layers fitting the pore depth as well as over-grown epilayers up to 0.5 μm in 
thickness were formed and the composition variation for the pore-filling and coating 
material was investigated. The full coverage of the substrate led to coatings consisted 
of ZnSe equiaxed microcrystals inhomogeneously dispersed in a, rich in Se, Se(ZnSe) 
matrix. Compared to non passive Ti substrates, the anodized Ti promoted the formation 
of deposits with improved ZnSe to Se atom ratio, i.e. with lower excess of elemental 
Se and higher content of cubic, (111) oriented ZnSe crystallites. It is shown that the 
increased ZnSe rather than elemental Se nuclei formation principally occurs at a high 
rate within the micropores, as a consequence of the specific nucleation environment at 
the interior of the oxide layer. The in-depth electric potential profile and the diffusion 
limitation of Se inside the pores were invoked to explain this behaviour, while the 
effect of crystallographic misfit is also discussed. Reflectance spectroscopy showed 
that the electrolytic coatings exhibit, after annealing at temperatures as low as 200°C 
in air for 30 min, the typical for bulk ZnSe band gap width of 2.7 eV. The assessment 
of the electrical contact between the oxide substrate and deposited ZnSe remains to 
be accomplished.

[1] M. Bouroushian, T. Kosanovic, N. Spyrellis, J. Solid State Electr. 9 (2005) 55.
[2] T. Kosanovic, M. Bouroushian, N. Spyrellis, Mater. Chem. Phys. 90 (2005) 148. 
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Electrodeposition of Lu and electrochemical formation 
of Lu-Al alloys from the eutectic LiCl-KCl.
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Dpto de Química Analítica. Facultad de Ciencias. Universidad de Valladolid. Prado de la 

Magdalena s/n. 47005 Valladolid Spain.
a Department of Materials Technology. Sem Sælands vei 6, 7491 Trondheim, Norway

*Corresponding author’s email address ycastril@qa.uva.es

The operation of nuclear fission reactors give rise to long-lived radionulcides, which 
may be considered a potential risk born by future generation that must be minimized. 
To achieved this goal the most radiotoxic elements present in spent nuclear fuels, 
i.e. minor actinides, must be efficiently separated from the fission products, specially 
lanthanides, and destroyed by transmutation. Assessment of feasibility of pyrochemical 
separation processes requires a good knowledge of molten salt chemistry of actinides 
and lanthanides and therefore basic data of these elements need to be obtained.
This work takes part of a project related to the electrochemical behaviour of lanthanides, 
and its concerned with the electrochemistry of lutetium. The study has been carried 
out with, a solution of LuCl3 in the eutectic LiCl-KCl mixture at temperatures between 
673 and 823 K using inert and reactive electrodes.
Transient electrochemical techniques, such as cyclic voltammetry, chronopotentiometry 
and chronoamperometry were used in order to study the reaction mechanism 
and the transport parameters of electroactive species at a tungsten electrode. The 
electroreduction of Lu(III) proceeds in a single step and electrocrystalization plays an 
important role in the electrodeposition process. Experimental current-time transients 
has been compared with the theoretical models based on instantaneous and progressive 
nucleation. Mass transport towards the electrode is a simple diffusion process, and 
the diffusion coefficient of the electroactive specie Lu(III) has been calculated. The 
validity of the Arrhenius law was also verified.
The electrode reactions of the LiCl-KCl-LuCl3 solutions at an Al wire were also 
investigated by cyclic voltammetry and open circuit chronopotentiometry. The 
reduction signal of Lu(III) at the Al electrode was observed at more positive potentials 
values than those at the inert electrode. This potential shift was due to a lowering of 
the activity of Lu in the metal phase due to the formation of intermetallic compounds. 
Lu-Al alloy films were obtained using potentiostatic electrolysis, and the samples 
were characterized by X-ray diffraction analysis and scanning electron microscopy 
(SEM). The activities of Lu in the Al phase, as well as the standard Gibbs energies, 
enthalpies and entropies of formation for the Lu-Al interermetallic compounds were 
estimated from the open circuit chronopotentiometric measurements. 

Acknowledgements.- The authors would like to thank the Ministerio de Educación 
y Ciencia MEC-FEDER (Spain) Project ENE2004-00317/CON for the financing of 
this work. 
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A quartz sealed Ag/AgCl reference electrode for high 
temperature molten salts
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b School of Chemical, Environmental and Mining Engineering, University of Nottingham, 
University Park, Nottingham NG7 2RD, UK
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High temperature molten salts play important roles in modern electrochemical 
research and industrial practices. Recently, in molten CaCl2 at ~900oC, electrochemical 
deoxygenation of metals, such as titanium, was investigated1. It was also reported 
that when a solid metal oxide, e.g. TiO2, was made into an cathode, regardless of the 
electronic conductivity, the oxide could be electrochemically reduced in the same melt 
directly to the metal2. The possibility of using this new electro-deoxidation method 
has been acclaimed for the economical and environmentally friendly production of 
many useful but currently expensive metals and semi-metals, typically Ti, Si, Nb and 
Cr, and their alloys2,3-6. However, in previous studies, except for some voltammetric 
observations from using a metal based pseudo-reference electrode coupled with a 
known electrode reaction as the internal reference3, most results and analyses were 
linked with electrolysis in a two-electrode cell which only allowed the control of cell 
voltage or current. In this laboratory, a quartz sealed Ag/AgCl reference electrode 
was fabricated and studied in CaCl2 based molten salts7. It performed satisfactorily 
in terms of reproducibility, reusability and stability in experiments that varied the 
temperature (700oC ~ 950oC) and service time (from hours to days). The electric 
resistance of the reference electrode decreased from 105 Ω to103 Ω when increasing 
the molten salt temperature from 600oC to 950oC, following well Arrhenius’ Law. The 
potential variation of the electrode upon changing the electrolyte composition (CaCl2, 
NaCl, KCl, and/or AgCl) suggested the selective conduction of Na+ ions and possibly 
Ca2+ ions through the thin-wall of the sealed quartz tube. Prolonged use (2~3 days) 
of the reference electrode in the presence of both oxygen and molten chloride salt 
led to noticeable erosion of the quartz tube, particularly at the molten salt-quartz-gas 
triple phase boundary, which is attributable to the formation of calcium and/or sodium 
silicates under the influence of oxygen in the liquid and gas phases, respectively.

1. T.H. Okabe, M. Nakamura, T. Oishi, K. Ono, Metall. Trans. B, 24 (1993) 449.
2. G.Z. Chen, D.J. Fray, T. W. Farthing, Nature, 407 (2000) 361.
3. T. Nohira, K. Yasuda, Y. Ito, Nat. Mat., 2, (2003) 397.
4. X.B. Jin, P. Gao, D.H. Wang, X.H. Hu, G.Z. Chen, Angew. Chem. Int. Ed., 43 

(2004) 733.
5. X.Y. Yan, D.J. Fray, Metall. Mater. Trans. B, 33 (2002) 685.
6. G.Z. Chen, E. Gordo, D.J. Fray, Metall. Mater. Trans. B, 35 (2004) 223.
7. P. Gao, X.B. Jin, D.H. Wang, X.H. Hu, G.Z. Chen, J. Electroanal. Chem., 579 

(2005) 321.
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BaA0.9Sb0.1O3-δ (A=Pb, Sn) as anode material for catechol 
electrodegradation
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aDepartment of Chemistry, Univ.Beira Interior, 6201 001 Covilhã, Portugal
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Wastewaters produced by the pulp and paper industries contain a wide range of phenolic 
compounds, which can include lignin degradation products, and modified products 
such as chlorinated species like chloroguaiacol and chorocatechol. Some of these 
compounds are quite toxic and resistant to biodegradation by most microorganisms. 
Recent work has studied successfully the electrodegradation of guaiacol using as 
anode material an oxide with a perovskite like structure BaPb

0.9
Sb

0.1
O

3-�
. The chemical 

composition of the electrode is an important parameter in the electrochemical 
oxidation. In this work, we have studied the oxidation of a phenolic lignin model 
compound, catechol. The electrochemical oxidation of catechol was performed using 
as anode material, BaPb

0.9
Sb

0.1
O

3-�
 and BaSn

0.9
Sb

0.1
O

3-�
; these oxides were sinthesised 

by the ceramic method at 1123 K and 1523 K, respectively, and the obtained powders 
was sinterized in the pellet form to prepare electrodes. Bulk electrolysis was studied 
using Na

2
SO

4 
as electrolyte, during 96 h at current densities of 2.5, 5 and 10 mA cm-2, 

and different initial catechol concentrations of 50, 100 and 200 mg L-1.
UV-Visible absorbance measurements, Chemical Oxygen Demand (COD) tests and 
Total Organic Carbon (TOC) analysis were performed, in order to follow the organic 
load removal and the mineralization index. Results have shown COD removals between 
40 - 60% and reduced TOC removals, corresponding to the oxidation of catechol 
mainly by a conversion mechanism, rather than combustion, which is corroborated 
by the formation of dark solutions that are compatible with the presence of polymers. 
The assays with higher organic load removal were performed with the electrode made 
of BaPb0.9Sb0.1O3-δ, maybe due to the fact that this oxide is made of a fine powder, 
comprising smaller crystallites, which increases the surface area of the electrode.

Acknowledgment: Fundação para a Ciência e a Tecnologia, PDCT/AMB/59388/2004 
and PDCT/AMB/59392/2004.
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Natural-convective instability of stagnate electrolyte 
between horizontal electrodes: effect of external 

magnetic field
A. D. Davydov1*, V. M. Volgin2, D. A. Bograchev1 

1A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 
Leninskii pr. 31, Moscow, 119071, Russia

2Tula State University, pr. Lenina, 92, Tula, 300600, Russia 
*Corresponding author e-mail: davydov@netra.elchem.ac.ru

The external magnetic field has a considerable effect on the natural convection of 
electrolyte solution and in particular on its natural-convective-instability. For heat 
convection in the liquid with a constant conductivity in the uniform magnetic field, 
it is known that the critical Rayleigh number is quadratic in the Hartmann number, 
which is defined as a ratio between the magnetic and viscous forces. The available 
solutions were obtained in the absence of external electric field and ignoring the 
variations in the liquid conductivity. Under these conditions, the electric current in the 
stagnant liquid is absent. Obviously, this does not take place in the electrochemical 
systems, where, under the action of external electric field, the electric current flows 
even in stagnant electrolyte. In addition, the current disturbs the uniform distribution 
of concentrations that have an effect on the electrolyte conductivity. Therefore, 
when solving the stability problem for electrochemical systems, the variations in the 
electrolyte conductivity should be taken into account.
In this work, the effect of an external uniform magnetic field on the monotonic and 
oscillatory natural-convective instability of stagnate binary and multi-ion (containing 
three or more types of ions) electrolyte between two horizontal electrodes is studied 
using a set of equations involving the Navier-Stokes equations for incompressible 
viscous liquid to the Boussinesq approximation that account for the buoyancy and 
Lorentz forces, the ion-transfer equations that account for diffusion, migration, and 
convection, and the electroneutrality condition. A set of nonlinear equations for 
the undisturbed steady state and a set of linear equations for amplitudes of small 
perturbations were solved numerically. The dependences of critical Rayleigh number 
on the Hartmann number and on the system’s parameters (the diffusion coefficients 
and the mass coefficients) for monotonic and oscillatory instabilities are obtained for 
the case that the electrochemical reaction proceeds under the conditions of limiting 
current. It is found that magnetic field not only provides a strong stabilizing effect, 
but can change oscillatory instability to monotonic one for the electrolytes with 
three or more types of ions. Stability diagrams are presented and stability of several 
electrochemical systems is analyzed.
This work was supported by the Russian Foundation for Basic Research, project no. 
04-03-32637.
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Removal of Ni2+ ions from diluted solutions with an 
electrodeionization method using ion-exchangers of 

different nature
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Electrochemical synthesis of 5,6-dihydroxy-2-methyl-1-
benzofuran-3-carboxylate derivatives
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Electrosynthesis on BDD anodes in non aqueous media
A. Fankhauser, L. Ouattara, Ch. Comninellis* 

Groupe de Génie Electrochimique, ISIC-SB-EPFL, Station 6, CH-1015 Lausanne
*christos.comninellis@epfl.ch

The interest in fundamental electrochemistry and its applications to industrial processes 
have known a second breath with the use of boron-doped diamond (BDD) as electrode 
material. It has shown interesting properties like wide electrochemical window, a low 
background current and a chemically stable surface, which have been intensively 
studied in the wastewater treatment [1, 2] and more recently in non aqueous solvents 
for organic synthesis. In fact it has been shown that using BDD anodes in methanol, 
new pathways are available compared to classical electrodes like graphite [3-5].
The present work has the aim to study the use of a BDD anode in glacial acetic acid. 
Therefore by using electrochemical characterization methods like cyclic voltrammetry, 
chronoamperometry, galvanostatic transient and comparing the results with preparative 
electrolysis it is possible to develop reactions mechanisms for the acetoxylation and 
the methylation of aromatic compounds. Ultramicroelectrodes (UME) have been used 
for the electrochemical characterization in order to get rid of the huge ohmic drop due 
to the low conductivity of glacial acetic acid.  The use of UME enables very accurate 
measurements and allows getting a lot of mechanistic information; concerning the 
oxidation potential, the rate determining step or the surface poisoning.
The advantage of BDD over classic electrode has been proven by the enhancement of 
current efficiencies for the acetoxylation of toluene. Another advantage of this electrode 
material is the ability it has to oxidize very stable compounds like nitrobenzene, which 
is nearly completely inert on classical electrodes like platinum or graphite. Polymeric 
products have also been observed in preparative analysis with BDD anodes that were 
not found on Pt and graphite, thus it indicates a clear difference in the mechanisms.
The very low conductivity of glacial acetic acid may be overcome in preparative 
electrolyses by using a reactor with a very small distance between the anode and the 
cathode (typically 200 – 400 μm). Moreover for increasing the capacity of such a 
reactor, a series of reactor may be constructed using the dipolar reactor theory. The 
advantages are a very high ratio surface to volume and reasonable ohmic drop, beyond 
the specific advantages of the dipolar reactor.

1.   B. Marselli, et al., J. Electrochem. Soc, 2003(3): p. 150.
2.   A. Sarapuu, et al., Electrochemical and Solid-State Letters, 2005. 8(2): p. E30-

E33.
3.   D. Zollinger, et al., Electrochemistry Communications, 2004. 6(6): p. 600-604.
4.   D. Zollinger, et al., Electrochemistry Communications, 2004. 6(6): p. 605-608.
5.   U. Griesbach, et al., Journal of Applied Electrochemistry, 2005. 35: p. 1265-

1270.
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Potential activation in the initial process of the copper 
deposited on iron substrate

ShaoBin Feng, Qing Liu, Xiang Bao, LiTing Feng
Corresponding author: Department of Chemical Engineering, Zhengzhou Institute of Light 

Industry, Dongfeng Lu No.5, Zhengzhou, 450002, P.R. China,   E-mail:fengshaobin@21cn.com

‘Potential Activation’ phenomenon was put forwarded firstly by author, which is a 
theory concept about explaining the adhesion between electrodeposition layer and 
substrate metal, and it is the ‘activating by oneself’ process of substrate metal surface 
in the initial process of electrodeposition. When the deposition potential of adhesive 
metal is negative than the activation potential of substrate metal, the cathode potential 
is polarized to activation potential firstly, and the substrate metal has been activated, 
then adhesive metal was deposited on the activated substrate, so the adhesion is good; 
whereas it is bad. The potential-time curves under the constant current and cyclic 
voltammetry curves of iron electrode were measured in cuprous cyanide solution 
and in common cupric pyrophosphate solution. The results indicated that the iron 
electrode has been activation at -1.2V versus SHE in cyanide electrolyte, and copper is 
deposited on the activated iron substrate at -1.3V versus SHE, therefore, the adhesion 
between layer and iron substrate is good. But in the common cupric pyrophosphate 
solution, the reduction reaction of Cu2+ to Cu(s) was occurred at -0.5V versus SHE 
which is positive than the activation potential of iron electrode, hence the copper 
was deposited on the inactive iron substrate and the adhesion is bad, furthermore, 
the existence of oxide between plating layer and iron substrate has been validated by 
Ar ion sputtering and X-ray photoelectron spectroscopy. Through adding assistant 
complexing agent and controlling initial current density, cathodal polarization was 
intensified in cyanide-free electrolyte. When the deposition potential of copper is less 
than activation potential of iron substrate, the potential activation process was shown, 
so the adhesion of plating layer can reaches 7180N/cm2 and it is close to that of cyanide 
copper plating. The transformation of component on the iron electrode surface in 5% 
KCl solution was determined by Enhanced Raman Spectroscopy. The result showed 
that the reduction process of each oxide on iron substrate under different potential.
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diffusion of surfactant aggregates in aqueous solutions
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Corrosion mechanism of a non-chromate conversion 
coating for magnesium alloys and magnesium-based 

metal matrix composites in nacl at different ph using eis.
*M. A. González-Núñez1, and P. Skeldon2

1. Instituto de Investigaciones Eléctricas, Calle Reforma No. 113, Col. Palmira, Cuernavaca, 
Morelos, MÉXICO, C.P. 62490;

2. Corrosion and Protection Centre, P.O. Box 88, UMIST, Manchester, M60 1QD, U.K.
* magn@iie.org.mx 

The use of magnesium alloys in applications requiring a combination of high strength, 
stiffness and lightweight has been applied in the automotive and transport industry 
nowadays. Despite of all of these achievements, one of the main problem that limits 
the use of magnesium and its alloys in many structural applications, is the poor 
corrosion resistance of these materials, especially in comparison with aluminium and 
its alloys.
In order to overcome this problem, surface treatments, such as chemical and 
electrochemical anodising, surface sealing, painting and electroplating have been 
routinely used. 1, 2, 3 
In the present work, Electrochemical Impedance Spectroscopy (EIS) was used to 
evaluate and characterize the corrosion mechanism of a non-chromate conversion 
coating used to protect Mgcomm, ZC71 Mg alloy, WE43 Mg alloy and a 12%SiCp/ZC71 
Mg alloy MMC. Evaluation of the coating was carried out by immersion of coated 
specimens in a 3.5 wt. % NaCl solution at room temperature and three pH values, 
namely 3.5, 7 and 12.

Key Words: Mgcomm, ZC71, WE43, 12%SiCp/ZC71 Magnesium alloys MMC. 
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Palladium as electrocatalyst for PEM applications
S. Grigoriev1*, P. Millet2, Ch. Lebouin2, E. Lyutikova1, V. Fateev1 

1 Hydrogen Energy and Plasma Technology Institute of Russian Research Center “Kurchatov 
Institute”, 123182 Moscow Russia, Kurchatov sq., 1

*S.Grigoriev@hepti.kiae.ru
2 Institut de Chimie Moléculaire et des Matériaux d’Orsay, UMR 8182, Université Paris-sud XI, 15 

rue Georges Clémenceau, 91405 Orsay Cedex France

Today Pt is widely used as an electrocatalyst for proton exchange membrane (PEM) 
fuel cells and water electrolysers. But because of elevated price and limited resources, 
Pt cannot be used for large-scale applications and alternative materials are needed. 
The goal of present study is development and investigation of nano-structured Pd-
based electrocatalysts for hydrogen reduction and evolution in PEM systems. 
Various Pd-based electrocatalysts (Pd, Pd-Pt, Pd-Pt-Ru and so on) including supported 
by different carbon carriers have been synthesized and characterized using physical 
and electrochemical techniques. Electro-active metallic structures were obtained 
by chemical reduction of precursor salts using ethylene glycol with addition of 
formaldehyde and polyvinylpyrrolidone (synthesis on carbon carrier) or using sodium 
borohydride (for metal black synthesis). Vulcan XC-72, acetylene carbon black, 
Sibunit, carbon nano-tubes and nano-fibers and other carbons have been used as catalyst 
carriers. Alternatively, Pd nano-clusters have been obtained from chemical reduction 
of precursor salts in perfluorinated polymer materials such as Nafion membrane 
materials. The electrocatalytic activity of these catalysts with regard to hydrogen 
reduction and evolution has been investigated for PEM applications. In particular, Pd 
catalysts (40% wt) on Vulcan XC-72 have specific electrochemical active surface > 33 
m2 g−1, particle size 14.9 ± 2.1 nm. PEM fuel cell with this catalyst on the anode has 
shown a current density of ca. 0.7 A cm−2 at a voltage of 0.7 V. The typical voltage of 
PEM electrolysis cell with Pd-based catalyst on the cathode is ca. 1.65 V at a current 
density of 1 A cm−2. One can see from comparison of obtained results, in general, 
the performances of PEM systems with Pd electrocatalysts (including on the carbon 
carrier) on hydrogen electrode is comparable to that with the Pt-based electrocatalysts. 
Thus, Pd could be potentially used as an electrocatalyst for PEM systems. 
Partial financial support of the present work was provided within the frame of INTAS 
grant No 04-83-2585. 
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Beneficiation of industrial solid waste composed of zinc 
oxide by electroremediation

P. Guillaume a, N. Leclerc a*, F. Lapicque b, C. Boulanger a, J. M. Lecuire a

a Laboratoire d’Electrochimie des Matériaux, UMR CNRS 7555, Université P. Verlaine, 
CP 87811, F-57078 Metz, France

b Laboratoire des Sciences des Sciences du Génie Chimique, BP 20451, F-54001 Nancy, France
*Corresponding author’s email address: leclerc@univ-metz.fr

Industrial activity generates large amounts of solid waste containing heavy metals. 
This work deals with zinc beneficiation of industrial solid waste by an electrochemical 
process: the electroremediation. This technique is based on application of an electric 
field to the solid waste to be treated. Protons generated at the anode by water oxidation, 
migrate towards the cathode: they react with metal oxides or salts contained in the 
solid placed between the electrodes. Metal ions are formed and migrate to the cathode 
where they form a deposit.
A laboratory cell was built for testing the method. It consisted of three compartments, 
two electrode compartments and a solid waste chamber placed between these. 
Catholyte and anolyte – sulphuric acid solutions - were separated from the waste by a 
polypropylene cloth. Experiments were carried out using a synthetic waste prepared 
by dispersing zinc oxide at 10% in silicon dioxide. Preliminary tests of the cell yielded 
encouraging results with 90% leaching conversion within eight hours at 4.5 A dm-2. 
The initial H+ concentration was at 0.1M at the anode side and 1M at the cathode: the 
occurrence of electrode reactions tended to increase the concentration at the anode, 
and to decrease the acid content in the cathode chamber, because of the side hydrogen 
evolution at the cathode. Zn species extracted from the solid was recovered only to 
40% in form of metal, the rest accumulated in the cathode chamber and the central 
compartment.
The preliminary results showed the significant coupling between electrode 
processes, leaching chemical equilibrium and transport processes of H+ and Zn2+ by 
migration. Additional work has been done for better understanding of the process, 
in view to optimal design of experiments and cells. First, zinc electrodeposition 
has been investigated in a Hull cell. The influence of the proton/zinc ratio on the 
deposit morphology and the current efficiency have been studied: whatever the 
Zn2+ concentration, H+ concentration has to be kept in the range 0.25 – 0.5M for the 
sake of high current yields. Besides, the cell design has been improved with forced 
convection of the liquid in the cathode chamber, and gas sparging in the particle bed, 
for more regular dissolution of zinc oxide, and enhanced diffusion-convection of 
dissolved zinc to the cathode compartment. Finally the transport of Zn2+ ions from the 
central compartment by migration appeared to be rate-controlling in most cases: the 
competition of H+/Zn2+ transport in the cell depending on their relative concentrations 
is thoroughly discussed.
Electroremediation designed and carried out using the methods developed, will be 
applied to metal ores of industrial significance.
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Electrodeposition of ZnTe Compound Semiconductor in 
Propylene Carbonate Bath

Ryoichi Ichino*, Hiroomi Kojima, Kensuke Kuroda and Masazumi Okido
Mater. Sci. & Eng., Nagoya Univ., Furo-cho, Chikusa-ku, Nagoya 464-8603, JAPAN

ichino@numse.nagoya-u.ac.jp

Compound semiconductors are used for solar cell material because of their high optical 
absorption coefficient and high conversion efficiency. Dry processes were widely 
used for produce the compound semiconductor. But some compound semiconductors 
such as CdTe, ZnTe, ZnSe and so on, can be formed by wet processes. In this study, 
we have investigated the electrodeposition of ZnTe compound semiconductor in 
propylene carbonate bath. In case of the ZnTe electrodeposition in organic solvents 
such as methanol, propylene carbonate, acetonitrile and so on, we have obtained the 
results that it formed by the normal co-deposition of Te and Zn in methanol solvent, 
and by UPD of Zn in acetonitrile solvent and propylene carbonate solvent, which is 
similar mechanisms to that in the aqueous solution. A good ZnTe films were obtained 
in the propylene carbonate solvent among them. We have investigated the more 
suitable electrolytic conditions for ZnTe electrodeposition and studied the effect of 
Cu co-deposition as a dopant in ZnTe films.
The electrolytic solutions contained TeCl

4
 (0.2 - 2 mM), ZnCl

2
 (2 - 20 mM), and 

NaClO
4
 (100 mM) as a supporting electrolyte. The working electrode was an Au 

electrode (1 cm2), a Pt foil was used as the counter electrode and an Ag/AgCl electrode 
immersed in saturated NaCl solution as the reference electrode. The potentiostatic 
electrodeposition of ZnTe was carried out for 1 C in electricity at 423 K.
A single-phase ZnTe film close to the ideal stoichiometric composition of ZnTe was 
obtained at -0.4 ~ -0.6 V vs. Ag/AgCl in the solution with a molar ratio of Zn(II)/
Te(IV) = 10 and a low Te(IV) concentration. This ZnTe film had a smooth and dense 
granular crystal morphology and an n-type property. Current efficiency was about 85 
%. As for the other potentials and molar ratio in this study, Te was also deposited with 
ZnTe.
The ZnTe film, which was electrodeposited at –0.4 V in 0.2 mM TeCl

4
, 2 mM ZnCl

2
 and 

0.001 mM CuCl
2
 solution, had a more smooth and dense granular crystal morphology 

than that in the bath without CuCl
2
. Cu was co-deposited in ZnTe films obtained in the 

bath containing more than 0.05 mM CuCl
2
 and this Cu could not play any role as a 

dopant. The current efficiency was similar to that without Cu, but the deposition time 
for 1 C was reduced. This Cu-doped ZnTe film had a resistivity of 1.5x104 Ωcm and a 
carrier concentration of 1.5x1015 n/cm-3.
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R eagent  and  cond ition s: i, a crylon it r ile (1.0 equiv.), n -Bu 4NOH  (0.1 equ iv.), -78°C; ii, KOH, H 2O, ; iii, 4-iodobenzyl a lcoh ol 
(1.0 equ iv.), 4-dimeth yla min opyr idin e (5 mol%), DCC (1.5 equ iv.), CH 2Cl2, 0 °C; iv, elect r och emica l polymeriza t ion ; v, t erm ina l
acetylen e (5 mm ol), E t 3N  (10 mmol), Pd(PPh 3)4 (0.1 mmol), Cu I (0.2 mm ol), DMF; vi, TH F, NaOCH 3; vii, H Cl.

Polypyrrole-supported Graphite Felt for C-C Bond 
Formation Reactions in Solid Phase Synthesis 

Yoshitomo Kashiwagi,* Shinya Chiba, Hiroshi Ikezoe and Tetsuya Ono 
School of Pharmaceutical Sciences, Ohu University, 31-1 Misumido, Tomita-machi, Koriyama, 

Fukushima 963-8611, Japan, 
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Development of the Cu-Sn alloy plating as an alternative 
to Ni plating

Masaaki Kato, Michiyuki Kume 
Nagoya Municipal Industrial Research Institute, 3-4-41, Rokuban, Atsuta-Ku, Nagoya, Japan

kato.masaaki@nmiri.city.nagoya.jp

A nickel plating has been widely applied in industry due to its high hardness and 
excellent corrosion resistance. However, allergic dermatitis occurs on a human body 
caused by physical contact with a decorative Ni plating, which is the important subject 
to be overcome for plating industry. Thus, the development of nickel-free decorative 
plating is greatly demanded. The speculum alloy (Cu-Sn alloy with the Sn content of 
around 40wt%) plating is proposed as an alternative to bright Ni plating. 
Although the speculum alloy plating bath containing cyanide as a complexing agent 
has been already put to practical use, a cyanide-based bath is not recommended 
because of its toxicity. Kume and Oki revealed that Cu was codeposited with Sn in 
a weak alkaline bath containing sodium tripolyphosphate as a complexing agent(1). 
The tripolyphosphate-based bath is further improved by considering the following 
points, (i) to build up with benign agents to environment and workers: all components 
are food additives (except metal salts), (ii) to obtain the speculum alloy plating in a 
wide range of current density. Furthermore, we tried to refine the crystal grain to a 
nanometer level by adding an organic compound in order to obtain a film with luster, 
higher strength and excellent corrosion resistance. 
The color and the Sn content of the deposit from a tripolyphosphate-based bath 
depend on a current density. When the current density was lower than 0.8A/dm2, the 
deposit showed a golden yellow color and its Sn content was about 20 wt%. When 
the current density was higher than 0.8A/dm2, the Sn content increased rapidly up to 
about 37 wt.% and the deposit showed bright and silvery white color. The Sn content 
was approximately constant in the current density range of 0.8-2.0 A/dm2. Thus, we 
succeeded in producing the speculum alloy plating using our bath under the wide 
current density range. 
XRD studies showed the speculum alloy plating consisted of a single-phase of NiAs-
type crystal structure same as η phase (Cu6Sn5) in the phase diagram. The Vickers 
hardness  of the speculum alloy plating was 450 - 500HV, which was comparable to 
bright Ni plating. According to surface observation by SEM, the average crystal grain 
size was about 40nm. The high hardness was attributed to grain refinement. 
The corrosion resistance was evaluated by soaking in an artificial sweat solution for 
five days. Neither tarnish nor corrosion was observed with the speculum alloy plating, 
whereas bright Ni plating obviously tarnished and corroded. Therefore, the speculum 
plating prepared using the modified tripolyphosphate-based bath was concluded to be  
equivalent or even better in the properties as compared with Ni plating. 

(1)  M.Kume and T.Oki,  J. Surf. Finish. Soc. Jpn., 46 (1995),829-833.
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Electrochemical characterisation of  
nickel cobalt electrolytes for pulse reverse plating

Sofiane Bouazza3, Martina Halmdienst2, Wolfgang E.G. Hansal2*,  
Magda Lakatos Varsányi1, André Darchen3, Wolfgang Kautek2

1 Bay Zoltan Institute for Materials Science and Technology 
Fehervari ut 130, H-1116 Budapest, Hungary 

2 University of Vienna, Department of Physical Chemistry
Waehringer Strasse 42, A-1090 Vienna, Austria

3 ENS Chimie Rennes (ENSCR), Avenue du Général Leclerc, 
35700 Rennes  (France )

*Corresponding author: wh@happyplating.at

Nickel-based alloys such as Ni-Co are used in a wide variety of applications for aero-
space, energy generation, corrosion protection, but also magnetic materials and as 
electro-catalysts in hydrometallurgy, and are considered as hard chromium replace-
ment. Their electrodeposition [1] and pulse reverse plating [2] from aqueous media has 
been demonstrated recently. In hard chromium replacement the corrosion protective 
properties of deposited Ni-Co layers are of great importance. Fundamental electro-
chemical properties of electrolyte systems are the prerequisite for the development 
of a successful pulse deposition process. Three different electrolyte systems for 
the galvanic deposition of nickel cobalt alloys (chloride, Watts and sulfamate type) 
have been investigated in order to unravel underlying deposition mechanisms and 
rate determining factors [3]. The influence of the deposited micro structure, varying 
with the pulse plating conditions, on the corrosion stability of the alloy layers are 
investigated using impedance spectroscopy.  

[1] P. Tang, Electrochimica Acta 47 (2001), 61.
[2] L.M. Chang, M.z.An, S.y. Shi, Mat. Chem. Phys., in press.
[3] B. Tury, M. Halmdienst, W.E.G. Hansal, M. Lakatos Varsányi, W. Kautek, 

“Electrochemical characterisation of nickel cobalt electrolytes used for pulse 
reverse plating”, Electrochimica Acta, submitted.
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Electrorefining of Silver in Mixed Electrolytes of Nitric 
Acid Solution and Acetonitrile 

Min-Seuk Kim*, Jin-Tai Park, Sung-Don Kim, Ho-Sung Yoon, Jeong-Soo Sohn, 
Jae-Chun Lee 

Korea Institute of Geoscience and Mineral Resources
30 Gajeong-dong, Yuseong-gu, Daejeon 305-350, Korea

redkms@kigam.re.kr

Electrorefining of silver from the silver source with high copper content was 
investigated in mixed electrolytes of nitric acid solution and acetonitrile. Large 
deposition potential difference between silver and impurity metal is required for 
an effective electrorefining. Electrodeposition potentials of silver and copper were 
controlled by mixing nitric acid solution with acetonitrile, which has a donor number 
and a dielectric constant smaller than those of water. Electrodeposition potential 
difference between silver and copper was 455 mV at room temperature in 0.5 molL-1 
nitric acid solutions with 0.1 molL-1 metal content. Both deposition potentials moved 
toward negative direction and the potential difference was increased to 671mV in a 
mixed electrolyte of 1 molL-1 nitric acid solution and acetonitrile in a same volume 
ratio. Raising the temperature of the mixed electrolyte shifted the deposition potential 
of copper distinctively toward positive direction and reduced the potential difference. 
For producing 4N silver, the effects of mixing ratio, temperature, and current density 
were examined to optimise the electrorefining process using factorial design. 
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Recycle of waste etching acids from semiconductor 
manufacturing process 

Kim Ju-Yup*, Shin Chang-hoon, Lee Hyang-Sook, Kim Hyun-Sang, Kim Jun-
Young1, Ahn Jae-Woo2, Ahn Jong-Gwan3, Kim Min-Suk3

1)Daeil Development Co., Ltd.,725-1 Ansan, Kyunggido, Korea
2)Dept. of Material Sci. & Eng., Daejin University, Pochen, Korea

3)Korea Inst. Of Geoscience and Mineral Resources Daejon, Korea,
*Corresponding author: jykim@daeilgaebal.co.kr

The mixture consisting of nitric acid, Hydrofluoric acid and acetic acid are 
conventionally used as etchant to dissolve the Si in manufacturing process of silicon 
wafer and semiconductor devices. The amount of discharged waste acid from one 
factory is estimated to be about 32,000 tons per year. Conventional neutralization 
method for the waste acid treatment has many problems such as the high cost of 
neutralization and inevitable residual of sludge. From an environmental viewpoint, it 
is important to develop technology for the separation and purification of each acid from 
the waste acid mixture. In this regard, we attempt to separate the mixed waste acids by 
using solvent extraction method. A separation process for acid in a waste acid mixture 
was established by using solvent extraction and the extraction mechanism for nitric, 
hydrofluoric and acetic acids was investigated. By analyzing the extraction, scrubbing 
and stripping isotherms in terms of the McCabe-Thiele method, a separation process 
was proposed for acetic acid recovery from the waste acid mixture. Also, this work 
involves use of recovered acetic acid as a pickling acid solution of stainless steel. The 
corrosion characteristics of stainless steel have been investigated in stainless pickling 
acid originating from recovered acetic acid
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Influence of under layer on proerties of electroless 
deposited gold 
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Electrochemical oxidation of nitrile herbicide 
bromoxynil in aqueous methanol media

Sergey M. Kulikov*  and Shaina A. Thomas
University of the West Indies, Cave Hill Campus, POB 64, Bridgetown, BARBADOS, 

kulikov@uwichill.edu.bb

Bromoxynil (3,5-dibromo-4-hydroxy-benzonitrile) is a halogenated aromatic nitrile 
herbicide widely used for post-emergent control of annual broadleaf weeds. Oxidation, 
together with biodegradation, is one of the main ways of bromoxynil decomposition 
in the environment. Thus, study of oxidative pathway and intermediate products can 
give valuable information about fate of bromoxynil in the environment. 
The partial oxidation of bromoxynil was studied at potentials between 2.2V and 2.8V 
by constant potential electrolysis on the Pt net electrode (1 cm2) in aqueous methanol 
media (55% vol. of MeOH). As a supporting electrolyte, sodium sulfate (0.04M) was 
used. Electrolysis were carried out in a two-compartment glass electrochemical cell 
with an anodic compartment volume of 30 mL. The reference electrode was Ag/AgCl, 
while the counter electrode was a Pt foil (0.5 cm2). The compartments were separated 
by the cation exchange membrane. Concentration of bromoxynil and products of its 
oxidation was measured by GC-MS. 
At potentials less than 2.2V the rate of disappearance of bromoxynil was slow, with no 
significant quantities of products detected in the reaction mixture. Between 2.2 and 2.6V 
the rate of disappearance accelerated, reached maximum at 2.6V, and remain constant 
till the largest possible working potential of 2.8V. The higher potentials were prevented 
by the sharp increase of oxygen evolution. Rate of disappearance was described by the 
pseudo-first order rate equation  -d[bromoxynil]/dt = kapp[bromoxynil], with maximum 
reached kapp = 0.58 h-1. It corresponds to 90% of destruction for 4 h treatment at 
2.6V. Eleven individual products of partial oxidation were identified by the GC-MS. 
Three main products were 3,5-dibromohydroquinone, 2-methoxy-4-hydroxy-3,5-
dibromobenzonitrile and 2,4-dihydroxy-3,5-dibromobenzo-nitrile. Five products with 
smaller concentrations were identified as futher methoxylated and /or hydroxylated 
di-bromobenzonitriles and mono-bromobenzonitriles. The oxidation routes based 
on the products identification can be described through existence of two concurrent 
two-electron reactions – hydroxylation and methoxylation, which give a variety of 
hydroxylated and methoxylated products. Three other identified substances found in 
significant quantities were products of aromatic ring cleavage; dibromoacetonitrile, 
1,1-dibromo-3-nitrile-propene-2 and methyl ester of dibromoacetic acid. Existence of 
those products can be explained through radical benzene ring cleavage, with consequent 
oxidation of initial dibromoacetonitrile into dibromoacetic acid and esterification 
of the acid with MeOH.   No totally debrominated substances were found in the 
reaction mixture. However, from the quantitative analysis, we accounted for about 
40% of the products. Unaccounted for were volatile products, such as bromoform 
and tetrabromocarbon (for which only traces were found in the reaction mixture), 
and possibly other light products. We also can not exclude totally the probability of 
oxidative coupling reactions, commonly seen at oxidation of halogenated aromatic 
compounds.
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Treatment of oil suspensions by electrocoagulation
K. Bensadok 1, G. Nizzal 1, F. Lapicque 2*

1 Université de Science et Technologie H. Boumedienne, Alger, Algeria
 2 Laboratoire des Sciences des Sciences du Génie Chimique, BP 20451, F-54001 Nancy, France

Corresponding author’s address: *francois.lapicque@ensic.inpl-nancy.fr

Oil suspensions usually consist of complex dispersions hydrocarbon chains in 
aqueous solutions with surface active agents and other partially soluble compounds. 
Used suspensions issued by mechanical workshops can be efficiently treated 
by electrocoagulation under the action of dissolved Al(III) species. The present 
investigation was carried aimed at highlighting the effect of the oil suspensions and 
the pH conditions on the treatment efficiency, in terms of maximal abatement, the 
amount of Al species required, and variation of COD with the Al(III) concentration.
Three oils were considered here. Tests were carried out using a flat electrode cell 
inserted in a flow rig provided with a pump and a reservoir. The area of the each 
electrode was 50cm2 and 1 litre suspension was treated in the batch runs. 
The pH of the dispersions introduced in the cell was either at its natural level, i.e. near 
9.0, or adjusted at 7 before the run. The pH slightly increased during the run because 
of the electrolytic formation of hydroxide ions. Treatment of one of the oil was easier 
at pH 9, whereas the two others were more rapidly treated at pH 7. In particular, 
Metacoup ® oil was observed to separate from the suspension upon dissolution of 
very low Al amounts. 
The relationship between the oil nature and composition with the treatment – linked to 
the oil stability - is now under investigation. It seems that two suspensions studied are 
of moderate stability in comparison to the third one which could be a positive point 
with concern its treatment by the electrolytic technique.
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Electrotransport of sulfuric acid through AMV anion 
exchange membrane 

Le Xuan Tuan, C. Buess-Herman*
Service de Chimie Analytique et Chimie des Interfaces (CHANI) – CP 255, Université Libre de 

Bruxelles, Campus de la Plaine, Bd. du Triomphe, 1050- Bruxelles (Belgium)
*Corresponding author’s email address: cbuess@ulb.ac.be

AMV anion exchange membranes were frequently used in electrodialysis to separate 
and recover acids, in treatment of metals or battery applications. Surprisingly few 
fundamental studies were devoted to the study of the AMV membrane. It is known 
that sulfuric acid is utilized in many industrial processes and in particular in plating 
procedures. 
This work focussed on the transport phenomenon of sulfuric acid through AMV 
membrane used in electrodialysis for the plating water treatment. The transport 
phenomenon consists in the concentration polarization when the current density 
changes with time (current-voltage characteristic) and in the transport process of 
sulfuric acid through the membrane at a given current density (chronopotentiometry). 
The concentration polarization was characterized by the value of the limiting current 
density. The relation between external acid concentration and acid concentration in the 
membrane solution was expressed by means of the equilibrium partition constant K (in 
this work, K = 2.91). The linear change of the limiting current density as a function of 
external acid concentration is due to the change of the external solution conductivity. 
In fact, our impedance spectroscopy results pointed out the influence of external 
acid concentrations on the membrane conductivity. Like the equilibrium partition 
study, the membrane conductivity study also allowed confirming the heterogeneity 
theory (two phase model) given by Zabolotsky and Nikonenko. The interstitial phase 
fraction of 15,2 % determined from the two phase model is reasonable in comparison 
with the influence of H2SO4 concentration on the water swelling of AMV membrane 
which changes from 14 % to 15.5 % in sulfuric acid concentration range from 0.0 M 
to 0.5 M. However it seems to be in conflict with the value of conducting fraction 
(97.8%) determined from chronopotentometric data using the Sand equation. This 
contradiction has been discussed and explained by the heterogeneity of the membrane 
surface and the validity of the assumption of a total dissociation of sulfuric acid in the 
bulk solution.
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Effect of Pulsed Electrodeposition on Soft Magnetic 
Properties of CoFe Film

Bingrong Lin1, Toshiki Hiraiwa1, Takuya Nakanishi2, Atsushi Sugiyama3, And 
Tetsuya Osaka1,2,3*

1 Graduate School of Science and Engineering, 2 Institute for Biomedical Engineering,
3 Kagami Memorial Laboratory for Materials Science and Technology, Waseda University, 3-4-1 

Shinjuku-ku, Tokyo 169-8555 
*osakatet@waseda.jp

The Co35Fe65 binary alloy is known as a material with high saturation magnetic 
flux density (Bs), which shows a value of about 2.4  T close to the maximum 
value achievable with ferromagnetic alloys. The Co35Fe65 alloy films are promising 
candidates for a core material of magnetic recording head for realizing ultrahigh-
density magnetic recording. We have succeeded in preparing the electrodeposited Bs 
= 2.4 T Co35Fe65 alloy films by use of the bath containing the additive known as 
reducing agent (trimethylamineborane: TMAB) and the Dual-cell system separated 
into anode bath and cathode bath [1,2]. Both were effective techniques to prevent 
the oxidation of ferrous ion to ferric ion in the plating bath. However, the coercivity 
(Hc) of the films showed too high value to be applied for a core material of magnetic 
recording head. Furthermore, by annealing for 1 h at an annealing temperature of 400 
ºC in vacuum with an external magnetic field, low value of Hc less than 10 Oe were 
obtained. However, the annealing temperature of 400 ºC was so high that it would 
damage other write-head components. 
In order to decrease Hc of as-deposited film, a pulsed reversed electrodeposition, which 
is well known as feasible method for obtaining nano-crystallized film, was applied. 
The effects of operating conditions on the magnetic properties and microstructure of 
CoFe films were investigated. 
The duty cycle defined as ton / (ton + toff), where ton is the cathodic current pulse on 
period and toff is the relaxation time or anodic current pulse on period, was effective 
for decreasing Hc value. The Hc value of CoFe films decreased with increase in the 
pulse reverse current density (ipr), and with ipr = 20 mA cm-2, the Hc value in easy-axis 
direction (Hce) and that in hard-axis direction (Hch) of the film were approximately 
1 Oe (Bs = 2 T). On the other hand, the Hc value of the film which has the same 
composition prepared by the direct current method was 15 Oe. Additionally, the CoFe 
film prepared by the pulse reveresed method showed low film stress and smooth 
deposit surface.

[1] T. Osaka, T. Yokoshima, D. Shiga, K. Imai, K. Takashima, Electrochem. Solid-
State Lett., 6, C53 (2003). 

[2] T. Yokoshima, K. Imai, T. Hiraiwa, T. Osaka, IEEE Trans. Magn., 40, 2332 
(2004).
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Influence of the chemical structure of dyes on the redox 
potential and rate of electrodegradation 

A. Lopes*12, L. Círiaco12, M. Trepado1, M. Correia1, I. Gonçalves12 
1Department of Chemistry, Univ.Beira Interior, 6201 001 Covilhã, Portugal

2Research Unit of Textile and Paper Materials, Univ. Beira Interior, 6201 001 Covilhã, Portugal
*analopes@ubi.pt

Azo and anthraquinone sulphonate dyes are the two largest groups of synthetic 
colorants, being responsible for the majority of the coloured effluents in paper and 
textile industries. Although the biological degradation is the most economic process 
for organic pollutants, it is not a viable solution for all kind of dyes. In the cases 
were biological technologies fail, a tertiary treatment has to be performed and 
electrodegradation has been receiving great attention in the last years. 
One of the problems associated with electrochemical degradation of recalcitrant 
pollutants is the energy cost and, in order to minimize its effect, is very important 
to understand the electrooxidation process and be capable of predicting the best 
experimental conditions to perform the degradation.
The aim of this work was to obtain data from cyclic voltammetry (CV) and 
electrodegradation assays (EA), performed in potentiostatic and galvanostatic 
conditions, that can be correlated with the chemical structure of the dye molecule and 
used to predict the best experimental conditions to perform the conversion/combustion 
of the dyes by electrochemical techniques.
The electrochemical experiments (CV and EA) were conducted using as anode a 
boron doped diamond electrode, obtained from CSEM (now Adamant Technologies). 
Six different dyes were tested, 3 belonging to anthraquinone class (sodium 
anthraquinone-2-sulphonate, sodium anthraquinone-1,5-disulphonate and C.I. Acid 
Green 25) and 3 from azo type (C.I. Acid Orange 7, C.I. Direct Red 254 and C.I. 
Brilliant Black BN, respectively, monoazo monosulphonate, diazo disulphonate and 
diazo tetrasulphonate). Results were followed by UV-Visible spectrophotometry and 
Chemical Oxygen Demand. 
For the studied dyes, the following conclusions can be pointed out: the potential of 
the oxidation peaks associated to decolourisation increases with the complexity of the 
chemical structure of the anthraquinone dyes and with the number of azo bonds for 
the azo dyes; anthraquinone dyes have higher rate of electrodegradation, in diffusion 
controlled experiments, which increases with the number of sulphonate groups and 
decreases with the number of aromatic rings in the structure; for the azo dyes, an 
increase in the number of azo bonds or benzenic rings doesn’t have a critical effect 
on the rate of degradation performed in diffusion controlled assays, but an increase in 
naphthalenic groups strongly decreases the rate of oxidation.

Acknowledgment: Fundação para a Ciência e a Tecnologia, PDCT/AMB/59388/2004 
and PDCT/AMB/59392/2004.
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The electrochemical reduction of nitrobenzenes at Pt 
Micro-disk Electrode in aprotic media
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Impact of Grain-Dependent Boron Uptake on the 
Electrochemical and Electrical Properties of Boron 

Doped Polycrystalline Diamond Electrodes
Neil. R. Wilson,+ Sarah L Clewes,o Mark E. Newton,+ Patrick R. Unwino and Julie V. 

Macphersono*, 
Departments of Chemistryo and Physics+, University of Warwick, Coventry UK CV4 7AL

*j.macpherson@warwick.ac.uk

Polycrystalline boron doped diamond (BDD) has been touted as an interesting electrode 
material. This is as a consequence of its very wide potential window in aqueous 
solution compared to traditional electrodes, low background currents and corrosion 
stability in aggressive media. However, given the polycrystalline nature of the surface, 
the electrochemical behavior of the material is expected to be heterogeneous. Using 
a combination of high resolution electrical and electrochemical imaging techniques, 
in conjunction with cathodoluminescence (CL) the electrochemical behavior of 
oxygen-terminated highly doped polycrystalline BDD was investigated.1 CL imaging 
demonstrates that boron uptake is non-uniform across the surface of BDD and 
conducting-atomic force microscopy (C-AFM) highlights how this impacts on the 
local conductivity. Whilst C-AFM shows no evidence for enhanced grain boundary 
conductivity, two characteristic conductivity domains are found with resistances of 
ca. 100 kΩ and ca. 50 MΩ. Using scanning electrochemical microscopy (SECM) 
local heterogeneities are also observed in the electroactivity of the BDD surface, 
consistent with the two different types of conducting regions. Local currents of the 
magnitude expected for metal-like behavior are observed in some regions, suggesting 
degenerative doping of the grains (supported by CL studies). In other regions, slower 
electron transfer is apparent. However, even for the reduction of Ru(NH3)63+, which 
occurs at potentials far negative of the flat band potential for oxygen-terminated BDD, 
all areas of the surface show some electroactivity.

11. N. R. Wilson, S. L. Clewes, M. E. Newton, P. R. Unwin and J. V. Macpherson, in 
press J. Phys. Chem. B.
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Mathematical model of bulk and surface reactions 
during electrochemical oxidation at BDD anodes
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Electrochemical oxidation of several organic compounds at Boron doped diamond 
(BDD) anodes may be achieved with high removal rates and high values of the 
faradaic yield. 
It is well established that the oxidation of organics at BDD anodes takes place in the 
potential region of oxygen evolution, through reaction steps in which OH radicals 
are involved. These radicals can react with organic compounds to give more oxidised 
substances, but can also react with each other, with water or inorganic compounds 
present in the solution to give oxygen and long-life oxidising agents. Because of the 
high reactivity of OH radicals the volume in which these reactions can occur is a 
thin film adjacent to the electrode surface. On the other hand, the electro-generated 
oxidising agents may diffuse towards the bulk of the solution where they can oxidise 
the organic matter.
The resulting process is a combination of bulk and surface reactions, the occurrence 
of each mechanism depending on the operative conditions, such as current density, 
configuration and hydrodynamic of the reactor and chemistry of the solution.
Depending on the particular application, the contribution of bulk or surface reactions 
should be maximised: to this purpose, a mathematical model which accounts for the 
effect of the different operative parameters may be an useful tool in reactor design. 
This paper presents the results of a numerical study on the electrochemical oxidation 
of organic substances at BDD anodes. Following the approach successfully utilised 
in a previous work to describe the surface reactions, surface and bulk reactions were 
modelled by considering the mass balances of each compound (organic, OH radicals 
and bulk oxidants) involved in the process. Second order kinetics were adopted to 
describe the reactions between organics and oxidising agents, both in the reaction film 
and in the bulk of the solution. 
The numerical solution of the model allows to calculate the concentration of the 
different organic species, as well as of the oxidising agents, during the electrolyses.
The numerical prediction were compared with experimental results obtained in 
different experimental conditions: electrolyses of aqueous solutions containing 
aromatic hydrocarbons, characterised by different behaviour towards electrochemical 
oxidations, were utilised. Different cell configurations, hydrodynamic conditions, 
current densities and electrolyte compositions were adopted  to validate the model. 
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Influence of Additives on the Formation of  
 Nickel Oxalate Nanoparticles

Shun Matsuura*, Takeshi Okamoto, Jian-guang Yang, Ryoichi Ichino  
and Masazumi Okido

Department of Materials Science and Engineering, Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
*(E-mail: matsuura@f2.numse.nagoya-u.ac.jp)

Interest in synthesizing nickel nanoparticles has increased considerably with growing 
applications in recent years. Synthesis of size- and morphology-controlled nickel 
particle was developed by two-step process. The first step is synthesis of nickel 
oxalate as precursor by precipitation in aqueous solution, and the second one is 
thermal decomposition of the precursor. The morphology and size of final products 
are determined by those of the precursor. In this study, we investigated the influence of 
the additives in the aqueous solution on the formation of nickel oxalate particles.
The nickel oxalate particles were synthesized as precursor by mixing solutions A and 
B with 0.05 dm3 each at 298 K. Solution A consists of 0.2 mol dm-3 nickel chloride 
hexahydrate and 1.2 mol dm-3 ammonia. Solution B consists of 0.2 mol dm-3 sodium 
oxalate and additives such as polyvinyl pyrrolidone (PVP), polyvinyl alcohol (PVA) 
and polyethyleneglycol (PEG). After mixing A and B, the solution was agitated 
continuously for 4 hours for ripening. The precursor particles obtained after ripening 
were separated by filtration, rinsed with distilled water, and dried for 24 hours at room 
temperature.
The nickel oxalate particles obtained from the mixed solution without additive were 
granular aggregates of a few micrometer sizes. Well-dispersed needle-like particles 
with 530 nm long and 40 nm wide were obtained from the solutions including 1 mmol 
dm-3 PVP with 10 k in molecular mass and 0.2 mmol dm-3 with 25 k. A zeta potential 
for particles prepared from the solutions with and without additives showed a similar 
value, c.a. -10 mV.
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Electropolishing of stainless steel using ionic liquids
Katy J. McKenzie*

Department of Chemistry, University of Leicester, University Road, Leicester, LE1 7RH, UK.  Tel: 
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Electropolishing is a process studied extensively since the 1930s. The majority of 
processes carried out commercially utilise mixtures of phosphoric and sulphuric 
acids. The use of these highly corrosive liquids is not only hazardous, but there is 
poor current efficiency and extensive gas evolution during the process. In this 
work, efficient electropolishing of stainless steel grade 316 is demonstrated in 
an ionic liquid [1] composed of ethylene glycol (HOCH2CH2OH) and choline 
chloride (HOC2H4N(CH3)3

+Cl-). Significant improvements in process efficiency are 
demonstrated and data from a 1000 litre scale trial process are shown. Linear Sweep 
Voltammetry, Scanning Electron Microscopy, Atomic Force Microscopy and AC 
Impedance methods were used to investigate the steel dissolution mechanism and the 
results are compared to polishing done in aqueous acidic solutions [2]. It is shown that 
negligible gas evolution occurs at the anode and the quality of the polish is related 
to the breakdown of the oxide film. The effects of ageing on the polishing bath are 
also demonstrated together with a simple, effective recycling protocol for the ionic 
liquid. 

[1]  A. P. Abbott, G. Capper, B. G. Swain and D. A. Wheeler, Transactions of 
 the Institute of Metal Finishing, 83, 51-53, (2005).
[2]  A. P. Abbott, G. Capper, K. J. McKenzie and K. S. Ryder, Electrochim. 
 Acta, in press (2006).
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Composite SnO2-based binary and ternary 
electrocatalysts
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Alessandro Minguzzi*, Carlo Ricci, Sandra Rondinini, Alberto Vertova

The University of Milan, Department of Physical Chemistry and Electrochemistry, Milan, Italy 
*alessandro.minguzzi@unimi.it

Oxygen evolution in acid environment represents a very severe test for electrocatalysts. 
Only precious metal oxides are relatively stable. Among these, IrO2 is, in principle, 
the most resistant. However the application of pure iridium oxide coatings is strongly 
restricted by high costs and limited electrode lifetime. Consequently composite 
materials, where the precious compound is dispersed in a less active but more stable 
matrix, are being intensively studied to offer less expensive electrodes which might 
show, at the same time, a good electrocatalytic activity, stability toward anodic 
dissolution and electronic conductivity.
In the general case of composite materials the electrocatalytic behaviour is the result 
of a delicate balance between different, often diverging, effects as the coating actual 
composition, the layer morphology, the crystallite sizes and the overall electrical 
conductance. The control of these aspects can be obtained, primarily, by modulating 
the synthetic route of the material.
We have recently started a research concerning the investigation of nanostructured 
SnO2+IrO2 and SnO2+IrO2+Ta2O5 composites, obtained by a common synthetic path, 
both as particles and as electrodes. The materials are prepared by a low-temperature 
sol-gel synthetic process, starting from the appropriate metal salts, combined with 
thermal treatments in the range 400-600°C. The calcined samples are characterized 
with respect to the structural and morphological features (XRD, Raman, electronic 
microscopies, BET). The chemical state of iridium and oxygen in the materials is 
examined by XPS. The electrochemical behaviour of the electrodes was investigated 
by cyclic voltammetry combined with electrochemical impedance spectroscopy.
The different characterizations adopted for the electrodes and for the particles point to 
common features that are determined by the preparation procedure and can be further 
modulated by the choice of the operating conditions.
Acknowledgments. The financial support of the University of Milan (FIRST) and 
of EC Programme Improving Human Research Potential and the Socio-economic 
Knowledge Base - IHP contract number HPMT-CT-2001-00314 is gratefully 
acknowledged.
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Characterization of Corrosion Resistance for Anodic 
Films Formed on Aluminum by Electrochemical 

Impedance
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Department of Materials Science and Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
*(E-mail: mizutani@f2.numse.nagoya-u.ac.jp)

Aluminum and its alloys have been used in a lot of fields such as electronics, 
automobiles, beverage cans, etc. Anodizing is one of the common treatments in 
surface coating for corrosive protection. However, it is easy to corrode in acidic, basic 
environments and in the solution with corrosive salts. In this paper, aluminum of 
99.99 mass% in purity was anodized in aqueous solutions at various pH and with 
various salts. The corrosion property was also examined in the solution at pH between 
neutral and alkaline by using electrochemical impedance spectroscopy, EIS.
The specimens were electrochemically polished in 0.1 dm3 HClO4 + 0.4 dm3 CH3OH 
solution at 18 V, degreased in 10 mass% NaOH solution, pickled in 30 mass% HNO3, 
before anodizing. Anodizing was performed in the solutions with sulfate, phosphate, 
tartrate and carbonate. The anodizing time was controlled to obtain a constant film 
thickness of ca. 300 nm. 
The corrosion test in sodium hydroxide at pH 13 showed that the specimen anodized 
in carbonate solution at pH 11.5 had the highest corrosion resistance and maintained 
high corrosion resistance for the longest time in all specimens. The capacitance of an 
electric double layer for the specimen with good corrosion resistance indicated the low 
value in any time. Oppositely, the sample anodized in sulfuric acid at pH 0 showed the 
lowest corrosion resistance and high capacitance value in the corrosion test of alkaline 
solution, where the dissolved oxygen did not affect corrosion property. The specimen 
anodized in tartrate solution at pH 6.7 had comparatively low resistance in sodium 
chloride solution at pH 7, in which corrosion resistances showed larger values than 
that in alkaline solution. Corrosion behavior was discussed using the mixed potential 
diagram, consisting of the changes in corrosion current calculated from corrosion 
resistance in EIS, and corrosion potential measured during corrosion test.
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A Simulation Study on the Optimization of ECM 
Processes: Prerequisites for the Localization of the 

Current Density Distribution
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and Analytics, TU Wien, Austria; 4Institute of Physical Chemistry, University Vienna, Austria; 5Vrije 
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Electrochemical machining (ECM) of hard materials has some important advantages 
over conventional procedures, because it leads to a high quality surface without 
residual stresses or damage to the microstructure. Since the desired shape of the 
working piece is dependent on a multiplicity of parameters (shape and movement 
of the cathodic tool, width of the inter-electrode gap, current density, flow rate, 
electrolyte composition), there is a strong need for suitable simulation software. In 
this contribution, moving boundary simulations based on the Potential Model (under 
the assumption of secondary current density distributions) have been chosen, which 
consider the movement of the cathodic tool [1] and, therefore, yield the temporal 
development of the work-piece as a function of the feed rate. 
In order to impress the geometrical tool characteristics efficiently on the work-piece, 
the anodic current density distribution has to be strongly localized. To elaborate the 
prerequisites for such localization, the variance of the initial current density on an 
infinitely extended planar anode has been evaluated for different (finite) cathode 
geometries as a function of typical machining parameters (minimum distance between 
the electrodes, electrode kinetics, conductivity). It will be demonstrated, that the 
variance is closely related with the well-known Wagner number, which represents a 
measure for the inhomogeneity of secondary current distributions.
It is demonstrated, that the machining procedure of distinct work piece domains in 
the micrometer range would require an extremely pronounced localization (i.e., a 
variance in the micrometer-range) of the current density distribution corresponding to 
extremely small inter-electrode distances. Therefore, for technical reasons, ECM in a 
narrow sense is not possible and one has to switch over to modified techniques, which 
are based on a localization of the anodic current density distribution independently 
of the distance between the electrodes. On one hand, one can take advantage of the 
edge-effect, which corresponds to a localization of the current density distribution, 
too. A typical example is the sharpening of metal strips with rectangle cross-sections 
(thickness in the micrometer-range). On the other hand, one can use insulating masks 
which force the current density to be restricted on selected domains in the micrometer-
range. Such techniques are applied in the production of PCB’s and will be discussed 
for the case of electrochemical pattern etching processes.

[1]  ElSy, ELSYCA, Kranenberg 6, 1731 Brussel, Belgium (www.elsyca.com)
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The simulation-algorithm applied in this contribution [1, 2] is based on the numerical 
solution of a mathematical model describing the influences of diffusion, migration 
and convection on the movement of all the ions in diluted electrolyte solutions 
(system of coupled Nernst Planck transport equations for the ion flux densities). In the 
framework of this model (Dilute Ion Solution Model), the velocity field of the solvent 
is not affected by the ionic concentrations, which allows for an independent treatment 
of the hydrodynamic and electrochemical problem, respectively. As a consequence, 
the Navier-Stokes equation can be decoupled from the system of transport equations 
and numerically solved to yield the flow distribution for special reactor geometry. 
To tackle the electrochemical problem, one, first of all, has to propose a reasonable 
reaction mechanism to set up the system of transport equations for all ionic species 
involved. This is, in general, a difficult task which can be solved very efficiently 
by modelling rotating disk or cylinder electrode experiments by means of a special 
simulation software [1]. Since, additionally to the elucidation of the reaction mechanism, 
this software allows for the determination of an optimized set of electrochemical 
parameters, i.e. it delivers a data base for the solution of the electrochemical problem. 
In using this data base and inserting the velocity field into the system of transport 
equations, it can be numerically solved [1] to yield the concentration distributions and 
(tertiary) current density distributions.
The combination of (i) modelling rotating disk experiments to extract the basic 
electrochemical information about the technical process under consideration and (ii) 
inserting this information into the Nernst Planck equation represents an algorithm 
which allows for a discussion of technical processes in terms of flow-, concentration- 
and current-density distributions. As a demonstration, the influence of hydrodynamic 
flow patterns on the concentration- and current density distributions will be discussed 
for some technical important processes. In case of through foil etching processes, 
three typical situations have been selected: (i) the initial unetched assembly (eddies 
in the interior corners of the cavity), (ii) a situation before the support is exposed to 
the electrolyte (eddies in the undercut-region), (iii) a situation after the support is first 
exposed to the electrolyte. 

[1, 2] Pirode, Miotras (see, www.elsyca.com)
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Pulsed current and high-speed deposition processes represent promising techniques 
for the realization of high-quality deposits with special properties. In order to propose 
suitable operating conditions, a computer simulation [1] has been chosen, which is 
based on the Nernst Planck transport equation for diluted electrolyte solutions. The 
determination of the electrochemical input-parameters for a numerical solution of this 
equation by modelling rotating disk electrode experiments will be demonstrated for 
some selected deposition processes.
Since the transport equation contains contributions of diffusion, convection, and 
migration, it yields a complete description of the electrochemical deposition process 
(ion concentration fields, local ion surface concentrations, local current density 
distributions, layer thickness distributions). Especially the ion surface concentration 
will be a quantity of interest in this contribution, because it allows for predictions 
on the deposit quality (e.g. control of mass transfer in the vicinity of the electrode to 
avoid dendritic structures). In general, a high surface concentration near to the bulk 
concentration enlarges the number of crystallisation centres, and, therefore, yields a 
high deposit quality.
In the case of pulsed current (PC) and pulsed reverse current (PRC) depositions, the 
imposed transient signal causes periodic fluctuations in the ion surface concentrations 
corresponding to alternating regimes of cathodic deposition, equilibration (via 
diffusion during the off-times), and anodic dissolution.  It will be demonstrated, that 
– in systems without efficient stirring - the off-times necessary  to recover the bulk-
concentration by means of diffusion would have to be extremely long, whereas the 
ion surface concentration can be lifted up very efficiently via convection, i.e. the flow 
field has to be optimized together with the pulse parameters. 
In the case of high-speed DC processes, the pronounced decrease in the ion surface 
concentration at high current densities is to be compensated by choosing proper 
convection conditions. It will be demonstrated, that high-speed deposition processes 
yielding excellent deposit qualities can be realized by an optimization of the flow 
rate/current density ratio.

[1]  ElSy, ELSYCA, Kranenberg 6, 1731 Brussel, Belgium (www.elsyca.com)
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1ECHEM Center of Competence in Applied Electrochemistry, Wr. Neustadt, Austria; 2Institut for 
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The electrochemical deposition of refractory metals and compounds from molten salts 
is a promising surface modification method for protecting substrates against wear, 
corrosion and high temperature oxidation. Contrary to physical vapour deposition 
(PVD), a good coverage of complex geometries without preferable directions can be 
achieved. But, as will be demonstrated in this contribution by discussing the electro- 
deposition of TiB2, the layer thickness distribution is not homogeneous in the case of 
electrodeposition on complex-shaped substrates. In order to investigate the deposit 
profile especially near to edges, the coating process of two different geometries has 
been modelled by moving-boundary simulations in the framework of the Potential 
Model [1]:
  (I) a strip with rectangle cross-section 
 (II) a rod with quadratic cross-section 
Up to now, the Potential Model has been successfully used for modelling plating 
procedures and etching procedures from/in aqueous solutions. As demonstrated in this 
contribution, it allows for a description of deposition processes from molten salts, too, 
and yields excellent agreement with the experimental layer thickness distributions 
when assuming secondary current density distributions, i.e. the kinetic resistance 
of the interfacial reaction is considered to be not negligible compared to the ohmic 
resistance which corresponds to a non-zero Wagner number. A linear current-density 
/ overpotential relation with slopes derived from the experimental polarization curve 
have been used to model the charge transfer polarization behaviour. The model 
assumption of secondary current density distributions seems to be justified because of 
the high temperature in molten salt electrolytes causing the concentration gradients to 
equilibrate very fast.
Furthermore, modelling of the layer thickness distributions near to edges in a current 
density regime where the deposit becomes powdery again resulted in a good agreement 
with the experiment by introducing a current density dependent efficiency E(J) into 
the Potential Model. A strategy to determine E(J) is proposed, which is based on 
a combination of experiments and simulations with axisymmetrical cells containing 
truncated cones with different semivertical angles as cathodes. This topic is currently 
under investigation and some first results will be presented.

[1]  ElSy, ELSYCA, Kranenberg 6, 1731 Brussel, Belgium (www.elsyca.com)
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Durability of IrO2-Ta2O5/Ti electrodes prepared at low 
thermal decomposition temperature
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A titanium electrode coated with an IrO2-Ta2O5 catalytic layer has been widely used 
as an insoluble oxygen evolution anode in electroplating processes of zinc, tin, or 
copper. The electrode preparation proceeds through the thermal decomposition of the 
precursor solution containing Ir(IV) and Ta(V) on a titanium substrate. The oxygen 
evolution behaviors strongly depend on the oxide composition, typically 70 mol% to 
80 mol% of IrO2, and the thermal decomposition temperature.
Our previous work has revealed that the active surface area for OER on the IrO2-
Ta2O5/Ti electrode increases with decreasing thermal decomposition temperature 
from 470 oC to 340 oC. This is because IrO2 in the catalytic layer becomes amorphous 
as the thermal decomposition temperature decreases. We have also found that the 
amorphization of IrO2 is beneficial to suppress the unfavorable side reaction when 
the electrode is applied in copper foil production; i.e., copper foil production uses 
copper sulfate solutions containing Pb(II) ions as impurity, and the oxidation of Pb(II) 
to PbO2 can occur on the electrode of crystalline IrO2, resulting in the formation of 
PbO2 layer with low catalysis for OER, but can not occur on that of amorphous IrO2. 
The inhibition of PbO2 formation on amorphous IrO2 is due to the increase in the 
nucleation overpotential for the anodic deposition of PbO2 on amorphous IrO2 [1].
In this work, we investigated the durability of IrO2-Ta2O5/Ti electrodes at different 
thermal decomposition temperature. The electrode’s lifetime for OER in a sulfuric 
acid solution was measured, and the effects of thermal decomposition temperature on 
the lifetime and the deterioration mechanism were examined. The electrode’s lifetime 
became short with decreasing thermal decomposition temperature; especially, the 
lifetime of the electrode of amorphous IrO2 was quite short compared to those of 
crystalline IrO2. SEM observations of the catalytic layers before and after the lifetime 
test indicated that many cracks were made on the electrode of amorphous IrO2 even on 
the early stage of the lifetime test, inducing the substrate corrosion by the penetration 
of the acidic solution. However, we revealed that this rapid degradation could be 
suppressed by an interlayer between the substrate and the catalytic layer, and the 
electrode’s lifetime could be more prolonged.

[1] M. Morimitsu, 55th Annual Meeting of ISE, Abst# S6FP5(KL), 19-24 September, 
2004, Thessaloniki, Greece.
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Surface Modification of Titanium by Anodizing and 
Pulse Electrolysis and Bioactivity Evaluation on the 

Surface
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Furo-cho, Chikusa-ku, Nagoya 464-8603, JAPAN
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Hydroxyapatite (Ca10(PO4)6(OH)2, HAp) coating is one of the most popular methods 
for improving the osseointegration of titanium implants. It is also well known that 
TiO2 layer has good biocompatibility. It is easy to produce HAp coatings on Ti 
substrates by cathodic electrolysis in the aqueous solution including Ca2+ and PO4

3-, 
and TiO2 films on the substrates by anodic electrolysis. Therefore, we intended to 
form composite films with HAp and TiO2 on Ti substrates by a single process, pulse 
electrolysis, in the aqueous solutions, and to evaluate the bioactivity of them in in 
vitro and in vivo methods. 
The anodizing was conducted at +9.0 V for 15 min. in the 0.6 mM H2SO4, 0.6 mM 
H3PO4, 0.6 mM HCl and 0.6 mM HNO3 solutions and the solution including both 
0.3 mM Ca(H2PO4)2 and 0.7 mM CaCl2 at 120oC. The pH value was adjusted to 5.5. 
Titanium plate was used as a working electrode. The pulse electrolysis was performed 
in the aqueous solution with Ca(H2PO4)2 and CaCl2. The anodic-cathodic rectangular 
pulse waves were applied for 30 min., in parameter of the electrolysis cycle, the anodic 
and cathodic potentials, and the duty ratio. The coatings were evaluated by the SEM 
observation and XRD. In in vitro examination, the MC3T3-E1 cells were cultured on 
the specimen in the CO2-incubator, and the number of cells was counted and the ALP 
activity was measured. In in vivo, the coated specimens were implanted in the rats 
tibiae and evaluate the rate of calcification on them.
Anodizing in acidic solutions gave TiO2 (anatase) film on Ti substrates. The anodic-
cathodic pulse electrolysis (+9.0V�-9.0V, 60s�60s) result in the composite coating 
with HAp and TiO2. The TiO2 specimens anodized in the solution including PO4

3-, 
phosphoric acid solution and Ca(H2PO4)2 and CaCl2 solution, result in a high ALP 
activity. It would be thought that these TiO2 coating contained PO4

3- slightly, which 
was the constituent element of the natural bone. The composite films by pulse 
electrolysis, in the same reason, had a high ALP activity. On the other hand, in in vivo 
examination, the rate of calcification on the pulse electrolysis specimen was higher 
than that anodized only, because of the synergy effects of HAp and TiO2.  
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FM01-LC reactor using BDD electrodes
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This work shows a comparative study of the incineration of p-cresol and o-cresol 
2 mM in H2SO4 1M in aqueous media. Microelectrolysis studies indicated that the 
oxidation of p-cresol and o-cresol, both, were carried out via hydroxyl radicals formed 
by the oxidation of water in the BDD-H2O-H2SO4-p and o-cresol interface. In both 
cases, the range of potential and current density, where great amounts of OH• are 
formed were between 1.7 V ≤ E ≤ 2.2 V versus SSE and J =10 mA cm-2. Electrolysis 
in FM01-LC reactor were performed at different Reynolds between 27129 ≤ Re ≤ 
42631 and at a current density of 10 mA cm-2. In both substances the mineralization 
and its current efficiency were function of the Re. For p-cresol the mineralization was 
carried out to 90 % with a current efficiency of 71% and an energy consumption of 
1.96 kW h m-3; whereas o-cresol was mineralized to 84%, with a current efficiency of 
67% and an energy consumption of 1.64 kW h m-3. The results obtained in this work 
demonstrated that o-cresol is more recalcitrant than p-cresol.
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Mechanism of a formation of honeycomb-like copper 
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Copper electrodeposition at high overpotentials at which copper electrodeposition 
is competitive with hydrogen evolution leads to the formation of honeycomb – like 
copper structures. These structures show the extremely high surface area which is 
relevant for evaluating electrochemical reactions, and copper electrodes with the 
stated characteristics can be used as electrodes in many electronic devices such as 
fuel cells, batteries and sensors [1].
 It was shown that a honeycomb – like copper structure is possible to get by 
a potentiostatic electrodeposition at overpotential of 1000 mV from 0.15 M CuSO4 
in 0.50 M H2SO4 [2]. Electrodepositions were performed onto copper electrodes, and 
reference and counter electrodes were of a pure copper. The average current efficiency 
of hydrogen evolution at this overpotential was 30.0 %. The main characteristics of a 
honeycomb – like structure were craters or holes with agglomerates of copper grains 
between them.
 The examination of a formation of the honeycomb – like structure reveals a 
double origin of a formation of these craters or holes.
The one group of craters or holes were craters formed due to the attachment of hydrogen 
bubbles as a consequence of the intensive hydrogen evolution at this overpotential. 
These craters had regular cyclic shapes. The diameter of these craters increased with a 
time of electrolysis due to a growth of the formed hydrogen bubbles. In the later stage 
of electrodeposition, the increase of a diameter of craters or holes was primarily due 
to a coalescence of the formed hydrogen bubbles.
The origin of the other group of craters or holes is of agglomerates of copper grains 
formed in the initial stage of electrodeposition. These craters had irregular shapes. 
Current distribution at growing surface of copper electrode was a very important for a 
formation of craters or holes from this group.
The preparation of copper electrodes for copper electrodepositions also affected on 
a number, size and distribution of craters or holes formed onto the surface area of 
electrode. 

[1]. Heon – Cheol Shin, Jian Dong, M. Liu, Advanced Materials 15 (2003) 1610.
[2]. N. D. Nikolić, K. I. Popov, Lj. J. Pavlović, M. G. Pavlović, J. Electroanal. Chem. 

588 (2006) 88.
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Electrochemical Properties of the Sol-Gel Prepared 
Ternary TiO2-RuO2-IrO2 Coatings on Titanium+

V. V. Panića, V. B. Mišković-Stankovićb, S. K. Milonjićc and B. Ž.  Nikolićb,*
aInstitute of Chemistry, Technology and Metallurgy, Center of Electrochemistry, Njegoševa 12, 

11000 Belgrade, bFaculty of Technology and Metallurgy, Karnegijeva 4, 11000 Belgrade and cVinča 
Institute of Nuclear Sciences, P.O.B. 522, 11001 Belgrade, Serbia and Montenegro

*bane@tmf.bg.ac.yu
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Effect of Chromate Buffering on Oxygen Evolution
Linda Nylén, Mårten Behm, Ann Cornell*, Göran Lindbergh 

Department of Chemical Engineering and Technology, Applied Electrochemistry,
 Royal Institute of Technology, KTH, SE-100 44 Stockholm, Sweden

*ann.cornell@ket.kth.se
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Copper recovery from electronic scraps
Tetsuo Oishi*a, Kazuya Koyamaa, Mikiya Tanakaa and Jae-chun Leeb

aResearch Institute for Environmental Management Technology, National Institute of Advanced 
Industrial Science and Technology (AIST), 16-1 Onogawa, Tsukuba, Ibaraki 305-8569, Japan

bMinerals & Materials Processing Research Division, Korea Institute of Geoscience and Mineral 
Resources (KIGAM), 30 Gajeong-dong, Yuseong-ku, Daejeon 305-350, Korea

*tetsuo.oishi@aist.go.jp
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Concentration polarization phenomena in cation 
exchange membrane 
K. Oulmi  and K. E. Bouhidel 

Department of Chemistry, Faculty of Sciences, University of  Batna, ALGERIA 
 k_oulmi@yahoo.com

The ion transfer process across cation exchange membrane (CMV) was investigated 
by analysis of the current density –voltage responses. The limiting –current density 
was obtained from the polarization curve in a four electrode system. Compared 
with  other electrochemical method such as  voltammetry  the current-voltage 
technique(curve I-V) is very popular  and useful for the study of membrane transfer 
process,  concentration polarization, water dissociation, overlimiting current. 
We then investigated how the limiting current- density was affected by the parameters; 
Scan rate, concentration of the solution, ionic species and the distance of the wire 
from the membrane surface.
The agreement of the experimental results with the equation (Randles Sevcik…) of 
the limiting-current density for the  electrode process were discussed.
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The Influence of Complexation on the Electrodeposition 
of Metals and Alloys from Citrate Solutions

Piotr Ozga
Institute of Metallurgy and Materials Science of the Polish Academy of Sciences, 

30-059 Kraków, ul. Reymonta 25
E-mail: nmozga@imim-pan.krakow.pl

Citrate electrolytes are especially attractive as the non-toxic baths for electrodeposition 
of metals, alloys and semiconductor materials [1-3]. Citrates form a lot of various 
metal complexes : different monomeric, dimeric, heternonuclear as also sparingly 
soluble polymeric complexes. Hence, the analysis of stability of citrate solutions 
and the analysis of electrodepositon of metals and alloys from citrate solutions is not 
simple. In the present work, influence of complexation on the electrodeposition of Cu, 
Ni, Zn, Sn, In, Cu-Ni, Cu-Zn, Ni-Zn and In-Sn from citrate solution was analysed. 
The ionic strenght in real baths for electrodeposition is high. In these conditions, the 
methods for calculating activity constants based on the Davies equation or Debye-
Hückel theory have very limited reliability hence conditional stability constants were 
used. The potentiometric titration experiments were performed for determination 
of conditional stability constants of complex species. Analysis of thermodynamic 
models builded on the base of conditional stability constants allows  to determine 
the predominant citrate complexes. This analysis allows also to indicate ranges of 
solution parameters within which the stable citrate electrolytes exist (sparingly soluble 
polymeric citrate complexes, hydrooxides and hydoroxysulphates of metals are not 
formed). Analysis of thermodynamic models of solutions allows also to determine the 
ranges of parameters within which the little change of concentration of component 
is causing the great change in properties of electrolyte (e.g. pH, concentrations of 
the predominant species). The electrodeposition proceeds with wrong reproducibility 
in these ranges of solution parameters. The kinetics of electroreduction of citrate 
complexes was studied in the solutions which contain the different predominant citrate 
complexes. Voltammetric curves and partial polarization curves were determined 
under various hydrodynamic conditions by the rotating disc electrode technique. No 
deposit is formed on the cathode in solutions  in which the predominant are Ni(II) 
citrate complexes with charge z<0  and  Zn(II) citrate complexes with charge z<-1. 
The characteristic link between the partial current density of copper and evolution of 
hydrogen was found in the solutions in which the predominant species were dimeric 
and heternonuclear citrate complexes of Cu(II). On the partial polarization curves of 
metals, the maxima were observed in solutions in which heteronuclear complexes 
were predominant. The model with mixed labile and inert species (LISM, [1]), as also 
semiempirical quantum method (AM1/d) were used to explain the results.

This work was supported by grants from KBN(Poland) : 3 T08A 04527,7 T08C 
00913.

1. E.Beltowska-Lehman, P.Ozga, Electrochim. Acta, 43 (1998) 617.
2. E.Beltowska-Lehman, P.Ozga, Z.Swiatek, C.Lupi, Cryst. Eng., 5 (2002)  335.
3. E.Beltowska-Lehman, P.Ozga, Arch.Metall.Mat., 50 (2005) 319.
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Electrocrystallization of silver powder from aqueous 
solutions

M. V. Tomić1, V. Maksimović2, Lj. J. Pavlović3, V. D. Jović4, M. G. Pavlović3,*

1Faculty of Technology Zvornik, 56000 Zvornik, Republic of Srpska, 2Institute of Nuclear 
Sciences, ¨Vinča¨, 11001 Belgrade, P. O. Box 522, 3ICTM-Institute of Electrochemistry, University 

of Belgrade,11000 Belgrade, Njegoševa 12, 4Center for Multidisciplinary Studies, Belgrade 
University, 11030 Belgrade, P.O. Box 33, Serbia & Montenegro

*duki@elab.tmf.bg.ac.yu

This work is devoted to the memory of Professor Aleksandar Despić
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Electrodes of Synthetic Diamond: Effects of Surface 
Microroughness on the Electrode Kinetics at CVD-

Diamond Films on Titanium
Yu. V. Pleskova*, M. D. Krotovaa, Yu. E. Evstefeevaa, V. P. Varnina, I. G. 
Teremetskayaa, I. I. Vlasovb, V. G. Ralchenkob, P. Y. Limc, H. C. Shihd

aFrumkin Institute of Physical Chemistry and Electrochemistry, Moscow, Russia
bProkhorov Institute of General Physics, Moscow, Russia

cIndustrial Technology Research Institute, Hsinchu, Taiwan
dNational Tsing Hua University, Hsinchu, Taiwan
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Coalloying Carbide Coatings based on Titanium and 
Chromium

I. Pogrebova, T. Loskutova, V. Loskutov  
National Technical University of Ukraine “KPI” 

Pobeda 37, Kyiv, 03056, Ukraine

The correlation between microhardness and microbrightless of carbide phases, 
prepared by complex saturation of carbon steels by titanium and chromium have been 
established in this work. The influence of be alloying for titanium and chromium 
carbides on the dispersity of phases formed at alloying was shown. 
Carbide coatings have a big microhardness and microbrightless, absolute values of 
which have been determined, as a rule, by type and composition of formed phases. 
These characteristics reflected a high level of atomic bonding in carbide phases are in 
direct correlation connections with different mechanical properties (elastic constants, 
modulus, yield stress and so on). These mechanical characteristics determine efficiency 
of work of details and instrument with carbide coatings. 
The saturation has been carried out in closed atmosphere at the low pressure of gas at 
wide temperature-time interval. Powders of titanium, chromium, CCl4 and charcoal 
have been used as initial reagents.
As established by x-ray diffraction the diffusion layers consisted from two zones are 
formed on the surfaces of all the steels in such conditions. Zones consist of external 
layer, based on titanium carbide (TiC). Crystal lattice spacing of compounds prepared 
at simultaneous complex-component saturation by titanium and chromium distinguish 
from once prepared at single-component saturation. It can be supposed that coalloying 
of formed phases can be taken place at complex saturation of steels by titanium and 
chromium.
(Ti,Cr)C phase are formed at coalloying. It result in microhardness of (Ti,Cr)C 
decreases. It connects with appearance of the added bonds as Ti-Cr, Cr-Fe being 
weaker than bond like Ti-Ti and Ti-Fe. Atomic bonding of complex carbides can be 
increased due to added impairment of crystal lattice.
A microbrightless is decreased on 10-15 % simultaneously with a microhardness of 
(Ti,Cr)C phase lowering. Grain structure decrease influences on the microbrightless 
decrease a great extent. 
The results of  the studies performed shoved that applying of the coatings permits to 
decrease a corrosion rate of the 20, 45, Y8A steels in the solutions of sulphuric    and 
nitric acids. The complex saturation of steels by the above elements gives rise to an 
inhibition in the cathodic  reaction rate of the corrosive processes. It leads to a minor 
effect of steel dissolution  in the active area, and it leads to a noticeable inhibition in 
the area of its passive state. At the high anodic polarization the steel re-passivation 
appears due to dissolution of the chromium. An increase in the effectiveness of the 
protective action of coatings is reached by a way of introduction of the corrosion 
inhibitors into the aggressive medium.
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Oxidation of the pesticide atrazine at oxide electrodes 
Geoffroy R. P. Malpass, Douglas W. Miwa, Sérgio A. S. Machado  

and Artur J. Motheo
Instituto de Química de São Carlos, Universidade de São Paulo, Brazil
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Electrochemical treatment of Cu(II)-complexed Humic 
acid 

Geoffroy R. P. Malpass, Claudomiro P. Barbosa and Artur J. Motheo
Instituto de Química de São Carlos, Universidade de São Paulo, Brazil
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Removal of heavy metal ions from waste waters using 
electrodeposition - ion exchange coupled methods

S. A. Dorneanu, C. Bolla, P. Ilea*, I. C. Popescu
Department of Physical Chemistry, “Babes-Bolyai” University,

11 Arany Janos, RO-400028 Cluj-Napoca, Romania
* pilea@chem.ubbcluj.ro
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Preparing Ionic Liquids for Electrolytes
Vera G. Praig1,2,*, Wolfgang Reischl hgl2 

1 Center of Competence in Applied Electrochemistry, Division of Preparation and Characterisation 
of Ionic Liquids, Viktor Kaplan Straße 2, 2700 Wr. Neustadt, Austria;

2 Faculty of Chemistry, University of Vienna, Währinger Straße 38, 1090 Vienna, Austria;
* vera.praig@univie.ac.at

Our main focus is on preparation and characterisation of novel ionic liquids and 
their cationic and anionic precursors. After screening over a wide range of possible 
candidates we have been developing different routes of preparation to find the 
best methods for cost-efficient synthesis and obtaining high quality products. The 
substances are tested for suitability as electrolytes and organic solvents.
 Most of synthesis undertaken utilises similar basic types of chemistry, but the routes for 
preparation of ionic liquids are far from being exhausted. Optimum yields and product 
purity can still be improved by choosing the right pathways. The cationic precursors 
are prepared by quaternisation reaction with haloalkanes or dialkylsulphates. The 
ionic liquid of interest is subsequently formed by anion exchange via anion metathesis 
with alkaline salts. The cation can also be transformed into the hydroxide and the 
ionic liquid is prepared by a corresponding acid-base reaction. Our work concentrates 
on nitrogen based ionic liquids such as ammonium, imidazolium, pyrrolidinium, 
pyridinium and piperidinium to ensure a compact study. 
In the scope of this conference we aim to present our data on electrochemical stability 
by determining the electrochemical windows via cyclic voltammetry. Especially 
ammonium type ionic liquids will be presented and data of other nitrogen containing 
species will be set in relation. The chemical structures of ionic liquids shown are 
manifold: residues attached to the cationic part are simple alkyl chains or aromatic 
rings, anions are either of inorganic or organic origin and hydrophilic or hydrophobic 
by nature. Altering the structure and composition of cation and anion alters thermal- and 
electrochemical stabilities: the cathodic limiting reaction is determined by the cations 
reduction, the anodic limit is set by the anions oxidation respectively. Electrochemical 
and thermal data will be presented in respect to the chemical composition of the 
corresponding ionic liquids.
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Electrochemical oxidation in the presence of halides at 
BDD electrode

M. A. Quiroz1, C. A. Martínez-Huitle2,*, S. Ferro3 and A. De Battisti3

1Departamento de Química y Biología, Fundación Universidad de las Américas – Puebla.
Sta. Catarina Martir s/n, Cholula 72820, Puebla, México.

2 University of Milan. Deparment of Analytical Chemistry, via Celoria 2 – 20133 Milan. 
3 University of Ferrara, Dept. of Chemistry, via L. Borsari 46 - 44100 Ferrara, Italy.

Email address: marcoa.quiroz@udlap.mx, Carlos.Martinez@unimi.it 
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Elaboration of a chemical decontamination technology: 
preliminary results

K. Radó1*, I. Varga1, K. Varga1, A. Horváth2, L. Fodor2 and J. Schunk3

1Department of Radiochemistry, University of Veszprém, H-8201 Veszprém, P. O. Box:158.
2Department of General and Inorganic Chemistry, University of Veszprém, 

H-8201 Veszprém, P. O. Box:158.
3Paks Nuclear Power Plant Ltd., H-7031 Paks, P. O. Box: 71, Hungary.

*radok@almos.vein.hu

In the VVER-type pressurized water reactors, various versions of the the so-called AP-
CITROX method (AP: alkaline permanganate, CITROX: citric and oxalic acids) have 
been widely used for the chemical decontamination of the of steam generators (SGs). 
During the period of 1993-2001 chemical decontaminations of 24 SGs in the blocks 
1-3 of the Paks NPP were carried out by a non-regenerative version of AP-CITROX 
technology, even in 2 or 3 consecutive cycles. Based on the above decontamination 
procedures a database of characteristic parameters was compiled. The analysis of 
these data and the explanation of the corrosion effects of the technology reveal that 
fundamental issues of analytical chemistry and corrosion science were not taken into 
consideration during the elaboration of AP-CITROX procedure, suggested in steam 
generator manual, and utilized at Paks NPP. The non-regenerative version of the AP-
CITOX technology is not an adequate method for the chemical decontamination of 
any reactor equipments having large steel surfaces (e.g. SGs). As a consequence of 
the lack of the appropriate decontamination method, a R&D project focused on the 
elaboration of the required technology has been initiated in 2005.
The fundamental demands, which must be realized in the course of above R&D project, 
are as follows: (i) The decontamination method has to be suitable simultaneously for 
the effective removal of radionuclides (dose reduction) and for the conditioning of 
steel surfaces. (ii) The procedure has to provide optimal technological parameters for 
the homogeneous dissolution of oxide layers formed on the steel surfaces originating 
from both SGs never decontaminated (block 4) and SGs decontaminated earlier (blocks 
1-3). The inner surfaces of the heat exchanger tubes of the latter SGs are covered by a 
special oxide layer (“hybrid” structure with a thickness of several micrometers). (iii) 
The method has to be able to utilize the technological background and knowledge 
evolved at Paks NPP in the course of the chemical decontamination. As a consequence 
of the long-established achievements, it is practical to develop a procedure based on 
the methodology of the AP-CITROX (or CORD) technology. It should, however, be 
noted that the comprehensive analysis of the risk factors, which may be emerged 
during the application of oxalic acid is unavoidable. In this talk, we will present a brief 
overview on the fundamental issues of the R&D project focused on the elaboration of 
the required technology and – based on the results of some recent studies in the fields 
of solution chemistry, electrochemistry and surface science - summarize the main 
characteristics of an optimal decontamination procedure.
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Application of a rotating cylinder electrode reactor 
(rce) for the copper removal contained in rinsing water 

generated by a metal finishing industry
Fernando F. Rivera and José L. Nava*

Universidad Autónoma Metropolitana-Iztapalapa, Departamento de Química
Av. San Rafael Atlixco No. 186, A. P. 55-534, C. P. 09340, México D. F., México.

Tel. (52) 55 5804-4600 ext. 2685. Fax (52) 55 5804-4666
*jlnm@xanum.uam.mx

This work shows a methodology that allowed removing copper by electrolysis contained 
in a rinsing water of a metal finishing industry (Cu(II) 0.866 gr dm-3, Ni(II) 0.033 gr 
dm-3, Crtotal 0.005 gr dm-3 at pH 1.86) in a RCE laboratory cell. This methodology 
consists in characterizing the mass transport for the Cu(II)/Cu process, using a model 
solution that contained Cu (II) 1,2 gr dm-3 in 167 gr dm-3 H2SO4, obtaining a Sh = 
0.014Re0.913Sc0.356  correlation. From this correlation a current density J = 1.7 A dm-

2 at Re = 52925 was selected in order to make electrolysis in the rinsing water in 
batch mode of operation. The Cu(II) depletion was 0.013g dm-3 in twenty minutes of 
electrolysis, with a current efficiency of 90% and energy consumption of 0.002 KWh 
dm-3. The treated water has the quality to be re-used in the same process of rinsing. 
The results obtained in this work showed the convenience of the use of RCE for in-
situ cleaning of rinsing water, preserving the environment and diminishing costs with 
regard to the traditional process employed for this kind of industry.
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On the role of the current density in the electrochemical 
oxidation of aqueous wastes with diamond electrodes

P. Cañizares1, Ch. Comminellis2,  J. Lobato1, R. Paz1,  M. A. Rodrigo1*, C. Sáez1

1Department of Chemical Engineering. Facultad de Ciencias Químicas. Universidad de Castilla-La 
Mancha. Campus Universitario s/n. 13071 Ciudad Real. Spain

2Institute of Chemical and Biological Process Science ,Section of Chemistry and Chemical 
Engineering, Swiss Federal Institute of Technology. 1015 Lausanne, Switzerlan

*Corresponding author: Manuel.Rodrigo@uclm.es

In mass-transfer-controlled direct-electrochemical processes, an increase in the current 
density leads to a decrease in the current efficiency. Thus, it could be assumed that a 
model based on mass-transfer considerations could be used to improve the efficiency 
of these processes. This kind of model can be used to obtain the optimum current 
density in every moment, and thus it can allow to work around maximum current 
efficiencies. One of these models was proposed by Gherardini et al., 2001 [1]. This 
model summarizes the results obtained in the conductive-diamond electrolysis of 
several organics [2,3] . It has been verified that this model fits well the experimental 
data for high current densities (higher than 150 A m-2), although slight differences 
are observed for the electrolyses of compounds in which the cathodic processes have 
a marked importance. On the bases of theses results, and with the aim of obtaining 
a good procedure for operation of electrochemical wastewater treatment processes, 
a model-based predictive control system  (MBPCS) has been developed. The goal 
of this operation procedure was to maintain optimum operating conditions in terms 
of maximum current efficiency (ICE value of 1). The performance of this control 
system has been validated in the treatment of an actual industrial wastewater (coming 
from a fine-chemical manufacturing factory) and also with synthetic wastewaters. A 
comparison with the galvanostatic operating mode in the electrolyses of both kinds 
of wastewaters was also carried out. The results obtained were not those expected, 
as it has been observed that the presence of salts in the waste leads to the generation 
of great amount oxidant reagents including persulphates, hypochlorite and hydrogen 
peroxide, depending on the waste composition and on the operation conditions [4]. 
This fact causes that the controlling mechanism in conductive-diamond electrolyses 
was not the mass transfer but the mediated oxidation by these reagents. In spite of 
this, the use of the MBPCS allows to improve the results obtained (in terms of energy 
consumptions) if they are compared with those obtained working in galvanostatic 
conditions.

[1] L. Gherardini, P. A. Michaud, M. Panizza, Ch. Comninellis and N. Vatistas, J. 
Electrochem. Soc. 148  (2001) 78.

[2] M. Panizza, P. A. Michaud, G. Cerisola and Ch. Comninellis, J. Electroanal. Chem. 
507(1-2) (2001) 206.

[3] M A. Rodrigo, P. A. Michaud, I. Duo, M. Panizza, G. Cerisola and Ch. Comninellis, 
J. Electrochem. Soc. 148 (2001) 60.
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The electrochemical property and strain relaxation of 
strained Si studied by quantum chemistry calculation

Kaoruho Sakataa, Hiromi Nakaib, Takayuki Hommaa*
a Department of Applied Chemistry, School of Science and Engineering, Waseda University

b Department of Chemistry, School of Science and Engineering, Waseda University 
3-4-1 Okubo, Shinjuku-ku, Tokyo 169-8555, Japan
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Influence of operative parameters on the 
electrocarboxylation of benzyl halides at silver cathodes

O. Scialdonea, A. Galiaa, G. Errantea, A. A. Isseb, A. Gennarob, G. Filardo,  
G. Silvestria*

aDipartimento di Ingegneria Chimica dei Processi e dei Materiali, University of Palermo, Viale 
delle Scienze, 90128 Palermo, Italy

bDipartimento di Scienze Chimiche, Università di Padova, 35131 Padova, Italy 
*giuseppe.silvestri@.dicpm.unipa.it

In the last years many efforts have been devoted to the mechanistic and preparative 
aspects of electrocarboxylation of organic halides and pseudo-halides, some of them 
having led to pilot plants for industrial application, particularly for the production of 
anti-inflammatory drugs. However, under some circumstances (for example, when 
the carbon-halogen bond is not activated enough by the proximity of a π* system, 
or because the organic moiety bears electrondonating groups, or when the halide is 
a poor leaving group as a chloride, etc.), the reduction of the halide may require too 
negative potentials, so that it becomes less attractive from an industrial point of view, 
and may even lead to several by-products resulting from the fact that carbon dioxide 
may be reduced concurrently. Furthermore, it has been shown that the direct reduction 
can lead to the passivation of carbon cathodes. Two catalytic ways have been proposed 
for allowing the electrocarboxylation at a much less negative electrode potential than 
that required for RX reduction. One consists in using a transition metal catalyst, so 
that now the process takes place at its facile overall two-electron reduction potential. 
The second alternative consisting in using redox catalysis has been, recently, widely 
investigated (1). In the case of direct processes, it has been recently shown in micro 
scale syntheses that the use of silver cathode allows one to work at more positive 
potential (2-3) even if the long term activity of the electrode surface at the preparative 
scale has still to be tested.
In the present work, the electrocarboxylation of 1-chloro, 1-phenylethane oxidation 
has been investigated on silver cathodes in undivided cells equipped with aluminium 
sacrificial anodes with the aim to evaluate and discuss the influence of different 
operative parameters on the performances of the process. Experiments were performed 
in two different systems: the system I was constituted by a bench scale batch undivided 
tank glass cell with cylindrical geometry while the system II was constituted by a 
continuous batch recirculation reaction system equipped with a filter press undivided 
micro flow cell ElectroCell AB. 

1.O. Scialdone, A. Galia, G. Silvestri, C. Amatore, L. Thouin, J. N. Verpaux, Chemistry, 
An European Journal, submitted 

2 A. A. Isse, A. Gennaro, Chem. Comm.,  (2002) 2798.
3 A. A. Isse, M. G. Ferlin, A. Gennaro, J. Electroanal. Chem., 581 (2005) 2798. 
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Influence of operative parameters on the electrochemical 
incineration of oxalic acid at boron-doped diamond 

electrodes
Onofrio Scialdone, Alessandro Galia, Chiara Guarisco, Giuseppe Filardo,  

Giuseppe Silvestri*,
Dipartimento di Ingegneria Chimica dei Processi e dei Materiali, University of Palermo, Viale 

delle Scienze, 90128 Palermo, Italy
*giuseppe.silvestri@dicpm.unipa.it

The electrochemistry offers an attractive alternative to traditional methods for treating 
wastewaters containing organic compounds. In particular, synthetic boron-doped 
diamond (BDD), with its high anodic stability and wide potential window for water 
discharge, is a very promising material for the complete combustion of organics in 
wastewater treatment and water disinfection (1). Recently, different works have been 
devoted to the study of the electrochemical incineration of carboxylic acids on BDD 
since these compounds are very resistant to oxidation (2-4). In the present work the 
anodic oxidation of oxalic acid has been investigated on synthetic diamond film with 
both potentiostatic and galvanostatic alimentation with the aim to evaluate and discuss 
the influence of different operative parameters on the performances of the process. 
Experiments were performed both at high (0.2 and 0.3 M) and low (0.01M) oxalic 
acid concentration in two different systems: the system I was constituted by a bench 
scale batch undivided tank glass cell with cylindrical geometry while the system II 
was constituted by a continuous batch recirculation reaction system equipped with 
a filter press undivided micro flow cell ElectroCell AB. A drastic influence of the 
potential, in the potentiostatic experiments, and of current, in the galvanostatic ones, 
on the process was observed both at high and low concentration of the acid. The 
influence of flow dynamic regime, of temperature and of the electrolyte composition 
was, furthermore, investigated.  

1 M. Panizza, G. Cerisola, Electrochimica Acta, 51 (2005) 191
2 D. Gandini, E. Mahe, P. A. Michaud, W. Haenni, A. Perret, Ch. Comninellis, J. Appl. 

Electr., 30 (2000) 1345
3 P. Canzares, J. Garcia-Gomez, J. Lobato, M. A. Rodrigo, Ind. Eng. Chem. Res., 42 

(2003) 956
4 C. A. Martinez-Huitle, S. Ferro, A. De Battisti, Electrochimica Acta, 49 (2004) 
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Electrochemical Kinetics of Nitrobenzene on Pt Micro-
disk Electrode in Aprotic Medium

Jiang-feng Sheng, Cheng Zhang, You-qun Chu, Chun-An Ma*
State Key Laboratory Breeding Base for Green Chemistry Synthesis Technology, Zhejiang 

University of Technology, Hangzhou 310032, P. R. China, science@zjut.edu.cn
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Density functional theory study on adsorption and 
hydrogen atom elimination reactions of hypophosphite 

for electroless deposition processes
Takuya Shimadaa, Shuichi Odagiria, Hiromi Nakaib, Takayuki Hommaa*
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Effects of Drive Voltage and Electrode Material on the 
Performance of Polymer Light-Emitting Electrochemical 

Cells
Joon-Ho Shin,*,1 Steven Xiao,2 and Ludvig Edman1

1 Department of Physics, Umeå University, SE-901 87 Umeå, Sweden.
2 Organic Vision Inc., Brossard, QC, Canada.

* joonho.shin@physics.umu.se 

Polymer light-emitting electrochemical cells (LEC) are of potential interest for 
various display applications due to attractive advantages such as low turn-on voltage, 
high quantum efficiency and high brightness. Such advantages are directly related 
to the unique operational mechanism of LECs, which involves an initial in-situ 
electrochemical doping of the conjugated polymer at the electrode interfaces (p-type at 
the positive electrode and n-type at the negative electrode) followed by the formation 
of a light-emitting p-i-n junction in the bulk of the active material.
In this study, we have utilized planar LECs with extremely large interelectrode gaps of 
1 mm to investigate the effects of different electrode materials (Al and Au), position 
of the electrodes (bottom and top contact configuration), and drive voltage. The 
active material of our LECs consisted of three components: (i) an electroactive and 
luminescent conjugated polymer poly(2-methoxy,5-(2’-ethylhexyloxy)-p-phenylene 
vinylene) (MEH-PPV) (ii) an ion-conducting polymer poly(ethylene oxide) (PEO), 
and (iii) an alkaline salt XCF3SO3 (X = Li, K and Rb). The LEC devices were prepared 
in Ar-filled glove boxes and all device characterization was performed in a cryostat 
under vacuum (<10-3 Pa) at 360 K. Images of doping progression and light-emission 
were recorded using a digital camera under UV illumination.
We have made the following observations: (i) Al-electrode devices exhibit a more 
balanced doping progression than Au-electrode devices, which results in a more 
centered emission zone (and p-i-n junction) in the interelectrode gap for Al-electrode 
devices, (ii) Au-electrode devices are sensitive to whether the electrodes are in a top 
or bottom contact configuration, and we find that top contact devices exhibits a lower 
maximum current and that the emission zone is positioned closer to the negative 
electrode, (iii) a higher drive voltage generally allows for a higher maximum current 
and brightness, but the quantum efficiency (defined as light intensity divided by current) 
is lower, and (iv) the emission zone becomes more centered in the interelectrode gap 
at higher drive voltages, as the larger n-type doping concentration appears to decrease 
while the lower p-type doping concentration is essentially constant.
We are also currently investigating a number of other characteristics (e.g., rectification 
ratio, turn-on voltage, frozen-junction behavior) of these extremely wide-gap LEC, 
and the results of this ongoing study will also be presented.
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Preparation and electrocatalytic performance of 
Pt deposits prepared on glassy carbon by an 

electrodeposition / electroless deposition two-step process
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The limiting currents of hydrogen evolution in aqueous 
electrolytes  

D. A. Tkalenko*, M. V. Bick, Yu. P. Vishnevska
NTUU  (KPI),  37, Peremoga prospect, Kyiv-56, 03056, Ukraine
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Model of secondary current distribution in the 
segmented thin-gap flow-through reactor for 

4-methylanisole methoxylation
Tomas Bystron1,a, Roman Kodym 1,b, Karel Bouzek 1,c*, François Lapicque2,d 

1Department of Inorganic Technology, Technicka 5, Prague 6, 166 28, Czech Republic
2Laboratoire des Sciences du Génie Chimique, CNRS-ENSIC, BP 451, F-54001 Nancy, France

a tomas.bystron@vscht.cz, b roman.kodym@vscht.cz, c* karel.bouzek@vscht.cz, d francois.
lapicque@ensic.inpl-nancy.fr

The aim of this study is to provide a tool for the optimisation of the microstructured 
laboratory electrochemical cell with segmented anode. At the same time a deeper 
insight into the influence of the cell microstructuring on its performance, especially 
the current density distribution, will be attained. To fulfill this task, secondary potential 
and current density distribution inside the cell has to be calculated for various sets of 
input parameters.
In order to keep relevance to the industrial praxis, the electrochemical 
4-methoxybenzaldehyde (4-MBA) synthesis has been chosen as a model system. 4-
MBA is an important intermediate in the production of semi-synthetic antibiotics. 
Its synthesis is based on the anodic methoxylation of 4-methylanisole (4-MA). The 
kinetics of this electrode reaction is unknown. Therefore it has been determined 
experimentaly. 
The electrode reaction kinetics of 4-MA methoxylation was studied in the 
three-electrode arrangement. RDE made of glassy carbon was employed as a working 
electrode. The 0.8 mol dm-3 NaClO4 solution in methanol served as an electrolyte. 
The concentration of 4-MA was kept below 0.01 mol dm-3. It was found that the 
reaction kinetics is well described by the Tafel type equation. The rate constants of 
the methoxylation reactions occurring on the glassy carbon electrode as well as the 
diffusion coefficients of the species involved were determined. Since the equilibrium 
redox potential of this reaction is not known, it was set arbitrary as 1.35 V vs. SCE. 
Kinetic equation obtained has been implemented into the mathematical model of the 
segmented reactor. 
The kinetic equation proposed within this study has proven to fulfill requirements 
of the model designed. The calculations performed have suggested that the 
interelectrode gap of 0.1 mm introduced in order to reduce the energy losses caused 
by the electrolyte resistance leads at the same time to an important reduction of 
the edge effects. It supports, together with thin insulation strips between the anode 
segments, the homogenous current distribution across the electrodes. The presented 
model represents a good base for the future extension to a complex model considering 
tertiary current distribution and an effective cell scale-up.

Financial support of this work by the EU within the framework of the IMPULSE 
project, contract no.: NMP2-CT-2005-011816, is gratefully acknowledged.
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Electrochemistry for New Generation of Aluminum 
Production Processes

Galina A. Tsirlina1,2*,  Sergey Yu. Vassiliev1,2, Evgeny V. Antipov2, Viktor V. Ivanov3

1Dept. of Electrochemistry, Moscow University, Leninskie Gory 1-str.3, 119992, Moscow, Russia
2Laboratory for Basic Research in Aluminum Production, Moscow University, Leninskie Gory 1-

str.3, 119992, Moscow, Russia
3Engineering and Technological Centre, Ltd., Pogranichnikov ul. 37, Krasnoyarsk, 660111, Russia

*tsir@elch.chem.msu.ru

The original data are reported on the electrochemical behaviour of metals and binary 
alloys in cryolite-alumina melts of 1.3 – 2.7 cryolite ratios. The redox potentials of 
(metal/metal ion) systems are estimated and discussed, as well as metal oxide and 
metal aluminate solubilities. XRD analysis of solid degradation products formed 
under various polarization modes and product distribution along metal/film boundary 
are reviewed in the context of self-formation of the protective layers of satisfactory 
conductivity on metallic anodes [1]. Some original  data for ceramic [2] and carbon 
anodes are involved for comparison. The results are reported related to the prospects 
of in situ deposition of various solid protective coatings directly from the bath under 
usual operating modes. The disadvantages and profits resulting from low-temperature 
aluminium production from strongly acidic melts are summarized. 
The report is focused on the basic problems of melt electrochemistry related to 
electrometallurgy, as well and their fast application for solving current and more 
distant technological problems, like environmental perfection and decrease of energy 
consumption.
This work is supported by “Russkii Aluminii”-Moscow University joint projects.

1.  E.V.Antipov, A.G.Borzenko, V.M.Denisov, A.Yu.Filatov, V.V.Ivanov, S.M.Kazakov, 
P.V.Mazin, V.M.Mazin, V.I.Shtanov, D.A.Simakov, G.A.Tsirlina, S.Yu.Vassiliev, 
Yu.A.Velikodny, TMS-2006 Proceedings; accepted to Light metals.

2. V.A.Govorov, A.M.Abakumov, M.G.Rozova, A.G.Borzenko, S.Yu.Vassiliev, 
V.M.Mazin, M.I.Afanasov, P.B.Fabrichnyi, G.A.Tsirlina, E.V.Antipov, 
E.N.Morozova, A.A.Gippius, V.V.Ivanov, G. Van Tendello,  Chem. Mater. 17 
(2005) 3004.
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Electrochemical investigations of the imidazolium based 
ionic liquid containing dicyanamide anion

Rakesh Tyagi*(1), G. Fafilek(2), W. Reischl(3),  G. E. Nauer(1,4) 
1. ECHEM Centre of Competence in Applied Electrochemistry, Wr Neustadt, Austria

2. Institute of Chemical Technology and Analytics, TU Vienna, Austria
3. Institute of Organic Chemistry, University of Vienna, Vienna , Austria
4. Institute of Physical Chemistry, University of Vienna, Vienna, Austria

*rakesh.tyagi@echem.at

Imidazolium based room temperature ionic liquids containing dicyanamide anions are 
hygroscopic and are completely water miscible. Smaller size of anion helps them to 
have low viscosity. They have stable thermal window [1-3]. 
Electrochemical behaviour of 1-butyl-3-methylimidazolium dicyanamide, IL was 
investigated using different working electrodes namely Au, Pt and GC. Electrochemical 
window of 3V vs Pt quasi reference electrode  was observed. 
Electrochemistry of chloride salts of Cu(I) and Cu(II) was studied in the 1-butyl-3-
methylimidazolium dicyanamide, IL 
Experimental results to discuss the electrochemical behaviour of 1-butyl-3-
methylimidazolium dicyanamide and to show the redox behaviour of Cu(I) and Cu(II) 
and the electrodeposition of Cu on different electrodes will be presented.

The financial support within the Kplus -programme sponsored by the FFG-TIG 
(Austrian Research Promotion Agency) and the government of Lower Austria is 
gratefully acknowledged. 

1. P.Bonhote et al. Inorg. Chem., 1996, 35, 1168
2. D.R.MacFarlane et al., J.Phys.Chem., 1999, 103, 4164
3. D.R.MacFarlane et al., Chem. Commun., 2001, 1430
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Electrochemical investigations of the Cu(I) and Cu(II) 
ions in trialkylimidazolium based ionic liquid 

Rakesh Tyagi*(1), G.E. Nauer(1,2) 
1. ECHEM Centre of Competence in Applied Electrochemistry, Wr Neustadt, Austria

2. Institute of Physical Chemistry, University of Vienna, Vienna, Austria
*rakesh.tyagi@echem.at

1,2,3-trialkylimidazolium based ILs have been found more electrochemically stable 
then 1,3-dialkylimidazolium based ILs where lower reduction potential has been 
attributed to the H(2) acidity. [1,2]

Electrochemical investigations of chloride salts of Cu(I) and Cu(II) were performed 
in the 1-butyl-2,3-dimethylimidazoliumtetrafluoroborate, IL using different working 
electrodes. Experiments were performed outside the glove box maintaining the 
constant supply of dry argon gas inside the electrochemical cell.
Electrochemical results were reproducible and dense and well adhered deposits of 
copper were obtained on different electrodes. It was observed that comparatively 
better Cu deposits were obtained from Cu(I) than Cu(II).
Comparative redox behaviour of Cu(I) and Cu(II) ions  and the electrodeposition of 
Cu on different electrodes will be presented.
  

References
1. P.Bonhote et al. Inorg. Chem., 1996, 35, 1168
2. B.M.Quinn et al. Langmuir, 18 (2002), 1734
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Active chlorine formation in the electrochemical 
treatment of natural waters for disinfection

A. Vacca, S. Palmas, M. Mascia, F. Ferrara, A. M. Polcaro*
Dipartimento di Ingegneria Chimica e Materiali:

 piazza d’Armi 09123 Cagliari – ITALY
tel 39.70.6755059
fax 39.70.6755067

*polcaro@dicm.unica.it

The production of drinking water from natural waters necessitates the removal 
of numerous compounds such as inorganic species, humic substances and toxic 
micropollutants as well as the inactivation of microorganisms which may be pathogen. 
Different methods of drinking water disinfection are utilised, such as chlorination or 
treatment by chlorine compounds. Recent developments show that the trend is to use 
less chlorine, because of the problems caused by overchlorination, odour, by-product 
formation, transport and storage risks.  
Advanced oxidation processes are considered to have great potential in this area. 
As it is well known, all the advanced oxidation processes (AOP) are mainly based 
on the oxidative capacity of OH° radicals originated from different sources. Anodic 
oxidation of water can be a good source of OH° radicals provided that a suitable anode 
material is selected. 
When oxidation is performed at non-active electrodes such as boron-doped-diamond 
(BDD) or fully oxidised metal oxides (such as SnO2 or PbO2) oxidation of organic 
compounds occurs at the electrode/solution interface mediated by physisorbed (OH°) 
radicals from which oxygen can also be produced. Partial degradation of organic 
compounds can be also achieved by bulk reaction mediated by oxidising agents, 
generated at the electrode surface, the transfer of which, towards the solution bulk, is 
under mass transfer control. 
OH radicals can also be responsible for the production of active chlorine by oxidation 
of chlorides which are always present in natural waters, therefore the formation of 
active chlorine when a natural water is treated by direct electrolysis must be studied.  
In the present work the role of chlorides during the electrochemical treatment of 
waters was considered: the anodic reaction was investigated in the presence of low 
concentrations of chlorides (20-100ppm) at BDD anode. Experiments were performed 
using synthetic and real natural waters in undivided cells with different configurations: 
well mixed batch tank and plug-flow filter press reactor.
The effect of the cell configuration and its hydrodynamic behaviour, the applied 
current density and other parameters on the nature and concentrations of the oxidizing 
species detected in the solution bulk is presented.  
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Modelling of the influence of gas evolution on mass 
transfer in electrochemical processes

Heidi Van Parys *,‡, Els Tourwé‡, Marnix Depauw‡, Johan Deconinck†,  
Annick Hubin‡ 

‡Vrije Universiteit Brussel, Dept. Metallurgy, Electrochemistry and Materials Science, Pleinlaan 2, 
1050 Brussels, Belgium

†Vrije Universiteit Brussel,Computational Electrochemistry Group, Dept. Electrical Engineering 
and Power Electronics , Pleinlaan 2, 1050 Brussels, Belgium

*hvparys@vub.ac.be

The study of electrochemically formed gas bubbles on an electrode surface and its 
influence on mass transfer are of great industrial importance. The formation of these 
gas bubbles can have several effects on the electrode behaviour that have to be taken 
into consideration. For example, if gas evolution takes place on the electrode surface, 
not only will it consume part of the current, it will also have an important effect on the 
local process parameters and current distribution. Although indispensable for reactor 
design and optimization of new and existing industrial processes, no general model 
has yet been developed to describe the influence of gas bubbles on mass transport. The 
aim of this study is to develop a quantitative model that describes mass transport in 
electrodeposition processes with simultaneous gas evolution.
Before the effect of gas evolution can be considered, a representative system has to be 
chosen in which it is possible to vary the contribution of the gas evolution reaction. 
The zinc deposition system with simultaneous hydrogen evolution was considered to 
be the best choice. According to the settings of the process parameters 2 to 65% of 
the total current is consumed by the hydrogen evolution reaction. A special reactor is 
designed which allows to study the hydrogen reaction under controlled hydrodynamic 
conditions. 
This study is divided into two building blocks, namely an experimental part and a 
modelling part where the reaction mechanism and model parameters (rate constants, 
transfer coefficients and diffusion coefficients) are quantitatively determined. The 
kinetics of the zinc electrodeposition has been investigated by means of linear 
voltammetry. Also the interfacial pH is monitored during the electrodeposition process 
as this gives an important insight into the deposition mechanism. 
Next a steady-state model for the zinc deposition mechanism in acid solutions will be 
proposed. Therefore the possibilities of the numerical simulation tool PIRoDE [1] and 
an analytical approach recently developed in our group [2], will be explored. 

This reseach is funded by the Flemish Institute for support of Scientific-Technological 
Research in Industry (I.W.T.): SBO contract nr: 040092, project acronym: Mutech. 

[1] PIRoDE , Version 2.1, Electrochemical Software developed by ELSYCA, www.
elsyca.com, 2000-2002

[2] Els Tourwé, Rik Pintelon, Annick Hubin, Journal of Electroanalytical Chemistry, 
submitted
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Symposium 5�: electrochemical engineering & technology

Internal recycling is very important for the industry, which tries to minimize its

environmental impacts.

In order to treat dilute solutions containing metallic ions, porous electrodes (or 3-D

electrodes) are used. The aim of the project is the designing of a flexible cell for

directly treating effluents in industrial processes. With this method, the metal is

recovered and the solution recycled. Potential applications of this cell are rinse water

treatment in surface treatment industry and local wastewaters treatment in copper

hydrometallurgy. To obtain a good flexibility, it is necessary to characterize and study

the porous electrode’s electrochemical and hydrodynamic behaviour.

The studied electrode consists of a stainless steel fibre network. The fibre’s diameter is

very small, between 8 and 20 microns.

The following parameters have been shown to have an influence on the faradic yield of

copper electrodeposition from dilute solutions (figure 1): electrolyte flow velocity at

the entrance of the porous electrode, concentration of the bath and intensity of the

applied current. The correlation between dimensionless numbers (Sh = A.Rea.Sc1/3) for

different porous electrodes was established.

The current distribution (under diffusion control) inside the porous electrode was also

studied. After copper electrodeposition, the electrode was analysed by EDX in

scanning electron microscopy. X-ray analysis made possible to obtain a cartographic

distribution of iron (substrate) and copper on the electrode vertical section. The current

distribution dependency with time of electrolysis is discussed.

The mathematical modelling of flow and current distribution within the porous

electrode was established and compared with experimental results.

The electrode physical parameters effects and the hydrodynamics influence on its

electrochemical behaviour enable us to optimise the use of this type of electrode for

treating dilute solutions.

  Figure 1 : copper deposit on 3-D electrode

�
�
�
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Electrochemical codeposition of pmma particles with 
zinc

D. Vasilakopoulos*, M. Bouroushian, N. Spyrellis 
Laboratory of General Chemistry, School of Chemical Engineering, National Technical University 

of Athens, 9, Heroon Polytechniou str., Zografos Campus, Athens GR-15780, Greece 
* dimvass@central.ntua.gr

Zinc matrix composite coatings with PMMA (polymethyl methacrylate) polymeric 
particles (326.8 nm mean size) were prepared by electrodeposition on low-carbon 
steel (316L) electrodes under galvanostatic, either stationary or pulse current, plating 
conditions. The electrolyte was a typical, for zinc electrodeposition, acidic sulfate 
bath thermostatically controlled at 50 ºC. Sodium lignosulfonate was added in the 
solution as an anionic surfactant, in order to prevent latexes aggregation and enhance 
the codeposition process. Mass transfer in the bath was controlled by a rotating 
cathode setup. The effect of bath pH, deposition current density and pulse electrolysis 
parameters on the morphology and texture of the as grown deposits was investigated 
by means of scanning electron microscopy (SEM) and X-ray diffraction.
According to high-resolution SEM imaging and subsequent electron probe (EDS) 
analysis the present procedure could be effectively applied to attain codeposition 
of PMMA particles anchored in the Zn matrix, their distribution depending on 
hydrodynamic, mainly, conditions. The volume fraction of PMMA in the solid film 
was determined gravimetrically after dissolution of the deposit in sulfuric acid and 
vacuum filtration. The estimates were compared to the particles’ surface fraction as 
determined by SEM-mapping technique.
Optically smooth deposits were produced due to the leveling action of the surfactant, 
while the incorporation of polymeric particles led to texture modifications, as 
compared to single phase Zn electrocrystallized from additive free baths. Namely, 
a strong inhibition of the typical basal (00.2) texture, accompanied with preferential 
emergence of prismatic and pyramidal orientations was observed. Regarding the 
samples’ morphology, the PMMA-induced inhibition was associated, in certain 
cases, to a network structure of needle-like Zn crystallites whose coherence could be 
controlled by varying the duty cycle of the current pulse. Low duty cycles resulted to 
open structured films, while higher ones led to structures with shorter intergranular 
distances, similar to deposits obtained by direct current electrolysis. An attempt was 
made to relate the verified microstructural features with the engineering properties of 
the coatings, in terms of corrosion resistance.

[1] D. Vasilakopoulos, M. Bouroushian, N. Spyrellis, J. Mater. Sci. (in press).
[2] A. Hovestad, R.J.C.H.L. Heesen, L.J.J. Janssen, J. Appl. Electrochem. 29 (1999) 

331.
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Electrosynthesis and Physicochemical Properties  of 
Composite Electrocatalysts Based on PbO2  

A. B. Velichenko1*, T. V. Luk’yanenko1,  F. I. Danilov1, R. Amadelli2

1Ukrainian State University of Chemical Technology, Gagarin ave. 8, Dnepropetrovsk, 49005, 
Ukraine

2ISOF-CNR and Dipartimento di Chimica, Universita` di Ferrara, via Borsari 46  - 44100 Ferrara 
-  Italy

* velichenko@ukr.net

There is a great interest in the improvement of lead dioxide as an anode material for 
use as an electrocatalyst with a high activity for oxygen transfer processes. In the 
present work we used some polyelectrolytes and surfactants as electrolyte additives for 
electrosynthesis of composite materials oxide-polyelectrolyte and oxide-surfactant.
Mainly polyelectrolytes and surfactants inhibit the lead dioxide electrodeposition due 
to their adsorption on the PbO2 coating with blocking some centers on the electrode 
surface for further reaction. It is interesting to note that both polyelectrolytes and 
surfactants are incorporated into the deposited lead dioxide forming a composite 
material. The additive content in the lead dioxide can change from 1 wt. % to 20 wt. 
% depending from the electrodeposition conditions and the electrolyte composition. 
The colloidal-electrochemical mechanism of the composite formation was proposed, 
which include electrochemical formation of oxide particles in the solutions volume, 
adsorption of polyelectrolyte and surfactants on the oxide particles, their electrophoresis 
to the electrode (for particles with negative ξ-potential) with further crystallization 
on the anode surface. It is important to note that in the presence of polyelectrolytes 
and surfactants submicro- and nano-crystalline coatings are formed. An examination 
of the XRD spectra shows that peak intensities generally decrease with increasing 
surfactants and polyeletrolytes content in the composite. This indicates that the grain 
size is smaller for the lead dioxide films in the composite materials. Difference in 
intensity provides sufficient evidence of the existence of an amorphous phase and it 
is a good agreement with SEM data. It was shown that electrocatalytic activity of the 
materials depends from nature and content of additive in the composites.
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Investigations of Iron Disulphide Electrode Kinectics in 
Molten Salts

M. J. P. Vieiraa,*, M. T. C. Ruppa, H. M. Kohlerb 
aCTEx, Av. das Américas 28705, Rio de Janeiro, RJ, Brasil

bPUC-Rio, Rua Marquês de São Vicente 205, Rio de Janeiro, RJ, Brasil 
*panichi@dcmm.puc-rio.br

In this work the measurement of the critical kinetics parameters of iron disulphide 
electrochemical reduction in molten chloride halides mixture was made. The metal 
sulphide cathode is being tested in new configurations together with several electrolytes 
especially molten salts in thermal batteries and organic polymers in hybrid / electrical 
vehicles [1]. Because of strict voltage requirements for thermal batteries, the most 
viable electrochemical system is FeS2 with molten chloride halides [2]. This cathodic 
material has a very low environmental impact, is non-toxic and low cost, besides 
many mineral sources and synthetic form can be applied. 
The applied methodology was the cyclic linear voltammetry at slow sweep rate 
(2 mVs-1), ensuring quasi equilibrium conditions, in the range of 770 K. For the 
thermodynamical equilibrium the standard potential determinations for open circuit 
resulted 0.3306 ± 0.014 V (773 K) with respect to the Ag / AgCl reference. The cathodic 
transfer coefficient measured 0.48, indicating the reversibility of the electrode process 
and points at its possible application as secondary battery. The FeS2 electrocatalytical 
behaviour was evaluated through the Tafel curves extracted from the voltammograms. 
The indicating parameter for this reaction spontaneity, the transfer currents, was 
measured to be 14.75 ± 2.73 kA m-2. The evaluation of the reaction intermediaries and 
products were made allying electrochemical data and characterization techniques. The 
proposed reaction mechanism is initiated by the reduction of FeS2 to metallic iron as 
the controlling step, followed by two reactions involving sulphur ions and terminated 
by the chemical formation of Li2S [3]. A series of chemical and electrochemical 
processes are proposed to explain formation of intermediary polisulphides, being the 
most important Li2FeS2 (phase X) spotted here through micrographies displaying it’s 
characteristic crystals of needle-like morphology. 
The experiments carried out permitted the specification of the main kinetics parameters 
of FeS2 electrochemical reduction in molten chloride halides mixture. Further, the 
methodology used in this work open grounds for future research in comparing 
the behaviour of a wide range of cathode materials in molten salt electrochemical 
systems.
Keywords: Iron disulphide; Molten salts; Electrode kinetics
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About role of metalocomplexes at corrosion protection of 
metals by organic inhibitors in acid solutions 

Yu. P. Vishnevska, M. V. Bick, D. A. Tkalenko*

NTUU  (KPI),  37, Peremoga prospect, Kyiv-56, 03056, Ukraine
dtkalenko@mail.ru

The use of organic surfactants (inhibitors) is one of the most effective methods of 
corrosion protection of metals in different active environments. According numerous 
works inhibitive activity of such substances appears due adsorption on protected metal 
surface (Fe, Zn, Cd). Physical adsorption of inhibitors appears due to electrostatic 
interaction with charged metal surface, because in this case for prediction of inhibitive 
activity  the φ-scale of L.I. Antropov used very successfully. According today 
representation the specific adsorption of first type appears as a result of π-electron 
interaction with positive charge of metal surface. At specific adsorption of second 
type, which takes place  in presence of heterocyclic compounds, containing  N, P 
or S atoms in heterocycle, mentioned atoms can produce coordination bounds via 
donor-acceptor interaction with surface metal atoms, that have unsaturation  outer 
electron shell. In our opinion, at organic compound chemosorption between adsorbate 
molecules and adsorbent surface atoms chemical reaction occurs with new chemical 
compound producing. We carried out the special experiments to reveal nature of 
such interaction, as adsorbate used decylpyridiniumchloride (DPC). Results of such 
experiments showed that ability of heterocycle compounds (for example DPC) 
to reduce rate of iron dissolution is a result of ability to give complex compounds 
with cations (not atoms) of  metal, which dissolve during corrosion process. The 
main condition at which inhibition effect can be achieved is low solubility of such 
metalocomplexes in water. Corrosion protection of metals rises at addition of I- -ions 
in corrosive media. It is possible to consider that it takes place to due to very  low 
dissolubility of compound products which include metal cations and I- anions. From 
such positions we can explain   synergetic effect which are observed in solutions, 
containing bough iodide anions and heterocycle compounds (DPC). It was shown that 
in organic solvents (for instance dimethylsulphoxide (DMSO)) such metalocomplexes 
dissolve, because addition of small quantities of  DMSO in  water solution diminish 
the inhibiting influencing of heterocyclic compounds.
    It is known that  DPC forms more stable complexes with cations Fe3+ than with 
cations Fe2+. Because the dissolved oxygen has indirect influence on the corrosive 
behavior of iron. Indeed, in presence oxygen  the cations Fe2+ is easy  oxidize to cations 
Fe3+. Such oxidizing process is accompanied  formation of more stable  complexes. 
Being in the system of anions I- рromotes  appearance of the catalytic redox-system I-

/I2, which facilitates  oxidization  of iron.cations. Therefore in presence of iodide-ions 
the formation of metalocomplexes DPC with cations Fe3+ takes place with greater rate 
and, as a result,  a corrosive process is braked in a greater degree. Thus, it was shown 
by us, that in examined cases the braking of corrosive process is conditioned blocking 
of metal surface  by the layer of little soluble metalocomplexes, which appear as a 
result of co-operating  of heterocyclic compounds with cations of metal near surface 
of dissolving metal. 
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Natural-convective instability of the stagnate electrolyte 
between horizontal electrodes: effect of migration and 

kinetics of electrochemical reactions

V. M. Volgin1*, A. D. Davydov2 
1Tula State University, pr. Lenina, 92, Tula, 300600, Russia

2A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 
Leninskii pr. 31, Moscow, 119071, Russia

*Corresponding author e-mail: volgin@uic.tula.ru

The mechanical equilibrium of density-stratified stagnant fluid between horizontal 
electrodes is stable provided the Rayleigh number does not exceed a certain critical 
value Rac. For heat systems the Rayleigh number is the sole parameter determining 
natural-convective instability (Rac=1707.6). By contrast to the heat systems, analysis 
of convective instability in electrochemical systems is a more general problem, because 
the electrolyte contains several sorts of ions with different charges and diffusion 
coefficients, and the gradient of concentration of each of them has an effect on the 
density of buoyant forces. In addition, migration of ions in solutions of electrolytes 
proceeds concurrently with diffusion. This results in a complex pattern of nonlinear 
interactions between the concentration, hydrodynamic, and electric fields. The 
character of these interactions depends on the kinetics of electrochemical reaction. 
However, the available methods of investivation of the effect of ions migration and 
kinetics of electrochemical reactions on natural-convective instability have some 
drawbacks: the perturbations of electrode potential and current density are determined 
taking into account the properties of outer circuit or the perturbations of electrode 
potential are taken to be zero; the convective stability is taken to be dependent on the 
electrolysis conditions (potentiostatic or galvanostatic electrolysis).
In this work, we study the convective stability of binary electrolyte and the electrolyte 
containing three or more types of ions taking into account the kinetic characteristics 
of discharge-ionization stage of electrode reactions, and the interrelation between 
the fields of concentration and electric potential. The equations of incompressible 
viscous liquid flow in the Boussinesq approximation and the equations of material 
balance with the electroneutrality condition are used as the mathematical model. 
Stability of the system’s steady-state is studied within a linear stability theory. The 
boundary eigenvalue problem for amplitudes of perturbations of vertical component of 
hydrodynamic velocity, concentrations, and electric potential was solved numerically. 
The dependences of critical Rayleigh number on the transport properties of electrolyte 
and the current density for reversible and irreversible reactions on the electrodes were 
obtained using the computational experiments. The effect of kinetic parameters (the 
exchange current density, the transfer coefficient) on the critical Rayleigh number is 
studied. 

This work was supported by the Russian Foundation for Basic Research, projects no. 
06-01-96311, 04-03-32637.
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Can changes in the interfacial layer in turbine pipes 
increase hydro power production?
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Tetraazamacrocyclic complexes as conductive units of 
organothiol monolayers 
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The Effects of Surface Overpotential  
on the Current Distribution of the Cathode
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Treatment of alcohol distillery wastewater by 
electrochemical method

Yusuf Yavuz, A. Savaş Koparal*, Ülker Bakır Öğütveren
Anadolu Üniversitesi, Çevre Sorunları Uygulama ve Araştırma Merkezi, Eskişehir, Turkey

*askopara@anadolu.edu.tr 

Distillery waste is one of the most complex, troublesome and strongest industrial 
organic effluents. Because of this high refractory organic content, treatment of this 
wastewater, unless performing any pretreatment is not possible using conventional 
treatment methods, also sometimes it is not possible even performing pretreatment. 
In the distillery, ethanol is manufactured by the fermentation of molasses. The origin of 
molasses is from a sugar-manufacturing unit, which is either based on the beet sugar or 
sugar cane. The molasses is fermented by yeast after suitable dilution. The fermented 
solution contains about 6–12% ethyl alcohol, which is recovered by distillation [1]. 
The undesired bottom product of distillation is called stillage, spentwash, vinasses or 
alcohol distillery waste. Plant from which the wastewater was supplied has a vinasses 
evaluating plant to manufacture potassium carbonate. Wastewater used in the study 
was taken from the outlet point of this evaluating plant and had 5000mg/L of COD.
In this study, electrochemical treatment of alcohol industry wastewater was studied 
and over 95% of COD removal was achieved. 
[1] P.C. Sangave, A.B. Pandit, Ultrasound pre-treatment for enhanced biodegradability 

of the distillery wastewater, Ultrasonics Sonochemistry 11 (2004) 197.
[2] A.G. Vlyssides, C.J., Israilides, M. Loizidou, G. Karvouni, V. Mourafeti, 

Electrochemical treatment of vinasse from beet molasses, Wat. Sci. Tech. 36 
(1997) 271.
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Electrochemical treatment of dye wastewater containing 
basic red 46, maxilon blue, basic yellow 21

Jang-Hee Yoona,b, Jong Sung Jina, Jee-Eun Yanga, Yoon-Bo Shimb  
and Mi-Sook Wona*

aKorea Basic Science Institute, Busan Branch, Busan 609-735, South Korea
bDepartment of Chemistry, Pusan National university, Busan 609-735, South Korea

mswon@kbsi.re.kr

It is now appreciated that the electrolytic oxidation is a very powerful tool for 
oxidatively breaking up the certain organic compounds. Using the adequate anode 
materials for electrolysis is essential, because the efficiencies of degradation of 
organic materials depend on the nature of anode materials. Pt/Ti electrode, which was 
fabricated by the Pt thin film deposited on the Ti substrate using the r.f. sputtering, and 
synthetic boron-doped diamond (BDD) thin film electrode were chosen to investigate 
the effective anodic materials for the electrochemical treatment of refractory organic 
dyes. The dye wastewater containing Basic Red 46, Maxilon Blue, Basic Yellow 21 
was treated by an electrochemical method using a BDD and Pt/Ti as anodes and Cu 
plate as cathode. In this technique, no electrolyte was added to the test solution and the 
mixture was passed through an electrolytic cell. Operating variables on the process 
efficiency including current input, pH, reaction time, reaction temperature and flow 
rate were optimized for the controlled current electrolysis of aqueous dye wastewater. 
. Depending on the values of applied current, reaction time, and concentration of 
solutions, the complete degradation or the partial oxidation of the compounds to other 
intermediates were obtained. For both the BDD electrode and Pt/Ti electrode, the 
removal efficiency of dyes in aqueous solution increased with increasing the applied 
current and reaction time. The color removal efficiencies were reached as high as 92.4 
% and 98.3 %, respectively, at the applied current of 100 mA for 1 hr reaction using 
the flow rate of test solution of 5mL/min. We found that BDD electrode was much 
effective for the oxidation of the dyes than Pt/Ti electrode. TOC was reduced by 92.2 
% at the optimized conditions including the input current of 200 mA for 1 hr reaction 
for with a BDD electrode. 
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Newly Developed Magnetic Abrasive Finishing 
with Nano-sized Diamond Dispersed Nickel-Cobalt 
Electroless Plated Plastic Ball for Post CMP Process
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Department of Energy and Environmental Science, Graduate School of Engineering, 
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Magnetic abrasive particles (MAPs) are crucial to ensure finishing quality and

accuracy in magnetic abrasive finishing (MAF) processing[1]. In this research a new

bounded MAP based on the electroless nickel-cobalt boron plating, nano-sized

diamond composite plating to micro-sized plastic ball was prepared. Plastic ball was

used as support here for MAPs growth due to its lightweight and globular form. The

aim of the paper is to develop a lightweight and forceful MAP and its application to

post CMP process. Magnetic filed assisted finishing was performed to examine the

fabricated MAPs. The copper “Damascene” samples were supplied from Selete Co.

Ltd.. The finished surface was shown in the figure bellow. The smooth surface was

obtained after finishing by the nickel-cobalt diamond composite plated plastic ball. In

conclusion, a new MAFs based on the nickel diamond composite plated plastic ball

have been prepared successfully. The finishing results have shown that the powerful

ability of the new MAFs in the magnetic filed assisted finishing process.

���������

[1] T. Shinmura, K. Takazawa. E. Hatano,����������, ��(1), 325(1990).

���������������

The authors gratefully acknowledge the financial support provided by Ministry of

Education, Culture, Sports and Technology (MEXT) sponsored Cooperation of

Innovative Technology and Advanced Research in Evolutional Area (CITYAREA)

R&D Program.

�����  (a)                                                    (b)

������ AFM images for the Damascene copper samples

(a)Before Magnetic Abrasive  Finishing(MAF)  (b)After MAF
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The optimization of an “all wet” process for metal 
barrier layers for Cu metallization

Masahiro Yoshino1), Toyoto Masuda1), Satoshi Wakatsuki1), Junji Sasano1), 
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Tomoya Kumagai3), Isao Sato3)

1)Department of Applied Chemistry School of Science and Engineering, Waseda University
3-4-1 Okubo, Shinjuku-ku, Tokyo, Japan 

2)Department of Physical Electronics, Engineer Faculty, and the University Research Institute for 
Nano Science and Nano-Technologies, Tel-Aviv University, Ramat-Aviv 69978, Israel

3)TOKYO OHKA KOGYO CO., LTD. 1590 Tabata, Samukawamachi, 
Kouzagun, Kanagawa 253-0114, Japan

*osakatet@waseda.jp

A novel formation process using Self-Assembled Monolayer (SAM) and electroless 
deposition technique for diffusion barrier layer on both inter-level dielectric films and 
on Cu lines has been developed [1-2].  Barrier layer that suppresses the Cu diffusion 
are a key technique for the current ULSI fabrication process.  High thermal stability, 
Cu diffusion resistance and film thinness are the properties required for a reliable 
diffusion barrier layer.  It has already been reported that electrolessly deposited NiB 
is a candidate for such barrier layer materials [2-3].  However, 40 nm thickness of the 
NiB layer is needed to obtain the stable performance as a reliable diffusion barrier 
layer.  This thickness is far too much as critical dimensions of the interconnect today 
is in the range of 65-90 nm in manufacturing and it will reach 32-45 nm in few years. 
To realize ultra thin diffusion barrier layer, the optimization of the surface condition 
of SAM modified substrate such as catalyst condition has been investigated.  In 
this paper, adsorption and valency condition of catalyst “Pd” on the SAM and its 
effect on film morphology were discussed.  An organic low-k dielectric film (Tokyo 
Ohka Kogyo Co. Ltd.,) modified by SAM of APS (3-aminopropyltriethoxy silane) 
was used as a starting material.  The catalyst solution contained PdCl2 and HCl.  To 
estimate the condition of the catalyst, TEM (Transmission Electron Microscope) and 
XPS (X-ray Photo-electron Spectroscopy) were used.  The film surface, just after the 
catalyst process was confirmed by XPS spectrum (Pd-3d5/2).  The peak of the spectrum 
obtained from the specimen merely immersed into the catalyst solution appeared near 
oxidized Pd area.  The peak was shifted to peak of metallic Pd area by immersed into 
the solution containing reducing agent.  TEM measurement was applied to estimate 
the condition and morphology of Pd.  From the specimen after reduction, small metal 
particles (under 5 nm) were observed.  Moreover, it was indicated that the particles 
were Pd metals by electron diffraction.  We believe the uniform particle size and 
location of Pd particles on the SAM are important factors on the process to make thin 
films.  On the presentation, we will report the details of the Pd catalyst chemical state 
and its effects on film the conditions. 

[1] T. Osaka et al., Electrochemical Society Proceedings, PV 2004-17, 251 (2004),  
[2] M. Yoshino et al., Electrochimica Acta, 51, 5 916-920 (2005), [3] T. Osaka et 
al., Surface and Coating Technology, 169-170, 124-127 (2003)
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Electrodeposited Cobalt-Boron Alloys for Hydrogen 
Evolution in 8 M Hot NaOH
P.  R. Zabinski*, M. Palarczyk, R. Kowalik

AGH University of Science and Technology, Faculty of Non-Ferrous Metals
Al. Mickiewicza 30, 30-059 Cracow, Poland

*zabinski@agh.edu.pl

Tailoring of active cobalt alloy cathodes for hydrogen evolution in a hot concentrated 
sodium hydroxide solution was attempted by electrodeposition.  Enhancement of 
cathodic activity of cobalt for electrolytic hydrogen evolution has been carried out by 
the formation of cobalt alloys containing different content of boron.
The present work aims to obtain nanocrystalline and amorphous Co-B alloys with 
high cathodic activity for hydrogen evolution by electrodeposition.  We try to clarify 
the effect of the boron addition in enhancing the activity for hydrogen evolution 
and in changing the morphology of electrodeposits.  The addition of boron to Co 
alloys significantly increased the activity for hydrogen evolution in 8 M NaOH at 
90°C.  In particular, Co-B alloys with high concentrations of boron showed the Tafel 
slope of about 36 mV/dec, suggesting the rate-determining step of recombination of 
adsorbed hydrogen atoms.  In spite of the high activity for hydrogen evolution, open 
circuit immersion during shutdown period in 8 M NaOH at 90°C resulted in dealloing 
and hence the durability of the electrodes was insufficient.  In order to improve the 
durability the carbon addition was performed to form Co-B-C alloys.  Although the 
carbon addition was effective to suppress the dealloing process, complete prevention 
of dealloing during open circuit immersion was not attained.  Even after open circuit 
immersion of the Co-B-C alloys in 8 M NaOH at 90°C for long time high activity for 
hydrogen production was maintained.
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Co-W Alloys for Hydrogen Evolution Electrodeposited 
Under External Magnetic Field
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Al. Mickiewicza 30, 30-059 Cracow, Poland
*zabinski@agh.edu.pl

There has been known a variety of nickel alloy electrodes for hydrogen evolution in 
chlor alkali industries.  Among them, the electrodeposited Ni-Fe-C alloys showed 
the highest activity for hydrogen evolution in hot alkaline solutions and excellent 
durability:  The overpotential for hydrogen evolution at the current density of 1000 
Am-2 in 8 M NaOH at 90 oC was less than 100 mV.  The activity did not decrease and 
no iron dissolution occurred during open circuit immersion in the same hot alkaline 
solution.  As has been found for Ni-Fe-C alloys, the additions of electronegative 
elements such as oxygen and carbon are quite effective in preventing dissolution of 
iron in the form of oxyanions during open circuit immersion. 
Tailoring of active cobalt alloy cathodes for hydrogen evolution in a hot concentrated 
sodium hydroxide solution was attempted by electrodeposition.  Enhancement of 
cathodic activity of cobalt for electrolytic hydrogen evolution has been carried out by 
the formation of cobalt alloys containing different content of tungsten.
The present work aims to obtain nanocrystalline and amorphous Co-W alloys with 
high cathodic activity for hydrogen evolution by electrodeposition.  We try to clarify 
the effect of the tungsten addition in enhancing the activity for hydrogen evolution 
and in changing the morphology of electrodeposits.  External magnetic field generated 
by permanent magnet was used in order to modify composition and morphology of 
alloy.  The changes in morphology and composition of alloys was searched in order to 
determine influence of magnetic field on alloys` electrodeposition.
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Production of electroplated Ni-ZrO2 nanocomposite 
coatings for tribological applications

T. Bocuzzi, H. Simunkova*, A. Pascual, P. Pessenda-Garcia, A. Merstallinger,  
G.E. Nauer

Center of Competence in Applied Electrochemistry,ECHEM
Victor Kaplan Straße 2, A-2700, Wiener Neustadt, Austria

Tel: + 43 2622 22266
*helena.simunkova@echem.at

Composite coatings produced by electrodeposition of particles within a metal matrix 
are widely used in order to enhance specific properties, i.e. mechanical and chemical 
stability, of materials. Different types of particles, e.g. pure metals, sulfides, oxides, 
ceramics, or organic materials, with diverse properties can be used for the incorporation 
into the metallic matrix. 
In the present work, Ni-ZrO2 nano-composite coatings were produced for tribological 
applications. The composite coatings were electrodeposited from a Watts bath with 
nano zirconia particles (5 nm and 40 nm particle size) dispersed.
The deposition of nano zirconia particles into a nickel matrix using direct current and 
pulse plating techniques was studied. High current densities were possible to apply 
with the help of a rotating cylinder electrode by changing the streaming conditions. 
Also the temperature, pH and concentration of particles in the electrolyte were 
optimized with the help of zeta potential measurements in order to obtain a maximum 
in particle incorporation.
The concentration of zirconia in all layers was determined by means of EDX analyses, 
and the structure of the composite layers was studied by ESEM and FIB. The variation 
of the microhardness and the friction coefficient with the incorporation of zirconia in 
these layers was tested.
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A comparative study of ni-w alloys electrodeposition 
from aqueous electrolytes and ionic liquids
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#ICPE-Advanced Research,, Splaiul Unirii 313, sector 3, Bucharest, Romania; 
* POLITEHNICA University, Faculty of Industrial Chemistry, Department of Applied Physical 

Chemistry and Electrochemistry, Calea Grivitei 132, sector 6, Bucharest, Romania; e-mail: 
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Among electrochemical processes having a considerable impact on technical 
development in a large range of industrial areas and including implications from 
environmental viewpoints, electrodeposition and electroforming play an important 
role.
Under the frame of the efforts to find ecological alternatives to chromium plating, 
alloyed Ni with tungsten or molybdenum as well as boron or SiC based composites 
are showing promise for specific applications. 
With this in view, several comparative experiments dealing with electrodeposition of 
Ni-W alloys (5-25%W) from aqueous electrolytes and ionic liquids based on choline 
chloride [1] are presented. The influence of some plating parameters on Ni-W metallic 
alloys electrodeposition from an aqueous ammonium-citrate electrolyte has been 
investigated.
Cathodic potentiodynamic polarization curves, cathodic current efficiency and alloy 
composition have been studied against hydrodinamic regime, pH value and current 
density. Ordered, compact Ni-W electrodeposits containing 15-25% W were obtained. 
The strong effect of citrate concentration both on the deposit quality and alloy 
composition has been evidenced. 
Preliminary results dealing both with choline chloride based system preparation and 
Ni-W alloy electrodeposition are discussed.

References
[1]. A.A.Abbot, G.Capper, K.J.McKenzie, K.S.Ryder, Electrochim. Acta, 2006, in 

press.
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Sn-Pb alloys flexible foils produced by electroforming
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Among electrochemical processes having a considerable impact on development 
within microcomponents/microsystems area, electrodeposition and electroforming 
play an important role. Because electrochemical deposition represents a process that 
occurs at atomic/molecular level the formed metallic layer follows entirely the tri-
dimensional shape of the support with a very good accuracy of micron or submicron 
order.
Sn–Pb alloys have specific applications in electronics and microelectronics and 
recently, due to their flexibility they showed to be suitable as building element for 
biological structures [1]. Electrochemical deposition of Sn-Pb alloys with a lower Pb 
content  is also of an increased interest under the frame of concerted efforts to reduce 
the use of toxic/pollutant elements – in this case of Pb- which is intensely involved in 
SnPb welding alloys.
With this in view, several results will be presented dealing with electroformation 
and characterization of Sn-Pb (30-55% Sn) alloys thin metallic foils (thicknesses of 
min.10 μm) from fluoborate type electrolytes. The influence of operating parameters 
e.g. current density, electrolyte composition, hydrodynamic regime, temperature 
is discussed, as well as the correlation between alloy composition and electrical, 
mechanical characteristics in close connection with potential applications.
According to the obtained results the electroformed foils have been characterized by 
an excellent maleability and flexibility. XRD measurementS showed the presence 
of  non-stoichiometric solid solutions, different from thermally obtained alloys, with 
cristallites having sizes of 60-70 nm. The electrical resistivities varied between 15-20 
μΩ.cm against alloys composition.
Some aspects regarding corrosion protection performance involving electrochemical 
methods, such as: potentiodynamic polarization curves and impedance spectra at open 
circuit potential in 0.5M NaCl, are also presented.

References
[1] J.Feng, B.Cui, Y.Zhan, S.Y.Chou, Electrochemistry Communications, 4, 102, 

2002.
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Palladium as electrocatalyst for PEM applications
S. Grigoriev1*, P. Millet2, Ch. Lebouin2, E. Lyutikova1, V. Fateev1 

1 Hydrogen Energy and Plasma Technology Institute of Russian Research Center “Kurchatov 
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*S.Grigoriev@hepti.kiae.ru
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Clémenceau, 91405 Orsay Cedex France

Today Pt is widely used as an electrocatalyst for proton exchange membrane (PEM) 
fuel cells and water electrolysers. But because of elevated price and limited resources, 
Pt cannot be used for large-scale applications and alternative materials are needed. 
The goal of present study is development and investigation of nano-structured Pd-
based electrocatalysts for hydrogen reduction and evolution in PEM systems. 
Various Pd-based electrocatalysts (Pd, Pd-Pt, Pd-Pt-Ru and so on) including supported 
by different carbon carriers have been synthesized and characterized using physical 
and electrochemical techniques. Electro-active metallic structures were obtained 
by chemical reduction of precursor salts using ethylene glycol with addition of 
formaldehyde and polyvinylpyrrolidone (synthesis on carbon carrier) or using sodium 
borohydride (for metal black synthesis). Vulcan XC-72, acetylene carbon black, 
Sibunit, carbon nano-tubes and nano-fibers and other carbons have been used as catalyst 
carriers. Alternatively, Pd nano-clusters have been obtained from chemical reduction 
of precursor salts in perfluorinated polymer materials such as Nafion membrane 
materials. The electrocatalytic activity of these catalysts with regard to hydrogen 
reduction and evolution has been investigated for PEM applications. In particular, Pd 
catalysts (40% wt) on Vulcan XC-72 have specific electrochemical active surface > 33 
m2 g−1, particle size 14.9 ± 2.1 nm. PEM fuel cell with this catalyst on the anode has 
shown a current density of ca. 0.7 A cm−2 at a voltage of 0.7 V. The typical voltage of 
PEM electrolysis cell with Pd-based catalyst on the cathode is ca. 1.65 V at a current 
density of 1 A cm−2. One can see from comparison of obtained results, in general, 
the performances of PEM systems with Pd electrocatalysts (including on the carbon 
carrier) on hydrogen electrode is comparable to that with the Pt-based electrocatalysts. 
Thus, Pd could be potentially used as an electrocatalyst for PEM systems. 
Partial financial support of the present work was provided within the frame of INTAS 
grant No 04-83-2585. 
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Electrodes of Synthetic Diamond: Effects of Surface 
Microroughness on the Electrode Kinetics at CVD-
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Model of secondary current distribution in the segmented 
thin-gap flow-through reactor for 4-methylanisole 

methoxylation
Tomas Bystron1,a, Roman Kodym 1,b, Karel Bouzek 1,c*, François Lapicque2,d 

1Department of Inorganic Technology, Technicka 5, Prague 6, 166 28, Czech Republic
2Laboratoire des Sciences du Génie Chimique, CNRS-ENSIC, BP 451, F-54001 Nancy, France

a tomas.bystron@vscht.cz, b roman.kodym@vscht.cz, c* karel.bouzek@vscht.cz, d francois.lapicque@ensic.
inpl-nancy.fr

An application of microstructured systems is supposed to be a promising way to improve chemical 
reactors performance. The main advantage of these systems consists in a local control of the 
process parameters. From the electrochemical point of view this approach allows to control locally 
the electrode current density and thus operate the electrochemical cell near to the optimal process 
conditions. Such behaviour can be attained by segmentation of the working electrode. It leads to 
the process with higher single-pass conversion and due to the higher process efficiency to easier 
products separation. The first theoretical analysis of this approach has been provided by Rode et 
al [1].
This study represents first results of numerical computation of a local current density in a single-
pass high-conversion electrochemical structured reactor. The aim is to provide a tool for the cell 
design optimisation. At the same time a deeper insight into the influence of the cell microstructuring 
on its performance, especially the current density distribution, will be attained. To fulfil this task, 
secondary potential and current density distribution inside the cell has to be calculated for a various 
sets of input parameters.
In order to keep relevance to the industrial praxis, the electrochemical 4-methoxybenzaldehyde 
(4-MBA) synthesis has been chosen as a model system. 4-MBA is an important intermediate in 
the production of semi-synthetic antibiotics. Its synthesis is based on the anodic methoxylation 
of 4-methylanisole (4-MA). The kinetics of this electrode reaction was, however, not known. 
Therefore it has been determined experimentaly. 
The electrode reaction kinetics of 4-MA methoxylation was studied in the three-electrode 
arrangement. RDE made of glassy carbon was employed as a working electrode. The 0.8 mol 
dm-3 NaClO4 solution in methanol served as an electrolyte. In order to avoid overlaping of the 
methoxylation reaction by the methanol oxidation on the anodic part of the polarisation curve 
the concentration of 4-MA was kept below 0.01 mol dm-3. The polarisation curves were corrected 
for an Ohmic potential drop. Corresponding electrolyte resistance was determined by means of 
electrochemical impedance spectroscopy. It was found that the reaction kinetics is well described 
by the Tafel type equation. The rate constants of the methoxylation reactions occurring on the glassy 
carbon electrode as well as the diffusion coefficients of the species involved were determined. 
Since the equilibrium redox potential of this reaction is not known, it was set arbitrary as 1.35 
V vs. SCE. Kinetic equation obtained has been implemented into the mathematical model of the 
segmented reactor. 
The examined reactor consists of the rectangular channel. Its upper side is formed by the segmented 
anode. This anode is divided into 10 sections of identical dimensions (10 x 10 mm2), separated by 
the insulating strips 0.1 mm thick. The cathode forms the cell wall opposite to the anode. Both 
electrodes are of the same length.
The kinetic equation proposed within this study has proven to fulfill the requirements of the 
model designed. The calculations performed have suggested that the interelectrode gap of 0.1 mm 
introduced in order to reduce the energy losses caused by the electrolyte resistance leads at the same 
time to an important reduction of the edge effects. Together with thin insulation strips between 
the anode segments it supports the homogenous current distribution across the electrodes. The 
presented model represents a good base for the future extension to a complex model considering 
tertiary current distribution and effective cell scale-up.
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Electrochemical investigations of the Cu(I) and Cu(II) 
ions in trialkylimidazolium based ionic liquid 

Rakesh Tyagi*(1), G.E. Nauer(1,2) 
1. ECHEM Centre of Competence in Applied Electrochemistry, Wr Neustadt, Austria

2. Institute of Physical Chemistry, University of Vienna, Vienna, Austria
*rakesh.tyagi@echem.at

1,2,3-trialkylimidazolium based ILs have been found more electrochemically stable 
then 1,3-dialkylimidazolium based ILs where lower reduction potential has been 
attributed to the H(2) acidity. [1,2]

Electrochemical investigations of chloride salts of Cu(I) and Cu(II) were performed 
in the 1-butyl-2,3-dimethylimidazoliumtetrafluoroborate, IL using different working 
electrodes. Experiments were performed outside the glove box maintaining the 
constant supply of dry argon gas inside the electrochemical cell.
Electrochemical results were reproducible and dense and well adhered deposits of 
copper were obtained on different electrodes. It was observed that comparatively 
better Cu deposits were obtained from Cu(I) than Cu(II).
Comparative redox behaviour of Cu(I) and Cu(II) ions  and the electrodeposition of 
Cu on different electrodes will be presented.
  

References
1. P.Bonhote et al. Inorg. Chem., 1996, 35, 1168
2. B.M.Quinn et al. Langmuir, 18 (2002), 1734
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Corrosion Inhibition of Steel and Copper Water Pipes by 
Ammonium Pyrrolidine Dithiocarbamate

Ehab AlShamaileh1,* and Aiman E. Al-Rawajfeh2

1 Assist. Prof., Department of Chemistry, University of Jordan, Amman 11942, Jordan. 
 ehab@ju.edu.jo

2 Assist. Prof.,Tafila Technical University, Department of Chemical Engineering,
P.O. Box 179, Tafila 66110, Jordan, aimanr@yahoo.com

Corrosion inhibition of steel and copper water pipes, used in Jordan National Water 
Supply Network (JNWSN), is studied in different corrosive media by adsorption of 
ammonium pyrrolidine dithiocarbamate (APDTC) on the surface of the pipes. APDTC 
is a nontoxic material widely used in agricultural applications.
The experimental work utilized mainly electrochemical impedance spectroscopy 
(EIS), weight loss techniques and UV-visible spectrophotometeric analysis. The effect 
of the corrosive solution concentration, APDTC concentration and immersion period 
on the corrosion inhibition efficiency of APDTC are studied and fully interpreted.
The results indicate that inhibitor efficiency (%P) increases with increasing the 
inhibitor concentration and immersion period. The inhibitor efficiency decreases with 
increasing the concentration of the corrosive solutions. The inhibitor efficiency is 
checked determining the concentrations of Fe2+ and APDTC in the solutions. 
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Petroleum exploitation is one the most important sources of contaminants in the 
industrial sector. The fact that this activity is often practised near (or inside) seas 
or important water receptacles makes its contamination even more preoccupying. 
Even if some compounds of the petroleum waste can be partially destroyed at light 
exposition, it is to notice that most of them are cancer suspect agents, as resulting from 
the combination of hydrocarbons and chlorine, and their direct or indirect destruction 
processes can lead to even more dangerous products. Among the constituents of 
these effluents are some aliphatic compounds with one or two carbons which are 
volatile and susceptible to further transformation. Some of these products are 
trichloroethylene (TCE), Tetrachloroethylene, 1,2-dichormethan, tetrachloromethane, 
the oxidative study of which is presented in this work in solutions of lone or mixed 
components. Individual components were studied to determine the own behaviour 
and, further, mixture of the same were electrolysed to approach the destruction 
process of a petroleum wastewater containing these products. Trials were performed 
using the direct oxidative electrochemical degradation methods with a boron doped 
diamond (BDD) anode coupled with a titanium platinised cathode and also using 
indirect electrochemical oxidation with Fenton-based processes, such as Electro- and 
Photoelectro-Fenton with the use of an oxygen diffusion (O2-D) cathode that provides 
hydrogen peroxide in the bulk solution. Other trials were done with single Fenton 
process to compare the opportunities given by the studied oxidation treatments. 
Preliminary results on TCE have shown a quick disappearance of this product from 
the electrolysed media during Fenton-based oxidations. This is enhanced in the case 
of Electro- and Photoelectro-Fenton. The combination of BDD with O2-D, in Electro- 
and Photoelectro-Fenton, gives a most profitable effect due to the higher over tension 
at the BDD anode and the efficient generation of hydroxyl radicals in the bulk from 
the electrogenerated H2O2 at the O2-D cathode. 
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*pavel.fellner@stuba.sk

The behaviour of sulphate under anodic polarization in sodium chloride and sodium 
fluoride melts was investigated by chronopotentiometry at the temperatures 820 °C 
and 1000 °C, respectively. By using a platinum working electrode two waves were 
observed on chronopotentiograms in the system NaCl-Na2SO4. The first wave was 
attributed to the formation of oxygen. Sodium sulphate partly decomposes thermally 
according to the reaction Na2SO4(l) = Na2O(l) + SO3(g). The second wave may originate 
from the oxidation of the decomposition products of SO3, which is unstable at high 
temperatures, or from a reaction between oxygen and platinum under the formation of 
PtO, and/or PtO2. The proposed mechanism of the anode reaction was supported by an 
investigation of the anodic process in the molten NaCl-Na2SO4 system by using a gold 
working electrode. In this case no waves were observed on the chronopotentiometric 
curves. Thus the sulphate ion is electrochemically inactive when a gold electrode is 
used as anode.
The cathodic reduction of sulphate in chloride and fluoride melts was investigated by 
cyclic voltammetry and chronopotentiometry in the temperature range 820 °C – 1000 °C. 
It was found that the numerical value of the chronopotentiometric term jτ1/2/c0 increased 
with increasing cathodic current density. This behaviour was explained by chemical 
decomposition of sodium sulphate into SO3 and Na2O, followed by electrochemical 
reduction of SO3. The decomposition of sodium sulphate is enhanced with increasing 
temperature, resulting in an increase in the chronopotentiometric transition time. 
Numerical simulation of this electrode process supported this interpretation of the 
electrode process. It is not a classical CE mechanism as described in the literature, 
because the formation of SO3 is suppressed by the presence of Na2O in the melt.
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Electrodeposition process: coupling between continuous 
scale and mesoscopic scale

Mandin Philippe*1, Fabian Cesimiro2 and Lincot Daniel1
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During electrodeposition process, electrochemical reactions are related in the electrode 
vicinity with a mixed hydrodynamic regime, natural and often forced. It is due to 
the reactive species transport step using diffusion, convection and electromigration. 
Composition heterogeneities can also induce thermo-physical properties variations 
due to the local chemical coupling. The modelling of these coupled phenomena using 
numerical method like finite differences, elements or volumes is of a great interest for 
both the fundamental and the applied electrochemistry.
The present work is in this research field, with the goal to calculate chemical processes 
coupled with transport mechanic, homogeneously or heterogeneously at interfaces 
for the rotating cylinder electrode geometrical configuration. The numerical method 
used for this work is the finite volume method programmed in software like Fluidyn® 
or Fluent® with C language user defined functions. The efficiency of the use of this 
numerical tool in the electrochemical field has already been presented in the most 
popular electrochemical configuration, the confined rotating disk electrode [1].
The present work focuses its interest on the second more used electrochemical 
configuration, the rotating cylinder configuration, which is very used in the industrial 
applications. We particularly will show the hydrodynamic regime changes which 
occur due to the free convection flow induced during the electrodeposition process. 
The flow regime becomes mixed and the coupling between flow and electrochemical 
processes becomes strong [2]. The mass transport properties are then not yet well 
correlated.
The complete hydrodynamic and mass transport properties in term of Sherwood 
number are correlated with the classical parameters and compared with success 
with experimentally obtained correlations and also with limiting current density 
measurements [3].
 

[1] Ph. Mandin, Th Pauporté, Ph. Fanouillère, D. Lincot, J. Elec. Chem. 565, 159 
(2004).

[2] Ph. Mandin, C. Fabian and D. Lincot, J. Elec. Chem., Volume 586, Issue 2, 15 
January 2006, Pages 276-296

 [3] Ph. Mandin, C. Fabian and D. Lincot , Numerical simulation of a Laminar 
Rotating Cylinder Electrode, J. Electrochem. Soc, accepted Oct. 2005
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The ion transfer across the interface between a hydrophobic room-temperature ionic 
liquid (RTIL) and an aqueous solution (W) is important in elucidating the partition 
properties of ionic species between the RTIL and W. We proposed a voltammetric 
approach in studying the ion transfer across the polarized RTIL|W interface [1].  One 
of the difficulties in dealing with RTILs is the high viscosity. To circumvent this 
problem, we have been using a micro RTIL|W interface formed at the orifice of a glass 
micropipette. When the current is limited by the diffusion of analyte ions from the bulk 
RTIL phase into the W phase inside the capillary, the steady-state voltammograms 
are usually obtained. However, even when the diffusion of the ions in W limits the 
current, voltammograms also show steady-state behavior [2,3], which is at odd with 
a simple expectation that the linear diffusion of the ions inside the glass capillary 
determines the current. Similar steady-state voltammograms have been observed 
for the ion transfer at the conventional liquid|liquid interface [4,5]. Such steady-
state voltammograms are unusual in that the current of the limiting current region is 
much smaller than what is expected in the case of the radial diffusion of the analyte 
ions to an interface of hemispherical or inlaid-disk type [3]. It is obvious that the 
actual shape of the tip of a micropipette, which is drawn out to have a tapered shape, 
gives rise to augmented transfer due to the radial diffusion inside the micropipette. 
We will show that the numerical simulation of voltammograms taking account of 
the actual shape of the micropipette well reproduces the shape of experimentally 
observed voltammograms. The limiting current and the half-wave potential (E1/2) are 
both functions of the tile angle. The shift of E1/2 with the tilt angle of the inner wall 
is considerable at the RTIL|W interface due to the high viscosity of RTIL. Given 
values of the tip radius and the tilt angle, the concentration and the formal potential 
for ion transfer of the analyte ions can be determined. The values of E1/2 for the ion 
transfer across the RTIL|W interface are compared with those at nitrobenzene|W and 
1,2-dichloroethane|W interfaces. In the case of facilitated ion transfer, steady–state 
voltammograms allows us to determine the formation constant in RTIL.

[1]  T. Kakiuchi, N. Tsujioka, Electrochem. Commun., 2003, 5, 253.
[2]  N. Tsujioka, S. Imakura, N. Nishi,  T. Kakiuchi, submitted.
[3] N. Nishi, S. Imakura, T. Kakiuchi, Anal. Chem., in press.
[4] Y. H. Tong, Y. H. Shao, E. K. Wang, Chin. J. Anal. Chem., 2001, 29, 1241.
[5] C. X. Cai, Y. H. Tong, M. V. Mirkin, J. Phys. Chem. B, 2004, 108, 17872.
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The transfers of hydrophilic ions from aqueous and organic phases are ubiquitous 
in biological and technological systems.  These energetically unfavorable processes 
can be facilitated either by small molecules (ionophores) or by ion-transport proteins.  
In absence of a facilitating agent, unassisted ion transfer (IT) reactions are assumed 
to be “simple”, one-step processes.  In our recent study of IT at nanometer-sized 
interfaces between aqueous solutions and neat organic solvents, some anions (e.g., 
chloride) and relatively hydrophobic cations (e.g., tetraalkylammonium ions) were 
readily transferred from water to less polar neat solvents such as 1,2-dichlotoethane.  
However, the transfers of strongly hydrated alkali metal cations occurred only in the 
presence of organic supporting electrolyte.  Li+, Na+, K+, and Cs+ could be transferred 
by adding as little as 0.1 nM of hydrophobic electrolyte to neat organic solvent.1  This 
phenomenon is quite general: the transfers of all metal cations we have tested, as well 
as protons, and F-, require a hydrophobic counter-ion to be present in organic phase.  
Our results suggest that a number of “simple” ion transfers are actually facilitated by 
organic counterions.  This finding is incompatible with the generally accepted one-
step IT mechanism.  A new shuttling mechanism of ion transfer is proposed to explain 
the observed phenomena.  While shuttling is a well-known pathway of transport of 
ionic species across biomembranes and artificial liquid membranes,2,3 it has not yet 
been discussed with regard to IT processes at the liquid-liquid interface. 

References
1. Sun, P.; Laforge, F. O.; Mirkin, M. V.  J. Am. Chem. Soc. 127: 8596 (2005)
2. Stein, W. D.; Lieb, W. R. Transport and Diffusion across Cell Membranes; Academic 

Press: Orlando, 1986.  
3. Liquid membrane application; Arachi, T., Tsukube, H., Eds.; CRC Press: Boca 

Raton, FL, 1990.
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Electrodeposition of noble metals, e.g. Au, Pd, Pt and Ag, at the polarised interface

between two immiscible electrolytes solutions (ITIES) has attracted a great deal of

interest mainly for two reasons. First, ITIES has been considered to be an ideal

background for metal nucleation studies because of the absence of a solid support

comprising permanent nucleation sites. Second, the controlled metal deposition at

ITIES could represent a novel approach to preparation of metal catalysts or

photocatalyst, as a viable alternative to traditional chemical and electrochemical

methods.

Here we present first evidence and evaluation of electrocatalysis of the interfacial

oxygen reduction at the polarised water_1,2-dichloroethane (DCE) interface by �������

deposited Pt particles. The electrochemical process involved the reduction of oxygen in

the aqueous phase by decamethylferrocene (DCMFc) as an electron donor in DCE, and

was investigated in a broad range of interfacial potential differences and the aqueous

solution pH (3-10). The Pt particles were deposited at the interface by reducing

ammonium tetrachloroplatinate in the aqueous phase by the same organic-phase

electron donor. It is shown that the diffusion equations for an irreversible interfacial

oxygen reduction coupled with the reversible partition of oxygen between the aqueous

and DCE phase can be solved by using the convolution principle. Convolution analysis

of voltammograms made it possible to consider the stoichiometry of the overall

electron transfer reaction, and to infer kinetic data (Tafel plots). This analysis indicated

that: (a) the catalytic oxygen reduction proceeds as a four-electron transfer reaction; (b)

the rate of the oxygen reduction by DCMFc increases by more than one order of

magnitude in the presence of the interfacial Pt particles; (c) the rate-determining step is

the first electron uptake not including the concerted proton transfer; and (d) a transition

from the normal (�= 0.26 – 0.39) to the activationless (� < 0.1) region occurs, which is

probably associated with a high overpotential for the rate-determining step.

This work was supported by Grant Agency of the Academy of Sciences of the Czech

Republic (Grant no. IAA4040407).
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Electrochemistry of DAB-AM-n and PAMAM 
Dendrimers at the ITIES
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Damien W. M. Arrigan*
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The interface between two immiscible electrolyte solutions (ITIES), also known as 
liquid-liquid electrochemistry, is proposed as a simple method to detect a series of 
dendrimers with no need of labelling with electroactive functionalities to enable the 
detection, in contrast with classical investigations with dendrimers using solid-state 
electrochemistry. Different generations of poly(propylenimine), (DAB-AM-n) and 
poly(amidoamine) (PAMAM) dendrimers where studied. The detection was based 
on the transfer across the ITIES of low concentrations of dendrimers presenting 
a net charge in solution. The electrochemical behaviour of the dendrimers was 
observed to be quite different depending on the dendrimer family (DAB-AM-n and 
PAMAM) and the generation number, as well as being a function of the experimental 
pH. The electrochemical detection of the lower dendrimer generations presented 
similar behaviour to that observed from traditional ion transfer of simple ionic 
species. However, the increase of the generation number resulted in very distorted 
voltammograms. Electrochemical properties such as the diffusion coefficients, the 
formal potential transfer and the Gibbs free energies of transfer were determined 
using cyclic voltammetry.
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France

pfbrevet@lasim.univ-lyon1.fr

Considerable interest has been devoted in the past to the use of optical techniques to 
investigate the organization of molecular systems at the nanometre scale. Among these 
techniques, nonlinear optical techniques, and especially second harmonic generation 
(SHG), have proven very useful in the sense that the coherent nature of the signal 
allows to get an insight into the short-range correlation of molecules. 
This property of the SH process has been used to investigate the organization of 
molecular aggregates in water-methanol liquid mixtures. The method entails the 
recording of the SH intensity scattered at right angle from the excitation direction 
defined by the fundamental wave with a well defined polarization state. These 
measurements were performed for an amphiphilic dye molecule with a large quadratic 
hyperpolarizability and an axial symmetry. The plots of the HRS intensity as a function 
of the incoming fundamental wave polarization angle display characteristic patterns 
the analysis of which leads to an insight into the organization of the dye molecule into 
the aggregate. 
In absence of a co-surfactant, the dye aggregates present a strong non centrosymmetrical 
organization. However, with an increasing concentration of a co-surfactant, the 
organization evolves towards a more centrosymmetrical structure. A quantitative 
analysis of the data indicates that, among the different possible structures, the latter 
organization is compatible with a micelle-like structure where the charged head groups 
of the dye are in contact with the solvent. It is therefore demonstrated that this non 
invasive non linear optical technique allows one to get an insight into the organization 
of heterogeneous liquids and liquid interfaces at the nanometre scale. 
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Metal deposition at the liquid/liquid interface represents an interesting intermediate 
case between deposition from purely homogeneous solution and (electro)deposition 
on solid substrates. We have been exploring the parameters that control the deposition 
process, aiming specifically to understand which factors control particle  formation 
and assembly geometry [1-5]. One key restriction is the difficulty in applying many 
of the conventional characterisation techniques (probe and electron microscopy) to 
deposits formed at the liquid/liquid interface. Interesting analogues with recent work 
describing the assembly of (pre-formed) particles at liquid/liquid interfaces can be 
drawn: such factors will be discussed.

1. M. Platt, R.A.W. Dryfe and E.P.L. Roberts, Chem. Comm, (2002), 2324-2325
2. M. Platt, R.A.W. Dryfe and E.P.L. Roberts,  Electrochimica Acta, 48, (2003), 

3037-3046.
3. R.A.W. Dryfe, A.O. Simm and B. Kralj, , J. Amer. Chem. Soc., 125, (2003), 

13014.
4. M. Platt, E.P.L. Roberts and R.A.W. Dryfe, , Electrochimica Acta, 49, (2004), 

3937-3945.
5. M. Platt and R.A.W. Dryfe,, Phys. Chem. Chem. Phys., 7, (2005), 1807-1814.
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Ionic liquids, especially air and water stable, have attracted considerable attention 
since they have extraordinary physical properties superior to those of water or 
organic solvents. They have extremely large electrochemical windows, more than 
five volts, and hence they give access to elements which cannot be electrodeposited 
from aqueous solutions such as, e.g., Al, Mg, Ta, Ge and Si. Moreover, the problems 
associated with hydrogen ions in conventional protic solvents can be eliminated in 
ionic liquids because ionic liquids are normally aprotic. In this paper, we report on 
the electrodeposition of tantalum on different substrates such as, single crystalline 
gold Au(111), polycrystalline platinum, NiTi alloy and stainless steel in the water and 
air stable ionic liquid 1-butyl-1-methyl-pyrrolidinium bis (tri-fluoromethylsulfonyl) 
imide ([BMP]Tf2N) containing TaF5 as a source of tantalum. The results show that, in 
addition to the formation of insoluble compounds, Ta can be electrodeposited in the 
ionic liquid ([BMP]Tf2N) containing 0.5 M TaF5 at 200 oC. The XRD patterns of the 
electrodeposit show the characteristic patterns of crystalline tantalum. Moreover, it was 
found  that the deposition of an only 500 nm thick film of Ta on NiTi alloy improves 
its corrosion resistance which, in turn, enhances its biocompatibility. We report also 
the first results of the electrodeposition of nano- and microcrystalline aluminium in 
some water and air stable ionic liquids namely, 1-butyl-1-methylpyrrolidinium bis(tr
ifluoromethylsulfonyl) imide [BMP]Tf2N, 1-ethyl-3-methylimidazolium bis(trifluoro
methylsulfonyl) imide [EMIm] Tf2N and trihexyl-tetradecyl phosphonium bis(trifluo
romethylsulfonyl) imide (P14,6,6,6 Tf2N).  
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The synthesis of nanoparticles has been the focus of numerous publications in recent

years, and whilst many solution based synthesis have been described, the ability to

control, study, and understand the reactions taking place can be a challenge. One such

novel route to the fabrication of nanoparticles is the interface between two immiscible

solutions, where the reactions are driven either by simple redox chemistry or by

application of a potential difference across the interface1,2. The use of a potentiostat in

fabrication allows either the rate of the reaction to be controlled, or insitu fabrication of

reactants at an electrode.

We present our recent work utilising microfuidic devices as a reaction vessels for the

fabrication of particles3. Channels where fabricated using photolithography techniques,

producing channels with typical features as small as 500 �m. Our initial studies are with

Palladium and presented will be our novel work on other metals and semiconductors.

Performing the reactions in these devices allows a greater control over the reaction

parameters, such as the cell geometry, high through put of materials, the ability to study

the reaction under steady state, and well defined conditions4.

Fig 1. SEM of Palladium particles captured after being produced in a microfluidic channel, Insert shows a

schematic of the fabrication process.

References:

1 M. Platt, R.A.W. Dryfe, E.P.L. Roberts, “Controlled Deposition of Nanoparticles at the liquid-liquid

Interface”, Chem. Comm, (2002), 2324-2325.
2 R.A.W. Dryfe , A.O. Simm and B. Kralj, “Electroless Deposition  of Palladium at the Liquid/Liquid

Interface ”, J. Amer. Chem. Soc.,  125, (2003), 13014-13015.
3 K Yunus, CB Marks, DWE Allsopp, TJ Ryan, RAW Dryfe, EPL Roberts and AC Fisher.

Hydrodynamic voltammetry: Applications in immiscible liquid/liquid flow through microreactor devices.

������������� 579,4,(2002).
4 K Yunus, IE Henley and AC Fisher. Voltammetry under microfluidic control: Computer aided design and

application of novel microelectrochemical reactors. �������������, 3878,107,(2003).
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Lutetium bisphthalocyanines, Lu(III)[Pc’]2, as redox

probes for charge and electron transfer studies across

liquid�liquid interfaces between water and solvents or

ionic liquids: thin-film and three-phase electrodes.
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29238 Brest Cedex, France. �������������������������� . 2�: Lab. Chim. Minér., Université de
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Solid electrodes covered with droplets or layers of organic solvents or ionic liquids

containing redox compounds, in contact with an immiscible aqueous solution,

constitute thin-film or three-phase electrodes. Oxidation, or reduction, of the solute in

the organic phase requires that an ion is exchanged with the aqueous phase. The overall

electrode reaction is a very convenient way to study charge transfer processes across

liquid|liquid interfaces, giving very reliable results.

Ferrocenes, particularly the highly lipophilic derivative, decamethylferrocene, are

frequently used. For the present studies, lutetium bisphthalocyanines [LuPc’2] have

been preferred. These are also molecular sandwich complexes, lipophilic, but much

more stable than ferrocene and particularly its oxidized form. Moreover, LuPc’2 can be

reduced as well as oxidized by reversible, one-electron steps. This opens the way, not

only to the study of anion transfers but also

to that of cation exchanges with the

aqueous phase.

Gibbs energies have been measured for the

transfer from water to nitrobenzene and

dichloroethane of a very large series of

anions (B(C6H6)4
-, Cl-, PF6

- …) and cations

(Bu4N
+, Na+ …). The three-phase electrode

is particularly suited for the study of

highly lipophilic anions and cations (H+,

OH-, H2PO4- …) which cannot be

examined by voltammetry at ITIES,

because of the more easy transfer of the

supporting electrolytes. The same

technique was also used for tranfer studies

between aqueous solutions and tetraoctylphosphonium bromide, an ionic liquid.

The electron exchange between a species in the organic phase and a redox compound

in water is equivalent to electrocatalysis mediated by the modified electrode. The

interfacial potential, which can be tuned by the choice of electrolytes, has a spectacular

influence on the behaviour of the modified electrode.

SWV at a LuPc’2 three-phase electrode :

transfer of ions from water to

nitrobenzene.
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The chemiluminescence (CL) accompanied by the transfer of N,N’-dimethyl-9,9’-

biacridinium ion (lucigenin ion, Luc
2+

) across the interface from an organic solution (O)

to an aqueous solution (W) containing NaOH and hydrogen peroxide was investigated.

The interfacial transfer of Luc
2+

was realized at a flat W | O interface of 3 mm diameter

by the potential-step electrolysis with a three-electrode system, and the CL was detected

from the W side of the interface by a photomultiplier through an optical fibre and a

monochromator. It had been confirmed by the voltammetric measurement that the

transfer of Luc
2+

across a W | O interface was electrochemically reversible.

Nitrobenzene (NB), 1,2-dichloroethane (DCE) or chloroform (CF) was employed as an

organic solvent.

It is well-known that Luc
2+

reacts with hydrogen peroxide in an alkaline solution to

split into N-methylacridone (MA) and excited MA (MA*). When the concentration of

Luc
2+

in DCE was as low as 10
-5

mol dm
-3

, the CL spectrum at a W | DCE interface

coincided with the fluorescence spectrum of MA measured in DCE. When the

concentration of Luc
2+

was as high as 10
-3

mol dm
-3

, the CL spectrum was composed of

a new spectrum component around 470 nm in addition to MA* emission around 420 nm

(Fig. 1a). The new component around 470 nm might be explained by the energy transfer

from MA* to an excess of Luc
2+

, followed by the emission of excited Luc
2+

(Luc*) [1].

It is noted, however, that the new component agreed with neither fluorescence spectrum

of Luc
2+

in W nor that in DCE, both of which had a maximum around 500 nm. The

conventional CL spectrum in W also was measured, which did not show an emission

around 420 nm and had an emission maximum around 500 nm (Fig. 1b). When NB was

used as O, the emission component around 420 nm was weak because of the MA*

quenching by NB. In case of CF, the spectrum of MA* emission only was observed.

The above results can be explained as follows. When Luc
2+

is transferred from O to

W, it reacts with NaOH and hydrogen peroxide to generate MA*. Since MA* is neutral

and hydrophobic, MA* generated in W is easily distributed to O and emitted in O.

When DCE or NB is used as O, the

energy transfer from MA* to Luc
2+

occurs in the mixed solvent region

between W and O during the distribution

of MA*, and hence the resulting Luc*

emission shows a spectrum specific to the

W | O interface. The energy transfer is

hard to occur at a W | CF interface.

[1] A. Larena and J. Martínez-Urreaga,

Monatshefte für Chemie, ��� , 697
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Scanning Electrochemical Microscopy (SECM) as a 
Probe of Metal Particle Nucleation at Liquid/Liquid 

Interfaces
Patrick R. Unwin,* Fei Li and Jidong Guo 

Department of Chemistry, University of Warwick, Coventry CV4 7AL
*p.r.unwin@warwick.ac.uk

The electrodeposition of metals on solid surfaces has been studied extensively [1], 
but the mechanistic interpretation of nucleation and growth from electrochemical data 
has proved to be complex and has been the subject of considerable debate [2]. Liquid/
liquid interfaces are free from defects, which usually serve as permanent preferential 
nucleation sites on solids, making liquid interfaces attractive for the investigation of 
interfacial nucleation phenomena. Previous studies of metal deposition at the interface 
between two immiscible electrolyte solutions (ITIES) have focused primarily on 
the macroscopic scale, and under these conditions it has been difficult to eliminate 
spontaneous nucleation and to follow short time-scale events. 
In this paper we demonstrate how SECM can be used to both initiate and follow 
the deposition of metals at liquid/liquid interfaces. The concept is to use an 
ultramicroelectrode (UME; solid metal or micropipette) in one liquid phase to inject 
a flux of metal ions towards an interface with a second immiscible phase containing 
a reductant. This approach has several advantages, including: the ability to trigger 
the electrogeneration of metal ions in one phase thereby minimising extraneous 
nucleation; the possibility of making measurements on small length scales; the 
ability to follow short-time events. The current-time behaviour of the probe UME 
[3] is shown to be highly sensitive to the metal nucleation process. We present 
studies on the electrodeposition of Ag at the water/1,2-dichloroethane interface (with 
decamethylferrocene serving as a reductant), which clearly show how the Ag+ flux 
and the potential across the liquid/liquid interface influence nucleation kinetics. The 
use of SECM for the study of other metal deposition processes will be discussed. 

References
1. M. E. Hyde and R. G. Compton, J. Electroanal. Chem., 549 (2003) 1
2. See for example : J. Electroanal. Chem., 530 (2002)
3. D. P. Burt, J. Cervera, D. Mandler, J. V. Macpherson, J. A. Manzanares, P. R. Unwin, 

Phys. Chem. Chem. Phys., 7 (2005) 2955.
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Understanding the Capacitance of ITIES
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Electrochemical processes of redox liquid deposited 
on nanoparticles- or nanofibers-silicate composite film 

electrodes 
Joanna Niedziolka, Frank Marken, Marcin Opalloa*

aInstitute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, 
Poland

b c Department of Chemistry, University of Bath, Bath, United Kingdom 
*mopallo@ichf.edu.pl

Liquid | liquid ion transfer processes can be observed and applied using electrodes with 
an immobilised liquid phase [1,2]. Therefore the development of suitable electrode 
support is desirable. The close proximity of the electrode surface and both liquid 
phases (at the three phase junction) has been shown to be a condition for efficient 
electrode process for unsupported organic liquids, where no electrolyte salt has been 
intentionally added into the organic phase. This aspect is less important for supported 
redox liquid deposit when large surface area is desirable Heterogeneously structured 
bulk modified carbon ceramic electrodes with electronically conductive graphite 
particles [3] or carbon nanofibers (CNF) [4] already proved provides favourable 
conditions for this process.
Following this strategy thin film electrodes were prepared. The electrode surface 
modification based on conducting ITO nanoparticles or CNF embedded in a 
hydrophobic silicate film will presented. AFM and FEGSEM images demonstrate the 
presence of porous ITO nanoparticle or CNF films. 
These highly conducting films are employed as matrix for redox liquid immobilisation. 
After modification of these electrodes with liquid redox probe - t-butylferrocene or 
its solution in unsupported or supported 2-nitrophenyloctylether their electrochemical 
behaviour was studied by cyclic voltammetry and differential pulse voltammetry 
in aqueous solution. The presence of conducting nanoobjects embedded in the 
mesoporous matrix substantially increases the efficiency of the electrode process and 
stability under voltammetric conditions. Also well defined response for diluted redox 
liquids is obtained. From measurements in a range of different aqueous electrolyte 
media a gradual transition from anion transfer dominated to cation transfer dominated 
processes is inferred depending on the hydrophilicity of the transferring anion or 
cation. This behaviour is similar to analogous CNF-silicate film electrodes modified 
with room temperature ionic liquid [5].

[1] C.E. Banks, T.J. Davies, R.G. Evans, G. Hignett, A.J. Wain, N.S. Lawrence, J.D. 
Wadhavan, F. Marken, R.G. Compton, Phys. Chem. Chem. Phys. 5 (2003) 4053.

[2] F. Scholz, R. Gulaboski, Chem. Phys. Chem. 6 (2005) 16.
[3] M. Opallo, M. Saczek-Maj, Electrochem. Commun. 3 (2001) 306.
[4] G. Shul, M.A. Murphy, G.D. Wilcox, F.Marken, M. Opallo, J. Solid State 

Electrochem., 9 (2005) 874.
[5] E. Rozniecka, J. Niedziolka, M.A. Murphy, J. Sirieix-Plenet, L. Gaillon, F. Marken, 

M.Opallo, J. Electroanal. Chem. 587 (2006) 133.
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liquid/liquid interface
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The formation of two-dimensional structures based on di-alkyl viologen derivatives at a

liquid-liquid interface is discussed. Bipyridyl derivatives have received recently

considerable attention as molecular

wires. Their electrochemical properties

at interfaces in the absence of metallic

contact are of interest as an example of

how to relate properties of adsorbates in

contact with molecular liquids. The

molecules investigated are shown in Scheme I. Some cyclic voltammetry results at

different sweep rates for the C16 compound are

shown in Figure 1. At applied potentials < 0.07

V the formation of an adsorbed monolayer is

observed. At more negative potentials the

interfacial formation of a new multilayer phase

is clearly observed.

Adsorption at these interfaces was investigated

by AC impedance spectroscopy and square pulse

voltammetry. The monolayer charge calculated

from these results was (1.5 ± 0.2) nm2

considering the adsorption of a divalent cation.

An approximately value of the area of this

molecule is 2 nm2 indicating adsorption of the

viologen cation parallel to the interface. The

multilayer formed at the interface is related to

the presence of the citrate anion since this is

absent when the aqueous electrolyte contained

Cl- or F- anions. In addition, investigation of the

adsorption properties of the reduced viologen

radical showed that the formation of these

multilayer films is related to electrostatic

interaction between the citrate anion and the viologen dication.

Electron transfer between the viologen compounds synthesized and several aqueous

redox couples was investigated and the dependence of the electron transfer between the

bipyridyl group and the aqueous redox couples for different chain lengths will be

discussed.
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Double-barrel micropipet and its applications
Zhao Gao2, Hu Hu1, Meiqin Zhang1, Yong Chen2, Xi Meng1, Zhongwei Liang1, 

Yuanhua Shao1* 
1College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China, 

2State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
Changchun 130022, China

*yhshao@pku.edu.cn

In this presentation, we will briefly introduce the work, which has been done in our 
group about the applications of double-barrel micropipets in the investigations of 
charge transfer reactions (CTRs) at liquid/liquid interfaces. 
Double-barrel (or dual or θ) micropipet was first introduced by Shao and Mirkin 
in 1998 as a novel electrochemical generation/collection (G/C) technique to study 
the ionic reactions occurring at a liquid/liquid interface that involve no oxidation/
reduction steps [1]. This technique can be used to study the concurrent ion transfer 
(IT) reactions occurring at a liquid/liquid interface and to probe the kinetics of 
homogeneous reactions involving ionic species [2-4]. However, in view of large 
amount of studies made on investigation of complicated mechanisms and probing 
charge/mass transport in various media employing other conventional steady-state 
G/C techniques focused on the ET reactions, such an ionic G/C technique has not 
been widely utilized in the electrochemical studies. One of the reasons is that this G/C 
device usually has more complicated geometry compared with other G/C techniques. 
It is challenging to simulate mass transport in such a system with an irregular shape, 
and there has not been a theory available for double-barrel micropipets until now. 
Here, we report the simulation and experimental verification of the collection efficiency 
of double-barrel micropipets as G/C devices in the studies of CTRs at liquid/liquid 
interfaces. The influence of the shape of a double-barrel micropipet on the collection 
efficiency, such as curvature and symmetry of the pipet, as well as the thickness of 
glassy band between generator and collector, is presented and discussed specifically. 
Also, we will briefly present some work related to nano-double-barrel micropipets.

References
[1]  Y.Shao, B.Liu, M.V.Mirkin, J.Am.Chem.Soc. 120(1998)12700.
[2] B.Liu, Y.Shao, M.V.Mirkin, Anal.Chem. 72(2000)510.
[3] Y.Chen, B.Su, Y.Shao, Chemical J. Chinese Universities. 24(2003)1834.
[4] Y.Chen, Z.Gao, F.Li, L.Ge, M.Zhang, D.Zhan, Y.Shao, Anal.Chem. 

75(2003)6593.
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Electrochemistry with cylindrical microelectrode in 
contact with two immiscible liquids

Elzbieta Bak, Mikolaj Donten, Zbigniew Stojek*
Department of Chemistry, Warsaw University, ul. Pastera 1, 02-093 Warsaw, Poland 

e-mail: stojek@chem.uw.edu.pl

Investigation of the phenomena occurring at the electrode in contact with two 
immiscible liquids significantly extends the field of application of electrochemical 
methods [1]. Particularly interesting is investigation of ion transfer across the phase 
boundary and of the reactions that require the transfer of ions [2]. Three-phase 
electrochemistry gains in importance also due to its usefulness in mimicking various 
biophysical phenomena. The key idea of the approach presented in this paper is that 
the electrode (microwire) crosses perpendicularly the liquid-liquid phase boundary. 
The result is that one part of the microcylinder is located in one liquid while the 
second part stays in the second liquid [3]. The organic liquid contains a hydrophobic 
depolarizer and, importantly, no supporting electrolyte. The aqueous phase contains 
appropriately selected salts that provide counterions to the electrode reaction product. 
Formally this setup can be reversed. Configurations involving organic-liquid drops 
and microcylinders were examined also.
In terms of the determination of the standard potential of transfer of the anions from 
water to the organic phase, the microcylindrical method is more precise than the other 
methods, since the three-phase boundary formed with a metallic wire is better defined 
and better reproduced. The new method appears also to be applicable to a larger set 
of organic liquids.
The examination of the reaction layer and the penetration of anions into organic 
phase was made possible after placing some monomers into the organic phase. 
Under the experimental conditions the polymerization process was controlled by the 
availability of the counterions. Poly(N-vinylcarbazole) could be deposited exactly at 
the nitrobenzene/water/platinum three-phase boundary when the counterions could 
not penetrate the organic phase easily. The ions penetrating the organic phase allowed 
the polymer layer to extend into the organic phase. Interestingly the structure of the 
polymer layer changed substantially with the distance from the three-phase boundary. 
The polymer structures included, among others, sets of perfectly arranged deep and 
oval channels and sets of microcrystals.

[1] M. Platt, R. Dryfe, E. Roberts, Electrochim. Acta, 49 (2004) 3937.
[2] F. Scholz, Š. Komorsky-Lovrić, M. Lovrić, Electrochem. Commun., 2 (2000) 

112.
[3] E. Bak, M. Donten, Z. Stojek, Electrochem. Commun., 7 (2005) 483.
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Voltammetric study of the interfacial electron 
transfer between ferrocene in organic solvent and 

hexacyanoferrate in water
Hirosuke Tatsumia*, Hajime Katanoa, Mitsugi Sendab

aDepartment of Bioscience, Fukui Prefectural University, Matsuoka, Fukui 910-1195, Japan
bTakaragaike St. Park Homes 208, Iwakura Nishimiyata-cho 82, Kyoto 606-0011, Japan

*tatsumi@fpu.ac.jp

Theory of the voltammetric current of electron transfer (ET) reaction at organic 
solvent(O)/water(W) interface between a redox couple of A species, ARED and AOX, 
in O phase and another redox couple of B species, BOX and BRED, in W phase has 
been discussed. ARED is supposed to be a neutral molecule and AOX a cation, whereas 
both BRED and BOX are supposed to be highly hydrophilic. Two kinds of the reaction 
mechanism, that is, (1) the heterogeneous ET reaction: ARED(O) + BOX(W) = AOX(O) + 
BRED(W) at the O/W interface producing the voltammetric current, and (2) the transfer 
of ARED(O) molecule from O to W phase across the interface, then the homogeneous 
ET reaction: ARED(W) + BOX(W) = AOX(W) + BRED(W) in W phase, followed by the 
transfer of AOX(W) cation from W to O phase producing the voltammetric current, 
called the ion transfer (IT)-mechanism, are considered. Theoretical equations of 
normal-pulse and cyclic voltammetric currents are derived under the assumptions (i) 
that the ET reaction is pseudo-monomolecular with respect to A species, (ii) that the 
partition of ARED molecule between O and W phases is highly biased to O phase, and 
(iii) that the rate constants of homogeneous ET reaction in W phase are sufficiently 
large.
The theoretical equations were applied to investigate the mechanism of the ET 
reaction between ferrocene ([FeII(C5H5)2]) in 1,2-dichloroethane (1,2-DCE) and in 
nitrobenzene (NB) and hexacyanoferrate redox couple ([FeII/III(CN)6]4−/3−) in water 
(W). The voltammetric results indicate that the ET reaction takes place not by way of 
the heterogeneous-ET-at-O/W-interface-mechanism but by the IT-mechanism. From 
the limiting currents of the normal-pulse voltammograms, the forward rate constants of 
the homogeneous ET reaction: [Fe(C5H5)2] + [Fe(CN)6]3− = [Fe(C5H5)2]+ + [Fe(CN)6]4− 
in W phase, kf

IT, were determined to be (3.2±2.0) × 1010 M−1 s−1 and (2.0±1.3) × 1010 
M−1 s−1 with the 1,2-DCE/W(1.5 M Li2SO4) and NB/W(1.5 M Li2SO4) interfaces, 
respectively. These values are in the order of the rate constant of diffusion-controlled 
bimolecular reaction in solution. Also, the formal (standard) potentials of the transfer 
of [Fe(C5H5)2]+ ion at the interface, ΔO

WφFc+
0, were determined to be −0.015±0.014 V 

and −0.087±0.015 V with the 1,2-DCE/W(1.5 M Li2SO4) and NB/W(1.5 M Li2SO4) 
interfaces, respectively.
The ET reaction between dibutylferrocene ([FeII(C5H4Bu)2]) in 1,2-DCE and 
[FeII/III(CN)6]4−/3− in W has also been studied and shown to take place by the IT-
mechanism.
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Determination of standard Gibbs energies of transfer 
of anions across 2-heptanone/water and acetophenone/

water interfaces using the three-phase electrode 
approach

Hailemichael Alemu a, *, Motena Ramphalile a and Theodros Solomon b 
aDepartment of Chemistry and Chemical Technology, National University of Lesotho, P.O. Roma 
180, Roma, Lesotho, bDepartment of Chemistry, Addis Ababa University, P.O. Box 1176, Addis 

Ababa,  Ethiopia
*hm.alemu@nul.ls

Methyl n-pentyl ketone (2-heptanone) and methyl phenyl ketone (acetophenone) 
have been used as organic solvents in electrochemical studies of the water/organic 
solvent interfaces. The transfer of more than thirty anions that were ionized from 
inorganic salts, organic acids and phenols was studied across the water/organic liquid 
interfaces and the standard Gibbs energies of ion transfer were determined. The ion 
transfer was achieved by the oxidation of decamethylferrocene that was dissolved in 
the organic phase and attached as a droplet to the graphite electrode immersed in the 
aqueous electrolyte phase containing the anions. Square wave voltammetry was used 
to determine the formal potential of decamethylferrocene/decamethylferrocenium 
(dmfc/dmfc+) redox couple. The electrode reaction is described by the equation: 
 dmfc (o) + X- (w)  →  dmfc+ (o) + X- (o)  + e-, where X- is the transferred anion. 
Standard Gibbs energies of ion transfer from water to the organic solvents were 
calculated based on Abraham’s model and a comparison was made between theoretical 
and experimental results.  
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Novel Room Temperature Ionic Liquids for the 
development of Highly Poliarisable Ionic Liquid/Water 

Interfaces
Andrew D. Ballantyne, Alan K. Brisdon and Robert A. W. Dryfe*

School of Chemistry, The University of Manchester, Manchester, M13 9PL, United Kingdom
*Corresponding author: robert.dryfe@manchester.ac.uk

Ionic Liquids have become highly topical in a number of different areas of chemical 
research. They are of interest as replacements for common organic solvents due to 
their negligible vapour pressure, thereby reducing the effect on the environment 
due to their easy containment1. The electrochemical properties of air stable, room 
temperature ionic liquids (RTILs) have also been studied extensively2. Very recent 
work has extended to the ITIES (Interface between Two Immiscible Electrolyte 
Solutions)3, including some work where the aqueous/RTIL interface has been 
polarised4. However, studies have been limited by the difficulty in producing suitable 
ionic liquids that can exhibit potential windows comparable with those commonly 
found at aqueous/organic interfaces (ca. 1 V).
       The research reported here describes a number of new highly polarisable RTILs 
based around tetraalkylammonium cations coupled with a number of different anions 
such as the bisperfluoroalkylsulfonylamides and the tetraarylborates. A discussion 
of their physical and electrochemical properties at the ITIES formed with aqueous 
solutions will be presented.

1. T. Welton, Chem. Rev., 1999, 99, 2017
2. M. C. Buzzeo, R. G. Evans, R. G. Compton, ChemPhysChem, 2004, 5, 1106
3. a) F. Laforge, T. Kakiutchi, F. Shigematsu, M. V. Mirkin, J. Am. Chem. Soc, 2004,          

126, 15380
b) T. Kakiuchi, F. Shigematsu, T. Kasahara, N.Nishi, M. Yamamoto, 

PhysChemChemPhys, 2004, 6, 4445
4  T. Kakiutchi, N. Tsujioka, Electrochem. Comm., 2003, 5, 253
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Ionic Liquids have become highly topical in a number of different areas of chemical 
research. They are of interest as replacements for common organic solvents due to 
their negligible vapour pressure, thereby reducing the effect on the environment 
due to their easy containment1. The electrochemical properties of air stable, room 
temperature ionic liquids (RTILs) have also been studied extensively2. Very recent 
work has extended to the ITIES (Interface between Two Immiscible Electrolyte 
Solutions)3, including some work where the aqueous/RTIL interface has been 
polarised4. However, studies have been limited by the difficulty in producing suitable 
ionic liquids that can exhibit potential windows comparable with those commonly 
found at aqueous/organic interfaces (ca. 1 V).
       The research reported here describes a number of new highly polarisable RTILs 
based around tetraalkylammonium cations coupled with a number of different anions 
such as the bisperfluoroalkylsulfonylamides and the tetraarylborates. A discussion 
of their physical and electrochemical properties at the ITIES formed with aqueous 
solutions will be presented.

1. T. Welton, Chem. Rev., 1999, 99, 2017
2. M. C. Buzzeo, R. G. Evans, R. G. Compton, ChemPhysChem, 2004, 5, 1106
3. a) F. Laforge, T. Kakiutchi, F. Shigematsu, M. V. Mirkin, J. Am. Chem. Soc, 2004,          

126, 15380
b) T. Kakiuchi, F. Shigematsu, T. Kasahara, N.Nishi, M. Yamamoto, 

PhysChemChemPhys, 2004, 6, 4445
4  T. Kakiutchi, N. Tsujioka, Electrochem. Comm., 2003, 5, 253
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Visualising Dynamic Processes at Polarised Liquid/
Liquid Interfaces

Sara E.C. Dale, Patrick R. Unwin*
Department of Chemistry, University of Warwick, Coventry, CV4 7AL, U.K.

*P.R.Unwin@warwick.ac.uk

This work is concerned with two aspects of dynamic processes at liquid/liquid 
interfaces: first, investigating variations in interfacial area as the potential across a 
polarised interface is changed and second, the use of electrochemistry to follow phase 
formation (polymer film) at liquid/liquid interfaces.
The externally-polarised interface between two immiscible electrolyte solutions 
(ITIES) has been visualised using laser scanning confocal microscopy (LSCM). A 
water|1,2-dichloroethane interface was formed using a micropipette [1], which was 
inverted so that the liquid/liquid interface at the tip could be imaged. The organic 
phase, inside the pipette, contained Nile Red, a fluorophore which did not transfer 
across the interface in the potential range of the supporting electrolytes. While varying 
the potential across the liquid/liquid interface, LSCM was employed to visualise 
movements in the interface. The dynamic changes in the morphology of the interface 
were found to be most significant when a lipid (L-a-phosphatidylcholine, disteroyl 
(C18:0)) was introduced into the organic phase, so as to change the surface tension 
by adsorption. 
A polymeric membrane (poly(urea)), was formed at the liquid/liquid interface at the tip 
of a micropipette, and the kinetics of formation were monitored using electrochemistry. 
The decrease in the peak current for the transfer of tetraethyl ammonium cation from 
the water phase to the 1,2-dichloroethane phase was used as a non-optical means of 
following the formation of the membrane in real time.

Acknowledgements: This work was supported by Syngenta, UK.
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Multilayer assmblies for light energy conversion
Mohamad Hojeij, Nicolas Eugster, Bin Su and Hubert Girault*
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engineering, Swiss Federal institute of technology in Lausanne, CH-1015, Lausanne, Switzerland

*Email: hubert.girault@epfl.ch

In recent years, the fabrication of novel ultrathin film systems featuring multi-
functionalities has been extensively studied because of their potential applications in 
electronics, photonics, sensors and photoelectrochemical cells. The goal of the present 
work was to develop film-modified electrodes for light energy conversion applications. 
Ultrathin polypeptide multilayer films are assembled by the electrostatic adsorption 
of alternating monolayer of poly-L-lysine and poly-L- glutamic acid onto carboxylic 
acid terminated alkanethiol-modified gold surfaces. These polypeptide multilayer 
films are hydrophilic, can bind electroactive anions such as ferri/ferrocyanide, and 
are stable when immersed in organic solvents such as 1,2-dichloroethane. Cadmium 
selenide (CdSe) quantum dots stabilised by citrate groups have been synthesised and 
characterized by UV-Vis spectroscopy and transmission electron microscopy. The 
CdSe QDs were electrostatically attached to the multilayer film assembly and used 
photoactive species. Photocurrent responses originating from the CdSe sensitised 
ultrathin multilayer film were investigated as a function of the applied potential, the 
thickness of the film and the presence of a quencher in the organic phase. A theoretical 
model and simulations are proposed in order to rationalise the kinetics of the electron 
transfer and the photocurrent responses.
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Voltammetry of picrates at  a micro ITIES without 
supporting electrolytes.

C. Elleouet, M. L’Her, F. Quentel, M. Rimboud, V. Sladkov
Laboratoire de Chimie Analytique, UMR-CNRS 6521, Université de Bretagne Occidentale, 6, av. 

Victor Le Gorgeu, C.S. 93837, 29238 Brest  Cedex, France. Maurice.LHer@univ-brest.fr  

A micro liquid|liquid interface is established between water and a solvent, nitrobenzene 
(NB) or dichloroethane (DCE), at the end of a channel drilled through a polyimide film 
; the interface is circular (diam. = 50 µm). At low scan rates, e.g. 5 mV s-1, waves with 
well defined plateaus are observed, typical of a radial diffusion state. As intensities are 
low (~nA), ohmic drop is reduced [1]. Voltammetry of tetraalkylammonium picrates 
at the interface between water and NB or DCE has been previously studied in the 
presence of supporting electrolytes in both phases [2]. The same series of salt was 
examined when no other electrolyte has been introduced in the aqueous and organic 
phases. For these experiments, the reference electrodes must be replaced by silver or 
platinum wires, to prevent contamination from the electrolytes.
The influence of the supporting electrolytes on voltammetry is important. When 
there is no electrolyte in both phases, effect of iR drop on the voltammograms is 
apparent. For a picrate staying in the organic phase because of its highly hydrophobic 
cation, the addition of a supporting electrolyte in water reduces the distorsion of 
the voltammograms but does not change much the intensity of the plateau currents. 
On the contrary, the addition of another electrolyte in the organic phase where the 
picrate is dissolved, lowers importantly the current, by a factor of two. The limiting 
currents are much higher in the absence of supporting electrolytes because of the 
common influence of diffusion and migration on mass transport. As expected, from 
experiments at solid ultramicroelectrodes, addition of traces of the electrolyte reduces 
importantly the plateau current which almost reaches the diffusion level when the 
supporting electrolyte concentration is two times that of the picrate.
It could be argued that the interest of working without added electrolyte is limited 
because of the more complex phenomena involved; however, the advantage is 
obvious. Voltammetry of some picrates, e.g. Me4NPi, which partition between water 
and NB illustrates the very important influence of electrolytes on the repartition of the 
salts. Half-wave potentials for ion transfers, consequently Gibbs energies measured 
by voltammetry, are conditional values which depend on the supporting electrolyte 
used for the experiment.

[1] S. Peulon, V. Guillou, M. L’Her, J. Electroanal. Chem., 514 (2001) 94. 
[2] V. Sladkov, V. Guillou, S. Peulon, M. L’Her, J. Electroanal. Chem., 573 (2004) 

129.
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Electrochemical Investigation of Bimolecular Reaction 
at Liquid/ Liquid interfaces

Xiaoquan Lu*, Hairui Zhang, Yina Chen, Mina Nan, Xiuhui Liu, Guofang Zuo and 
Lina Hu

College of Chemistry & Chemical Engineering, Northwest Normal University, Lanzhou 730070,        
Gansu, China

Corresponding author; Email: luxq@nwnu.edu.cn  Tel/Fax:+86-931-7971276

The bimolecular reaction at the liquid/liquid interface was driven by the difference in the 
formal redox potentials of the two reactants confined to the two adjoining, immiscible 
phases, respectively, and presented interfacial electron-transfer process. Rate constant 
of the interfacial reaction was obtained by both thin-layer cyclic voltammetry (TLCV) 
method and scanning electrochemical microscopy (SECM) technology. The studying 
of electron-transfer reaction between ascorbic acid (AA) and Zinc mono-hydroxyl-
tetraphenyl Porphyrin (ZnTPP(OH)) verified the antioxidant activity of AA in life 
system. Thin-layer and SECM methodology were applied as investigating means to 
evaluate rate constant of electron transfer at ITIES achieved and expressed concerns 
about the simplicity and reliability.
Porphyrin derivatives play a key role in essential biological processes such as 
photosynthesis, dioxygen transport and storage. Such complexes have been used in a 
variety of applications as models for biological electron transport in biomembranes 
is well known. In the report, electron transfer between Zinc porphyrin of different 
substitutes and K4Fe(CN)6 was detected by SECM and different substitutes presented 
different electrochemical activity at ITIES. Such behaviors were also verified that 
substitutes with different electron affinities could make the ligand body behave 
different properties and result in some influence to kinetics reactions of heterogeneous 
of ET.
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Structure of the interface between two immiscible 
liquids and interfacial tension

Vladislav S. Markin1, Maya I. Volkova-Gugeshashvili2 and Alexander G. Volkov2* 
1Department of Anesthesiology UT Southwestern Medical Center, Dallas, TX 75390-9068

 2 Department of Chemistry, Oakwood College, Huntsville, AL  35896, USA
*agvolkov@yahoo.com

Adsorption of hydrophobic, hydrophilic, and amphiphilic ions at the interface 
between two immiscible liquids was investigated. The results were analyzed in three 
different models: (i) the Gouy-Chapman model, (ii) ions as hard spheres, (iii) ion 
pair formation at the interface. In the Gouy-Chapman model, an analytical expression 
for the interfacial tension was obtained. It predicts that interfacial tension should be 
proportional to the square root of the electrolyte concentration. This prediction does 
not agree with experimental data. Modeling ions as hard spheres slightly improves 
the agreement between the theoretical and experimental results. The third model 
of interfacial ion pairing as the main origin of adsorption was analyzed using the 
amphiphilic isotherm (MV isotherm) [Markin, V. S.; Volkov, A.G. In Encyclopedia 
of Electrochemistry; Bard, A. J., Stratmann, M., Gileadi, E., Urbakh, M., Eds.; 
Wiley-VCH, Weinheim, 2002; Vol. 1, pp. 162-187]. A good agreement between ion 
pairing theory and experimental values was achieved. The MV isotherm takes into 
account the limited number of adsorption sites, finite size of molecules, complex 
formation at the interface and interaction between adsorbed particles. The analysis 
revealed repulsion between adsorbed tetraalkylammonium ions at the nitrobenzene/
water interface and demonstrated linear dependence between adsorption site area 
and the size of a molecule. Classical isotherms of adsorption (Frumkin, Langmuir, 
Henry) were based on the model of non-penetrable interface, where an adsorbate can 
substitute only molecules of one solvent. At the interface between two immiscible 
electrolytes, nonpolar oil/water interfaces, and liquid membranes amphiphilic 
molecules can substitute molecules of both solvent and classical isotherms cannot 
be used. The generalization of Frumkin isotherm for permeable and non-permeable 
interfaces, known as the Markin-Volkov isotherm, gives the possibility to analyze 
adsorption in a general case. The adsorption isotherms of pentafluorobenzoic acid 
(PFBA) at the octane/water interface at the different pHs were measured by the drop-
weight method. From the measurements of PFBA adsorption, the structure of the 
octane/water interface was determined.  Adsorbed octane molecules have a lateral 
orientation with respect to the interface. Gibbs free energy of adsorption equilibrium 
and thermodynamic parameters of PFBA adsorption show that the adsorption of PFBA 
at the octane/water interface is accompanied by a reduction in the attraction between 
adsorbed PFBA molecules as the pH decreases to the acidic region. 
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Direct spectroelectrochemical measurement of 
rhodamine dyes at the polarized liquid/liquid interface

Hirohisa Nagatania,*, Hiroshi Yamadab, Takamasa Sagaraa, Toshiyuki Osakaib,*
a Department of Applied Chemistry, Faculty of Engineering, Nagasaki University, 

Bunkyo, Nagasaki 852-8521, Japan 
nagatani@net.nagasaki-u.ac.jp

b Department of Chemistry, Faculty of Science, Kobe University, Nada, Kobe 657-8501, Japan
osakai@kobe-u.ac.jp

Ion transfer processes across polarized liquid/liquid interfaces can be described in 
terms of a series of elementary steps involving transport phenomena and specific 
adsorption at the interfacial region. The potential modulated fluorescence (PMF) 
spectroscopy allows evaluating the interfacial process of the fluorescent ion without 
controversial contributions from base electrolyte transfer, capacitive current and so 
on [1]. By analyzing the ac-perturbation of fluorescence signal forced by potential 
modulation, the ion transfer and adsorption processes can be investigated separately 
from the contribution of bulk phases. The dependence of the amplitude and phase 
shift of the optical signal contains information on the nature of the charge transfer 
and adsorption process [2, 3]. In this work, the ion transfer mechanism of amphoteric 
rhodamine dyes, rhodamine B (RB) and rhodamine 19 (R19), at the water/1,2-
dichloroethane interface were investigated by means of the PMF spectroscopy.
The interfacial behavior of RB and R19 significantly depends on the pH condition 
since the charge of the molecule is affected by the dissociation equilibrium of 
carboxyl group. At pH 3.0, the PMF response for both rhodamine systems indicated 
the presence of adsorption process at the potentials more positive than the formal ion 
transfer potential. The frequency response and phase shift of PMF signals indicate 
the adsorption process of the cationic rhodamines in the organic side of the interface. 
The dependence of the PMF intensity on the emission wavelength was analyzed at 
the adsorption potential and the emission spectrum of the interfacial species could 
be successfully observed. The interfacial spectrum roughly coincides with the bulk 
organic spectrum suggesting that the solvation structure of the xanthene moiety is 
similar to the bulk organic species.

References
[1] H. Nagatani, R. A. Iglesias, D. J. Fermín, P.-F. Brevet, H. H. Girault, J. Phys. 

Chem. B 104 (2000) 6869.
[2] H. Nagatani, D. J. Fermín, H. H. Girault, J. Phys. Chem. B 105 (2001) 9463.
[3] H. Nagatani, T. Ozeki, T. Osakai, J. Electroanal. Chem. 588 (2006) 99.
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Electrochemical extraction of proteins by reverse micelle 
formation

Toshiyuki Osakai,*,1  Mariko Shinshi,1 Takayasu Sugihara,1 and Masahiro Goto2 
1Department of Chemistry, Faculty of Science, Kobe University, Nada, Kobe 657-8501, Japan

2Department of Applied Chemistry, Graduate School of Engineering, Kyushu University, Hakozaki, 
Fukuoka 812-8581, Japan

*osakai@kobe-u.ac.jp

The transfer of proteins by the anionic surfactant bis(2-ethylhexyl) sulfosuccinate 
(AOT) at a polarized 1,2-dichloroethane/water (DCE/W) interface was investigated 
by means of ion-transfer voltammetry. When the tetrapentylammonium salt of AOT 
was added to the DCE phase, the facilitated transfer of certain proteins, including 
cytochrome c (Cyt c), ribonuclease A and protamine, could be controlled electro-
chemically, and a well-defined anodic wave for the transfer was obtained. At low pH 
values (e.g., pH 3.4), the anodic wave was usually well separated from the wave for the 
formation of protein-free (i.e., unfilled) reverse micelles (Fig. 1a). The anodic wave 
for the protein transfer (Fig. 1b) was analyzed by applying the conventional theory for 
facilitated transfer of metal ions by neutral ligands, and then supplying information 
regarding the number (n) of AOT anions reacting with one protein molecule and 
the total charge (z) carried by the protein transfer. The observed dependence of n 
on the nature of the aqueous supporting electrolyte suggested that the protein-AOT 
complexes may present primitive reverse micelles containing a minute fraction of the 
W phase. Controlled-potential electrolyses performed for the transfer of Cyt c, which 
is red, revealed that the primitive reverse micelles were unstable in DCE when the 
pH of the W phase was 3.4. However, at pH 7.0 when formation of unfilled reverse 
micelles occurred simultaneously, the primitive reverse micelles containing proteins 
were able to grow into stable reverse micelles, probably via fusion with unfilled 
reverse micelles.

Fig. 1.  Cyclic voltammograms obtained at the DCE/W interface in the presence of 
0.5 mM AOT in DCE with (a) 0 mM or (b) 0.1 mM Cyt c in W (pH 3.4). The dashed 
line represents the background current in the absence of both AOT and Cyt c. Scan 
rate: 100 mV s–1.
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Adsorption of phosphatidylcolines at oil/water interfaces
M.C. Martins1, C.M. Pereira1, H.A. Santos1, R. Dabirian1, A. Fernando Silva1,  

V. Garcia-Morales2, J.A. Manzanares2

1Centro de Investigação em Química, CIQ-L4
Departamento de Química da Faculdade de Ciências da Universidade do Porto

Rua do Campo Alegre, 687, 4169-007 Porto-Portugal
2Departamento de Termodinàmicca, Universitat de Valência

C/Dr. Moliner 50, E-46100 Burjassot-Spain
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The properties of assemblies of phospholipids are of considerable importance in the 
life science, being the objective of many studies. Among those studies are those using 
as simplified models for biological interfaces such as ITIES-interfaces between two 
immiscible electrolyte solutions.
 The adsorption   of a series of phosphatidylcolines with saturated carbon chains 
of different length (C12, C16, C18, C20 and C22) and the effect of experimental 
parameters on the adsorption process were studied at the electrified 1,2-DCE/water 
and NPOE/water interfaces. Electrochemical impedance spectroscopy was used to 
determine the interfacial capacitance at the polarized interface which allowed to 
follow the adsorption phenomena of lipids at the ITIES.
A theoretical model based on the solution of the Poisson-Boltzmann equation for the 
interfacial system coupled to the bulk phases was developed. The model provides 
successful explanation of all experimental trends observed for the dependence of 
phospholipid adsorption at the interface on the applied potential, lipid concentration 
and chain length.
Acknowledgments: Financial support from FCT for the project PRAXIS XXI 
/ QUI/474 and from the European Union under the research and training network 
SUSANA (“Supramolecular Self-Assembly of Interfacial Nanostructures”), contract 
number HPRN-CT-2002-00185 is gratefully acknowledged.
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Random nucleation and growth of pt nanoparticles 
at the polarised interface between two immiscible 

electrolyte solutions 
Antonín Trojánek, Jan Langmaier, Zdeněk Samec

J. Heyrovský Institute of Physical Chemistry, Academy of Sciences of the Czech Republic, 
Dolejškova 3, 182 23 Prague 8, Czech Republic, zdenek.samec@jh-inst.cas.cz

Metal deposition at the polarised interface between two immiscible electrolyte 
solutions is a relatively new electrochemical phenomenon. In the present study, 
cyclic voltammetry and potential-step chronoamperometry are used to investigate 
the Pt deposition at the polarised water|1,2-dichloroethane (DCE) interface through 
reduction of a Pt(II) chloro-complex in water by 1,1’-dimethylferrocene in DCE. 
Thermodynamic analysis suggests that the deposition is controlled by the interfacial 
kinetics, and that the activity of the metal particle at ITIES does not differ much from 
that of the bulk metal phase. It is shown that the shape of the experimental potential-
step current transients could be described with the help of the available theory of 
nucleation and growth of a metal particle at a liquid-liquid interface. However, the 
repeated potential-step experiments on the bare interface reveal that the initial rate 
of the Pt deposition can attain a broad range of values that spans over two orders of 
magnitude. It is proposed that this surprising feature is related to the random rate of 
the formation of nuclei with a critical size that is necessary for a stable growth to 
occur. Explanation is supported by computer simulation for a model assuming that the 
interfacial metal particle can either grow or decline by one atom, or remain inactive 
with a comparable probability.

This work was supported by Grant Agency of the Academy of Sciences of the Czech 
Republic (Grant no. IAA4040407).
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During the last decade, Zeolite Modified Electrodes (ZME) have received great 
interest from electrochemists for their various applications. Zeolites offer the most 
complete range of interesting properties required at the electrochemical interface, 
including shape, size and charge selectivity, physical and chemical stabilities, high 
ion exchange capacity in a microstructured environment and hydrophilic character.
Studies on electrochemical reactions at the liquid-liquid interface have attracted much 
attention due to the wide range of application in chemistry and biology. Koryta and 
co-workers pioneered the electro-assisted transfer of metal ions at the liquid-liquid 
interface using ligands and this approach has been followed by electrochemical 
studies on the sensing of metal ions.
The aim of the present study is the use of the ZME for sensing of Cadmium and Lead 
ions by voltammetry at the liquid-liquid interface. Basically, zeolite molecular sieves 
selectively exchange cations, but there is no specificity. In order to get the specificity, 
ligands are used for the metal ions sensing. The possibility of interference effect 
in the heavy metal ions sensing is less in this method. Zeolite-Y type pressed disk 
membranes are used for the sensing of metal ions and the ligands used for this work 
are hexathiacyclooctane (HTCO) and tetrathiacyclononane (TTCN). The metal ion 
and ligand are initially present in the aqueous and organic (1,2-dichloroethane) phases. 
Electrochemical experiments are carried out using a four-electrode potentiostat with 
iR drop compensation. Further experiment involves the detection of Cadmium and 
Lead ions at various concentrations with and without the zeolite membrane.

† Commonwealth visiting scholar from Madurai Kamaraj University, Madurai, India



S
y
m

p
o
s
iu

m
 6

 -
 P

o
s
te

r
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������� TEM image of the

composite nanoclusters

(DS-modified Ru NPs).

Preparation of nanostructures composed of dextran

sulfate/ruthenium nanoparticles and their interaction with

phospholipid monolayers at a liquid–liquid interface

Hélder A. Santos a,*, Vladimir García-Morales b, Lasse Murtomäki a,

José A. Manzanares b, Kyösti Kontturi a
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The interactions between phospholipids and glycosaminoglycans (GAGs, which are

polysaccharides highly sulfated and negatively charged, and can be found in the extracellular

matrixes of many tissues as well as inside and on the surface of cells)1 are of great biological

importance and are fundamental to understand both their

physiochemical behaviour and their pharmacological properties.

In previous studies we have shown how dextran sulfate (DS,

used here as model for GAGs due to their structural similarity)

interacts with phospholipid monolayers at air–liquid and

liquid–liquid interfaces,2 and how polyelectrolyte (PE)–gold

nanoparticles (NPs) self-assembled multilayers deposited on a

lipid-DS monolayer can be used to fabricate nanocomposites

and nanopartterning materials fundamental for delivery devices.3

Continuing this work on the interactions between lipid

monolayers and water-dispersible metal NP systems that could

be used in pharmacology, our current interest is the self-

assembly of ruthenium (Ru) NPs using biomolecules (such as

DS) as templates. Ru NPs are considered because of the well-

known catalytic activity of Ru, and because positively charged

Ru NPs can be prepared in aqueous medium, providing new opportunities for the surface

functionalisation with biological ligands such as PEs, DNA, and oligonucleotides. In the present

study, novel interfacial nanostructures composed of DS/Ru NPs adsorbed on phospholipid

monolayers at the ITIES were prepared and characterized electrochemically in relation to their

potential use in drug delivery systems. TEM pictures (Fig. 1) shown well-defined and organized

structures. The interaction of lipid/DS-modified Ru NPs analysed with capacitance curves and

interpreted with a theoretical model shown a lower relative permittivity of the hydrocarbon

region and an increase in the surface charge density with increasing of the surface pressure.

Using cyclic voltammetry was also demonstrated that the lipid layer retards the rate of drug

transfer by a factor of 2/3 and 1/2 in the case of aminacrine and tacrine, respectively. In drug

1
 J. Schlessinger, I. Lax, M. Lemmon, ���� 83 (1995) 357–360.

2
 H.A. Santos, V. García-Morales, R-J. Roozeman, J.A. Manzanares, K. Kontturi, �������� 21

(2005) 5475–5484.
3
 H.A.Santos, M. Chirea, V. García-Morales, F. Silva, J.A. Manzanares, K. Kontturi, ��������

������� 109 (2005) 20105–20114.
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Quantum-chemical study of electro-chemical reduction 
of some γ-piperidones

M. Zh. Zhurinov, B. A. Serikbayev *,  I. T. Tusipbekov
D.V.Sokolski Unstitute of OrganicCatalysis&Electrochemistr, 142 D.Kunaev str., Almaty, 

Kazakhstan, serikbayev_46@mail.ru 

The electronic structure of molecules 2,5-dimethylpiperidone (DMP), 1,2,5-
trimethylpiperidone (TMP) and possible intermediate compounds at their 
electrochemical reduction to secondary alcohols – anions, dianions, complexes 
of a radical type including protonated ones has been calculated by semi-empirical 
quantum-chemical method МINDO/3. The analysis of energy of formation of anion-
radicals and dianions of mentioned molecules also energy and structures of their lower 
unoccupied molecular orbital (LUМО) of the calculated compounds shows that TMP 
is reduced easier than DMP. 
According to polarography data half-wave potential of reduction is equal 2,625V for 
DMP and 1,155V for TMP that confirms the results of quantum-chemical calculation. 
Protonation of initial molecules both on oxygen and on nitrogen atoms results in 
decrease of energy level of LUMO. It indicates the lightening of electrochemical 
reduction of protonated complexes in comparison with initial compounds. This fact 
agrees with the results of polarography study on reduction of carbonyl compounds. 
Lower unoccupied molecular orbital of protonated complexes on oxygen has π-
antibonding character for carbonyl group. Atomic orbital of С4 atom endows primary 
contribution to it. Hence, when filling this molecular orbital one or two electrons are 
mostly located at atom С4. It should be noted that the formation of the centre can take 
place and this centre can join proton. It results in formation of secondary alcohols. 
Hence carbon atom of carbonyl group serves as the reactionary centre being sensitive 
to structure of LUMO. 
The formed secondary alcohols with equatorial and axial orientations of hydroxyl 
groups have been calculated. It is shown that piperidol with equatorially oriented 
hydroxyl group are more stable than molecule with axial orientation of this group. 
Thus on the basis of calculations and analysis of structures and properties of intermediate 
compounds it is offered the most acceptable way of realization of electrochemical 
reduction of studied γ-piperidones to secondary alcohols in protogenic media  under 
the following scheme:

R   +  H+  �  RH+;
R  +  H+  +  2e   �  RH- ;

RH-  +  H+  �  RH2
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(0001)-oriented ZnO Films from Aqueous Solutions
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Ion transfer across ionic liquid / aqueous electrolyte 
interface supported by carbon paste electrode
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Marcin Opalloa
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The liquid / liquid ion transfer is an important phenomenon in systems involving 
an interface between two immiscible liquids. It occurs at electrodes where three 
phases solid conductor / organic phase / aqueous phase are in close contact [1, 2]. The 
electrogeneration of charged species in the organic phase forces the ion transfer across 
liquid / liquid interface in order to maintain electroneutrality of both liquid phases. 
Two processes are possible: the expulsion of electrogenerated charge species to the 
aqueous phase or/and insertion of counterion from aqueous phase.
We will present new electrode, where such process can be observed, elecroactive 
carbon paste electrode, CPE, with ionically conducting binder (room temperature ionic 
liquid, RTIL). It exhibits electrochemical signal connected with electrode reaction of 
the redox probe (tert-butylferrocene) dissolved in RTIL. The efficiency of the electrode 
process is much larger than that of similar CPE modified with the redox probe solution 
in less viscous organic polar solvent [3]. This can be connected with the presence 
of conducting liquid phase, and as a consequence with the enlargement of electron 
transfer zone from the three-phase junction to two-phase junction: graphite particle / 
RTIL. Moreover, the midpeak potential depends on the hydrophobicity of the anion 
present in the aqueous solution indicating significant contribution of anion injection 
into the ionic liquid following the electron transfer. In addition, this electrode exhibits 
sensitivity (both current and midpeak potential) towards the concentration of anion in 
the aqueous phase. These results will be compared with that obtained with composite 
ceramic carbon electrode modified with tert-butylferrocene solution in RTIL [4].

1. R.G. Compton et al, Phys. Chem. Chem. Phys. 5 (2003) 4053.
2. F. Scholz, R. Gulaboski, Chem. Phys. Chem. 6 (2005) 16.
3. G. Shul, M. Opallo, Electrochem. Commun. 7 (2005) 194.
4. E. Rozniecka, G. Shul, J. Sirieix-Plenet, L. Gaillon, M. Opallo, Electrochem. 

Commun. 7 (2005) 299.
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Simultaneous solvent extraction and electrowinning of 
silver from silver-calixarene complexes

V. Stanković1*; I. Duo2; Ch. Comninellis2 and F. Zonnevijlle3

1Technical Faculty Bor, University of Belgrade; VJ 12; 19210 Bor, SCG
 +381 30424555; fax: +381 30 421078;vstankovic@tf.bor.ac.yu 

2School of Basic Sciences; Swiss Federal Institute of Technology; CH-1015 Lausanne, Switzerland
3Haute École Valaisianne de Sion; Sion, Switzerland

Calixarenes are a class of oligo-molecules that are able to complex heavy- and 
precious metals but also some alkali and alkali-earth metals from water solutions [1]. 
Beside this, calixarenes are studied to be used for direct electrochemical detection of 
metal ions [2].
This article presents a study about the electrochemical behaviour of silver-calixarene 
complexes, formed in the solvent extraction step. 
Solvent extraction of silver nitrate from nitric acid solution was used as a model-
system in the experiments. Dichloromethane solutions of calix[4]arene tetramide and 
calix[4]arene thiotetramide were used as extractants. The experiments were carried 
out by using cyclic voltammetry, chronoamperometry, as well as the electrowinning 
of silver from loaded organic phase. To prevent the anodic oxidation of calixarenes 
at the electrowinning experiments the organic phase is used as a catholyte, while the 
aqueous phase served as an anolyte. 
Experimental results have shown a very high extraction degree of targeted ion from 
the aqueous phase as well as high electrowinning degree of complexed metal during 
two-phase electrolysis of silver. High current efficiency and reasonably low specific 
energy consumption were achieved, as well. The most important fact is the possibility 
to deposit metal without damaging the extractant, making it able to be recycled in the 
extraction step.   

References:
1. A. F. Danil de Namur, M.T.Goitia, A.R.Casal,  J.A.Villanueva-Salas; PCCP; 

(2001),No3, p.5242  
2. R.Vataj, H. Ridaoui, A. Louati, V.Gabelica, S.Steyer and D. Matt; J. Electroan. 

Chemistry ; 519 (2002) p. 123
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Controlling the surface properties of electrodes by 
means of hydrophobic magnetic particles or redox 

reactions
Itamar Willner*

Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem 91904, Israel
willnea@vms.huji.ac.il

Magnetic nanoparticles (NPs) (5 nm) capped with a hydrophobic monolayer are 
employed to control electron transfer at electrode surfaces.  The NPs were solubilized 
in a toluene phase, and an aqueous electrolyte/magnetic NP-toluene biphase system 
was employed to reversibly control the electrochemistry at the electrode-solution 
surface.1  (i) The magnetic attraction of the hydrophobic magnetic particles to the 
electrode induced the blocking of electron transfer to the electrolyte-soluble redox 
species, resulting in the selective operation of surface-confined electrochemistry.2 (ii) 
The magnetic attraction of the hydrophobic magnetic particles facilitated selective 
bioelectrocatalysis.3  (iii) The magnetic attraction of the NPs to an electrode modified 
with CdS NPs enabled the directional and switchable generation of anodic or cathodic 
photocurrents.4 (iv) The low dielectric constant of the hydrophobic magnetic NPs 
yields, upon attraction to a Au NP (1.4 nm)-functionalized electrode, a low capacitance 
microenvironment.  This facilitates the single electron (or hole) charging of the Au 
NPs.5

The binding of metal ions, e.g., Ag+ or Hg2+ to a thiolated monolayer yields an 
electroswitchable hydrophilic/hydrophobic electrode surface.6 The kinetics of 
metal nanoclustering on the monolayer and the electrochemical dissolution of 
the nanoclusters was followed by electrochemical methods, SPR and SEM.  The 
hydrophobic/hydrophilic functions of the electrode are regulated by the metallic 
nanoclusters.6

References
1. I. Willner, E. Katz, Langmuir, 22 (2006) 1409.
2. E. Katz, R. Baron, I. Willner, J. Am. Chem. Soc., 127 (2005) 4060.
3. E. Katz, I. Willner, Chem. Commun., (2005) 4089.
4. E. Katz, I. Willner, Angew. Chem. Int. Ed., 44 (2005) 4791.
5. E. Katz, O. Lioubashevski, I. Willner, Chem. Commun., (2006) 1109. 
6. M. Riskin, B. Basnar, V.I. Chegel, E. Katz, I. Willner, F. Shi, X. Zhang, J. Am. 

Chem. Soc., 128 (2006) 1253.
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Novel Room Temperature Ionic Liquids for the 
development of Highly Poliarisable Ionic Liquid/Water 

Interfaces
Andrew D. Ballantyne, Alan K. Brisdon and Robert A W Dryfe*

School of Chemistry, The University of Manchester, Manchester, M13 9PL, United Kingdom
*Corresponding author: robert.dryfe@manchester.ac.uk 

Ionic Liquids have become highly topical in a number of different areas of chemical 
research. They are of interest as replacements for common organic solvents due to 
their negligible vapour pressure, thereby reducing the effect on the environment 
due to their easy containment1. The electrochemical properties of air stable, room 
temperature ionic liquids (RTILs) have also been studied extensively2. Very recent 
work has extended to the ITIES (Interface between Two Immiscible Electrolyte 
Solutions)3, including some work where the aqueous/RTIL interface has been 
polarised4. However, studies have been limited by the difficulty in producing suitable 
ionic liquids that can exhibit potential windows comparable with those commonly 
found at aqueous/organic interfaces (ca. 1 V).
       The research reported here describes a number of new highly polarisable RTILs 
based around tetraalkylammonium cations coupled with a number of different anions 
such as the bisperfluoroalkylsulfonylamides and the tetraarylborates. A discussion 
of their physical and electrochemical properties at the ITIES formed with aqueous 
solutions will be presented.

1. T. Welton, Chem. Rev., 1999, 99, 2017
2. M. C. Buzzeo, R. G. Evans, R. G. Compton, ChemPhysChem, 2004, 5, 1106
3. a) F. Laforge, T. Kakiutchi, F. Shigematsu, M. V. Mirkin, J. Am. Chem. Soc, 2004,          

126, 15380
b) T. Kakiuchi, F. Shigematsu, T. Kasahara, N.Nishi, M. Yamamoto, 

PhysChemChemPhys, 2004, 6, 4445
4  T. Kakiutchi, N. Tsujioka, Electrochem. Comm., 2003, 5, 253
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Electrochemical reaction at oil|water|electrode boundary 
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Sensing of biomolecules at the polarised liquid|liquid 
interface

Francine Kivlehan, Sheena O’Driscoll, Yvonne H. Lanyon, Grégoire Herzog, 
Damien W. M. Arrigan*

Life Science Interface Group, Tyndall National Institute, Lee Maltings, Prospect Row, Cork, Ireland
*damien.arrigan@tyndall.ie

Electrochemistry at the liquid | liquid interface, or at the interface between two 
immiscible electrolyte solutions (ITIES), is frequently offered as a simple model 
of the biological cell membrane: it provides a means for study of biomembrane-
related charge transfer processes as well as development of biomimetic analytical 
tools. Recent studies have demonstrated the electroanalytical properties of the ITIES 
for direct sensing of dopamine, a neurotransmitter [1-2]. The selective transfer of 
dopamine eliminated the problems associated with its detection at solid electrodes, 
such as surface fouling and interference by ascorbic acid.
The work presented here focuses on the detection of amino acids and peptides of 
biological importance, using the ITIES as a means of transduction. Electrochemical 
characterisation of the transfer of a range of amino acids and peptides was investigated. 
The analytes were selected for their different parameters such as hydrophobicity, side 
chains and charge number. The influence of these different characteristics as well 
as the experimental conditions on the transfer of the analytes was investigated. The 
voltammetry of insulin, a small protein, was also investigated at the ITIES revealing a 
linear correlation between the transfer current and the concentration of bovine insulin 
over a range from 0.01 – 0.05 mM. In this case, the ITIES provided an alternative 
technique for the direct electrochemical detection of insulin, eliminating problems 
such as surface fouling and use of mediators associated with insulin detection at solid 
electrodes. 

[1] D.W.M. Arrigan, M. Ghita, V. Beni, Chem. Comm. 2004, 732
[2] V. Beni, M. Ghita, D.W.M. Arrigan, Biosensors & Bioelectronics, 2005, 20, 

2097.
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Frank Marken*
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Processes at electrode surfaces strongly depend on the nature of the solid | liquid

(electrolyte) interaction. This is the case in particular for processes at solid | liquid |

liquid line interfaces and demonstrated here for the case of electrochemical processes at

electrode | organic liquid | aqueous electrolyte triple phase boundaries.

Experimental data are obtained at metal, carbon, and ceramic electrodes and for

porphyrinato metal complexes immobilised in water-immiscible organic liquids and in

contact with an aqueous electrolyte [1,2,3]. Voltammetric data are discussed and the

porosity of surfaces identified as a key parameter for optimising electrochemically

driven ion transfer processes at triple phase boundaries. Both the transfer of inert ions

and facilitated ion transfer are considered.

[1] F. Marken, K.J. McKenzie, G. Shul, M. Opallo, Ion transfer processes at 4-(3-

phenylpropyl)-pyridine vertical bar aqueous electrolyte vertical bar electrode triple

phase boundary systems supported by graphite and by mesoporous TiO2, Faraday

Discussions, 129 (2005) 219-229.

[2] M.J. Bonné, C. Reynolds, S. Yates, G. Shul, J. Niedziolka, M. Opallo, F. Marken

The electrochemical ion-transfer reactivity of porphyrinato metal complexes in 4-

(3-phenylpropyl)pyridine | water systems, New J. Chem., (2006) DOI:

10.1039/b514348a

[3] M.A. Ghanem, F. Marken, Mesoporous platinum hosts for electrodeliquidliquid –

triple phase boundary redox systems, Electrochem. Commun., 7 (2005) 1333-1339.

Metalloporphyrin Electrochemistry at Solid | Liquid | 
Liquid Triple Phase Boundaries

Frank Marken* 
Department of Chemistry, University of Bath, Bath BA2 7AY, UK

*F.Marken@bath.ac.uk
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Structure of the interface between two immiscible 
liquids and interfacial tension

Vladislav S. Markin1, Maya I. Volkova-Gugeshashvili2 and Alexander G. Volkov2* 
1Department of Anesthesiology UT Southwestern Medical Center, Dallas, TX 75390-9068

 2 Department of Chemistry, Oakwood College, Huntsville, AL  35896, USA
*agvolkov@yahoo.com

Adsorption of hydrophobic, hydrophilic, and amphiphilic ions at the interface 
between two immiscible liquids was investigated. The results were analyzed in three 
different models: (i) the Gouy-Chapman model, (ii) ions as hard spheres, (iii) ion 
pair formation at the interface. In the Gouy-Chapman model, an analytical expression 
for the interfacial tension was obtained. It predicts that interfacial tension should be 
proportional to the square root of the electrolyte concentration. This prediction does 
not agree with experimental data. Modeling ions as hard spheres slightly improves 
the agreement between the theoretical and experimental results. The third model 
of interfacial ion pairing as the main origin of adsorption was analyzed using the 
amphiphilic isotherm (MV isotherm) [Markin, V. S.; Volkov, A.G. In Encyclopedia 
of Electrochemistry; Bard, A. J., Stratmann, M., Gileadi, E., Urbakh, M., Eds.; 
Wiley-VCH, Weinheim, 2002; Vol. 1, pp. 162-187]. A good agreement between ion 
pairing theory and experimental values was achieved. The MV isotherm takes into 
account the limited number of adsorption sites, finite size of molecules, complex 
formation at the interface and interaction between adsorbed particles. The analysis 
revealed repulsion between adsorbed tetraalkylammonium ions at the nitrobenzene/
water interface and demonstrated linear dependence between adsorption site area 
and the size of a molecule. Classical isotherms of adsorption (Frumkin, Langmuir, 
Henry) were based on the model of non-penetrable interface, where an adsorbate can 
substitute only molecules of one solvent. At the interface between two immiscible 
electrolytes, nonpolar oil/water interfaces, and liquid membranes amphiphilic 
molecules can substitute molecules of both solvent and classical isotherms cannot 
be used. The generalization of Frumkin isotherm for permeable and non-permeable 
interfaces, known as the Markin-Volkov isotherm, gives the possibility to analyze 
adsorption in a general case. The adsorption isotherms of pentafluorobenzoic acid 
(PFBA) at the octane/water interface at the different pHs were measured by the drop-
weight method. From the measurements of PFBA adsorption, the structure of the 
octane/water interface was determined.  Adsorbed octane molecules have a lateral 
orientation with respect to the interface. Gibbs free energy of adsorption equilibrium 
and thermodynamic parameters of PFBA adsorption show that the adsorption of PFBA 
at the octane/water interface is accompanied by a reduction in the attraction between 
adsorbed PFBA molecules as the pH decreases to the acidic region. 
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Ion Transfer Across Supported o-Nitrophenyloctylether 
| Aqueous Electrolyte Solution Interface Coupled to 

Electrochemical Redox Reaction
Joanna Niedziolkaa*, Ewa Rozniecka a, Jingyuan Chen b and Marcin Opallo a

a Institute of Physical Chemistry, Polish Academy of Sciences, ul. Kasprzaka 44/52, 01-224 
Warszawa, Poland

b Department of Applied Physics, University of Fukui, Fukui, Japan
*joaniek@ichf.edu.pl

Recently ion transfer across two immiscible liquids generated by electrochemical 
redox reaction attracted a lot of interest [1,2]. Typically in these studies aqueous phase 
contained dissolved salt whereas organic phase is unsupported namely it consists 
exclusively redox active molecules or redox active molecule solution in hydrophobic 
polar solvent. In literature there are only few examples of similar studies involving 
supported organic phase [3,4]. Biphasic systems with room temperature ionic liquid 
phase also belong to this group [5]. 
In this communication the electrochemical behaviour of redox probe: t-butylferrocene 
or decamethyloferrocene, dissolved in drop of 2-nitrophenyloctylether based 
tetraalkylammonium salt solution, deposited on gold disc or used as a binder of 
carbon paste electrode [6], was studied in aqueous solution by cyclic voltammetry and 
differential pulse voltammetry. The electrochemical generation of cation is followed 
by ion transfer across liquid|liquid interface: anion insertion into or cation ejection 
from organic phase, in order to keep neutrality in organic or aqueous phase. It has 
been shown that apart from hydrophobic-hydrophilic properties of anion present 
in aqueous phase the direction of ion transfer can be driven by the type of cation 
present in the organic phase or the geometry of the electrode. The presence of more 
hydrophobic cation in organic phase or larger distance between electrode|liquid and 
liquid|liquid interface promote anion insertion into organic phase. Also the addition 
of salt to organic phase increases the efficiency of the electrode process at carbon 
paste electrode indicating that reaction place is not restricted to three phase junction: 
graphite particle|organic phase|aqueous phase.

[1] C.E. Banks, T.J. Davies, R.G. Evans, G. Hignett, A.J. Wain, N.S. Lawrence, J.D. 
Wadhavan, F. Marken, R.G. Compton, Phys. Chem. Chem. Phys. 5 (2003) 4053.

[2] F. Scholz, R. Gulaboski, Chem. Phys. Chem. 6 (2005) 16.
[3] S. Komorsky-Lovric, M. Lovric, F. Scholz, J. Electroanal. Chem. 508 (2001) 

129.
[4] P. Tasakorn, J. Chen, K. Aoki, J. Electroanal. Chem. 533 (2002) 119
[5] J. Niedziolka, E. Rozniecka, J. Stafiej, J. Sirieix-Plenet, L. Gaillon, D. di Caprio, 

M. Opallo, Chem. Comm. (2005) 2954.
[6] G. Shul, M. Opallo, Electrochem. Commun. 7 (2005) 194.
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Electrochemical motion of an air bubble at oil|water 
interface  

Masanori Sato, Jingyuan Chen*, Koichi Aoki 
Department of Applied Physics, University of Fukui, 3-9-1 Bunkyo, Fukui-shi, 910-8507 Japan 
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Biomolecules detection by means of liquid|liquid 
electrochemistry

Mikhail Yu. Vagin*1, Marco Mascini2, Arkady A. Karyakin1

1Chemistry Faculty, M.V.Lomonosov Moscow State University, 119992, Moscow, Russia
2Dipartimento di Chimica, Universita’ degli Studi di Firenze, Firenze, Italy

MYV@enzyme.chem.msu.ru

Some proteins are known to be precursors of certain pathologies, regulators of 
physiological activity, toxins for human or animals, markers for dangerous viruses 
etc. The common methods of analysis based on immunology either requires poisoning 
of animals or involve complicated and expensive hybridome techniques.
The analysis of gene sequences plays a fundamental role in rapid detections of genetic 
mutations. Pathogens also can be determined by their specific sequences. Direct or 
label-free electrochemical detection of specific hybridization is useful because it 
eliminates indicator addition/association/detection step. The reagentless manner offers 
an instantaneous detection of affinity complex formation. Thus the elaboration and 
development of new method of analysis for specific DNA sequences is an important 
fundamental assignment.
Since water-soluble proteins and DNA molecules contain ionogenic groups, and can 
even be considered as polyelectrolytes, it might be possible to detect them by means 
of electrochemistry at liquid|liquid interface by their transfer from water to organic 
phase or by bioaffinity interactions at interface affecting counter-ion flow.
Recently the novel system based on a electrode shielded with the thin liquid film of 
solution of water-insoluble redox polymer in water-immiscible organic solvent was 
elaborated and applied for investigation of thermodynamics of ion transfer across 
liquid|liquid interface [1]. The electroactivity of redox-inactive proteins was observed 
by cyclic voltammetry in presence of surfactant in organic phase [2]. Unlike the pure 
buffer the incubation in protein solution lead to the sufficient increase of currents of 
redox-activity of polymer, which in certain cases exceeds two orders of magnitude. 
Our studies gave strong evidence, that the raise in current at liquid|liquid interface is 
generated by the proteins. The peak current of electroactivity is linearly dependent on 
the protein content in a wide concentration range, which gives promise for analytical 
applications of the system. The certain selectivity was achieved by electrochemical 
impedance spectroscopy.
It was proposed to use common screen-printed graphite electrodes as a support for 
liquid layer. NPOE was used as a water-immiscible polar organic solvent and as a 
plasticizer for PVC. It was suggested to use adsorptive immobilization onto supported 
ITIES of three oligonucleotides modified by hydrophobic alkyl linkers as probes 
for hybridization with DNA targets with sequence from Salmonella genome. The 
differences in electrochemical impedance spectra at high-frequency domain of spectra 
have been obtained for all pairs after hybridization.
References: [1] A.A. Karyakin, M.Yu. Vagin et al. J.Phys.Chem. B, 2004, 108, 11591; 
[2] M.Yu. Vagin et al. J.Electroanal.Chem., 2005, 584, 110.
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Electrochemical Detection of Protein Transfer through 
Liquid | Liquid Interface

A.A. Karyakin, M.Yu. Vagin, S.A. Trashin*
Faculty of Chemistry, M.V. Lomonosov Moscow State University,

119992, Moscow, Russia 
* satra@enzyme.chem.msu.ru

The electrochemistry of interface between two immiscible liquids became an important 
tool of modern analytical chemistry. The transfer of redox-inactive ions through the 
interface gives the amperometric response similar to the Faradaic processes at metal-
solution interface.
To observe protein transfer across liquid|liquid interface it is necessary to form water-
in-oil microemulsion with solubilized protein stabilized with surfactant molecules. 
Generally micelles, which are able to solubilize proteins, can be formed exclusively 
in non-polar organic solvents. Therefore we developed an improved electrochemical 
setup based on the solid electrode shielded with thin layer of redox polymer solution in 
organic solvent [1]. In contrast to the traditional four-electrode setup our system allows 
operating with non-polar organic solvents and as a result to observe electrochemistry 
of protein transfer through liquid|liquid interface. 
The dramatically increase of current which exceed two orders of magnitude has been 
obtained by cyclic voltammetry after incubation of electrode in buffer solution of 
redox-inactive protein. At the same time the incubation of electrode in protein free 
solution with similar salt content causes only minor changes in cyclic voltammograms. 
Background voltammograms recorded in the absence of surfactant in organic phase 
did not display any raise in electroactivity indicating no solubilization of protein 
by redox polymer. Also, no increase of current was observed with polar organic 
solvent dichloroethane. This result is in agreement with evidence that the water-in-
oil microemulsion droplet dimension is under control by the dielectric permittivity 
of organic solvent [2]. The additional proof of protein transfer in the developed 
electrochemical system was obtained by the kinetic measurements of enzymatic 
activity in organic phase.
Varying the protein nature and concentration we gave the significant results. For some 
protein the peak current of electroactivity is linearly dependent on the protein content 
in a wide concentration range, which gives promise for analytical applications of the 
system [3]. In addition, the opposite charge of protein and surfactant led to stronger 
current increase and only minor current increase was observed in the contrary case. This 
result shows important role of protein-surfactant interaction. We suppose that using 
specific surfactants like alkyl boronic acid [4] a selectivity of protein determination 
may be achieved.

References:
1. A.A. Karyakin et al. J. Phys. Chem. B., 2004, 108, 11591.
2. M. Goto et al. Biotechnol. Prog.,1998, 14, 729 
3. M.Yu. Vagin et al. J. Electroanalytical Chemistry, 2005, 584, 110.
4. T.A. Hatton et al. Biotechnol. Bioeng., 1993,42,1199
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Silicate films have been reproducibly formed at the interface of two immiscible liquids

(water/1,2-dichloroethane) [1] by using a modified sol-gel process in which the

template (trimethyloctadecylammonium ion, TODA+), present in the organic phase, is

transferred to the interface where it associates with the precursor silicate ions present in

the aqueous phase. The process and, consequently, the properties of the film formed are

finely controlled by the potential difference across the interface. The present

contribution deals with chemical modification of the silicate film formed at the

interface, through addition of another polyvalent anion to the silicate in the aqueous

phase. This makes it possible to dope the silicate film formed with various ions, such as

platinum in the present case. This approach to preparation of variously modified

silicate films, that can also be formed on a solid porous support, bears promise for use

in catalysis and for application to analytical chemistry, e.g., for treatment of the

capillary walls in capillary chromatographic and electromigration separations, or for

surface modification of chemical sensors. The process mechanism has been

experimentally studied in some detail, using surface tension measurement, cyclic

voltammetry and ESCA..

 Fig. 1. A silicate layer formed at the

interface between 1 mM (NH4)2PtCl4,

10 mM SiO2 and 2 mM TBACl in

water; and 5 mM TODATPB, 10 mM

TBATPB in 1,2-DCE, in a glass beaker

with the organic phase placed in the

lower part. The potential difference

across the interface, which is essential

for the layer formation, is created by

the distribution of tetrabutylammonium

(TBA+) ion in the two phases in

contact. The ratio of Pt/Si in the layer

is 0.003, as determined by ESCA method.

Reference

[1] V. Mare_ek, H. Jänchenová, J. Electroanal. Chem. 558 (2003) 119.

Preparation of a silicate membrane at a liquid|liquid 

interface and its doping with a platinum ion
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Dynamic Phenomena in Gibbs Monolayer Films at the 
Air-Water Interface

Nicolas Glandut, Andrew Malec, and Marcin Majda*
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Mobility of amphiphilic molecules diffusing along the water surface is affected, to 
a large extent, by the immersion depth of their polar fragment.  The magnitude of 
the immersion depth of non-ionic functional groups often does not exceed 3-4 Å.  
This value coincides with the width of the aqueous liquid-vapor interfacial region.  
Therefore, measurements of lateral mobility of amphiphiles at the air-water interface 
could lead to the determination of the viscoelastic properties of the interfacial region of 
water.  With this goal in mind, we have considered electrochemically active TEMPO 
(2,2,6,6-tetramethyl-1-piperidinyloxy).  
2D-voltammetry was used to measure the lateral diffusion constant (D) of TEMPO 
at the air/water interface.  When a line micro-electrode is positioned at the air/water 
interface, the recorded current consists of a linear diffusion component due to the 
TEMPO surface population and a cylindrical diffusion component due to the bulk 
population of the surfactant.  The fact that the two diffusion constants of TEMPO are 
different induces additional fluxes with a component perpendicular to the air/water 
interface.  Full interpretation of the electrochemical data requires FEMLAB modeling. 
Lateral mobility of TEMPO along the air/water interface was found to correspond to 
D = 2 x 10-4 cm2/s.  This result reflects the fact that TEMPO diffuses unimmersed and 
that its interactions with water are limited to hydrogen bonding with one or two water 
molecules in the interfacial region.
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The transport of ions across biological membranes may be passive (ion channels) or 
active (ion pumps, sinporters, antiporters). Biomimetic membranes are experimental 
models of biomembranes that may incorporate membrane proteins in a functionally 
active state. 
A biomimetic membrane that can be conveniently employed for the study of ion 
channels is obtained by tethering a thiolipid monolayer to the surface of a mercury 
electrode. A thiolipid consists of a hydrophilic polyethyleneoxy or oligopeptide chain, 
terminating at one end with a sulfhydryl or disulfide group for anchoring to the metal 
surface, and covalently linked at the other end to the polar head of a phospholipid. 
Mercury provides a defect free and fluid surface to the thiolipid monolayer. Self-
assembling a phospholipid monolayer on top of the thiolipid monolayer yields a lipid 
bilayer interposed between the hydrophilic spacer and the aqueous medium, which 
allows the incorporation of ionophores (e.g., valinomycin [1]), channel-forming 
peptides (e.g., melittin) and membrane proteins (e.g., OmpF porin [2], sarcolipin). 
Some channel-forming peptides form clusters within the lipid bilayer by a nucleation-
and-growth mechanism, which can be revealed by potential-step chronocoulometry. 
Electrochemical impedance spectroscopy may allow a separation of the contributions 
from the different substructural elements composing this biomimetic membrane.
A metal-supported biomimetic membrane particularly convenient for the study of ion 
pumps is obtained by tethering a long-chain alkanethiol monolayer to a gold electrode 
and by self-assembling a phospholipid monolayer on top of it. Membrane fragments 
incorporating ion pumps or proteoliposomes are easily adsorbed on this mixed bilayer. 
The ion pumps are activated by rapidly injecting a solution of a suitable substrate 
into the microcell containing the electrode so prepared. ATP, translocating ions and 
drugs modulating the pump function can be used as substrates for these concentration 
jumps. At constant applied potential, concentration jumps generate current transients 
due to capacitive coupling between the proteoliposomes and the mixed alkanethiol/
phospholipid bilayer. The capacitive current transients are analyzed, together with 
the charge under the transients, on the basis of an equivalent circuit. Ca-ATPase 
of the sarcoplasmic reticulum is studied by this procedure, thus determining the 
effect of pH, potassium ions [3] and a few drugs [4] on the function of this pump. 

1) L. Becucci, M.R. Moncelli, R. Guidelli, J. Am. Chem. Soc. 127 (2005) 13316-23. 
2) L. Becucci, M.R. Moncelli, R. Guidelli, Langmuir 63 (2006) 161-167.
3) F. Tadini Buoninsegni, G.Bartolommei, M.R. Moncelli, G. Inesi, R. Guidelli, 

Biophys. J. 86 (2004) 3671-3686.
4) G. Bartolommei, F.Tadini Buoninsegni, S. Hua, M.R. Moncelli, G. Inesi, R. 

Guidelli, J. Biol. Chem., February 2006. 
The financial support of Ente Cassa di Risparmio di Firenze (Promelab project) is 
gratefully acknowledged.
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Electron transfer and CO binding to immobilized 
cytochrome c’ on thiol modified gold surfaces

M.T. de Groot*, T.H. Evers, M. Merkx, M.T.M. Koper
Laboratory of Inorganic Chemistry and Catalysis, Schuit Institute of Catalysis, and Laboratory 
of Macromolecular and Organic Chemistry, Department of Biomedical Engineering, Eindhoven 

University of Technology, P.O. Box 513, 5600 MB Eindhoven, Netherlands
*m.t.d.groot@tue.nl
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The Effect of Potential Field and pH on Protein 
Immobilization on Gold using the Electrochemical 

Quartz Crystal Nanobalance, AFM and STM Imaging 
Cara E. Daviesa, Amanda I. Quirka, Chunqing Zhoua, Craig D. Wilsona, 

Gleb E. Yakubova,b and Sharon G. Roscoea*

 aDepartment of Chemistry, Acadia University, Wolfville, NS, B4P 2R6, Canada 
bLaboratory of Physical Chemistry of Modified Surfaces, Institute of Physical Chemistry, Russian 

Academy of Sciences, 31 Leninsky Prospect, 117915 Moscow, Russia
*Csharon.roscoe@acadiau.ca 

The role of potential field on the adsorption properties of proteins is important in 
understanding their interfacial behaviour for many applications such as biosensors, 
medical implants, and the fouling of surfaces in industrial situations. We present results 
obtained from the use of the electrochemical quartz crystal nanobalance (EQCN) to 
quantify the potential field adsorption behaviour of proteins at a gold electrode. These 
results are compared with STM images of the proteins on gold obtained in situ under 
electrochemical control. The self assembly behaviour of the proteins directly from 
solutions of various pH in the absence of potential field was imaged by AFM.
EQCN measurements of the adsorption behaviour of the globular proteins, β-
lactoglobulin (β-LG) and α-lactalbumin (α-LA), were examined from phosphate 
buffer solutions prepared with a range of pH values (i.e., 2, 7.4, 11). These proteins 
undergo interesting conformational changes as a result of variation in the pH of the 
solution. The EQCN results showed very different adsorption behaviour of these 
proteins onto a gold substrate which was attributed to the charge on the protein and 
the potential field induced solvent effects at the electrode surface. AFM images of 
the self assembled arrays of these proteins on a gold surface, adsorbed directly from 
solutions of different pH values in the absence of potential field, were measured after 
the substrate was rinsed and allowed to dry. The self assembled arrays of protein 
differed substantially for adsorption from solutions of different pH, characteristic of 
their differing conformational behaviour in solution. 
To study the effect of the potential field, STM images were made of protein 
adsorption onto a gold substrate in situ from a pH 7.4 phosphate buffer solution 
under electrochemical potential control. Normally, using gold as the substrate, protein 
molecules are not adsorbed firmly and cannot be imaged properly in the protein 
containing electrolyte solution. However, with potential control of +0.4 V relative 
to the open circuit potential, single β-LG molecules are fixed onto gold because 
of electrostatic interaction between the negatively charged protein (pI, 5.4) at this 
pH and the positively charged surface, allowing images of adsorbed protein to be 
captured. The images show the protein molecules with an apparent diameter of 7.0 
nm, which is larger than the diameter when imaged in dry state (~3.4 nm), likely 
due to the formation of dimers, which occurs naturally in buffer solution at this pH. 
When the potential is decreased, the immobilized molecules disappear. The process 
is reversible. At potentials greater than +0.6 V, the imaged β-LG molecules appear to 
be denatured on the substrate. Thus, these three techniques provide complementary 
information. 
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Dynamic neutron reflectivity studies providing 
temporally and spatially resolved composition of 

electroactive films 
A. Glidlea, J. Coopera, A.R. Hillmanb*, K.S. Ryderb, R.M. Dalglieshc and R. Cubittd,   

 a University of Glasgow, Department of Electronics, Glasgow, G12 8LT, UK; b University of 
Leicester, Department of Chemistry, Leicester, LE1 7RH, UK; c ISIS Facility, Rutherford Appleton 
Laboratory, Didcot, OX11 0QX, UK; d Institut Laue Langevin, 38042 Grenoble Cedex 9, France

*Email: arh7@le.ac.uk

Structural characterization of electroactive films is crucial to understanding their 
mechanism of operation, optimising their performance and designing next generation 
materials. Recently, spectroscopic and imaging methods have been used to provide 
information from the level of local environment and electronic structure through to 
topological images at the nano- and meso-scopic levels. While these techniques have 
unquestionably advanced the understanding of electroactive films, they generally 
provide information averaged across or through the sample (transmission IR, UV/
visible spectroscopy, EXAFS) or localised at one interface (AFM, STM or XPS). 
The missing feature, which we have provided using neutron reflectivity (NR) is spatially 
resolved information through the film. The penetrating nature of neutrons means that 
measurements can be made in situ. The great advantage over ellipsometry, its photon 
equivalent, is that NR responds to isotopic substitution, so one can selectively identify 
individual species, notably the solvent profile via deuteration1. To date, exploitation 
of this advantage has been at the expense of time resolution: the weak interaction of 
neutrons with matter that allows penetration of condensed phases frequently requires 
long measurement times, typically hours. 
Here we report a new methodology for in situ NR measurements that decreases the 
effective measurement timescale by approximately three orders of magnitude, to 
a few seconds. We recently reported the concept of the method2, but are now in a 
position to demonstrate the outcomes in terms of spatially and temporally resolved 
solvent profiles within electroactive films during potentiodynamically controlled 
redox switching. The capability of the method will be shown for PVF films, a model 
system for which we have spatially integrated time resolved solvation from EQCM 
data and spatially resolved temporally integrated data from static NR data. We then 
exploit this capability to probe transient solvation effects in PEDOT films undergoing 
redox switching. 

1. A. Glidle et al, Langmuir, 19 (2003) 7746.
2. J. Cooper et al, J Am. Chem. Soc., 126 (2004) 15362.

Acknowledgments. We thank ISIS and the ILL for provision of neutron beam time.
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Electrochromic properties of disubstituted poly(propyle
nedioxythiophene)s

Aubrey L. Dyera, Benjamin D. Reevesa, Christophe R.G. Greniera, Merve Ertasa, 
Roger J. Mortimera,b*, John R. Reynoldsa

aThe George and Josephine Butler Polymer Research Laboratory,
Department of Chemistry, Center for Macromolecular Sciences and Engineering,

University of Florida, Gainesville, Florida 32611 USA
bDepartment of Chemistry, Loughborough University

Loughborough, Leicestershire LE11 3TU, UK
*R.J.Mortimer@lboro.ac.uk

An electrochromic material is one where a reversible colour change takes place upon 
reduction (gain of electrons) or oxidation (loss of electrons), on passage of electrical 
current after the application of an appropriate electrode potential. Thin films of 
conjugated electroactive polymers are intensively studied for their electrochromic 
properties [1]. In the oxidised state, such conjugated polymers are charge balanced, 
‘doped’, with counter anions (‘p-doping’) and have a delocalised π-electron band 
structure. Reduction of ‘p-doped’ conjugated polymers, with concurrent counter anion 
exit (or electrolyte cation incorporation) removes the electronic conjugation to give 
the ‘undoped’ (neutral) electrically insulating form. The energy gap (Eg, electronic 
bandgap) between the highest occupied π-electron band (the valence band) and 
the lowest unoccupied band (the conduction band) determines the intrinsic optical 
properties of these materials.
Of the numerous conjugated electroactive polymers that have been studied, 
alkylenedioxythiophene polymers have been shown to exhibit enhanced electrochromic 
properties over the parent thiophene polymers [2]. We here describe recent efforts at the 
University of Florida that have focussed on the development of solution processable 
alkyl- and alkoxy-substituted poly(3,4-propylenedioxythiophene)s (PProDOT-R2) 
with fast switching speeds and higher optical contrasts. These polymers are soluble 
in common organic solvents and can be applied to various substrates using a spray-
casting technique. As thin films on transparent substrates these disubstituted poly(3,4-
propylenedioxythiophene)s exhibit electrochromic hysteresis. Furthermore, when 
incorporated into reflective electrochromic devices, the phenomenon of unsymmetrical 
switching occurs between the visible and NIR regions of the spectrum. Transmissive 
organic-inorganic hybrid electrochromic devices, incorporating these polymers and 
thin films of electrochromic Prussian blue, have been constructed and exhibit high 
luminance and transmission contrasts.

[1] R.J. Mortimer, A.L. Dyer, J.R. Reynolds, Displays 27 (2006) 2.
[2] A. Cirpan, A.A. Argun, C.R.G. Grenier, B.D. Reeves, J.R. Reynolds, J. Mater. 

Chem. 13 (2003) 2422.
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Light-Emitting Electrochemical Cells: Direct Probing of 
Doping Progression and Emission

Ludvig Edman,*,1 Joon-Ho Shin,1 Nathaniel D. Robinson,2 Magnus Berggren,2 and 
Steven Xiao3

1 Department of Physics, Umeå University, SE-901 87 Umeå, Sweden.
2 Department of Science and Technology, Linköpings Universitet, 601 74 Norrköping, Sweden.

3 Organic Vision Inc., Brossard, QC, Canada.



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

Electrochemical modification of carbon and metal 
surfaces

Stève Baranton, Joël Lyskawa and Daniel Bélanger*
Département de Chimie, Université du Québec à Montréal, Case Postale 8888, succursale Centre-

Ville, Montréal (Québec) Canada H3C 3P8
*Corresponding author’s email address: belanger.daniel@uqam.ca

The electrochemical functionalization of carbon and metal electrodes was achieved 
by reduction of in-situ generated diazonium cations.  Several diazonium cations were 
used and selected examples will be given during this talk.  The diazonium cations were 
synthesized by reaction of the corresponding amines with sodium nitrite in aqueous HCl. 
This functionalization method, which involves simple reagents and does not require 
the isolation and purification of the diazonium salt, enabled the grafting of covalently 
bounded layers which exhibited properties very similar to those of layers obtained 
by the classical derivatization method involving isolated diazonium salt dissolved 
in acetonitrile or aqueous acid solution.  The modified electrodes were characterized 
by cyclic voltammetry and electrochemical impedance spectroscopy measurements.  
Such experiments were carried out in aqueous solutions containing electroactive redox 
probe molecules and were used to investigate the barrier properties of the deposited 
layers. The chemical composition of the grafted layers was also determined by X-Ray 
photoelectron and Infrared reflection-absorption (IRRAS) spectroscopies.
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Fabrication and High Resolution Characterisation of 
Charge Transport in Ultra-Thin Langmuir-Schaefer 

Nafion Films 
Paolo Bertoncello*, Ilenia Ciani, Fei Li, Massimo Peruffo and Patrick R. Unwin* 

Department of Chemistry, University of Warwick, Coventry CV4 7AL, United Kingdom
p.bertoncello@warwick.ac.uk; p.r.unwin@warwick.ac.uk

Ultra-thin films of Nafion have been prepared using a novel Langmuir-Schaefer 
(LS) technique. This technique allowed ordered ultra-thin (nanometer) scale films 
of Nafion to be produced. Two different approaches were developed to incorporate 
electroactive species such as a cationic ferrocene derivative, (FA+), and Ru(bpy)3

2+ 
within the films. The first (two step) method involved deposition of a pure Nafion LS 
film followed by loading of the electroactive species within the film [1-3]; the second 
(one step) method involved spreading a Langmuir film from solution containing 
both Nafion and an electroactive mediator. Apparent diffusion coefficients as well 
as surface coverages and other parameters, were extracted using cyclic voltammetry 
(CV). We have also developed a novel scanning electrochemical microscopy (SECM) 
method for determining the apparent diffusion coefficients within Nafion LS films. 
The results of the CV and SECM studies are compared and discussed. The Nafion 
LS films have been used to host palladium nanoparticles (2-5 nm diameter) produced 
by conventional methods and a novel methodology [4] that we shall report  and the 
properties of the particles have been elucidated. In particular, SECM and CV were 
used to study hydrogen evolution catalysed by palladium nanoparticles.

References
[1] P. Bertoncello, M.K. Ram, A. Notargiacomo, P. Ugo, C. Nicolini, 

PhysChemChemPhys, 2002, 4, 4036
[2] P. Bertoncello, A. Notargiacomo, C. Nicolini, Langmuir, 2005, 21, 172
[3] P. Ugo, P. Bertoncello, F. Vezza’, Electrochim. Acta, 2004, 49, 3785
 [4] D.I. Gittins, F. Caruso, Angew. Chem. Int. Ed., 2001, 40, 3001 
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Heterogeneous Doping Effects in Solid and Liquid Ionic 
Conducting Systems

A. J. Bhattacharyya*, H. Yamada and J. Maier
Max Planck Institute For Solid State Research, 70569 Stuttgart, Germany         

*a.bhattacharyya@fkf.mpg.de

Heterogeneous doping1 involving the introduction of a second phase oxide material 
(e.g. SiO2, Al2O3) into a weak electrolyte e.g. AgCl, PbF2 is a powerful technique to 
enhance ionic conductivity of weak electrolytes.  The technique involves the internal 
adsorption of  one ion sort at the oxide surface leading to high concentration of defects 
in the space charge layer at the interface of the conductor and insulator.  Compared 
to conventional form of doping, heterogeneous doping introduces higher dimensional 
defects in the form of interfaces. Based on materials selection and optimization we 
present here the applicability of the technique to two different systems: 
a) Dispersion of acidic oxide particles e.g.  SiO2, TiO2 etc. in non-aqueous Li-salt 
solutions (e.g. LiClO4 in MeOH, THF etc. or commercial solutions LiPF6 in EC:DMC) 
resulted in a composite with high ionic conductivity and advantageous soft matter 
consistency (similar to “soggy sand”)2 making them highly suitable for application 
as electrolytes in electrochemical devices e.g. lithium battery. The enhancement is 
attributed to the formation of space charge layer in the vicinity of oxide particles 
resulting from adsorption of the anions on the oxides´ surface leading to dissociation 
of Li+ out of ion pairs.  The conductivity variation with oxide volume fraction showed 
a percolation type behavior. Initiation in ionic conductivity enhancement takes place 
at the oxide volume  where an attractive particle network is formed. 
b) Silver ionic conductivity1 in AgX (X=Br,I) materials has already been demonstrated 
to be significantly enhanced by dispersion of solid micron or nanometer sized Al2O3 
particles. The strategy of using smaller insulator particle sizes (i.e. higher surface 
area) might not always lead to predicted enhanced ionic conductivity due to several 
factors e.g. agglomeration of insulator particles, porosity effects etc and hence 
reduced percolation efficiency.  However, with dispersion of mesoporous Al2O3 the 
conductivities of the above composites were extremely enhanced3. Conductivity 
enhancement is explained satisfactorily by the concept of Heterogeneous Doping 
with an additional contribution of stacking disorder to conductivity for AgI-Al2O3 
composite. 

References
1. J. Maier, Prog. Solid State Chem., 23 (1995) 171.
2. Aninda J. Bhattacharyya, Joachim Maier, Adv. Mater. 16 (2004) 811.
3. Hirotoshi Yamada, Aninda J. Bhattacharyya and Joachim Maier, Adv. Func. 

Mater., 16 (2006) 525.   
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Bioelectrodes for catalytic reduction of oxygen
Renata Bilewicz 

Faculty of Chemistry, Warsaw University, Pasteura 1 02093 Warsaw Poland
*Bilewicz@chem.uw.edu.pl

Two ways of connecting laccases to the electrode surfaces will be discussed: 
- covalent binding of the enzyme to thiol monolayers using 11-mercaptoundecanoic 
acid as the organic junction, 
- immobilization in thin films of lyotropic liquid crystal - lipidic matrix with cubic 
symmetry. 
Electrochemical, STM and Raman spectroscopy characteristics of fungal laccases 
Trametes hirsuta and Cerrena unicolor immobilized on electrode surfaces are 
described. Native laccases were studied and laccase modified with palmytic chains to 
turn it more hydrophobic. 
Incorporation of laccase into lyotropic liquid crystal - lipidic matrix with cubic 
symmetry lead to efficient catalysis oxygen reduction.1,2 The diamond type monoolein 
cubic phase prevents the enzymes from denaturation on the electrode surface and 
provides a flexible environment. Electronic contact of the enzyme with the electrode 
is maintained either directly or through the mediation of electroactive probes. The 
enzyme electroactivity and its catalytic activity parameters towards oxygen on both 
types of bioelectrodes will be discussed. 

1. P. Rowiński, A. Korytkowska, R. Bilewicz, “Diffusion of Hydrophilic Probes in 
Bicontinuous Lipidic Cubic Phases” Chem.Phys.Lipids 2003, 124, 147.

2. R. Bilewicz, P. Rowiński, E. Rogalska, “Modified Electrodes Based on Lipidic 
Cubic Phases” Bioelectrochemistry 2005, 66, 3.
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LbL Self-Assembled redox multilayer films: Effect of 
acid-base equilibria on the ion exchange during redox 

switching
M. Tagliazzuchia,  E.J. Calvoa, C. Barberob

aINQUIMAE. DQIAyQF, Fac. Ciencias Exactas y Naturales Universidad de Buenos Aires,
Pabellon 2, Ciudad Universitaria, Argentina                  

 calvo@qi.fcen.uba.ar
bUniversidad Nacional de Río Cuarto, Departamento de Química, Universidad Nacional de Río 

Cuarto (UNRC), Río Cuarto, Argentina.

The structure and fuctionalities in layer-by-layer self assembled molecular thin films 
can be designed by selection of polyelectrolytes, the order of alternate deposition, 
the ionic strength and the pH of the assembling electrolyte. In particular redox active 
poly-electrolyte multilayers (redox-PEM) are modified electrodes with control of 
properties in the nanoscale [1,2]. 
In the present stydy redox-PEM´s were built with poly(allylamine) derivatized with 
an osmium bipyridine pyridine chloro complex (PAH-Os)  and polystyrene sulfonate 
(PVS).
The ellipsometric bilayer thickness determined after each electrostatic adsorption 
step increases the higher the pH of the PAH-Os adsorption solution. Similar results 
have been reported for PAH/PVS multilayer films [3]. In both cases the increase in 
film thickness has been attributed to conformational changes of poly-allylamine at 
different pH, with fully extended rod-like conformations in acid solutions due to the 
high linear charge density and coiled structures in alkaline solutions.
Infrared reflection-absorption spectroscopy by Fourier Transform (FTIR-RAS) shows 
the presence of NH2 and NH3

+ groups in films grown from PAH-Os solutions of pH 
8.3 while at pH 3.5 only protonated amino groups have been observed.
The electrochemical behaviour of these LbL self-assembled multilayer films has been 
studied by cyclic voltammetry (CV), electrochemical quartz crystal microbalance 
(EQCM) and probe beam deflection (PBD). The integrated redox charge for a given 
number of bilayers increases with the assembling solution pH. 
Films self-assembled at pH 8.3 have positive fixed charges and are predomintly 
exhange anions while those self assembled at pH 3.5 have negative fixed charges and 
are cation exchangers. Films with PAH-Os as the topmost layer  carry  a larger positive 
charge excess at the surface than those terminated in PVS.  EQCM experiments reveal 
an exchange of +186 g/mol for films assembled at pH 8.3 and +18 g/mol for films 
assembled at pH 3.5. This shows that in the first case anions and solvent are exchanged 
during the oxidation while in the second case the egress of cations is masked by the 
ingress of water.
The pH of weak polyelectrolyte solutions determines the film thickness and the internal 
composition which result in either anion or cation exchange during the oxidation-
reduction 
[1]. D. Laurent, J. B. Schlenoff, Langmuir 13 (1997), 1552-1557.
[2]. E. J. Calvo, A. Wolosiuk, J. Am. Chem. Soc. 124 (2002), 8490-7.
[3]. J. Choi, M. F. Rubner, Macromolecules 38 (2005), 116-124.
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Atomic force microscopy characterization of nucleic 
acids nanofilms adsorbed onto HOPG electrode surfaces

Ana-Maria Chiorcea-Paquim and Ana Maria Oliveira Brett*
Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade de Coimbra, 3004-

535 Coimbra, Portugal
*brett@ci.uc.pt

Nucleic acids are very important biomolecules that play an essential role in the 
determination of hereditary characteristics, storing and replicating the genetic 
information of living organisms. In developing DNA electrochemical biosensors a 
important step consists in the immobilization and stabilization of the nucleic acid 
molecules on the electrode surface. 
The mechanism of interaction of nucleic acids with carbon electrode surfaces was 
elucidated using magnetic AC mode atomic force microscopy (MAC Mode AFM) 
and different dsDNA, ssDNA, RNA and synthetic 10-mer homo and hetero-ODN 
molecules of known base sequences. 
AFM images in air revealed different adsorption patterns and degree of HOPG surface 
coverage, and correlations between the pH of the solution and individual structure and 
base sequence of the molecules were observed. During free adsorption, the hydrophobic 
interactions of the molecules with the HOPG represent the main adsorption mechanism, 
although other effects such as electrostatic and Van der Waals interactions may 
contribute to the free adsorption process. The molecules interact differently with the 
HOPG surface, according to the nucleic acid sequence’s hydrophobic characteristics, 
depending directly on the molecular mass, the hydrophobic character of the individual 
bases and the secondary structure of the molecule. The importance of the type of base 
existing at the chain extremities on the adsorption process was investigated with ODN 
sequences composed by the same group of bases in a different order. 
When a positive potential is applied to HOPG, electrostatic interactions between 
the positively charged electrode surface and the negatively charged sugar-phosphate 
backbones of DNA molecules are predominant. The applied potential modified the 
DNA adsorption pattern on the surface significantly. The robustness and stability of the 
adsorbed molecules with respect to mechanical stress increased, due to electrostatic 
interaction.
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Electrochemical behavior of poly(aniline) and 
poly(phenylene sulfide) copolymer in ionic liquids

Leonardo Teixeira Silveira, Fernanda F. Camilo Bazito, Roberto M. Torresi,  
Susana I. Córdoba de Torresi* 

Instituto de Química, Universidade de São Paulo, C.P. 26077 – São Paulo, BRAZIL
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Electrochemistry of glycopeptides in biomimetic 
membranes

 M. R. Moncelli*1, F. Real Fernandez1,2,3, G. Sabatino2,3, P. Rovero2,4, A. M. Papini2,3  
1Department of Chemistry, Florence University,Via della Lastruccia 3

2 Laboratory of Peptide & Protein Chemistry & Biology
3 Department of Organic Chemistry “Ugo Schiff”, Via della Lastruccia 13

4 Department of Pharmaceutical Sciences, Via Ugo Schiff 6
 I-50019 Sesto Fiorentino, Polo Scientifico, University of Firenze

*moncelli@unifi.it

Florence laboratory has a notable expertise in the “Electrochemistry of peptides 
and proteins in supported lipid films”. In this context, we have been investigating 
peptides using different biomimetic membranes, such as Hg-supported phospholipd 
monolayers [1] and tethered lipid bilayers supported by both Hg [2] and Au. Thus, 
we studied commercial gramicidin in a monolayer [3] and valinomycin in a tethered 
bilayer, both supported by Hg [4].
We have recently concentrated on the CSF114(Glc) glycopeptide, the first specific 
Multiple Sclerosis (MS) Antigenic Probe (developed in the Laboratory of Peptide 
& Protein Chemistry & Biology), which is capable of detecting autoantibodies as 
biomarkers of this disease. A simple ELISA test on sera of MS patients, based on 
CSF114(Glc) [5], was proposed to follow up disease activity, guiding customized 
therapeutic treatments [6]. Autoantibody recognition is strongly dependent on the 
presence of Asn(Glc) and on the conformational behavior of CSF114(Glc), both in 
solution and under the solid-phase conditions of the ELISA. We hypothesize that an 
aberrant N-glucosylation of myelin proteins may trigger a pathogenic autoantibody 
response in MS and that CSF114(Glc) may possibly mimic all aberrantly glucosylated 
myelin proteins [7].
This study aims at characterizing CSF114(Glc) in biomimetic membranes. Therefore, 
we investigated the behavior of CSF114(Glc) in our model systems (monolayers and 
tethered bilayers on Hg) using Electrochemical Impedance Spectroscopy (EIS), AC 
voltammetry, and other electrochemical techniques.

[1] M.R.Moncelli, L. Becucci and R.Guidelli Biophys. J. 66 (1994) 1969-1980;     
M.R.Moncelli and L.Becucci J. Electroanal. Chem. 433 (1997) 91-96

[2] M.R.Moncelli, L. Becucci, S.M.Schiller Bioelectrochemistry 63(2004)161-167
[3] L.Becucci, M.R.Moncelli and R.Guidelli Biophys. J. 82(2002)852-864.
[4] L. Becucci, M.R. Moncelli, R. Guidelli J. Am. Chem. Soc. 127 (2005) 13316-23.
[5] A.M. Papini Nat. Med. (2005) 11, 13.
[6] F. Lolli et al. J. Neuroimmunol. (2005) 167, 131-137.
[7] A.M. Papini et al. PNAS, U.S.A. (2005) 102(29), 10273-10278.

The financial support of Ente Cassa di Risparmio di Firenze is gratefully 
acknowledged
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Fabrication and characterization of nanostructured 
electrochromic films 
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Redox-active ionic liquids
Andrew P. Doherty* and Sarah O’Toole 

School of Chemistry and Chemical Engineering, Queen’s University, Belfast, Northern Ireland, BT9 
5AG UK, 

*a.p.doherty@qub.ac.uk

Research over the last decade has shown that ionic liquids (ILs) have great potential as 
“green” replacement solvents for a variety of chemical transformations [1] including 
their use in organic electrochemistry [2-4]. Significantly, the use of ILs in molecular 
electrochemistry negates the usual requirement for molecular solvents (organic or 
water) and supporting electrolytes; both of which are often cited as the main barriers 
to the implementation of organic electrolytic processing. 
Over recent years, “task specific” ILs have been introduced where the IL structure 
is deliberately design to perform specific function(s) beyond acting as mere solvents 
e.g. salts with the capacity to interact with dissolved substrates in specific ways 
[5]. From the electrochemical perspective, deliberately introducing reversible 
redox functionalities within the conventional IL structure introduces a new class of 
hydrophobic liquid electrochemical material where redox chemistry can be performed 
in the total absence dissolved redox species, or supporting solvents, such as water 
or organics. In principle, these materials can perform either simple electron-transfer 
reactions, or effect atom transfer processes; behaviour akin to normal redox reagents 
in molecular solvent systems. These materials have diverse applications e.g. from 
solvent-free redox chemical transformations to high-density electrical energy storage. 
This paper will describe approaches to bulk synthesising redox-active ionic liqids, their 
electrochemical characterisation, and their applications in chemical transformations.

[1] T. Welton, Chemical Reviews 99 (1999) 2071. 
[2] R. Barhdadi, C. Courtinard, J.-Y. Nedelec and M. Troupe, Chem. Comm. (2003) 

1434. 
[3] C. Lagrost, P. Hapiot and M. Vaultier, Green Chemistry 7 (2005) 468.
[4] S. A. Brook and A. P. Doherty, J. Phys. Chem., 109 (2005) 6276.
[5] J. H. Davis, Chemistry Letters 33 (2004) 1072.
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X-Ray characterisation of structural and functional 
metal ions in polymeric salen based thin films

J.Tedim,a R.Bessada,b M.Valente,b C. Freire,b* M. Skopek,b S.J. Gurman,c  
A.R. Hillmana

Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK
REQUIMTE, Dep. Química, Fac. Ciências, Universidade do Porto, 4169-007 Porto, Portugal

Department of Physics, University of Leicester, Leicester LE1 7RH, UK
*acfreire@fc.up.pt

Salen ligands are easily functionalized with receptor sites and their metal complexes 
exhibit molecular recognition properties in solution.1 Recently, we began to explore 
the properties of poly[Ni(salen)] functionalized with receptor sites, namely crown 
ethers, as a starting point for the production of metal cation sensors.2 In this work 
we used in situ X-ray spectroscopy and ex-situ XPS to study the structural origins of 
ion recognition by electrochemically addressable poly[Ni(salen)] thin films. XANES 
and EXAFS at the Ni K-edge and, after exposure to Ba2+ solution, at the Ba K-edge 
provided information on the local environment (nearest and next-nearest neighbours) 
around these atoms within the film. Since these were in-situ measurements, we 
were able to monitor the influence of electrochemical potential perturbations. XPS 
measurements were used to determine the composition, particularly Ni to Ba ratio and 
metal atom to donor ratio. Unlike the EXAFS and XANES, XPS is surface specific, 
which allows us to explore the penetration depth of Barium into the film.
Fitting of EXAFS and XANES spectra provides oxidation state and geometry around 
the Ni and Ba for poly[Ni(3-MeOsaltMe)], we find that Ni is covalently bound (to two 
N and two O donors) and square planar, irrespective of film redox state and the presence 
(or absence) of bound Ba2+; Ba2+ is bound within pseudo crown pocket formed by 
four O donors, two from the methoxyl groups and two shared with Ni atom. We also 
report data for poly[Ni(3-Mesalophen-b15-c5)], in which a crown ether provides less 
flexible pocket for Ba. The Ba2+ signal from the relatively thick films (10 μm) used 
in these experiments is significantly below that anticipated from electrochemical on 
thin films (< 100 nm). We explain this by the fact that EXAFS and XANES responses 
average the signal over the entire film volume, but only the diffusionally accessible 
outer region contains Ba2+; XPS data confirm this.
We conclude that the role of the Ni is purely structural. The dramatic changes in i-
E response that accompany Ba2+ uptake are assigned to the delocalised poly(salen) 
polymer spine, through the barium-(pseudo)crown oxygen atoms. Combination of 
XAS and XPS data provides a route for optimising film thickness in terms of response 
times during exposure to barium in solution.
Acknowledgments: We thank CCLRC Daresbury Laboratory for Synchrotron time 
and FCT for project POCTI/CTM/46186/2002 and studentships for JT and RB.

References
1 C. Sousa, P. Gameiro, C. Freire, B. de Castro. Polyhedron 2004, 23, 1401-1408.
2 M. Martins, C. Freire, A. R. Hillman, Chem Com.,2003, 434-435.
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Viscoelastic investigations of polyaniline:  
correlation between film dynamics and composition

Mohamoud A. Mohamoud and A. Robert Hillman*
Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK

*(Email: arh7@le.ac.uk)

The redox-driven transfers of ions and solvent between an electroactive polymer film 
and its bathing solution have been widely studied using the EQCM. It is also generally 
appreciated that highly solvated films are likely to show viscoelastically controlled 
EQCM responses, associated with polymer dynamics. However, these viscoelastic 
phenomena are only infrequently quantified (for example via shear moduli), their 
relationships to physical control parameters and to redox-driven solvation changes 
are poorly understood, and their inherent connections to molecular processes have 
barely been investigated. It would be valuable to understand these relationships, since 
they may influence performance of a range of electroactive film-based devices, for 
example through switching times associated with ion transfer through the viscous film 
medium or mechanical actuation associated with polymer stiffness.

In this presentation we describe crystal impedance studies of the electromechanical 
properties of potentiodynamically deposited conducting polyaniline films exposed to 
aqueous HClO4. The admittance spectra yield polymer shear modulus data, G = Gʹ 
+ jGʺ (where Gʹ is the storage modulus and Gʺ is the loss modulus) as functions 
of applied potential (polymer redox state), timescale (via harmonics of the angular 
frequency, ω = 2πf) and temperature (T). The potential was scanned between -0.2 < 
E/V < 0.4. The frequency ranged from 10 MHz (the fundamental resonance) up to 110 
MHz (11th harmonic). The temperature was varied over the range 5 < T/oC < 60.

The matrix of G(E,T,ω) data was mapped onto a master relaxation curve using the 
principle of time-temperature correspondence. The effects of temperature and potential 
on G components were surprisingly small. However, the effect of experimental 
timescale (frequency) was dramatic, with Gʹand Gʺ varying by approximately three 
orders of magnitude. In a novel approach, we are able to correlate the polymer matrix 
dynamics (represented by shear moduli, acquired for acoustically thick films) with 
film composition (represented by solvation changes, acquired gravimetrically for 
acoustically thin films) in response to film redox switching. This is the first time, to 
our knowledge, that the relationship between film dynamics and composition has been 
determined for an electroactive polymer film. 
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We report on the formation of hydrogel layers on conducting substrates via a simple 
electrochemical route.  A free radical polymerization is initiated by an electron transfer 
from the substrate to a redox-active initiator.  Gels of the thermally responsive material 
poly-N- isopropylacrylamide (p-NIPAM) with a thickness between 25 and 250 nm 
were produced and characterized.  Typical polymerization times are between a few 
seconds and a few minutes.  The gels adhere well to the substrate.  They show the 
characteristic swelling transition at 32 °C.  While the films appear homogeneous in 
optical microscopy, AFM images reveal a slightly heterogeneous, globular structure.  
The gels are permeable to small ions as evidenced by electrochemical experiments 
with gel-covered electrodes.  We also report on arrays of hydrogel-dots formed by 
electrochemical di-pen lithography.

[1] Langmuir 2006
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The concept of fabrication of the phosphomolybdate-stabilized colloidal suspensions 
of metal particles is extended here to the formation of the analogous dispersions 
of carbon nanoparticles and multi-walled carbon nanotubes and utilized to the 
generation of network films of conducting polymer linked carbon nanostructures on 
electrode substrates [1,2]. Recently, a great deal of recent research has been centered 
on the preparation and investigation of carbon nanomaterials. Because of their unique 
properties, that include high surface area, good electrical conductivity, exceptional 
physicochemical stability and significant mechanical strength, the carbon nanotubes 
have been considered for such technological applications as fabrication of high density 
charge storage devices and supercapacitors. We demonstrate here that by repeated 
alternate treatments in the colloidal suspension of polyoxometallate-protected carbon 
nanotubes (or particles) and in the solution of monomer (e.g. anilinium) cations, 
the amount of the material can be increased systematically (layer-by-layer) to form 
stable three-dimensional organic-inorganic assemblies on electrode surfaces. In the 
resulting films, the layers of negatively charged polyoxometallate-stabilized carbon 
nanostructures are linked or electrostatically attracted by ultra-thin layers of such 
positively charged conducting polymers as polyaniline or PEDOT. Consequently, 
the attractive mechanical and electrical characteristics of nanostructured carbon, 
unique properties of polymers and reactivity of polyoxometallates are combined. The 
formation, morphology, structural transformations and electrochemical properties of 
the carbon nanostructures containing three-dimensional network films are examined 
using cyclic voltammetry, potential step techniques, microgravimmetry, FTIR 
spectroscopy, STM and scanning electrochemical microscopy. The functionalization 
of carbon nanotubes or carbon submicroparticles with heteropolyanions constitutes an 
effective route to their homogeneous dispersion in polymer matrices. Our new hybrid 
three-component materials are characterized by fast dynamics of charge propagation. 
The research is of potential importance to the construction of effectively operating 
charge storage devices (capacitors), charge mediators (relays), molecular electronic, 
chemical and biochemical sensing devices, as well as electrocatalytic systems.

[1] P. J. Kulesza, M. Skunik, B. Baranowska, K. Miecznikowski, M. Chojak, K. Karnicka, E. 
Frackowiak, F. Béguin, A. Kuhn, M.-H. Delville, B. Starobrzynska, A. Ernest, Electrochim. 
Acta, 51 (2006) 2373

[2] M. Skunik, B. Baranowska, D. Fattakhova, K. Miecznikowski, M. Chojak, A. 
Kuhn, P. J. Kulesza, J. Solid State Electrochem., 10 (2006) 168.
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2. Division of Nano Science, Ewha Womans University, 11-1 Daehyun-Dong, Seodaemun-Gu, 
Seoul, 120-750, Korea.

3. Life Sciences Division, Korea Institute of Science and Technology (KIST), Seoul, Korea 
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Electron transfer through nanometer-thick organic films is of fundamental importance 
to the development of nanometer-scale electronics and chemical sensors. Knowledge 
of how chemical compositions and chemical structures affect the electron transfer 
between a solid substrate and a redox-active molecule is central in the study of 
molecular-level electron transfer. In particular, concepts of “molecular switching” and 
“molecular rectifier” are of relevance to the design and development of new electronic 
nano devices. Herein we report the molecular switching by anion adsorption and the 
molecular rectifier by the asymmetric electrostatic interactions in self-assembled 
monolayers (SAMs).
First, the anion-directed Ru3+/Ru2+ redox-switchable SAM surfaces will be presented. 
The gold surfaces were coated with imidazolium salts, 1-(12-mercaptododecyl)-3-
methylimidazolium salts. The electron transfer on this SAM occurs in the presence 
of Fe(CN)6

3- (anionic redox-probe molecule) but did not occur in the presence of 
Ru(NH3)6

3+ (cationic redox-probe molecule). The SAM having Fe(CN)6
3- as an anion 

showed the electron-transfer toward Ru(NH3)6
3+, and the Ru3+/2+ redox-switchable 

SAM was generated by reversible anion exchange between Fe(CN)6
3- and SCN-.

Second, the pH-dependent rectification in SAMs based on asymmetric electrostatic 
repulsion was accomplished in the SAM of 1-(12-mercaptododecyl)imidazole. 
Imidazole group acts as surface-charge and affects the electron transfer kinetics of 
the ferrocenemethanol FcOH/FcOH+ redox couple asymmetrically. When the basic 
imidazole group on the top of the SAM is deprotonated at high pH, access of both 
FcOH and FcOH+ to the electrode is allowed, resulting in bidirectional electron 
transfer. At low pH, however, the protonated imidazole group repulses the positively 
charged FcOH+ and does not exert any force on the neutral FcOH. These asymmetric 
electrostatic interactions influence the electron-transfer kinetics of oxidation and 
reduction asymmetrically leading to the rectifying function. The reversible protonation/
deprotonation of the imidazole group enables the selection between unidirectional and 
bidirectional electron transfer by adjusting pH.
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Cations of Fullerene and their Reactivity in Solution
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 via Selmi 2, I-40126 Bologna, ITALY
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The facile reduction of fullerenes, exemplified by the electrochemical stepwise 
reversible addition of up to six electrons to C60,1 contrasts with its difficult oxidation.2 
As observed in the early electrochemical experiments, fullerenium radical cations 
react immediately with any nucleophile present in solution leading to decomposition.2  

This is responsible for the generation of multielectron voltammetric oxidation peaks, 
as the decomposition products undergo further oxidation.
In 1993 the observation of electrochemical reversible one-electron oxidation of 
C60 in tetrachloethane at E1/2 = 1.26 V (vs. Fc+/Fc) was reported for the first time 
by Echegoyen.3  Finally, in 2003, we reported on the cyclic voltammetric reversible 
generation of C60

2+ and C60
3+ with E1/2 = 1.71 and 2.14 V respectively.4  This was allowed 

by the adoption of suitable experimental conditions based on ultra-dry solvents and 
electrolytes with very high oxidation resistance and low nucleophilicity.5  
The present work adds valuable information on the still relatively unknown physical-
chemical properties of this important all-carbon carbocations and reports some aspects 
of their unexpected reactivity, in particular, on the formation of an electroactive film 
onto the electrode surface, attributed to a C60-polymer.

(1)  Xie, Q.; Perez-Cordero, E.; Echegoyen, L. J. Am. Chem. Soc. 1992, 114, 3977.
(2)  Reed, C. A.; Bolskar, R. D. Chem. Rev. 2000, 100, 1075.
(3)  Xie, Q.; Arias, F.; Echegoyen, L. J. Am. Chem. Soc. 1993, 115, 9818.
(4)  Bruno, C.; Doubitski, I.; Marcaccio, M.; Paolucci, F.; Paolucci, D.; Zaopo, A.       J. 

Am. Chem. Soc. 2003, 125, 15738.
(5)  Reed, C. A.; Kim, K.-C.; Bolskar, R. D.; Mueller, L. J.Science 2000, 289, 101.
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Campo Grande, 1749-016 Lisboa, Portugal
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The preparation of modified polymer film-coated electrodes with inorganic redox 
species has been performed with the aim to enhance some desired properties or to 
induce new features to the organic conducting polymers [1-4]. One of the most often 
used material, polypyrrole, has been modified with cobalt and nickel phthalocyanines 
in order to increase the electrochemical stability of the polymer film [1] or to 
electrocatalyse the oxidation of some alimentary antioxidants [2]; Fe(CN)6

-3 has also 
been immobilized in this polymeric layer with the purpose to built a D-lactate biosensor 
[3] and to electrocatalyse the ascorbic acid oxidation [4]. The modification of other 
polymers, namely poly (3,4-ethilenedioxythiophene) (PEDOT) [5] and polyaniline 
[6] with Prussian blue as also been reported in the literature.
In this work, the preparation of modified electrodes by PEDOT/Fe(CN)6

3- was made 
in a two-step method. Firstly, the PEDOT film was potentiodinamically deposited 
on a platinum electrode from an acetonitrile solution with 50 mM EDOT and 0.1 M 
TBAPF6. In the second stage, the incorporation of the redox mediator Fe(CN)6

3- on the 
PEDOT layer was achieved by the application of a constant potential to the working 
electrode, in an aqueous solution containing K4Fe(CN)6 in 0.1 M KCl. The presence 
of Fe(CN)6

3- in the modified electrodes is analysed by XPS. The influence of the 
PEDOT film thickness, the K4Fe(CN)6 concentration and the ferricyanate deposition 
potential on the amount of Fe(CN)6

3- inserted in the films were evaluated by potential 
scanning of the modified electrodes in 0.1 M TBAPF6 in a mixed solvent system of 
acetonitrile/water. The catalytic activity of the film incorporating the redox mediator 
towards the Vitamin C oxidation was studied by cyclic voltammetry in the mixed 
media containing 5 mM of ascorbic acid, and its response was contrasted with that 
of a simple PEDOT film, and a bare Pt electrode. The results show that the PEDOT/
Fe(CN)6

3- film presents a lower oxidation potential and a higher oxidation current 
for the ascorbic acid oxidation and, consequently, a better electrocatalytic activity, 
comparatively to the simple PEDOT film. 

[1] V. Vijayanathan, S. Venkatachalam, V. N. Krishnamurthy, Synth. Met. 114 (2000) 
273.

[2] J. Riber, C. de la Fuente, M. D. Vasquez, M. L. Tascón, P. S. Batanero, Talanta 52 
(2000) 241.

[3] P. Gros, M. Comtat, Biosens. Bioelectron. 20 (2004) 204.
[4] J.-B. Raoof, R. Ojani, S. Rashid-Nadimi, Electrochim. Acta 50 (2005) 4694.
[5] A. L.-Oleksiak, A. P. Nowak, V. Jasulaitiene, Electrochem. Commun. 8 (2006) 

107.
[6] P. J. Kulesza, K. Miecznikowski, M. Chojak, M. A. Malik, S. Zamponi, R. Marassi, 

Electrochim. Acta 46 (2001) 4371.
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A phospholipid monolayer  undergoes three consecutive phase transitions in 
response to the application of electric field. This study involves an examination 
of the intermediate phase transition which follows the entry of electrolyte into 
the  monolayer and precedes the desorption of the phospholipid.   To examine the 
phase transition both chronoamperometry   and impedance methods were used. The 
chronamperometric results showed as before that the phase transition proceeded by 
a nucleation and growth mechanism in response to voltage pulses in the cathodic 
direction but not nucleation and growth in  response to potential pulses in the anodic 
direction. The charge on the electrode changed by about 0.85 μC cm-2 over a ~0.015V 
window and each potential in between was therefore characterised by a definite charge 
value.  The impedance results with applied sine wave  ΔV of 0.002V showed that at 
potentials corresponding to the  change in the charge structure, the data exhibited an 
extra Debye element in addition to RC with a characteristic time constant. At higher 
ΔV (=0.005V) of the applied ac sine wave, the extra  Debye element deviated from 
ideal behaviour and the relaxation time constant was shorter.   The logarithm of the  
half  life of the nucleation and growth transient showed at high overpotentials a linear 
relationship with the reciprocal of the overpotential tending to a decrease in slope at 
lower overpotentials.  This plot indicated that at high overpotentials, nucleation and 
growth is the prevalent mechanism but at lower overpotentials   the growth mechanism 
becomes more significant.  In the impedance experiments, where the applied sine 
wave has a ΔV of 0.002V, the Debye element represents the growth only of the new 
phase. 
The results point to the phase change as representing the break up of  a surface emulsion 
into electrolyte and phospholipid patches. The nucleation therefore corresponds to the 
nucleation of clusters of phospholipid  and the growth corrresponds to the  surface 
diffusion of phospholipid. The charge associated with the transition corresponds to the 
increased density of phospholipid  head groups on the electrode. 



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

Ĳ

Ș
Ș

Ș
Ș

Soft, wet, swelling and shrinking three-dimensional 
electrodes at molecular level: theoretical treatment 

T.F. Otero*, J. López Cascales, A.J. Fernández, G. Vázquez and J. Padilla
Universidad Politécnica de Cartagena, Centre for Electrochemistry and Intelligent Materials, 

Carlos III, s/n, 30203 Cartagena, Spain
toribio.fotero@upct.es



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

In situ esr spectroscopic detection of an 

electrochemically generated  superoxide radical, o
2

•-
, by 

spin trapping

Piotr Pieta, a,b  Andreas Petr, a  Wlodzimierz Kutner, b*  and  Lothar Dunsch a*

aLeibniz-Institute of Solid State and Materials Research, Group of Electrochemistry and Conducting 
Polymers, Helmholtzstr. 20, D - 01069 Dresden, Germany

bInstitute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44, 01-224 Warsaw, 
Poland

*E-mail: wkutner@ichf.edu.pl,  L.Dunsch@ifw-dresden.de



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

Immobilization of laccase on gold, silver and indium 
tin oxide by zirconium-phosphonate-carboxylate 

coordination chemistry
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1  Maria Curie-Sklodowska University, Dept. of Biochemistry, 20-031 Lublin, Plac Marii Curie-
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Controlling the molecular structure and organization of the interfacial region between 
a solid surface and an electrolyte solution has become a matter of routine using several 
different chemical methods.  Among areas that have benefited from the tailoring of 
surface properties are bioelectrochemistry, bioelectronics, chemical and biological 
sensing, and bioenergetics. The major issue and challenge in such studies is the electrical 
coupling of redox enzymes with electrodes, because of their possible applications as 
enzyme-based bioelectronic devices, e.g., biosensors or biofuel cell elements, also in 
nanoscale applications. Laccases (benzenediol:oxygen oxidoreductases; E.C. 1.10.3.2) 
are copper-containing redox enzymes that catalyze the oxidation of broad range of 
polyphenols and aromatic surfaces. In contrast to widely-used peroxidases, laccases 
are more stable, versatile and dependent only on atmospheric oxygen.  Since laccase 
oxidation is coupled with the reduction of dioxygen, these enzymes were employed as 
part as cathode “active” material in biofuel cells. The effective use of an enzyme can be 
enhanced by its immobilization on a solid support. The surface-attachment chemistry 
should provide the proper orientation of an enzyme to establish efficient electronic 
contact between such an enzyme and the electrode surface. We present here a simple 
method allowing for stable laccase immobilization on various conducting surfaces that 
retains the activity of the enzyme.  The strategy for laccase immobilization presented 
in this paper relies on ionic coordination chemistry involving –COO- terminal groups 
present on the protein. In our previous work we have used zirconium phosphate/
phosphonate (ZP) chemistry, pioneered by the Mallouk, Thompson and Katz groups, 
to attach molecules to boron-doped diamond (BDD). As shown previously, Zr4+ 
ions coordinated to phosphonate and phosphate groups can bind carboxylic and 
sulfonate functionalities. This chemistry allows immobilization of carboxylic (ZPC) 
and sulfonate acids to zirconated phosponate/phosphate monolayers. It has been also 
demonstrated that Hf4+ cations can also be used to bind –COO- and –SO3

- groups 
to phosphonate containing monolayers on the surface. Therefore, this chemistry 
appears to be sufficiently versatile to be used for the surface modification of a variety 
of surfaces with redox enzymes via their terminal carboxylate groups in a way that 
provides sufficient flexibility of the surface binding functionality to retain the requisite 
bio-activity. Using a host of techniques, including surface plasmon resonance (SPR), 
quartz crystal microbalance (QCM) gravimetry, atomic force microscopy (AFM), 
surface enhanced Raman scattering (SERS), resonance Raman scattering (RR) and 
electrochemical techniques, we show that laccase bound to a surface coordinatively 
through zirconium phosphonate/carboxylate (ZPC) functionalities forms a stable 
enzymatic layer with the enzyme retaining its activity to a significant extent.
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Earlier [1], we have found using Kelvin probe force microscopy (KFM) that the 
doping charge distribution in conducting polymers of the polythiophene series directly 
correlated to their morphology: the grains of as-grown polymers constantly differed in 
the local work function and in the local doping level from the grain peripheral regions. 
Later these findings were confirmed by other groups and for other polymer systems 
[2;3]. However, there have been some criticism that such a correlation could be at 
least partially due to cross-talk between morphology and electric forces as measured 
in the KFM technique, even despite implementation of its recent refinements such as 
the lift mode. Therefore, there has been a need to prove beyond any doubt that such 
correlation does exist and that it is not due to some deficiencies of the measurement 
technique. 
Since variations in the doping level of conducting polymers should translate into 
corresponding changes in their conductivity, the technique of choice to prove or 
disapprove this correlation would be to measure the local conductivity of a polymer 
sample and find out whether or not it is related to the surface morphology. The 
technique that allows such local conductivity measurements is called conducting or 
current-sensing AFM (C-AFM). There have been a few reports on C-AFM studies 
of conducting polymers [4;5]; however, no convincing evidence has been obtained 
of the presence or absence of the correlation of local conductivity and the surface 
morphology. In this work, we have used both KFM and C-AFM to characterize the 
morphology, local conductivity and doping level distribution for the same polymer 
samples. The results unambiguously show that indeed there is a direct correlation 
between local dopant distribution, conductivity and morphology in conducting 
polymers. This behaviour is explained by a higher molecular weight of polymer 
molecules that form primary nuclei. Importantly, this conclusion should hold for any 
type of nucleation and therefore should be applicable not only to electrochemically 
deposited but also solution-processed polymer films. 

References
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Electrochemically Induced Formation of Fatty Acid 
Monolayers as Molecular Glue for Electrodeposited 

Polypyrrole Films
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The increase interest in drug eluting implants based on polymer films has raised the 
need of adherent, uniform and thin biocompatible coatings (1-2 μm) on stainless 
steel (SS) medical devices. A polymeric carrier that meets these criteria provides a 
key component for a successful drug eluting stent technology. We have shown that 
electropolymerization of conducting polymers (pyrrole and its derivatives) on metal 
surfaces provides stable and homogeneous films, whose thickness can be controlled1. 
The organic coating can be grafted with various functional groups, which improve 
biocompatibility and modify its mechanical and chemical properties. In addition, 
complex shapes of SS surfaces, such as grids and coils, were coated uniformly where 
the electrodeposited polymer film acquired the surface morphology.
However, the adhesion between hydrophobic organic films and hydrophilic metal 
surfaces is insufficient for applications, such as coating of implantable medical devices. 
Motivated by a need for adhesion improvement, we aimed at the development of 
“molecular glue” that improves the linkage between the SS substrate and the organic 
coating. Recently, we reported on the electrochemically-induced formation of a self-
assembled monolayer (SAM) based on fatty acids as an intermediate layer prior to 
pyrrole electropolymerization2. We found that a dense SAM of n-alkanoic acid can be 
formed on 316L SS by sweeping the potential anodically in aprotic solvents. Besides 
activating the SS towards attachment of the fatty acids, electrochemistry reduces 
drastically the time of self-assembly. While decanoic acid formed a disorganized 
monolayer, longer acids, e.g., myristic and palmitic acids, form highly ordered closed-
packed monolayers. The SAMs were characterized by numerous surface techniques 
such as FTIR, XPS, electrochemistry and contact angle measurements. 
The monolayer had a remarkable effect on the adhesion of polypyrrole onto SS 
acting as molecular glue3. Moreover, chronoamperometry, which was used for 
studying the initial stages of growth and nucleation, revealed that the SAM dictated 
the electrodeposition mechanism of polypyrrole. AFM images were in excellent 
agreement with the deposition mechanism derived from chronoamperometry.

1) Weiss Z., Mandler D., Shustak G., Domb A.J., J. Poly. Sci. A, 2004, 42, 1658.
2) Shustak G., Domb A.J., Mandler D., Langmuir, 2004, 20, 7499.
3) Shustak G., Domb A.J., Mandler D., submitted.
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Redox-active Covalent Modifications on Spherical Non-
porous Silica Nanometric Particles

Anna Budny, Filip Novak, Nicolas Plumeré, Bernd Speiser*
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Non-porous, spherical silica nanoparticles (d ≈ 100 – 800 nm) with high monodispersity 
resulting from a controlled Stöber process are covalently surface-modified with redox-
active molecules. Ferrocene, a ruthenium(II) complex with an N2P2Cl2 ligand set, and 
a sterically hindered biphenylamine are used as modifiers. The resulting materials are 
characterized by physical (BET measurements, scanning electron microscopy, dynamic 
light scattering), spectroscopic (UV/Vis, 1H-, 13C- and 31P-solid-state and suspension 
NMR, AAS), electrochemical (CV, EQCN), and chemical methods. The surface 
concentration of the modifiers is determined. The particles adsorb spontaneously on a 
Pt electrode surface. The shape and peak currents of cyclic voltammograms recorded at 
various scan rates indicate, besides the adsorption feature, a kinetic component similar 
to that observed for dendrimers by Amatore et al. [1]. This is interpreted as an electron-
hopping process along the three-dimensional spherical surface. The ruthenium(II) 
complex retains its catalytic hydrogenation activity (substrate: acetophenone) upon 
immobilization on the silica particles. 
These materials present examples of geometrically, physically, and chemically defined 
three-dimensional inorganic-organ(ometall)ic hybrid structures with a hard core and a 
soft molecular shell and provide a unique environment for the immobilized molecules. 
In particular, they can be applied for the heterogenization of homogeneous catalysts 
(“chemistry in interphases” [2]).

References :
[1] C. Amatore, Y. Bouret, E. Maisonhaute, J.I. Goldsmith, H.D. Abruna, Chem. Eur. 

J. 7 (2001) 2206
[2] E. Lindner, T. Schneller, F. Auer, H.A. Mayer, Angew. Chem. 111 (1999) 2288, 

Angew. Chem. Int. Ed. 38 (1999) 2154
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based on polythiophenes including metal nanoparticles 
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Conducting polymers (CPs) are widely employed as electrode coatings, aiming at 
improving the electrocatalytic capability and at inducing antifouling effects. A step 
forward consists in the preparation of composites including metal functionalities inside 
the polymeric matrix, in order to further increase the electrocatalytic performance. 
In particular, inclusion of noble metal nanoparticles, whose catalytic properties are 
well known and that are widely exploited in a variety of applications, constitute one 
of the most interesting possibilities. As an example, metal nanoparticles have been 
included into carbon black or supported by self assembled structures; CPs based on 
polypyrrole and polyaniline have been also employed as a support, although structure 
and properties of the resulting composites are far from being exhaustively investigated. 
Even less widely studied are composite materials based on polythiophenes (PTs). 
Our recent and present research activity is carried out along such lines. In 
particular, we realised Au and Pt nanoparticles with size ranging from 2 to 10 
nm, encapsulated by citrate, tannic acid, 3,4-ethylenedioxythiophene (EDOT) 
and different tetraalkylammonium salts bearing neutral and charged moieties. 
The resulting nanoparticle systems have been characterised by the most suitable 
spectroscopic and microscopic techniques, such as XRD, TEM-EDS, NMR, IR, UV. 
Au and Pt nanoparticles differently encapsulated have been successfully included into 
electrogenerated PEDOT, carrying out the electropolymerisation of EDOT in aqueous 
medium dissolving the nanoparticles; suitably planned experimental conditions have 
been proven to lead to composite coatings with tuned electrochemical properties. 
The composites formed on the electrode have been characterised by TEM-EDS, 
AFM, SEM, electrochemical and spectroelectrochemical tecniques. In view of the 
applications in amperometric sensors, the electrochemical behaviour with respect 
to benchmark depolarisers like ascorbic acid and dopamine has been tested by 
voltammetric techniques, comparing the results obtained, in terms of sensitivity and 
resolution of the responses, with those of simple PEDOT coating, in the absence of 
metal nanoparticles. Quite interestingly, the nature of the encapsulating agent has 
shown to induce selectivity to the electrochemical device. Encapsulating species 
suitably functionalised with ionic moieties activate a sort electrostatic shield: the access 
of charged depolarisers to the redox active centres on the electrode can be modulated 
by changing the charged residues on the nanoparticle encapsulating agent.
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Electrochromic systems based on self -assembled 
monolayers of  phosphonated viologens anchored on 

high surface area titanium dioxide
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Nigel Leyland, Martin Möller, François Pichot, Michael Ryan
Ntera Ltd., 58 Spruce Avenue, Stillorgan Industrial Park, Blackrock, Co. Dublin, Ireland

*nikolaos.vlachopoulos@ntera.com

Viologen (V2+) molecules containing phosphonic acid groups on nanostructured 
titanium dioxide layers have been demonstrated to possess interesting electrochromic 
properties. Such substrates, with a surface roughness factor in the range 100-1000, 
have recently attracted a considerable interest for a number of applications, including 
solar cells, batteries and electrochemical biosensors. Colorless V2+, with a surface 
concentration in the order of 10-7 mol/cm2,  is reversibly reduced to the coloured 
cation radical species V+•, which also remains chemisorbed.. Both V2+and V+• remain 
attached to the electrode upon multiple cycling. 
The above results suggest the successful use of viologen dyes to electrochromic cells. 
A display-type variant has been constructed with a viologen/TiO2/ITO glass negative 
electrode, a porous Sb-doped tin oxide positive electrode, whose operation is based on 
pseudocapacitive charging-discharging, and an aprotic electrolyte. Spectrochemical 
and electrochemical data related to the individual electrodes and to the 2-electrode 
device will be presented and the related processes analyzed. 

References
[1] U. Bach, D. Corr, D. Lupo, F. Pichot, M. Ryan, Adv. Mater., 14, 846 (2002).
[2] D. Corr, U. Bach, D. Fay, M. Kinsella, C. McAtamney, F. O’Reilly, S.N. Rao, N. 

Stobie, Solid State Ionics, 165, 315, 2003.



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

Spectroelectrochemistry of reduction of titanocene 
dichloride complex in solution and inside a conducting-

polymer film
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Titanocene dichloride (Cp2TiCl2, Cp=C5H5
-, cyclopentadienyl ligand) in its free form 

is used (after its reduction) as an active catalyst for polymerisation of olefins and 
various organic reactions. Recently, this complex was incorporated into electron-
conducting polymer films with a polypyrrole (pTc3Py) or PEDOT matrices for the 
applications in the supported catalysis.
The mechanism of the reduction process of the complex both in a free and immobilised 
state depends on the solvent. In THF the generated anion radical, Cp2TiCl2

-, is the 
principal product, with relatively small fractions of dissociated forms, “monochloride” 
Cp2TiCl and its dimer, (Cp2TiCl)2 . On the contrary, monochloride represents the 
principal product in AN (CH3CN) and DMF.
Spectroelectrochemistry in UV-visible range provides information on the evolution 
of the electronic spectrum in the course of the complex reduction and its reoxidation. 
All experiments were performed under dry Ar atmosphere, with the use of schlenk 
technique, in view of an extreme sensitivity of the reduced forms to oxygen.
The first series of spectra measurements was performed in a hermetic cell with a thin-
layer of solution between the quartz wall and the reflecting Pt electrode (in Freiburg). 
The layer thickness varied from 100 μm up to about 300-400 μm. The current and 
the spectrum of the Cp2TiCl2 solution (of various concentrations) in AN or THF were 
registered in the course of a slow scan rate voltammetry or with a double (reduction-
reoxidation) potential step.
The second group of experiments (in Dijon) included the reductive electrolysis of 
Cp2TiCl2 solutions in AN or THF, with a periodical control of the solution content 
variation with the use of the microelectrode. The reduced solution was transferred 
to a quartz cell for spectra measurements. For the sake of comparison we have also 
performed measurements with the use of optical fibres delivering the light to quartz 
sondes immersed into the solution.
The third approach was based on the preparation of the reduced titanocene complex by 
chemical reduction of Cp2TiCl2 by metallic Al. Thus obtained product was transferred 
to AN or THF solution for electrochemical and spectroscopic studies, in a quartz cell 
or with the use of immersed sondes.
Spectra of immobilised Cp2TiCl2 centers attached to PPy matrix (for films deposited 
at ITO electrode surfaces) have also been studied in contact with AN or THF solution, 
for various potential values, both within the redox activity range of the matrix and of 
centers (their reduction and reoxidation). 
The comparison of spectra changes for solute and immobilised complexes allowed 
us to trace the changes of the redox state of titanocene complexes inside conducting 
polymer films.



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l

µ

Ș

Nafion[Ru(bpy)3
2+] as the Solid Organic Charge 

Transport Material for the Solid-State Photovoltaic Cell
Jian-Zhang Zhou*, Yan-Yan Xi, Bi-Bo Lan, Hong-Xiang Chen, Zhong-Hua Lin

State Key Laboratory for Physical Chemistry of the Solid Surface and Department of Chemistry, 
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China

* jzzhou@xmu.edu.cn



S
y
m

p
o
s
iu

m
 7

 -
 O

ra
l
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Both hydrazones and oximes derived from benzaldehydes and acetophenones are 
reduced at pH > 3 in a single four-electron wave. At pH about 5 to 8 the reduction 
involves a diprotonated species, which is formed by protonation of the adsorbed 
unchanged azomethine derivative. The transfer of two protons prior to the first 
electron uptake was confirmed by the shape of the i = f(pH) plots and by comparison 
with reduction of ω,ω,ω-trialkyl derivatives of hydrazones and with nitrones, where 
the pH-dependence of E1/2 indicates reduction of species bearing positive charges on 
two adjacent heteroatoms. This is the first reported experimental evidence of such 
diprotonated species. Our investigations also indicate that such diprotonated forms 
are the reactive species in acid catalyzed hydrolysis of oximes. At pH lower than 
about 4 a change in mechanism takes place. The predominating monoprotonated form 
is not adsorbed and is reduced. This is confirmed by the agreement of the pKa of the 
monoprotonated form obtained form UV-spectra and from shifts of E1/2 of the oxime 
reduction. The reductions of both di- and monoprotonated forms are initiated by a 
cleavage of the N-NR3

+ or N-OH2
+ bond facilitated by the structure of the good leaving 

group. Initial cleavage of the N-N or N-O bond is further supported by the presence 
of two two-electron waves of some hydrazones and oximes at pH < 2, where the 
more negative wave corresponds to a reduction of the imine. The separation of these 
two waves is due to a difference in pKa-values of oximes and imines, as pKa of the 
oxime is always much lower than that of the imine. For benzophenone and fluorenone 
hydrazones the imine formation was confirmed by comparison of potentials with 
these of corresponding imines, which for these compounds are stable between pH 5 
and 10. For corresponding oximes such comparison was not possible, as the reduction 
of the imine is in all cases more positive than that of the oxime. -The typical behavior 
of some oximes bearing CF3 and CN groups as well as monoximes derived from 
asymmetrical 1,2-diketones will be mentioned.
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Palladium electrodeposition on polyaniline films
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Conducting polymers can be used as proper hosting matrixes to obtain highly 
dispersed metallic particles and have been subject of great scientific interest [1,2]. 
In particular, Pt or Pd microparticles dispersed in polyaniline films are recognized to 
enhance the electrocatalytic activity as compared with the bulk-form metal electrodes 
[2-5]. For catalysis purposes, the synthesis of well-defined highly dispersed metal 
micro- nanoparticles and control over the nucleation and growth process is essential.
In this sense, composite electrodes were prepared by Pd electrodeposition from a Pd 
(II) solution into electropolymerised polyaniline (PAni) films [5] of variable thickness 
formed at different potentiodynamic polymerisation conditions, although with similar 
electroactivity. A combined investigation of composite polyaniline/Pd electrodes by 
electrochemical techniques, and AFM measurements was performed. 
The AFM images of PAni films showed a strong influence of the potential sweep 
rate during polymerisation on the sub-micrometer scale surface morphology of the 
film. The analysis of the cathodic currents obtained in the initial moments of the Pd 
nuclei growing on the polymer, point out to an instantaneous nucleation with the 3D 
growth mechanism limited by diffusion of the Pd ions when the deposition takes 
place on the PAny film grown at 60 mVs-1, confirmed by AFM-Phase measurements. 
The differences on the loading level, size and dispersion of Pd clusters obtained 
after different deposition times are also discussed in this contribution, and related 
with the homogeneity of the PAni matrix. The electrocatalytic properties of the 
distinct polyaniline films containing dispersions of Pd particles with respect to the 
hydrogenation of nitrobenzaldehyde were also evaluated. The results allowed to 
correlate the polymer topography and the optimal size and spatial distribution of the 
catalytic particles.  

[1] A.Frydrychewicz, S.Y. Vassiliev, G.A. Tsirlina, K. Jackowska, Electrochim. Acta, 
50 (2004) 1885. 

[2] A.A. Mikhaylova, E.B. Molodkina, O.A. Khazova , V.S. Bagotzky, J. Electroanal. 
Chem., 509 (2001) 119.

[3] L. M. Abrantes, J. P. Correia, Electrochim. Acta, 45 (2000) 4179.
[4] A. Mourato, A.S. Viana, J.P. Correia, H. Siegenthaler, L.M. Abrantes, Electrochim. 

Acta 49 (2004) 2249.
[5] A. Mourato, S.M. Wong, H. Siegenthaler, L.M. Abrantes, J.Solid State Electrochem., 

10 (2006) 140.
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used for deep brain stimulation of the subthalamic 

nucleus in rats
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Deep brain stimulation, the electric stimulation of basal ganglia nuclei, is a powerful 
therapeutic tool for the treatment of various movement disorders in patients associated 
with Parkinson’s disease.  However, the pathophysiological mechanisms of such 
therapeutic approach on basal ganglia network function are still largely unknown. 
Hitherto, experimental studies have focused on short – term stimulation. Since 
patients underwent such treatment for many years, animal studies which reproduce 
the conditions of long term stimulation will be necessary to accurately investigate 
the effects of DBS. However, stimulation parameters of acute DBS cannot be easily 
transferred to long term conditions. Accordingly, for this purpose, we studied the 
influence of different charge densities (0, 3, 6, 13 and 26 μC/cm2/phase) and duration 
(6 h or 4 days) of subthalamic nucleus (STN) using chemicall-modified carbon fiber 
electrodes on neuronal tissue damage in rats. A redox mediator, poly(Fe(III)–4VP), 
was electropolymerized onto the carbon fiber at +0.40 V vs Ag/AgCl. Our data 
demonstrate the advantage of chemically – modified carbon fiber over stainless – steel 
electrodes when used in short term high frequency stimulation (HFS) (frequency 130 
Hz, pulse width 60 μs) and indicate that HFS using chemically – modified carbon 
fiber electrodes pulsed with 3 μC/cm2/phase over 3 days did not produce any relevant 
tissue damage in STN. In addition, the neurotoxicity of iron, produced from the 
corrosion of electrodes, proved that avoiding stainless steel electrode imperative. 
Future developments of employing carbon fiber as electrode material for deep brain 
stimulation should include possible mechanisms of action and real time clinical 
application as carbon fiber looks promising to replace stainless steel as the electro 
– active materials. 
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There are several reports in the recent literature to suggest that conducting polymers, 
particularly polypyrrole, can be formed to give hydrophobic surfaces [1,2]. These 
conducting polymer films with low energy hydrophobic characteristics have many 
applications including corrosion protection, conductive textiles and antistatic coatings. 
In this paper, the development and possible application of hydrophobic polypyrrole 
films for the electrochemical sensing of organic compounds, for example alcohols, 
are presented and discussed. Hydrophobic polypyrrole films were deposited using 
various electrochemical methods such as cyclic voltammetry, constant potential and 
constant current techniques. The hydrophobicity of the polypyrrole films was altered 
by employing different dopants such as, sodium dodecylsulfate, p-toluene sulfonic 
acid and tetrabutylammonium hexafluorophosphate, during electropolymerization. 
Contact angles were obtained to determine the hydrophobicity of the polymer. Various 
methods were employed to characterize the films including infrared spectroscopy, 
UV-vis spectroscopy and differential scanning calorimetry. Once this characterization 
was complete the polymer films were utilized as sensors to detect between a range of 
alcohols i.e. methanol, butanol, hexanol and heptanol. It was found that the degree 
of hydrophobicity of the polymer plays a very important role in allowing the alcohol 
molecules to pass through the polypyrrole film and react at the platinum substrate, 
with the more hydrophobic polymers favouring the more organic alcohol.

1. F. Zhou, Z. Liu, W. Li, J. Hao, M. Chen, W. Liu and D. C. Sun, Chemistry Letters, 
33, 602, (2004).

2. D. Mecerreyes, V. Alvaro, I. Cantero, M. Bengoetxea, P. A. Calvo, H. Grande, J. 
Rodriguez and J. A. Pomposo, Adv. Mater., 14, 749, (2002).
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aminophenyl) Porphyrin Fe(III) Chloride on Au 

Electrodes by Cyclic Voltammetry and STM
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Conducting Tetrakis (3-aminophenyl) porphyrin Fe(III) chloride films are prepared by 
electropolymerization on Au(111) electrodes in DMF + TBAP solutions by cycling the 
potential between -1.6 V to 1.5 V vs SCE at 0.2 Vs-1. The film thickness is controlled 
through the number of cycles and the voltammetric response of the modified electrode 
is stable and reproducible.  STM images show that during the first 20 cycles only 
2D islands 0.35 nm high and up to 50 nm long are formed. These islands grow 
laterally by the incorporation of new oligomers on their borders. When the electrode 
surface is almost fully covered a transition from 2D to 3D growth is observed. This 
transition in the growth mode can be followed through the anodic charge of the cyclic 
voltammograms.  
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Microelectrode
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34469, Istanbul, Turkey
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Since their first appearance in 1986, [1-4] poly(3-alkylthiophenes) (PATs) have 
attracted increasing interest due to the significant improvement in solubility besides 
good environmental stability. Therefore these compounds are extensively studied. On 
the other hand carbon fiber offers unique properties such as high strength, high modulus 
and low density. It is expected to increase surface characteristics of the carbon fibers 
by electrografting of 3-alkylthiophenes and thiophene random copolymer. 
In this study, we investigated the electropolymerization conditions of 3-methylthiophene, 
3-hexylthiophene and thiophene random copolymers of these monomers. The effect 
of feed ratios, concentration effect, and solvent effect, electrolyte effect on the 
electrografting of copolymer of 3-Methylthiophene, 3-hexylthiophene and thiophene 
was studied in detail. The copolymerization of corresponding monomers carried out 
under suitably chosen electrochemical conditions (i.e. supporting electrolyte, current 
density and charge density, etc.) were fallowed by FTIR-ATR. Correlation between 
the feed ratio of the comonomers and morphological studies of the same electrografted 
copolymers was examined by scanning electron microscopy.

[1] Jen, K. Y.; Miller, G. G.; Elsenbaumer, R. L., J. Chem. Soc. Chem. Comm. 17 
(1986) 1346-1347.

[2] Roncali, J.; Garnier, F.; Lemaire, M.; Garreau, R., Synth. Met. 15 (1986), 323-
331.

[3] Sato, M.; Tanaka, S.; Kaeriyama, K., J. Chem. Soc. Chem. Comm. 11 (1986) 873-
874.

[4] Sato, M.; Tanaka, S.; Kaeriyama, K., Synth. Met. 14 (1986) 279-288.
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Incorporation of Sarcolipin in a  Hg-supported  
Biomimetic Membrane

L. Becucci*, R. Guidelli
Department of Chemistry, Florence University

Via della Lastruccia 3, 50019 Sesto Fiorentino, Firenze (Italy)
Gianluigi Veglia

Department of Chemistry  and Department of Biochemistry, University of Minnesota
Minneapolis, Minnesota 55455 (USA) 

*lucia.becucci@unifi.it

Sarcolipin is a 31 aminoacid integral membrane protein that regulates the 
sarco(endo)plasmic reticulum Ca-ATPase (SERCA) in skeletal muscle. It is known 
to span lipid bilayers by adopting a highly defined α-helical structure, and to 
orient perpendicularly to the plane of membrane bilayers [1].  Sarcolipin inhibits 
SERCA at low Ca2+ concentrations and activates it at high Ca2+ concentrations, via 
intramembranous interactions. Chemical cross-linking showed that sarcolipin has the 
ability to self-associate to oligomers in liposomes [2], although its helical content is a 
basic feature of the monomer rather than a consequence  of oligomeric interactions.
To verify whether the presence of of sarcolipin in a lipid bilayer may give rise to 
the formation of ion-conducting pores, attempts were made to incorporate it in a 
biomimetic membrane from 0.1 M KCl aqueous solutions containing 1.3x10-7 to 1.3x 
10-6 M  sarcolipin. The biomimetic membrane was obtained by tethering to a hanging 
mercury drop electrode a “thiolipid” consisting of a tetraethyleneoxy hydrophilic 
chain terminated at one end with a disulfide group, for anchoring to the mercury 
surface, and covalently linked at the other end to two diphytanyl chains mimicking 
the hydrocarbon tails of a phospholipid. By self-assembling a lipid monolayer, of 
composition phosphatidylcholine:sphyngomyelin:cholesterol (59:15:26), on top of 
the thiolipid monolayer, a lipid bilayer was obtained, which was interposed between 
the tetraethyleneoxy hydrophilic “spacer” and the 0.1M KCl aqueous electrolyte. 
The conductance of the resulting biomimetic membrane induced by melittin was 
monitored as a function of the applied potential by using electrochemical impedance 
spectroscopy.
Sarcolipin incorporates in this biomimetic membrane very slowly, yielding a maximum 
conductance only after several hours. The conductance shows a peak at about –600 
mV/SCE, with a relaxation time of about 1 s, and a further peak at about –800 mV/
SCE, with a relaxation time of 30 ms.

(EIS). [1] A. Mascioni, C. Karim, G. Barany, D.D. Thomas, G. Veglia, Biochemistry 
2002, 41, 475-482.

[2] S. Hellstern, S. Pegoraro, C.B. Karim, A. Lustig, D.D. Thomas, L. Moroder, J. 
Engel,  J, Biol. Chem. 2001, 276, 30845-30852.
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Electrochemical Study of the Redox Properties of 
Polyaniline Modified Electrode in Ammonium Salts 

Solutions
Elena Binkauskiene

Institute of Chemistry, A. Gostauto 9, LT-01108 Vilnius, Lithuania
E-mail: elenbink@ktl.mii.lt

Electrochemical  redox properties of polyaniline and sulfonated  polyaniline modified  
platinum electrode have been studied in solutions of ammonium salts in 0.5 M sulfuric 
acid or distilled water. The platinum electrode plated with electrochemically synthesized 
polyaniline was directly chemically sulphonated with an excess of 1,3-propanesultone 
solution in dioxane (0.1 g/ml). The chemical reaction of electrochemically synthesized 
PANI with the excess of 1,3-propanesultone was carried out at 90 0C (t = 50 min). 
   The electrochemical measurements using cyclic voltammetry were performed in 
a three-electrode system containing  a platinum counter electrode and a saturated 
calomel electrode as reference. Polyaniline films were synthesized on the platinum  
electrode with a diameter of 4 mm between -0.1 and 1.1 V in aqueous 0.5 M H2SO4 
baths containing 0.1 M aniline at a scan rate of 50 mVs-1. The influence of the nature 
of the anions (HSO4

-/SO4
2-, PO4

3-, VO3-
, Cl-) on the electrochemical behavior (anodic 

and cathodic peak height and position on the potencial scale) and the charge, Qcath, was 
examined at 20 mVs-1. The electrode covered  with polyaniline was equilibrated in the  
ammonium salt solution and the charge Qcath was calculated from the voltammogram. 
   Sulfonated  polyaniline films show suppressed redoks properties compared to those 
of polyaniline. The film redox  activity in acidic and  less acidic solutions strongly 
depends on the anions present in the electrolyte.
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Interactions of Electroactive Chromophores with 
Biomimetic Lipid Layers

Monika Dominska, Pawel Krysinski, G.J. Blanchard* 
Michigan State University, Department of Chemistry, East Lansing, MI  48824  USA

*blanchard@chemistry.msu.edu

We have synthesized and characterized a family of self-assembled monolayers 
containing pyrene derivatives on gold, indium tin oxide (ITO) and silica substrates.  
The covalently bound pyrene functionalities serve as either spectroscopic or 
electrochemical probes of their immediate environment, and we explore both of these 
responses.  When these compounds are the only constituents bound to the interfaces, 
the molecules enjoy significant structural freedom.  The addition of aliphatic 
adsorbates to the interfaces serves to place the pyrene derivatives in a more restricted 
environment.  Cyclic voltammetry shows that the organization of a monolayer with 
pyrene derivatives, and the position of terminal pyrene ring within such a monolayer, 
depend sensitively on the length of the pyrene tether and the presence or absence of 
aliphatic interfacial species, as well as the identity of the substrate.
We have studied the steady state and time-resolved emission spectroscopy of the 
pyrene-containing monolayers reported in the previous article, where in this work 
we have bound the monolayers to SiOx.  We find that these monolayer structures are 
sensitive to the identity of the solvent overlayer, with the solvent playing a significant 
role in the organization of the surface-bound monolayers.  We discuss our findings in 
the context of the known polarity-dependence of the pyrene emission spectrum and 
find that the motional freedom of the chromophores varies with both the monolayer 
composition and the identity of the solvent overlayer.  Our data point to the importance 
of neighbor-neighbor interactions within the monolayer structures in mediating the 
motional freedom of the tethered pyrene chromophores.
The deposition of phospholipid layers on top of the surface-bound monolayers indicates 
that under most circumstances, the pyrene moiety does not penetrate the phospholipid 
layer, but lies at the interface between the monolayer and the phospholipid.
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Electropolymerization and characterization of poly(N-
methylaniline) and poly(N-butylaniline) in mixtures of 

aqueous and organic solvents
Maija Blomquista, b, *, Tom Lindforsa, Lari Vähäsaloc, Almantas Pivrikasb, d,  

Ari Ivaskaa 
aProcess Chemistry Centre, c/o Laboratory of Analytical Chemistry, Åbo Akademi University, 

Biskopsgatan 8, 20 500 Turku/Åbo, Finland
bGraduate School of Materials Research (GSMR), Åbo Akademi University, 20500 Turku/Åbo, 

Finland
cDepartment of Wood and Paper Chemistry, Åbo Akademi University, Porthansgatan 3, 20500 

Turku/Åbo, Finland
dDepartment of Physics, Åbo Akademi University, Porthansgatan 3, 20500 Turku/Åbo, Finland  

*Corresponding author, email: Maija.Blomquist@abo.fi

Electropolymerization of N-methylaniline (NMA) and N-butylaniline (NBA) was 
studied on glassy carbon and optically transparent tin oxide electrodes in mixtures of 
aqueous and organic solvents [1]. Five different organic solvents, dimethyl formamide 
(DMF), dimethyl sulfoxide (DMSO), tetrahydrofuran (THF), propylene carbonate 
(PC) and acetonitrile (ACN) were mixed with aqueous 1.0 M HClO4 solutions. The 
results show that NMA and NBA can be electropolymerized in aqueous-organic 
solvent mixtures with max. 30 % (v/v) and 50 % (v/v) organic solvents, respectively. 
The choice of organic solvent strongly influences the film formation. With addition of 
10-20 % THF, ACN and PC to the aqueous polymerization solution, the film formation 
was highly improved. The poly(N-methylaniline) and poly(N-butylaniline) films were 
characterized with cyclic voltammetry, in situ UV-vis spectroscopy, size exclusion 
chromatography and with electrical conductivity measurements. 
The UV-vis measurements confirm that all PNMA and PNBA films have three 
oxidation states; leucoemeraldine, emeraldine and pernigraniline. 
The results of the conductivity measurements indicate that PNMA and PNBA films 
with higher electrical conductivities can be obtained when polymerizing in aqueous-
organic solvent mixtures containing 10 % ACN, 10 % PC or 10 % THF.
SEC measurements indicate that a narrower and more even MW distribution is 
obtained in ACN, PC and THF resulting in higher electrical conductivities. The 
PNMA film prepared with 10 % ACN have a MW distribution between �600-30000 
Dalton (DP�6-285; peak at DP�12), whereas the MW distribution of the PNBA 
films polymerized in 10 % THF is �4500-45000 (DP�31-306; peak at DP�65). The 
polymerization process favours, however, in both cases the formation of lower MW 
fractions. 

[1] M. Blomquist, T. Lindfors, L. Vähäsalo, A. Pivrikas, A. Ivaska, accepted for 
publication in Synthetic Metals.
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A strategy toward self-doped polyaniline: conversion of 
luminol into aminophthalate

A. C. Cascalheira*
Laboratório de Bioelectroquímica (LBEQ), Instituto de Ciência Aplicada e Tecnologia; Capuda da 

FCUL, 1749-016 Campo Grande, Lisboa, Portugal.
*antonio.cascalheira@icat.fc.ul.pt

Among other conducting polymers, polyaniline (PANI) has found numerous 
applications as a result of its straightforward polymerization, chemical stability and 
relatively high conductivity. However, PANI is electroactive only in acidic conditions, 
normally pH < 4, which greatly confine its operation at near pH neutral or slightly 
acidic solutions [1]. 
In order to overcome this problem an ionisable, negatively charged functional group, 
which acts as an inner dopant anion, can be bound to the polymer backbone. Self-
doped polyaniline films revealed an extended redox activity and conductivity over a 
wider pH range [1]. 
Recently, luminol has been regarded as an aniline monomer derivative, which means 
that electropolymerization can be used as useful method for polyluminol films 
deposition at solid electrode surfaces [3-4].
This work describes a new strategy to obtain self-doped polyaniline films through the 
electrochemical polymerisation of luminol in the presence of aniline and subsequent 
conversion of the incorporated luminol into aminophthalate.
Luminol conversion is performed on the basis on the well-known 
electrochemiluminescence reaction with hydrogen peroxide [5]. The degree of 
aminophthalate production can be established throughout the control of the polarisation 
time and applied potential. The so formed films revealed good electrochemical redox 
activity in acidic, slightly acidic, and pH neutral solutions. 

This work as been financial supported by POCTI/QUI/55267/2004 research project.

[1] Albertas Malinauskas, J. Power Sources, 126 (2004) 214-220.
[3] Shen-Ming Chen,  Kuo-Chiang Lin; J. Electroanal. Chem., 523 (2002) 93.
[4] Guo-Fang Zhang, Homg-Yuan Chen, Anal. Chim. Acta, 419 (2000) 25.
[5] Sachiko Sakura, Anal. Chim. Acta, 262 (1992) 49.
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Preparation and Electrocatalytic Properties of the FAD 
Hybrid Film Modified Electrodes

Shen-Ming Chen* and Kuo-Chiang Lin 
Department of Chemical Engineering and Biotechnology, 

National Taipei University of Technology
No. 1, section 3, Chung-Hsiao East Road, Taipei 106, Taiwan

smchen78@ms15.hinet.net 

The flavin adenine dinucleotide (FAD) modified zinc oxide films have been prepared 
using repeated cyclic voltammetry to investigate both the deposition process and the 
films’ electrocatalytic properties.  The cyclic voltammograms recorded the direct 
deposition of the FAD/zinc oxide films over different scanning potential ranges 
from the mixed aqueous Zn2+ ions and FAD. In addition to the cyclic voltammetry, 
an electrochemical quartz crystal microbalance, UV-visible absorption spectroscopy, 
and the stopped-flow method were used to study the growth mechanism and their 
properties of the FAD/zinc oxide films.  The FAD/zinc oxide films exhibited a 
single redox couple that included both the electron and proton transfer, with a 
formal potential that demonstrated a proton effect in acidic and basic solutions. The 
electrocatalytic reduction of S4O6

2–, SO5
2–, S2O8

2–, ClO3
–, BrO3

–, and IO3
– ions using 

a FAD/zinc oxide film occurred in neutral aqueous solutions.  The electrochemical 
reaction of the hemoglobin with the FAD/ZnO self-assembly film-modified electrodes 
and their electrocatalytic properties were investigated. The electrocatalytic properties 
of the O2, H2O2, trichloroacetic acid and SO3

2– were studied by the FAD/zinc oxide 
films in the absence or in the presence of hemoglobin. The electrocatalytic reduction 
current had been developed from the cathodic peak of the FAD/zinc oxide redox 
couple. The electrocatalytic process involved an interaction of hemoglobin and FAD/
GC film-modified electrode to increase the electrocatalytic reduction current. The 
electrocatalytic reduction of O2 using the FAD/zinc oxide films was investigated by 
cyclic voltammetry, and rotating ring-disk electrode methods.  Hybrid films composed 
of electropolymerized acriflavine-flavin adenine dinucleotide (AF/
FAD) film modified electrodes have been prepared in neutral aqueous solution.  The 
hybrid poly(acriflavine)/FAD film showed two redox couples. The electrochemical 
quartz crystal microbalance and cyclic voltammetry were used to study the in situ 
growth of hybrid poly(acriflavine)/FAD films. The electrocatalytic oxidation and 
reduction of NADH and NAD+ by a poly(acriflavine)/FAD hybrid film in aqueous 
solution were carried out. The poly(acriflavine)/FAD hybrid film were found active 
for both electrocatalytic oxidation as well as reduction reaction of NADH. 
The electrocatalytic reduction of L-cystine, S4O6

2-, SO5
2-, S2O8

2-, NO2
- and H2O2 by 

a poly(acriflavine)/FAD hybrid film in a neutral aqueous solution found to be an 
electrocatalytic reduction activity.
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Sonochemically synthesized mixed Ni(OH)2 / Co(OH)2 
nanoparticles and their application in high efficient 

electrochromic electrodes.
Marcio Vidotti, Eduardo A. Ponzio, Susana I. Córdoba de Torresi*.

Instituto de Química, Universidade de São Paulo, C.P. 26077, 05513-970 – São Paulo (SP),
 BRAZIL. 

Phone +55 11 30912165 – fax +55 11 38155579
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SYNTHESIS AND CHARACTERIZATION OF 
BOTRYOSPHAERAN-POLYPYRROLE MEMBRANE

Jader S. Anizelli 1, Franke M. Teste 2, Aneli M. Barbosa 2, Robert F. H. Dekker 2, 
Luiz H. Dall’Antonia *,1

1  Departamento de Química/ CCE/UEL - C. P. 6001 - 86051-990 – Londrina – PR.
2  Departamento de Bioquímica/ CCE/UEL - C. P. 6001 - 86051-990 – Londrina – PR.

* e-mail: luizh@uel.br
 

New tissue engineering technologies will rely on biomaterials that physically support 
tissue growth and stimulate specific cell functions. The goal of this study was to create a 
biomaterial that combines inherent biological properties which can specifically trigger 
desired cellular responses (e.g., angiogenesis) with electrical properties which have 
been shown to improve the regeneration of several tissues including bone and nerve. 
To this end, composites of the biologically active polysaccharide botryosphaeran (EPS, 
secreted by the ascomyceteous fungus Botryosphaeria rhodina) and the electrically 
conducting polymer polypyrrole (PPY) were synthesized and characterized. 
The polypyrrole films were electropolymerized on the surface of ITO.  From two 
solutions: (i) pyrrole 0.025 M and KCl 0.1 M; (ii) pyrrole 0,025 M and botriospherana 
0,5 mg mL-1, applying a potential of + 0.7 V, the polymeric film was deposited until 
reach a relative thickness of 20 µC cm-2. The electrochemical experiments were carried 
out in a potenciostat (MQPG01 Microquimica).  The electrode of reference utilized 
was Ag/AgCl (1.0 M) and as counter electrode a Pt foil.  
The comparison of the cyclic voltammograms, in KCl 1.0 M solution, for the 
polypyrrole films electropolymerized in a solution with KCl (PPy/Cl) and another in 
a solution containing the botryosphaeran (PPY/EPS) observes a significant change 
in the profile, indicating that the botryosphaeran has a significant influence in the 
electrochemistry behavior of the polypyrrole film.
The FTIR results, for both polypyrrole films, were awfully similar.  In the spectra is 
observed a band more pronounced in 1619 cm-1, characteristic of the angular vibration 
N-H, in 1373 cm-1 presents a band characteristic of the C-N stretching from the amine, 
and the band between 3200 to 3500 cm-1 is characteristic of the OH.  For the film of 
PPy/EPS two bands, an in 1384 cm-1 and another one in 1163 cm-1, characteristic of 
C-O from the phenol group, were attributed the incorporation of the polysaccharide 
to the polymeric matrix.  
Furthermore to the oxi-reduction process in the polymer films was observed the 
electrochromic effect, by the promotion of a change in the coloring of the film from 
the blue dark (oxided) to yellow (reduced). This color change was accompanied by 
the transmittance variation in 420 nm. The results presented change of approximately 
30% in transmittance value.  Moreover, an analysis of the transmittance as a function 
of time, shows that not all the current densities involved in the redox process, was 
utilized for the color change in the polymeric film.
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Sol-gel synthesis and magnetic properties of Nd3+-doped 
Co2SiO4:Xy [X= Nd3+;0.05≤ y ≤ 0.60]

B. B. Das*, N. V. K. Rao and D. Mohanty 
Department of Chemistry, Pondicherry University, Pondicherry-605014, India

*das_b_b@yahoo.com

Synthesis of Nd3+-doped Co2SiO4:Xy[X=Nd3+; S1(y=0.02), S2(y=0.15), S3(y=0.3), 
S4(y=0.45), S5(y=0.60)] is performed via sol-gel route followed by sintering the 
samples at 850 °C for 4 h. The powder x-ray diffraction patterns of the samples show 
broad peak which vanishes at higher diffraction angles characteristics of amorphous 
materials. However, low intensity diffraction peaks are found to be superimposed on 
the amorphous patterns. The average crystallite sizes of the dispersed polycrystalline 
phase in the samples S1-S5 calculated by using the Scherrer formula are found to 
be in the ranges 25.39-204.85 Å, 12.71-201.95 Å, 12.81-206.98 Å, 10.89-184.75 
Å and 16.63-204.74 Å, respectively. The observed values of the densities and the 
concentrations of the Co2+ ions in S1-S5 are found to be 2.26, 2.29, 2.37, 3.44, 2.49 
g/cm3, and ~ 1020 ions/g, respectively. The DTA and TG traces in the range 27-700 °C 
do not show any significant thermal events in the samples. The room temperature IR 
results show peak in the range 412-424 cm-1 due to the octahedral [NdO6/2]3- unit, peak 
~ 670 cm-1 due to the  tetrahedral [CoO4/2]2- unit and the peak ~ 800 cm-1 is due to the 
tetrahedral [SiO4/2]4- unit in all the samples.  The  Room temperature Raman spectra 
of S1-S5 also indicates the presence of the tetrahedral [CoO4/2]2- and [SiO4/2]4- units. 
Studies of magnetic moments in the cyclic range -10 kG to +10 kG do not show the 
hysteresis behaviour in the samples showing the absence of ferromagnetic neture of 
the samples. The calculated values of the magnetic susceptibility from the observed 
magnetic moments of the samples at 300 K are found to be ~ 10-6 emu/gG with abrupt 
increase from S1 to S2 which then remains fairly the same in the samples S2-S5. 
These values further show that there is significant concentration of the paramagnetic 
sites in the samples. The EPR lineshapes of the samples S1-S5 at 6 K  50 K, 77 K 
and at 300 K show g-values at ~ 2.3 and ~ 2.0. The g-value ~ 2.3 is attributed to the 
tetrahedral [CoO4/2]2- coordination of Co2+(3d7, S=3/2) in intermediate ligand field. 
The g-values ~ 2.0 are assigned to the ochahedral coordination of the Nd3+(4f3, S=3/2) 
sites.  However, the octahedral coordination of Co2+ ion which corresponds to g ~ 2.1 
is found to be absent in the matrices.  
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Remediation of chromium(vi) in acidic conditions with 
polypyrrole coated titanium

Sean T. Earley* and Carmel B. Breslin
Department of Chemistry, National University of Ireland Maynooth, Co. Kildare, Ireland

*E-mail: sean.earley@nuim.ie
Tel: +353 1 628 5222 ext 3198   Fax: +353 1 708 3815

To date, the application of polypyrrole and polyaniline-coated substrates in Cr(VI) 
remediation has received much attention[1,2,3]. In this paper we present polypyrrole-
coated titanium as a new material for the reduction of Cr(VI) to the less toxic trivalent 
state,  Cr(III). Prior to the electrodeposition of polypyrrole, the titanium substrates 
were modified using an alkaline-peroxide etch, ensuring adherent and durable coatings, 
which were resistant to strong acid solutions and physical abrasion/detachment. 
The durability of the materials on exposure to the Cr(VI) test solutions made them 
suitable for repeated remediation experiments. After several applications, the cleanup 
efficiencies of the material were found to decrease somewhat, however increasing 
the exposure/experiment time resulted in further reduction of the Cr(VI) to Cr(III). 
Other experimental parameters such as the thickness of the polypyrrole coating, the 
potential used to reduce the polypyrrole prior to the remediation step and the degree 
of solution agitation were investigated in order obtain some degree of optimisation 
of the remediation process. It was concluded that the best performance was obtained 
with thicker coatings, more negative reduction potentials and vigorous agitation of 
the test solution.

1. W.A. Wampler, S. Basak, K. Rajeshwar, Carbon, 347, 747, (1996).
2. L.A.M. Ruotolo, J.C. Gubulin, J. Appl. Electrochem., 33, 1217, (2003).
3. S.T. Farrell, C.B. Breslin, Environ. Sci. Technol., 38, 4671, (2004).  
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Spectroelectrochemical characterization of 
poly[Pd(salen)] films

J. Fonseca,* C. Freire 
REQUIMTE, Dep. Química, Fac. Ciências, Universidade do Porto, 4169-007 Porto, Portugal

* joana_difo@hotmail.com

We have been interested in the preparation and characterisation of M(salen) based 
polymers (M=Ni, Cu) that are novel soft materials with relevant properties, dictated 
by the presence of localised redox centres (M centres) and delocalised redox centres 
(the extended conjugated p system of the polymeric ligand).1,2 Now we intend to 
exploit the properties of salen based polymeric films containing metal centres with 
different optical properties, such as 2nd and 3d transition metals (Pd and Pt), in order to 
study their influence in the overall optical properties of the salen films. In this work 
we have studied the polymerization of Pd(II) complexes with salen ligands, generally 
denoted as [Pd(salen)], and have characterised the respective polymeric films by 
cyclic voltammetry and in situ UV-vis spectroscopy. 
The [Pd(salen)] complexes were prepared by reaction between acetonitrile solutions 
of Pd(CH3COO) and the ligands. The respective films were prepared by potential 
cycling, between -0.1 and 1.2 V, of acetonitrile solutions containing the monomers ≈ 1 
mmol.dm-3 and 0.1 mmol.dm-3 TBAP, using a standard three electrode cell with Pt disk 
working electrode, Pt counter electrode and an Ag/AgCl (1mol dm-3 NaCl) reference 
electrode. The polymerisation was performed with scan rates of 0.02 V s-1 and 0.1 V 
s-1. Films with different thickness were prepared by using 1-100 potential cycles. The 
redox switching of the films were made in monomer free electrolyte solution using 
scan rates from 0.01 to 1 V s-1. The transmission in situ UV-vis spectra, in the region 
λ= 300 to 1100 nm, were obtained in a cell with a Pt gauze counter electrode, an ITO 
working electrode and an Ag/AgCl (3 mol dm-3 NaCl) reference electrode; the films 
were prepared with 5 cycles at 0.02 V s-1. All the films (with different thickness) show 
high electrochemical and chemical stability within the potential range used. Their 
cyclic voltammograms show two reversible oxidation processes: one at ≈ 0.40 V and a 
less intense at ≈ 0.75V. The similarity between the electronic spectra of the monomers 
and the films (reduced state), indicate that the coordination sphere of the metal centre 
have been kept in the film. During the redox switching of the films new electronic 
bands were formed at λ≈ 320, 395 and 800 nm that were assigned to charge carriers.

The work was partially funded by FCT (Portugal) through POCTI/CTM/46186/2002. 
JF thanks FCT and FSE for a fellowship.

1. Vilas Boas, C. Freire, B. de Castro, P. A. Christensen, A. R. Hillman. Chem. Eur. 
J. 2001, 7, 139-150.

2. M. Martins, M. Vilas Boas, C. Freire, A. R. Hillman. Electrochimica Acta, 2005, 
51, 304-314.
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Investigation of the insertion of ions in Prussian Blue 
by a combined electrical and mass transfer function 

approach.
D. Giménez-Romero1, P. R. Bueno2, J. J. García-Jareño3, C. Gabrielli1*, H. Perrot1, 

and F. Vicente3.
1 UPR 15 du CNRS, Physique des Liquides et Electrochimie, Université Pierre et Marie Curie, 4 

place Jussieu, 75252 Paris (France).
2 Instituto de Química, Departamento de Físico-Química, Universidade Estadual Paulista, P. O. 

Box 355, 14801-907, Araraquara, São Paulo (Brazil).
3 Departament de Química Física. Universitat de València. C/ Dr Moliner, 50, 46100, Burjassot, 

València (Spain).
*C. Gabrielli: cg@ccr.jussieu.fr

The insertion/deinsertion of ions in the host material occurring during the charge 
compensation related to a redox process imposed to Prussian Blue in KCl medium was 
investigated by a combined electrical and mass-potential transfer function technique (1). 
This technique consists in measuring simultaneously the electrochemical impedance 
and the mass-transfer function obtained by means of a fast quartz microbalance. It was 
shown that K+, H+, and H3O+ are exchanged depending on the potential. The change of 
the concentrations of these species was determined with respect to the potential. 
This approach leads to hypotheses concerning the structure of the Prussian Blue 
related to the insertion sites of the various ions (2). 

(1) C. Gabrielli, J. J. Garcia-Jareno, M. Keddam, H. Perrot, and F. Vicente, J. Phys. 
Chem. B, 106 (2002) 3182.

(2) D. Giménez-Romero, P. R. Bueno, J. J. García-Jareño, C. Gabrielli, H. Perrot, and 
F. Vicente, J. Phys. Chem. B, 110 (2006) 2715.



S
y
m

p
o
s
iu

m
 7

 -
 P

o
s
te

r

Peculiarities of Adsorption of Amino Acids on Copper 
Cathode in the Presence of Oxygen
V. P. Gromova, G. S. Shapoval, I. Ye. Myronyuk* 

Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Sciences of Ukraine 50 
Kharkovske Shosse Str., Kyiv, 02166, Ukraine, radical@list.ru

* Corresponding author’s email: i_myronyuk@ukr.net  

An investigation of adsorption of amino acids (AA) and oligopeptides on solid 
electrodes is of great importance for understanding their behaviour in various 
processes at charged surfaces including self assembled chiral structures formation and 
participation of AA in electron transfer reactions on bio membrane surfaces [1, 2]. 
Adsorption of several proteinogenous L-AA namely glicine (Gly), α-, β-alanines 
(Ala), asparagine (Asn), glutamine (Gln), aspartic acid (Asp), and glutamic acid 
(Glu) on a copper cathode have been investigated by electrochemical impedance 
spectroscopy technique both in the presence of oxygen dissolved and in deaerated 0.1 
M NaCl supporting solution.  The measurements have been carried out over potential 
range from -300 mV to -1200 mV vs. SCE where dissolution of copper electrode as a 
result of complexation with copper is not observed.   
It is found that neutral AA Gly, α-Ala, β-Ala, Asn, Gln decrease a double layer capacity 
Cdl over whole investigated potential range both in deaerated supporting solution 
and in the presence of oxygen dissolved. Maximum Cdl lowering 6.2 mkF·cm2 have 
been observed in the case of Gly.  An adsorption isotherm calculated for Gly has the 
simplest shape and it may be closely approximated by Langmuir isotherm.  Analysis 
of calculated adsorption isotherms for α-Ala, β-Ala, Asn, Gln allowed us to suggest 
occurring reorientation of these molecules depending on their concentration in the 
bulk during the adsorption process. 
Dicarboxylic amino acids Asp and Glu are shown to increase Cdl of copper electrode 
in potential range -300 – -800 mV in the case of deaerated electrolyte solution that 
is the evidence of their adsorption in anionic form under such conditions.  In the 
presence of oxygen these AA decrease Cdl over whole investigated potential range at 
AA concentrations less then concentration of oxygen dissolved or comparable with 
it.  It indicates that in the presence of oxygen Asp and Glu are adsorbed as neutral 
species.  The supposition is made that the species adsorbed at the surface of copper 
cathode from dicarboxylic AA solution containing O2 are the complexes of these 
AA with oxygen.  This supposition is confirmed with a shift of potential of oxygen 
reduction peak to anodic region that have been observed in the presence of Asp or 
Glu.  Besides, it is found that Asp and Glu adsorbed at a copper cathode interact with 
active intermediate products of oxygen reduction. 

[1] S.M. Barlow, S. Haq, R. Raval, Langmuir 17 (2001) 3292. 
[2] R.J. Petrie, S.M. Macdonald, K.L. Fuller, S.G. Roscoe, Can. J. Chem. 75 (1997) 

1585.



S
y
m

p
o
s
iu

m
 7

 -
 P

o
s
te

r

Multilayer polypyrrole electrodes – electrodeposition 
and ion transport

Maria Grzeszczuk* and Anna Kępas
Faculty of Chemistry, University of Wrocław, 14 F. Joliot-Curie, 50-383 Wrocław, Poland

 

Electrodeposition of thin polypyrrole layers was done under potentiostatic regime 
using pyrrole in aqueous sodium hexafluoroaluminate or sodium chloride. The 
substrate electrodes were polycrystalline gold, gold deposited on quartz and 
polypyrrole deposited on the both types of gold electrodes. Current – time curves 
for layer-by-layer electrodeposition from the same solution were analysed in order 
to determined differences in the mechanisms of formation of the consecutive layers. 
Cyclic voltammetry, electrochemical quartz crystal microbalance, electrochemical 
impedance spectroscopy were used to examine characteristics of the polypyrrole films 
in a course of the redox switching of the polymer. Polypyrrole electrodes of sub-
micrometer total thickness were studied mostly.
It was shown that the multilayer structure of the polypyrrole electrode results in a 
hindrance of charge and mass transport between the sublayers of polypyrrole prepared 
from a solution of the same composition. The resistance to ion transport across the 
polymer/polymer interface causes slower ion diffusion in the multilayer polypyrrole 
electrode as compared to the corresponding single–layer polypyrrole electrode. The 
redox capacitances of the both structures are similar. Furthermore, current traces of 
potentiostatic deposition differ significantly for nucleation and growth of polypyrrole 
on polypyrrole electrodes as compared to growth of polypyrrole on gold electrodes.

Anna Kępas, Maria Grzeszczuk, J. Electroanal. Chem., 582 (2005) 209-220.
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Conformational change in polyaniline films studied by 
in-situ reflection measurements
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EIS OF POLYANILINE AND POLY (o-
ETHOXYANILINE) FILMS BETWEEN INSULATING 

AND CONDUCTING STATES
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Evaluation of Parameters Affecting Reduction 
and Oxidation of M(0)-aminocarbene Complexes 

(M=Cr,W,Fe)
Irena Hoskovcováa, Dalimil Dvořákb, Jiří Ludvíkc* 

a Department of Inorganic Chemistry, b Department of Organic Chemistry, Institute of Chemical 
Technology, Technická 5, 166 28 Prague 6, Czech Republic
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Development of low-emission electrochemical etching 
process using ion-conducting polymer

Yoshio Ichii*, Hidekazu Goto
Department of Precision Science and Technology, Graduate School of Engineering, Osaka 

University, 2-1, Yamada-oka, Suita, Osaka, 565-0871, Japan
*Ichii@up.prec.eng.osaka-u.ac.jp

Electrochemical machining enables processing without deteriorating the physical 
properties of the workpiece. Moreover, a material can be electrochemically machined 
irrespective of its hardness, and without being subjected to any undue stresses. Thus, 
the method is used in various applications, such as the machining of hard material and 
the mirror polishing of the inside of vacuum equipment.
However, electrochemical machining has not been used for processing semiconductor 
materials, such as in the manufacture of electronic devices due to contamination of the 
workpiece surface by metal ions in the electrolytes. In addition, machining requires 
chemicals and necessitates cleaning of the machined surface. Thus, electrochemical 
machining is harmful to the environment.
Against this background, we have developed the following etching method. Ion-
conducting polymer-particles are dispersed in ultrapure water. For the ion-conducting 
polymer either strong-acid cation exchange groups-poly styrene sulfonic acid(PSS), 
which bind H+ ions, or strong-basic anion exchange group-poly ethyrene poly 
amine(PA), which bind OH- ions, can be used to produce an acidic or alkaline 
dispersion. In this method, impurity ions can be easily removed using filtration or 
dialysis. Hence, etching or electrochemical etching can be conducted in the absence of 
impurity ions. Thus, this method can be applied to the manufacture of semiconductor 
devices and to nanostructure fabrication processes. In addition, three-dimensional 
transcription, which cannot be achieved by the mask-etching technique, is possible 
with electrochemical etching. Furthermore, the etching waste can be reused by 
removing impurity ions with a dialysis membrane, and consequently the method has 
a small environmental burden.
In the present study, ultrafine particles of Poly-styrene-sulfonic acid (PSS; molecular 
weight: 1,000,000) and polyethylene-polyamine (PA; molecular weight: 250,000) 
were used. PSS particles and PA particles have bound sulfonic acid group, which 
are cation exchange group, and quaternary ammonium groups, which are anion 
exchange groups, respectively. We first pre-prepared an acidic and alkaline dispersion 
by dispersing the respective ultrafine particles in ultrapure water, next prepared 
pH controlled dispersion by mixture the each dispersion for an arbitrarily-shaped 
aluminum etching and preventing from corrosion of processing equipment. Then we 
measured the concentration of impurity ions in the prepared dispersion, and conducted 
an electrolysis experiment. In addition, electrochemical etching was demonstrated 
using aluminum film on silicon wafer. The dispersion of ion-conductive particles gave 
a current increase of about 19,600 times that obtained for ultrapure water over the 
same voltage range. The etching rate of aluminum was 0.62nm/s. Based on these 
results; we discuss the applicability of the proposed etching method.
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A Template-Guided Electropolymerization of Aniline 
Using an Anionic Surfactant
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Electrochemistry of centropolyindanes. Reduction of 
chloro-10-methyltribenzotriquinacenes

 J. S. Jaworski*,  M. Cembor 
aFaculty of Chemistry, Warsaw University, 02-093 Warsaw, Poland

*Jaworski@chem.uw.edu.pl
 

 Centropolyindanes belong to a new group of polycyclic aromatic hydrocarbons 
which are promising building blocks for molecular architecture. Synthetic routes 
leading to a variety of their derivatives are well recognized but their physicochemical 
properties not yet. Their electrochemical investigation was started by us in 2004 in 
a cooperation with D. Kuck (Bielefeld, Germany). It was found that hydrocarbons 
(centrohexaindane, tribenzotriquinacenes) are not electroactive, as expected for non-
planar molecules with no π-electronic interactions between  benzene rings. However, 
carbonyl groups in triptindanones as well as C-Cl bonds in chloro-substituted 
derivatives of tribenzotriquinacenes can be easily reduced at electrodes. In acetonitrile 
(ACN) and dimethylformamide one, two and two C-Cl bonds are irreversibly reduced 
in 1-chloro- (RH2Cl), 1,4-dichloro- (RHCl2) and 1,4,7-trichloro- (RCl3) 10-methyltri
benzotriquinacenes, respectively. The third C-Cl bond in RCl3 is not reduced because 
of its spatial orientation: when two C-Cl bonds are directed into the electrode surface, 
the third one is on the opposite side of the molecule top. The detailed mechanism for 
RH2Cl was investigated. At a gassy carbon electrode in benzonitrile the reduction 
is a two-electron irreversible process with CV characteristics (∂Ep/∂logv = -29 mV/
decade, Ep/2- Ep = 55 mV) indicated ECE or DISP1 mechanism with the kinetic control 
by the C-Cl bond cleavage. On the other hand, in ACN the process is a one-electron 
irreversible reduction, giving ∂Ep/∂logv = -108 mV/decade and Ep/2 - Ep increasing 
from 63 to 79 mV with the scan rate increase from 0.04 to 1.00 V/s. This indicates an 
EC mechanism with the mixed control of the kinetics by the bond cleavage and the 
electron transfer step, which becomes more significant as the scan rate is increased. 
The above change of the mechanism with the solvent change can be explained by a 
slower electron transfer in ACN because of a bigger solvent reorganization energy 
due to a higher Pekar factor and by an acceleration of the cleavage because its rate 
constant is larger in ACN due to a higher solvent Lewis acidity. The homolytic 
dissociation energy of C-Cl bond in RH2Cl was estimated to be equal to 2.9 eV. After 
the controlled potential electrolysis of RH2Cl in ACN at a mercury electrode only 
one product was found by chromatography and identified with a parent hydrocarbon. 
This indicates H atom abstraction from the solvent by a neutral radical formed in the 
bond cleavage. Moreover, two C-Cl bonds in RHCl2 are reduced successively and the 
radical RHCl. formed after the first cleavage undergoes competitive reactions of the 
further reduction at the electrode and the H atom abstraction. 
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Bidimensional Spectroelectrochemistry study of 
electrochemically controlled release of Hexacyanoferrate 

from Polypyrrole films
Édgar Ventosa, Oscar Orcajo, Álvaro Colina, M. Aránzazu Heras, Virginia Ruiz, 

Jesús López-Palacios*
Departamento de Química., Facultad de Ciencias. Universidad de Burgos.

 Pza. Misael Bañuelos s/n E-09001 Burgos, Spain. 
* e-mail: jlopal@ubu.es

Conducting polymers are used in very different applications. Understanding the 
properties of this kind of materials is a key point to use them correctly. One interesting 
application of conducting polymers consists of the controlled local release of drugs 
at desired points in time for the treatment of some diseases [1]. Knowledge about 
the mechanism of ion release from the polymer film is very important in order to 
use this kind of material as a local pump.  Until now, a number of studies about 
the role of counterions during doping and dedoping of polymers have been done 
using very different analytical techniques. In this work we present Bidimensional 
Spectroelectrochemistry [2] as a hyphenated technique to study the release of an 
absorbent anion, hexacyanoferrate(III), from polypyrrole films during the polymer 
discharge. Bidimensional Spectroelectrochemistry provides simultaneously one 
electrochemical and two different spectroscopic signals about the process under study 
in a single spectroelectrochemical experiment. Taking the plane of the electrode surface 
as spatial reference, the spectra are recorded in two different arrangements: i) normal 
configuration, in which the light beam samples perpendicularly the electrode surface, 
and ii) parallel configuration, in which the electromagnetic beam follows a direction 
parallel to the electrode surface, sampling the solution adjacent to the electrode. The 
information supplied by each kind of measurements is different because the normal 
configuration signal accounts for the electrochromic changes of the polymer film 
adsorbed on the electrode surface, while the parallel configuration response obtains 
information about the compounds released from the film to solution.

Junta de Castilla y León (BU011A05), Ministerio de Educación y Ciencia (MAT2003-
07440) and Juan de la Cierva program are gratefully acknowledged.

[1] M. H. Abidian, D. H. Kim, D. C. Martin, Advanced Materials 18 (2006) 405 
[2] J. Lopez-Palacios, A. Colina, A. Heras, V. Ruiz, L. Fuente, Anal. Chem. 73 (2001) 

2883. 
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Studies of azobenzene-containing self-assembled 
monolayers on Au

Ulrich Jung*,1, Claudia Bornholdt2, Rainer Herges2, Olaf Magnussen1 
1Institut für Experimentelle und Angewandte Physik,

Christian-Albrechts-Universität zu Kiel, Leibnizstr. 19, 24118 Kiel, Germany
2Otto-Diels-Institut für Organische Chemie,

Christian-Albrechts-Universität zu Kiel, Otto-Hahn-Platz 4, 24098 Kiel, Germany
*jung@physik.uni-kiel.de

Azobenzene can undergo a reversible trans-cis isomerization via photochemical or 
electrochemical processes [1]. Specifically, it can be switched from trans to cis isomer 
by UV irradiation at ~ 365 nm and back from cis to trans isomer by visible light 
irradiation at ~ 435 nm and electrochemically reduced to hydrazobenzene, which is 
oxidized exclusively to trans azobenzene in the reverse reaction.
In this work self-assembled monolayers of different alkyl thiols containing 
azobenzene moieties were fabricated on polycrystalline gold or Au(111) surfaces via 
direct adsorption or surface synthesis [2]. Furthermore, mixed monolayers of these 
azobenzene containing thiols and n-alkyl thiols were prepared.
The systems were characterized by cyclic voltammetric measurements, using a 
spectroelectrochemical cell, which allowed UV irradiation of the sample during the 
electrochemical measurements.
A pair of waves corresponding to the reduction of the azobenzene moiety to 
hydrazobenzene and the oxidation of hydrazobenzene to trans azobenzene, 
respectively, was observed for all examined systems. These features of the cyclic 
voltammogramms were not altered by irradiation with UV light.
The peak separation for anodic and cathodic peak ranges from -60 mV to ~ 600 mV 
depending on the examined system. The area per molecule in the SAM is 25-35 Å2, 
indicating, that dense-packed monolayer films were formed. For mixed monolayer of 
azobenzene-containing alkylthiols and n-alkyl thiols, again no photoswitching could 
be observed, although the average area per molecule exceeded 50 Å2, suggesting, 
that surface seggregation into azobenzene-containing thiol and n-alkyl thiol domains 
occurred.

References:
[1] Liu et al.,  J. Electroanal. Chem., 297 (1991), 133-144
[2] Willner et al., J. of Electroanal. Chem., 497 (2001), 172-177
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Adsorption behaviors of 6-octylthio-1,3,5-triazine-2,4-
dithiol monosodium sam on au(111) investigated by 

electrochemical stm
S. Kaneko*, K. Shikakura, A. Kameyama, K. Kobayakawa, and Y. Sato

Department of Applied Chemistry, Graduate School of Engineering, Kanagawa University,
3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama, Kanagawa, 221-8686 Japan.

r200570256@kanagawa-u.ac.jp

In order to understand the self-organization of various materials on the surface of a solid 
with atomic and molecular levels, scanning tunneling microscopy (STM) techniques 
are now well recognized as powerful and direct measurements. The triazinedithiol 
derivatives (TADs), which are well known as very excellent corrosion inhibitors for 
copper,1) are widely used in industrial technologies such as anti-corrosion, water-
repellent, and adhesives between metals and polymers.
However, the adsorption behaviors of such TADs have been rarely reported. In this 
study, we first report the adlayer structure and adsorption behavior of 6-octylthio-
1,3,5-triazine-2,4-dithiol monosodium (OTDS; Fig. 1) on Au(111) in HClO4 using 
electrochemical STM.
Fig. 2 shows the STM image of the OTDS adlayer. We previously reported that the 
diameter of 
an OTDS molecule estimated from the results of CV measurements in KOH is ca. 
0.62 nm and almost the same as the theoretical molecular size of OTDS.2) This result 
was confirmed by the fact that the average distance between the developing molecular 
rows is ca. 0.62 nm as shown in Fig. 2, suggesting that each OTDS molecule forms the 
dimer-like structures in a shape such that the triazine rings are opposite each other.

References
1) K. Mori, Y. Nakamura, M. Okumura, and M. Miyazaki, Nippon Kagaku Kaishi, 

(11), 1477 (1979).
2) S. Kaneko, T. Sawaguchi, K. Shikakura, A. Kameyama, K. Kobayakawa, and Y. 

Sato, 110th SFJ Meeting Abstracts, p.252 (2004).
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Anticorrosive property of electropolymerized films of 
aniline derivative having triazine-dithiol unit (part II)

Akira Kitani1*, Kazumasa Nakatani1, Yutaka Harima1 and Jun Yano2

1Graduate School of Engineering, Hiroshima University, Higashi-Hiroshima, 739-8527, Japan
2Department of Engineering Science, Niihama National College, Niihama, 792-8580, Japan

*kitaniak@hiroshima-u.ac.jp

INTRODUCTION: The advantage of conducting polymer coatings to other corrosion 
protection methods are seen to be the protection provided over pinholes and scratches, 
since their anticorrosive action is based on the electrochemical process. Although 
polyaniline is a promising conducting polymer for this purpose, the development 
of polyaniline derivatives having higher anticorrosive functions is needed. We have 
shown that the electropolymerized films of aniline derivatives having triazine-dithiol 
unit are quite promising for the corrosion protection of iron [1]. In this paper, we 
would like to report the further progress of this research. 
EXPERIMENTAL: 2-Phenylamino-1,3,5-triazine-4,6-dithiol monosodium (AP) 
was used as a monomer. At first, AP was polymerized electrochemically either with 
potential sweep or potentiostatic method onto iron electrode in sodium carbonate 
solutions. Polyaniline was then formed with potentiostatic electropolymerization in 
neutral phosphate buffer solutions containing aniline.  Anticorrosive functions of 
polymers were evaluated with the measurement of steady current   (Tafel method).
RESULTS: Although poly-AP itself is electroinactive in aqueous solutions, the 
modified electrode became electroactive in acidic solutions after further electrochemical 
treatment in 0.1 M aniline solution suggesting the formation of polyaniline unit. The 
anodic dissolution current of iron became smaller after the formation of poly-AP film 
and drastically suppressed by the deposition of polyaniline. 
The anticorrosive property was evaluated in sulfuric acid solutions with using 
Tafel method. The corrosion current decreased to 8 % of its original value after the 
deposition of both poly-AP and polyaniline films. The anticorrosive property was also 
measured in neutral solutions. The results are summarized in Table 1, where values 
in parenthesis show the electricity during polymerization. It was clearly shown that 
further deposition of polyaniline onto poly-AP film is quite effective for corrosion 
protection. The corrosion currents do not depend on the thickness of poly-AP films. 

Table 1 Corrosion potential and current of polymer coated electrodes in neutral 
media.
Polymer (Q/mC)                Corrosion potential / mV           Corrosion current / mA
Poly-AP (0.5)                                      -414                                            0.024
Poly-AP (0.5) + Polyaniline (0.2)       -367                                            0.004

[1] A.Kitani, K.Nakatani, J.Yano, Abstr. 56th ISE Meeting, 706(2005)
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Polypyrrole: Magnetic field influences on the 
electropolymerization and its redox behavior

Silvio Köhler*, Andreas Bund, 
Technische Universität Dresden, Institut für Physikalische Chemie und Elektrochemie

01062 Dresden
*silvio.koehler@chemie.tu-dresden.de

This paper deals with the influence of static magnetic fields (up to ca. 1T) on the 
anodic deposition of polypyrrole (PPy). It is well known that the properties of such 
layers depend strongly on the electrochemical preparation conditions. Using the 
Electrochemical Quartz Crystal Microbalance (EQCM) technique we investigated the 
electropolymerization of pyrrole from aqueous solutions containing several supporting 
electrolytes. Using the network analysis technique the shift of resonance frequency 
and change of peak width at half-height (damping) of a quartz crystal can be recorded 
together with the electrochemical data. After the deposition the redox properties of the 
PPy layers were investigated by cyclovoltammetry (CV) in monomer free solutions of 
the corresponding supporting electrolyte. While rough layers are formed in perchlorate 
solutions combined with a strong shift of damping, smooth layers were obtained in the 
presence of aromatic and polymeric anions (template effect) associated with a small 
damping shift. In the presence of a magnetic field an increase of the limiting current 
density was observed for PPy|ClO4

-, which can be attributed to magnetohydrodynamic 
stirring. An estimation of the forces shows that the Lorentz force is dominating. From 
comparison with measurements on a rotating disc electrode (RDE) [1] the stirring 
effect could be estimated to correspond to ca. 100 rpm. In the case of aromatic and 
polymeric anions no similar effect was found. However, there are hints from the EQCM 
data [2] indicating that the magneto-deposited layers were mechanically more rigid. 
Calculations using the model of Kimura [3] show that an alignment of polypyrrole 
structure in a magnetic field of 0.7T within the timescale of the deposition is possible. 
Furthermore, a suppression of the ion exchange during the oxidation and reduction of 
PPy|TsO and PPy|DBS was found. These results are in agreement with literature data 
obtained for similar systems [4,5]. For the system PPy|PSS an irreversible change of 
surface morphology was observed during the reduction in the first cycle of the CV. 
After this no differences between the films synthesized at 0T and 0.7T were obvious. 
To distinguish between aging  and magnetic field effects on the semi conducting 
properties  and the ion exchange behavior results from Electrochemical Impedance 
Spectroscopy (EIS) measurements shall be discussed.

[1] Y. Lin, G.G. Wallace Electrochim. Acta 39 (1994), 1409-1413
[2] A. Bund, G. Schwitzgebel; Electrochim.Acta  45 (2000) 3703-3710
[3] T. Kimura; Polymer Journal 35 (2003), 823-843 
[4] I. Mogi; Bull. Chem. Soc. Jpn. 69 (1996) 2661-2666
[5] R. Aogaki; Trans. Mater. Res. Soc. Jpn. 25 (2000) 321-326
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Electrochemical analysis of ZnSe electrodeposition
Remigiusz Kowalik*, Krzysztof Fitzner,  Piotr Zabinski 

AGH University of Science and Technology, 
Al. Mickiewicza 30 

30-059 Krakow
rkowalik@agh.edu.pl

Semiconductors of transition-metal selenides are considered as the very important 
materials because of their potential applications in optoelectronic devices. Usually, 
thin films of these materials are prepared by high temperature and vacuum techniques. 
However, electrodeposition has been found to be a very efficient and low-cost method 
to fabricate thin polycrystalline films of these compounds.
In this work electrodeposition mechanism of pure Se, Zn and ZnSe phase on copper 
substrate was studied by an electrochemical method. Chronoamperometry and 
cyclic voltammetry techniques were combined with electrochemical quartz crystal 
microbalance to analyze this process in details.
Cyclic voltammogram for copper as a working electrode, in the electrolyte containing 
Zn2+ and H2SeO3 species, showed a reduction wave at potential -0,1 V vs. Saturated 
Calomel Electrode (SCE). According to M/z value this process was identified as 
selenium deposition. Second wave appeared at -0,6 V vs. SCE and it is connected 
with formation of ZnSe. This process is interrupted at -0,7 V vs. SCE, which suggests 
that initially deposited selenium is covered by zinc, and additionally reduction of 
hydrogen occurs. Bulk deposition of zinc starts at -1,1 V vs. SCE.
The anodic peaks represent successively an oxidation of deposited elemental Zn from 
-1,1 to -0,9V and decomposition of ZnSe from -0,5 to -0,3V during reversal scan.
Chronoamperometric measurements and the registered Δf/Δt transient showed strong 
dependence of the applied potential on the deposition process. These results confirm 
the deposition of selenium up to -0,5 V vs. SCE and formation of ZnSe film at potential 
-0,6. The hydrogen evolution starts at -0,7 V vs. SCE, which makes the interpretation 
of the obtained results very difficult.
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Electochemical activation for selective attachment of 
DNA on a microelectrode array

Dohyoung Kwon1, Kweongyeon Yoon1, Kyuwon Kim2, and Juhyoun Kwak1*, 
1.Department of Chemistry, Korea Advanced Institute of Science and Technology (KAIST), Daejeon 

305-701, Republic of  Korea,
2.Korea Research in Institute of Standard and Science(KRISS ), Daejeon 305-701, Republic of  

Korea
*jhkwak@kaist.ac.kr

Simultaneous analysis of a large number of bioanalytes has been important issue in 
a biochip technology. For this reason, the patterning of many kinds of biomolecules 
as probes on the same solid surface is essentially required. Therefore, many research 
efforts have been focused on the thin film technology including self-assembly 
method. Most popular method to attach the various biomolecules on surfaces is to 
form the activating ester by 1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide (EDC) 
/ N-hydroxysuccinimide (NHS) coupling reaction with carboxylic acid terminated 
surfaces. However, this method is time-consuming and has drawbacks in selective 
patterning on surfaces. 
We have developed a new electrochemical method to pattern many biomolecules. 
This is based on eletrochemically-induced and site-selective NHS patterning on 
self-assembled monolayer for subsequent covalent binding of biomolecules. We 
have studied potential-induced binding of different sequence DNA on microarrayed 
electrodes and characterized the modified surface with surface plasmon resonance  
spectroscopy(SPR), grazing angle FT-IR spectroscopy, and X-ray photoelectron 
spectroscopy(XPS) experiments. 



S
y
m

p
o
s
iu

m
 7

 -
 P

o
s
te

r

Effect of ultrasonic wave on the electropolymerization 
and the degradation of conducting polymer films
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Francis Touyeras

LCMI, University of Franche-Comté, 16 Route de Gray, F-25030 Besançon, France
*boris.lakard@univ-fcomte.fr

Symposium 7: Soft Materials in Electrochemistry

Recently, conducting polymer films have received a lot of interest from chemists 
and physicists concerning both fundamental and practical aspects, due to their 
electroconducting properties as well as their chemical and biological ones. Moreover, 
it is possible to control the thickness of the film by electroorganic processes. Many 
of the studies have been made towards an understanding of the electronic and 
transport phenomena in the conjugated polymers such as polyacetylene, polyaniline, 
polythiophene and polypyrrole. In these types of polymers, the polypyrrole 
electrochemically prepared stand out as an excellent class of materials, because of 
its high electronic conductivity and their good ability to form strong and coherent 
films. To elaborate these conducting polymer films, water constitutes an ideal solvent 
for industrial applications due to its lack of toxicity, its low cost and its reduced 
environmental impact. However, several difficulties appears including a weak 
solubility from pyrroles and thiophenes in this medium. A new polymerization of 
an immiscible monomer in aqueous electrolytes, such as the polythiophene (EDOT), 
has been developed by using acoustic emulsification. This original methodology 
has many practical advantages and shows typical characteristics as the formation of 
stable monomer droplets in aqueous electrolytes without the help of added surfactants 
[1]. In the same time period, many recent works reported a variety of low frequency 
ultrasound effects upon electrochemical processes. Particularly, the effects on 
electroorganic reactions seem to be significant as demonstrated by Atobe et al [2]. 
They observed a preferential polymerization of the thiophene thanks to an ultrasonic 
low frequency irradiation (20 kHz). The present work is dedicated to the elaboration 
of a conducting polymer film in the presence of higher ultrasound frequencies (500 
kHz). The reduction of the wavelength leads to a completely different behaviour, 
with strong chemical effects and low mechanical shocks. Therefore, the expected 
modifications by ultrasonic irradiation on electropolymerized polymer films concern 
physical properties and morphology. Moreover, keeping in mind the several ultrasound 
applications described in the recent literature, the possibility of induced mechano-
chemical alterations in polymeric materials appears to be useful [3]. A secondary 
objective will be also to allow local modification of the conducting polymer films by 
using focused high frequency focused transducers after electropolymerization, even 
those last one is carried out in silent or ultrasonic conditions.

[1] Ryosuke Asami, Mahito Atobe, Toshio Fuchigami, J. Am. Chem. Soc., 127, p. 
13160 (2005).

[2] Mahito Atobe, Tsutomu Nonaka, Trans. Mat. Res. Soc. Jpn., 1, p. 81 (2000).
[3] Hyungsu Kim, Jae Wook Lee, Polymer, 43, p. 2585 (2002).
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Copper Ions by Complexation
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*sophie.lakard@univ-fcomte.fr
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Electroactive species often exhibit new optical absorption bands in accompaniment with 
an electron transfer or redox reaction. Such coloration was first termed electrochromism 
by Platt [1]. Generally, apart from the conductive electrode, electrochromic species can 
be a liquid (e.g. the ferro-ferricyanide system), an inorganic solid (WO3), an organic 
one (polyaniline), or it can undergo liquid-to-solid conversion following oxidation or 
reduction (as in bipyridilium systems). Practical application of electrochromic device 
includes the smart window, information display, rear-view mirror in the automobile 
or protection glassware.

We examined here a FTO anode coated with a thin polymer film, that could trap Cu2+ 
ions [2]. Recently we showed that copper (+I) salt-based electrolytes can be used 
for building electrochromic devices [3]. At the anode Cu2+ ions can be formed under 
anodic bias. Although one can prevent the diffusion of these Cu2+ ions towards the 
cathode by increasing or tuning the viscosity value of the liquid electrolyte, to avoid 
the reaction: Cu2+ +Cu(s) � 2 Cu+. It is interesting to trap these ions by a polymer 
containing amino groups such as polyethyleneimine, polypropyleneimine or poly-p-
(phenylenediamine) since these polymers can be easily coated from oxidation aliphatic 
or aromatic di- or triamines. So, as an exploratory work to electrochromic properties 
of these systems, we studied the electrochemical properties of copper ion complexed 
polymers to determine whether Cu2+ can be trapped into these polymer films using 
their chelating properties. This was made by means of electrochemical quartz crystal 
microbalance experiments.

As expecting, the complexing properties of FTO coated with polymer films towards 
Cu2+ ions are strong. Thus FTO coated with polymer films could be used for building 
electrochromic devices. The terminal –NH2 groups on the polymer surface allow the 
trapping of copper (+II) ions issued from the bias of copper (+I) salt-based electrolytes, 
and the formation of colored complexes close to the anode. Copper (+I) salt-based 
electrolytes are good candidates for electrochromism in non aqueous solvents. 1,3-
DAP leading to polypropyleneimine appeared to be the best coating.

[1] J.R. Platt, J. Chem. Phys. 34 (1961), p. 862.
[2] S. Lakard, G. Herlem, B. Lakard, M. Herlem, T. Gharbi, B. Fahys, J. Electrochem. 

Soc. 151 (2004), p. C245.
[3] M. Herlem, M. Székely, E. Sutter, C. Mathieu, A.M. Gonçalves, E. Caillot, G. 

Herlem, B. Fahys, Electrochimica Acta 46 (2001), p. 2967.
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electrogeneration of polymers
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2 LPUB, 9 Avenue Savary, B.P.47870, F-21078 Dijon, France

*sophie.lakard@univ-fcomte.fr
Symposium 7: Soft Materials in Electrochemistry

Electrosynthesized conducting polymers are particularly interesting materials for a 
number of applications, ranging from batteries to molecular electronic devices. Indeed, 
polymer films can be easily set either in the insulating or in the conductive state, 
exhibiting correspondingly different electrical, optical, and chemical properties. In 
comparison with the impressive amount of work carried out on the synthesis of these 
materials, not so much is known about their electronic and molecular structure, as well 
as about the morphological modifications they undergo when switching from insulating 
to conductive state and vice versa: these changes are reasonably fairly important 
in order to give a rationale to the factors affecting the switch itself and the related 
conducting properties. The characterization and the performances of these polymers, 
in fact, are critically linked to the surface status, due to the interfacial character of the 
electrode processes. Furthermore, a number of efforts have been directed towards the 
development of suitable and ‘ordered’ structures, because of the possible improvement 
in the conductivity achieved by growing films with controlled morphology. The need 
for a deeper understanding of these systems requires the use of ultra-high resolution 
techniques, such as Scanning Probe Microscopies (SPM). Among the various SPM 
techniques, Scanning Tunneling Microscopy (STM) and Atomic Force Microscopy 
(AFM) have been extraordinarily useful for obtaining images of the electrode surface 
directly, also under a controlled polarisation potential. In particular, AFM has been 
extensively used in the study of the polymer deposition process at varying the 
polymerisation conditions, such as type of substrate, solvent, supporting electrolyte, 
temperature, etc., as well as in the investigation of the polymerisation procedure. In 
this paper, we present the results of an in situ investigation of the early stages of 
electrochemical generation-deposition on the Pt electrode of polypyrrole. Thus, we 
will show the evolution of the morphology and of the thickness of polypyrrole films 
electrosynthesized on different substrates.
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Analysis of the impedance spectra of Au poly(3,4-
ethylenedioxythiophene) electrodes in aqueous solutions

G. G. Lánga,*, K. Martinuszb, M. Ujvária

Department of Physical Chemistry, Eötvös Loránd University
H-1518 Budapest, Pázmány P. s. 1/A, Hungary 

Department of General and Analytical Chemistry, Budapest University of Technology and 
Economics

H-1111 Budapest, Szt. Gellért tér 4, Hungary
*E-mail: langgyg@para.chem.elte.hu

Since its development in the late 1980s, poly(3,4-ethylenedioxythiophene) (PEDOT) 
has received considerable attention because of its many possible technical applications. 
PEDOT and its derivatives appear to be among the most stable organic conducting 
polymers currently available. Previous studies have shown PEDOT is electroactive in 
aqueous solutions, and ion diffusion in PEDOT contacted by a polymer electrolyte was 
several orders of magnitude faster than for other conjugated polymers. On the basis 
of these results studies have been performed to investigate the electrochemistry of 
PEDOT in more detail by using electrochemical impedance spectroscopy (EIS) which 
is a useful technique to study the mechanism of charge transfer and ion diffusion in 
conducting polymers, and several impedance models have been proposed to describe 
the electrochemical properties of the electrodes, especially in organic solutions. 
Hovewer, despite the spectacular advancement in the field of electrochemical 
impedance spectroscopy of polymer modified electrodes, due to the high complexity 
and diversity of the systems studied deviations of the impedance response predicted 
by the theories have been observed in many cases. One of the crucial points is in 
connection with the structure and morphology of the surface polymer layer. Therefore, 
a structural model has been proposed in which short and long polymer chains forming 
bundles attached to the metal surface. In this so called “brush” model it is assumed 
that the bundles contain “micropores” and “nanopores”, and between bundles there 
are pores which are filled by the solution of supporting electrolyte [1,2].
In the present work, cyclic voltammetry and EIS was used to study the electrochemical 
properties of PEDOT films doped with small anions or large polyanions in contact 
with different aqueous solutions. Impedance measurements at different potentials 
were carried out, the spectra were taken at different potentials using polymer films of 
different thickness. Complex nonlinear least squares (CNLS) fitting program based on 
Gauss-Newton-Jacobi-Marquardt method was applied for the parameter estimation. 
The results of the electrochemical impedance measurements in accordance with the 
cyclic voltammetry on Au/PEDOT confirm that the brush model gives a realistic 
description of the surface film structure.

[1] G.G. Láng, M. Ujvári, T.A. Rokob, G. Inzelt, Electrochim. Acta 51 (2006) 1680.
[2] G.G. Láng, M. Ujvári, G. Inzelt, J. Electroanal. Chem. 572 (2004) 283.
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Surface states and field effects at (nh4)2s-modified 
gaas(100) electrode
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Mihai F. Lazarescu3, Elizabeth Santos4, Wolfgang Schmickler4

1Institute of Physical Chemistry “Ilie Murgulescu”, Spl. Independentei 202, P.O. Box 12-194, RO-
060041, Bucharest, Romania, vlazarescu@chimfiz.icf.ro

2POLITEHNICA University of Bucharest, Calea Grivitei 132, RO- 010737,Bucharest, Romania
3National Institute of Material Physics, P.O. Box MG7, RO-77125 Bucharest, Romania

4University of Ulm, D-89069 Ulm, Germany

The passivation effects of (NH4)2S treatment on GaAs(100) surface were explored by  
electrochemical impedance spectroscopy, spectroellipsometry and second harmonic 
generation investigations. The analysis of the spectroelliposmetric data led to the 
conclusion that ammonium sulfide treatment reduces the content of oxygenated species 
in the interface region and replaces the As excess present on the bare surface by a Ga 
surface excess, in good agreement with results of the ex-situ XPS measurements [1]. 
The influence of the applied potential on the isotropic amplitude of the of SH-signal 
closely reflects the change in the field effects operating in the space charge region as 
revealed by the slope changes of the Mott-Schottky plots for bare and sulfide-treated 
electrodes. It is worth mentioning that the best fit of the impedance spectra was given 
by a model circuit considering both the surface state contribution (consisting in a 
series of resistance and capacitance [2]) and recombination impedance in parallel 
to capacitance of the depletion layer of the semiconductor [3]. The ammonium 
sulfide treatment was found to bring about a decrease in the population of both the 
midgap donor states (responsible for the Fermi level pinning) and the acceptor states 
located near the valence-band maximum, along with a significant decrease in the 
recombination capacitance. Similar effects observed in the gas phase studies were 
explained by Spindt and Spicer [4] by a mutual compensation mechanism of the two 
types of surface/interface states.

[1] V.Lazarescu, G.Dobrescu, M.F.Lazarescu, C.Logofatu, B.Savu, G.Stanciu, 
Microscopy Research and Technique (in press)   

[2] S.R. Morrison, Electrochemistry at Semiconductor and Oxidized Metal Electrodes, 
Plenum Press, New York, 1980.

[3] D. Vanmaekelbergh, F. Cardon, J. Phys. D: Appl. Phys. 19 (1986) 643.
[4] C.J. Spindt, W.E. Spice, Appl. Phys. Lett. 55 (1989) 1653.
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On the reasons for charge reversal upon polyelectrolyte 
adsorption on a charged surface

Claudio F. Narambuena and Ezequiel P. M. Leiva* 
Unidad de Matemática y Fisica, Facultad de Ciencias Químicas. Universidad Nacional de 

Cordoba. INFIQC. Affiliation, Address
*eleiva@fcq.unc.edu.ar

Polielectrolytes (PE´s) are linear chains of polymers that in aqueous solutions may 
acquire a net electric charge at their monomers. These PE´s solutions may show 
remarkable physicochemical properties. One of these is the adsorption on a surface 
with opposite charge. In principle, this adsorption seems to be driven by electrostatic 
interactions. The experimental observation is that under certain conditions, the amount 
of PE adsorbed is larger than that necessary to achieve charge neutralization (charge 
overcompensation), so that the surface presents a net surface charge density opposite 
to that of the initial surface (charge reversal). This phenomenon plays a fundamental 
role in the sequential adsorption of PE’s. (PE multilayer).
 In the present work we make an extensive study of PE adsorption on a charged 
surface by means of computer simulations. This is made using a primitive model for 
PE and ions, taking into account all ions explicitly. A Grand Canonical Monte Carlo 
procedure is implemented for the ions, where the ionic strength is explicitly varied. 
With this methodology, we find charge reversal on a surface caused by PE adsorption, 
taking into account only electrostatic interactions between the particles of the system. 
The free energy changes involved in the adsorption process are calculated, taking into 
account the entropic gain due to ion release, the conformational changes undergone 
by the polyelectrolyte and the electrostatic interaction energy. From these magnitudes 
we can assess that the driving force for charge overcompensation is the increase of 
translational entropy of ions upon PE adsorption. 
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Cyclic voltammetric studies on electroreduction of 
substituted chromones

Valentina  Lazarescu1, Cecilia Lete*1, Nicolae  D. Totir1, Alexander Perjessy2, 
Margita Lacova2, Dusan Loos2

1.Institute of Physical Chemistry “Ilie Murgulescu”, Splaiul Independentei 202, Bucharest
2.Department of Organic Chemistry, Faculty of Natural Sciences, Comenius University, Mlynská 

dolina CH-2, SK-842 15 Bratislava, Slovak Republic

Chromones are important bioactive components in different natural products. Further 
research in the field could lead to discovery of new therapeutic agents with bioassay 
direct isolation [1-4].
It has been proved that electrochemical methods are very useful to obtain new data 
regarding physico-chemical properties of chromones [5]. By using cyclic voltammetry 
it has been established that electrochemical reduction of 1 mM chromone in DMF 
containing 0.15 M LiClO4 take place in five steps in the potential range between  -3.5 
and  + 0.1 V vs SCE. The first step is monoelectronic and quasi-reversible. All the 
other steps are irreversible with involving the transfer of more than one electron.
The influence of  OH, NO2, CH3 and Cl fuctional groups on the electroreduction 
processes have been studied. By comparing the electrochemical behaviour of meta 
– and ortho- hexyl substituted chromones we may conclude that any substituent in 
metaposition leads to more stable structures.

1. H. M. El-Shaaer, Alexander Perjessy , P. Zahradnik, M. Lacova, Z. Sustekova, 
Monatshefte fur Chemie 124, 539-548, 1993

2. G. P. Ellis, Chromenes, Chromanones and Chromones, J. Wiley, New York, 
1977,

3. Alexander Perjessy, A. Krutosikova, A. F. Olegnik, Tetrahedron 3, 2936, 1975
4. Alexander Perjessy, R. Frimm, P. Hrnciar, Collect. Czechoslov. Chem., 1972
5. M. Yamauchi, S. Katayama, Y. Nakashita, T. Watanabe, Shynthesis, 33, 1981
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New modified electrodes by electrodeposition of 
polymeric films based on azulene derivatives
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Bucharest,clete@chimfiz.icf.ro

2.Institute of Organic Chemistry “C. D. Nenitescu”, Splaiul Independentei 202, Bucharest
Due to theirs special electronic properties such as an appreciable dipole moment, 
high electron affinity, low ionisation energy, and a tendency to form stabilized radical 
cation as well as anions, azulene compounds are interesting new materials for the 
modification of the electrode surfaces for the catalytic, analytical and biothenological 
applications.  
In the last years electrically conducting polymers such as polyaniline1 2  polythiophene3 
4, polyazulene5 6  and polypyrrole7 8 9 have gained a special interest in modern 
technologies due to their optical and electrochemical properties.
The polymeric films were electrodeposited on a platinum electrode by potentiodynamic 
and potentiostatic methods from solutions containing 1 mM monomer 3-
methylazulene-1-azobenzene, 4,6,8,4’ tetramethylazulene-1azobenzene, azulene-
1-azo-(4’chlorobenzene) and 0.1 M tetrabutylammonium perchlorate (TBAP). The 
polymers obtained by electrochemical oxidation of derivatives of azulene have been 
studied by mean of cyclic voltammetry method. In the first step of anodic coupling 
the neutral monomer is oxidized to radical cations with reacts with other radical 
cations in the electrolite solution. The cyclic voltammetric behaviour of the modified 
electrode sugest that these conducting polymers could have a potential application as  
biosensors.

1 D. Wei,T. Lindfors, C. Kvarnström, L. Kronberg, R. Sjöholm, A. Ivaska; J. 
Electroanal. Chem.; 575 (2005) 19

2 T. Lindfors, H. Sandberg, A. Ivaska, Synth. Met., 142, 2004, 231
3 M. Skompska, J. Mieczowski, T. Holze, J. Heinze, J. Electroanal. Chem., 577, 2005, 

9
4 K. Kudo, M. Yamashita, T. Morrizumi, Jpn. J. Appl. Phys. 23, 1985, 5133
5 F. Wang, Y. H. Lai, M. Y. Han, Macromolecules 2004, 37, 3222
6 C. Lete, N. Totir, A. C. Razus, C. Nitu, C. Bala, S. Litescu, S. Lupu, Reviue Roum. 

Chem. 2005, 
7 S. Hamilton, M.J. Hepher, J. Sommerville, Sensors and Actuators B: Chemical, 107, 

1, 2005, 424
8 K. K. Kanazawa, A. F. Diaz, M. T. Kroundi, G. B. Street, Synth. Metals, 4, 119, 

1981
9 R. Herrmann, B. Pedersen, G. Wagner, J. H. Youn, J. Organomet. Chem., 571, 1998, 

261-266
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Incorporation of Niclosamide into Poly(pyrrole)
Yan Hong Li, James R. Smith and Sheelagh A. Campbell* 

Applied Electrochemistry Group, School of Pharmacy and Biomedical Sciences, University of 
Portsmouth, Portsmouth PO1 2DT, U.K.

*sheelagh.campbell@port.ac.uk

Niclosamide (NA), 2’,5-dichloro-4’-nitrosalicylanilide, is widely used as a 
molluscicide to control populations of aquatic snails that cause schistosomiasis [1]. 
This disease, also known as Bilharzia after Theodor Bilharz who first identified the 
parasite in Egypt in 1851, is endemic in 74 developing countries, affecting millions, 
with more than 80% of infected people living in sub-Saharan Africa, South America 
and some Asian countries [2]. NA is a relatively expensive and toxic for aquatic 
plants, birds, fish and mammals, presenting economic and environmental limitations 
to its widespread use.
Controlled release strategies have been devised for leaching NA from ethylene-vinyl 
acetate copolymer [3] and calcium alginate beads entrapped in glycidyl methacrylate 
[4]. Controlled release of copper sulphate as a molluscicide for schistosomiasis [5,6] 
has also been reported.
We have used poly(pyrrole), a conducting polymer, as a matrix to entrap NA. A 
simultaneous production and incorporation of NA onto surfaces such as Pt, ITO and 
stainless steel has been carried out. Drug release rates have been assessed by UV 
spectroscopic methods and toxicological assays. The ability to control the release of 
this drug from a polymeric system offers significant opportunity for ???? treatments 
for the eradication of snail parasites.
  
[1] Y.S. Yang, G.R. Qi, J.W. Qian and S.L. Yang, J. Appl. Polym. Sci., 66 (1997) 29.
[2] L. Chitsulo et al., Acta Tropica, 77(1) (2000) 41-51.
[3] G. Pfister, M. El-Naggar and M. Bahadir, Chemosphere, 28 (1994) 305.
[4] E.-R. Kenwy and E.-S. Rizk, Macromol. Biosci., 4 (2004) 119-128.
[5] F.M. Helaly and M.H. Nosseir, J. Controlled Release, 4 (1987) 279.
[6] F.M. Helaly and M.H. Nosseir, Indian J. Technol., 25 (1987) 16.
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Synthesis and electrocopolymerization of pyrrole 
with ferrocene pending group and electrochemical 

characterization of the polymer films
Marcin Długoń, Andrzej P. Nowak, Anna Lisowska-Oleksiak*,

Gdansk University of Technology, Chemical Faculty, Narutowicza 11/12 80952 Gdansk, Poland
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Electrocodeposition of Polyaniline and Molybdenum 
Oxide in Aqueous Media

Xiao-Xia Liu*, Li-Jun Bian, Lu Zhang, Li-Jun Zhang
Department of Chemistry, Northeastern University, Shenyang, 110004, China

xxliu@mail.neu.edu.cn

Polyaniline (PANI) is easily obtained through oxidative electropolymerization of 
aniline in low pH aqueous solutions, which is incompatible with electrodeposition 
conditions for most oxides.  Reports about electrodeposition of organic-inorganic 
composites based on PANI and oxides are very limited.  PANI and molybdenum 
oxide (MoOx) were tried to electrocodeposite for the first time from aniline and 
(NH4)6Mo7O24 in slightly acidic to neutral solutions through comparatively large-scale 
potential cycling between − 0.6 and 0.9 V vs. SCE.  Cyclic voltammogram of the 
resulting composite film in monomer-free acidic solution showed redox couples for 
PANI and MoOx, respectively.  
Electroreduction of oxoanions, such as chlorate and bromate on the composite film 
occurred at about 0.4 V more positive than that on similarly prepared MoOx due to 
the presence of hydrogen molybdenum bronzes as the result of composition with 
PANI.  Results of cyclic voltammetry and chronopotentiometry measurement in 1.0 
mol�dm−3 NaNO3 showed that the potential window for the composite film to display 
pesudocapacitive properties was − 0.6 � 0.6 V.  This is the most negative potential 
limit for PANI based materials to display pesudocapacitive properties, to the best of 
our knowledge, with at least 0.4 V more negative than PANI.  The specific capacitance 
of the composite film measured by charging-discharging at 1.5 mA⋅cm−2 was 363.6 
F�g−1, while similarly prepared PANI displayed a capacitance of 146.4 F⋅g−1 for this 
potential window.  When the potential window of charge and discharge test is limited 
to 0 ~ 0.6 V, the specific capacitance of PANI was 196.1 F⋅g−1.  The composition of 
PANI with MoOx displayed synergistic effect.  The existence of PANI and MoOx in 
the film was indicated by FT-IR, XRD and XPS observations.  
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Multiresponse techniques in the study of poly(3,4-
ethylenedioxythiophene) films.

Edgar Ventosa, Oscar Orcajo, M. Aránzazu Heras, Álvaro Colina, Virginia Ruiz,   
Jesús López-Palacios* 

Departamento de Química, Facultad de Ciencias, Universidad de Burgos
Plaza Misael Bañuelos s/n, E-09001, Burgos (Spain)

 jlopal@ubu.es

Mass changes occurring during the electrochemical characterization of poly(3,4-
ethylenedioxythiophene) films (PEDOT) are not yet fully understood despite the 
number of studies carried out in the last years.
Multiresponse techniques have been successfully applied to understand complex 
mechanisms. We present here two multiresponse techniques: Bidimensional 
Spectroelectrochemistry (BSEC) [1] and Spectroelectrochemical Quartz Crystal 
Microbalance (SEQCM) [2], to study the behaviour of PEDOT films in aqueous 
solution.
SEQCM technique consists of acquiring simultaneously electrical, gravimetric 
and reflectance signals. SEQCM measurements have shown mass changes during 
the doping-dedoping of the polymer film that cannot be only accounted for by ion 
exchange with solution. The spectroscopic signal, in its turn, changes due to oxidation 
and neutralization of PEDOT films.
BSEC is based on the separate and simultaneous acquisition of spectra corresponding 
to the compounds adsorbed on the electrode surface and to the solution adjacent to it, 
together with the electrical signal. Using BSEC measurements to study the doping-
dedoping of PEDOT films, complementary information from the two spectroscopic 
signals is obtained. Absorbance in normal configuration provides information related 
only to the spectral changes of the film during this process. Simultaneously, many 
soluble compounds arising from the polymer film are detected in parallel configuration 
during oxidation-neutralization of PEDOT films.
The joint information supplied by multiresponse techniques (electrical, gravimetric 
and spectroscopic signals) helps to shed light on the phenomena occurring during 
PEDOT film characterization.

Junta de Castilla y León (BU011A05) and Ministerio de Educación y Ciencia 
(MAT2003-07440) are gratefully acknowledged. V.R. also thanks the Ministerio de 
Educación y Ciencia for a Juan de la Cierva contract.
 
[1] J. López-Palacios, A. Colina, A. Heras, V. Ruiz, L. Fuente, Anal. Chem. 73 (2001) 

2883.
[2] H.S. Shim, I.H. Yeo, S.M. Park, Anal. Chem. 74 (2002) 3540.
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Ruthenium and copper complexes with biquinolyl 
–containing polymer ligands as a new redox active 

materials
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Dept. Chemistry, M.V. Lomonosov Moscow State University, Russia 
Institute of Macromolecular Compounds, RAS, St.Peterburg, Russia



S
y
m

p
o
s
iu

m
 7

 -
 P

o
s
te

r

µ

Ni / WC composite coatings as an active cathode 
material for hydrogen evolution
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Mechanistic Study on Electrochemical and Nitrite Ion-
catalyzed Oxiations of Adamantane

Yoshihiro Matsumura,* Noriaki Moriyama, and Osamu Onomura
Graduate School of Biomedical Sciences, Nagasaki University

1-14 Bunkyo-machi, Nagasaki, Japan
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Interfacial signature of the polymer-to-metal bonding
G. Deniau*, L. Azoulay, G. LeChevallier, P. Jégou and S. Palacin
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Microstructuring of polyaniline electrode films using 
silica nanoparticles

Xiliang Luo, Aoife Morrin, Anthony J. Killard, Malcolm R. Smyth*
School of Chemical Sciences, Dublin City University, Dublin 9, Ireland

*malcolm.smyth@dcu.ie

Micro- and nanostructured electrode interfaces have the potential to exhibit improved 
performance characteristics. Here, we illustrate the interaction of an electropolymerised 
polyaniline film with silica micro-particles on glassy carbon electrodes. It was found 
that the polyaniline grew preferentially around the silica particles rather than on the 
underlying electrode. This was found to be due to the adsorption of aniline monomer 
to the silica surface, followed by in-situ electropolymerisation. The thickness of the 
PANI layer could be controlled through the adjustment of polymerisation time from 
several to many tens of nanometres.
In conjunction with immobilisation of the enzyme, horseradish peroxidase (HRP), 
the electrocatalytic reduction of hydrogen peroxide was found to be enhanced under 
certain conditions over polymer films grown in the absence of silica particles. It is 
believed that this may be due to increases in active electrode surface area and/or 
possible improvements in diffusion limitation. 
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Electrochemical impedance spectroscopy of 
functionalised Ni-salen films

S. Patrício,a C. Freire,a C. Mourab*
REQUIMTE, Dep. Química, Fac. Ciências, Universidade do Porto, 4169-007 Porto, Portugal

CIQ, Dep. Química, Fac. Ciências, Universidade do Porto, 4169-007 Porto, Portugal
*cnmoura@fc.up.pt

A variety of Schiff base metal complexes have been electrochemically polymerized 
to form polymeric films on electrode surfaces[1-3]. The prepared modified electrodes 
with electroactive polymers are promising electrode materials for many potential 
applications; nevertheless the use of these novel [M(salen)] based modified electrodes 
in the different areas of technology is markedly influenced by their intrinsic structural, 
electronic and kinetic properties. In this work we report the study of poly[Ni(3-
Mesalophen-4,5-Cl2)] by cyclic voltammetry and electrochemical impedance 
spectroscopy: we endeavour the full characterisation of charge transfer and transport 
processes within this film prepared with a [Ni(salen)] monomer with substituents in 
the aldehyde moiety and imine bridge. 
The polymeric films were deposited on Pt electrode by cycling the potential between 
0.0 and 1.3 at 0.1 Vs-1, immersed in a CH2Cl2 solution containing 1 mmol dm-3 [Ni(3-
Mesalophen-4,5-Cl2)] monomer and 0.1 mol dm-3 TBAP. Films of different thickness 
were prepared by using different numbers of potential cycles (up to 160 cycles, which 
corresponds to Γ ≈ 100 nmol cm-2). The redox switching of the films were made in 
monomer free electrolyte solution using scan rates from 0.01 to 1 V s-1.
To describe the charge transport through the film and the charge transfer at 
metal||polymer and polymer||solution interfaces, we explored the impedance responses 
over a wide frequency range (100 kHz-0.01 Hz) as a function of experimental variables 
such electrode potential (from 0-1.3 V, in 0.1 V intervals) and film thickness (films 
with Γ  up to 40 nmol cm-2). The main bulk parameters for diffusion and charge 
accumulation during doping were determined by fitting the impedance responses.

The work was partially funded by FCT (Portugal) through POCTI/
CTM/46186/2002.

1 M. Vilas-Boas, C. Freire, B. de Castro, A. R. Hillman. J. Phys. Chem. B 1998, 102, 
8533-8540.

2 M. Vilas Boas, I. C. Santos, M. J. Henderson, C. Freire, A. R. Hillman, Eric Vieil. 
Langmuir 2003, 19, 7460-7468.

3 M. Martins, M. Vilas Boas, C. Freire, A. R. Hillman. Electrochimica Acta, 2005, 
51, 304-314.
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Surface of n-Type Silicon
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Electrochemical activity of 2-(2’,5-bithiophene)-
branched oligothiophenes
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Patrizia Romana Mussini*,c
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Electrochemical activity in aqueous electrolytes of  pedot 
films modified by prussian blue network

Anna Lisowska-Oleksiak*, Andrzej P. Nowak
Gdansk University of Technology, Chemical Faculty, Narutowicza 11/12 80952 Gdansk, Poland

*alo@chem.pg.gda.pl, phone+48+58347 25 44

Electrode material consisting of poly(3,4-ethylenedioxythiophene) matrix penetrated 
by solid red-ox system of ferrous hexacyanoferrate was prepared  by electrochemical 
synthesis on Pt and Glassy Carbon substrate electrodes. Direct chemical interaction 
between organic and inorganic counterparts was detected by XPS method as chemical 
Fe-S bonds. These Fe-S bonds are supposed to be responsible for electroactivity of the 
material.  Films show two red-ox couples analogical to the Prussian Blue activity: one 
at about +0.1 V/ Ag/AgCl and the second,  originated from BP network, at about +0.6 
V versus Ag/AgCl which overlaps with water molecules oxidation current. Third red-
ox couple, which is not observed for pEDOT and PB separately, appears at about -0.7 V 
/ Ag/AgCl. Presence of the red-ox couples in the vicinity of hydrogen adsorption and 
in the vicinity of oxygen adsorption may contribute to catalytic properties of  pEDOT-
PB films towards both types of reactions: oxidation and reduction as it is desired e.g. 
in so called unitized regenerative fuel cells.
The aim of this work is to characterise structure of the material and electrode activity 
of the polymer modified by Prussian Blue red-ox solid in contact with aqueous 
electrolytes. The X-ray diffraction pattern obtained for thin film of PB covering Pt 
substrate electrode shows strong similarity with XRD pattern obtained for studied 
material. Both results differ clearly from literature data of the bulk Prussian Blue 
solid.
Electrochemical studies were performed using cyclic voltammetry, chronopotentiometry, 
Impedance Spectroscopy and RDE (for O2 reduction). Stability and reproducibility of 
redox reactions (at +0.1, +0.6, -0.7) depends on the composition of outer electrolyte 
and is related to both type of ions. The activity of red-ox centres at about +0.6 V is 
dependent on anions’ contribution where activity at +0.1 V is dependent on cationic 
exchange. Electroreduction of oxygen in neutral  electrolytes was observed at about 
-0.38V ̧  -0.45 V /Ag/AgCl as clearly defined voltammetric peak with linear dependence 
of current maximum with sweep rate (at slow and moderate sweep rate values). 

The financial support from Gdansk University of Technology (grant DS 014668/03) 
is gratefully acknowledged
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of V2O5/poly(ethylene oxide) utilizing different molecular 

weight of polymer species
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Rest potential and dynamic light scattering study on 
the dissolution behavior of O2 – filled nanobubbles :              

Ar bubbling effect
Ichiro Otsuka *, Katsuya Nagayama, Yoshikiyo Kato

Department of Biomaterials Science, Ohu University, Misumido 31-1, Tomita-cho, Koriyama, 
Japan, Department of Material and Biological Chemistry, Yamagata University 

 *i_otsuka@yahoo.co.jp 

    The accelerated interest in various, practical applications of nanobubbles to water 
environments on the small -  and large - scale has been generated by the recent activity 
in the development of bubble production in civil and mechanical engineering . The 
hydrodynamic bubble generation can provide a lot of a solution containing micro- and 
nano-bubbles [1].Despite many reports on practical applications, little is known about 
the formation, stabilization and dynamic behaviors of the hydrodynamically generated 
bubbles in the bulk solution. Understanding of how the stabilized nanobubbles 
respond to environmental changes is very important in a practical application such 
as the use as oxygen carriers. We have investigated the effect of Ar purging on an 
O2-filled nanobubbles containing NaCl solution by dynamic light scattering (DLS) 
and rest potential (RP)  in order to gain insights into the dissolution behavior of 
the nanobubbles. An O2 bubble containing 0.5M NaCl aqueous solution was stored 
in a sealed polyethylene bottle for more than 3 months at room temperature. This 
preteatment can produce stabilized bubbles. The treatment of Ar bubbling was 
carried out by passing pure Ar gas ( > 99.9999 %) through a fritted glass for 4 h. All 
preparations and measurements were performed in usual laboratory atmosphere at 
room temperature. The dimensions of the stabilized nanobubble was around 350 nm 
in diameter (d), which is similar to those of nanobubbles generated by compression 
and expansion ( d=300 nm ) [3]. Comparison of DLS measured size distributions for 
the bubble containing solution before and after the Ar purging indicates that a peak 
observed in the nanometer-ranged distribution shifted from 350 nm to 430 nm, and 
that the number of smaller bubbles with the diameter less than 430 nm decreased. 
This implies that the Ar bubbling causes the dissolution and ripening of the smaller 
nanobubbles via the depletion of oxygen molecules outside of the bubbles in solution. 
RP measurements is complementary to DLS for the exploration of the dissolution of 
the nanobubbles, because scattering particles can be both nanobubbles and impurities.
The rest potential for a glassy carbon electrode in the nanobubble containing solution 
may directly reflect a response of dissolved molecular oxygen concentration in the 
outside the bubbles, and was measured with a closed cell that can prevent atmospheric 
oxygen molecules from penetrating. A RP – immersion time response obtained after 
the Ar bubbling clearly shows that the initial value(+0.102 V vs SCE) drifted back to 
a constant potential of + 0.135 V  140 min later, which is identical to that of RP before 
the Ar bubbling. These DLS and RP behaviors imply that the O2-filled nanobubbles in 
the bulk solution can play a  role of the source of molecular oxygen slowly permeating 
from the inside of the bubbles, although the dissolution of microbubbles partly 
contribute to the RP. 
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dioxythiophene) films with regard to anion sensing
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Electrochemistry and Luminescence Properties of 
Surface-Active Thiolated Ruthenium and Osmium 

Polypyridyl Complexes
Massimo Peruffoa, Paolo Bertoncelloa, Jonathan A. Faizb, Evangelos T. Kefalasb, 

Robert J. Forster*, c, Z. Pikramenou*, b, Patrick R. Unwina,* 
aDepartment of Chemistry, University of Warwick, Coventry CV4 7AL, United Kingdom
bSchool of Chemistry, University of Birmingham, Edgabston B15 2TT, United Kingdom

cNational Centre for Sensor Research, Dublin City University, Dublin 9, Ireland
 p.r.unwin@warwick.ac.uk

The adsorption, electrochemistry and luminescence properties of thiolated ruthenium 
and osmium polypyridyl complexes are reported. Different thiolated ruthenium and 
osmium complexes have been synthesized and characterized using cyclic voltammetry. 
Using cyclic voltammetry key parameters such as surface coverages and diffusion 
coefficients have been evaluated. The apparent diffusion coefficients in solution were 
of the order of 10-6 cm2 s-1 and the surface coverage on Pt electrodes was around 10-11 
mol cm2. Analysis of surface coverage vs complex solution concentration indicated 
that the surface coverage was independent of the solution concentration, suggesting 
the irreversible adsorption of the complexes to form self-assembled monolayers 
(SAMs) on the Pt surface. Luminescence studies have shown that SAMs of Ru(II) 
bipyridyl [1] and Os(II) terpyridyl complexes emit at characteristic wavelengths from 
their 3MLCT states when adsorbed on the Pt surface.  Preliminary studies of these 
compounds for the construction of electro-active wires are also reported.

Financial Support from European Union under the Marie Curie Research Training 
Network ‘’UNI-NANOCUPS’’ (MRTN-CT-2003-504233) is deeply appreciated.

[1] P. Bertoncello, E.T. Kefalas, Z. Pikramenou, P.R. Unwin, R.J. Forster, J. Phys. 
Chem. B  2006, accepted.   
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Diffusion towards partially blocked electrodes: The 
reduction of Tl(I) ions on dyoleoylphosphatidylcholine 
coated mercury electrodes through defects and trough 

gramicidin channels 
I. Navarro, R. Romero,  F. Prieto and  M. Rueda*, 

University of Sevilla, Departamento de Química Física, c/ Profesor García González n2. 41012 
Sevilla Spain

*marueda@us.es

Mercury electrodes covered with self-assembled monolayer of phospholipids are 
being used as a model system that mimics biological membranes, [1]. Dyoleoylph
osphatidylcholine  (DOPC) forms monolayers on mercury that at electrode potential 
values higher than c.a. -0.75 V vs SCE are well organised and exhibit impermeability 
to electroactive cations like Tl(I) that could, in case of permeability of the monolayer, 
undergo the reduction on the electrode.
However, in the presence of gramicidin the DOPC monolayer becomes permeable 
to monovalent cations, so the reduction of Tl(I) can be observed on these gramicidin 
modified electrodes.  This reaction has been widely studied by means of electrochemical 
dc, [2], and electrochemical impedance measurements, [3]. The results obtained 
cannot be explained according to a single electron transfer process, as in the reduction 
of Tl(I) ions on unmodified mercury electrodes. Different reaction schemes have been 
proposed to explain the results, including preceding and following chemical reactions, 
but the physical meaning of these chemical steps is still unclear. 
Previous studies have not considered the axial diffusion model towards a partially 
blocked electrode, in which the gramicidin channels act as electroactive pinholes, 
[4]. In this work, the data obtained by Electrochemical Impedance Spectroscopy 
measurements of Tl(I) reduction on a Hg-DOPC electrode in the presence of 
gramicidin over an extended frequency range are presented and analysed according to 
a diffusion model towards a partially blocked electrode. The results are compared with 
those obtained in the absence of gramicidin at potentials on the electrode at which the 
monolayer becomes permeable to ionic species as a result of defects formation.

[1] A.Nelson, A. Benton, J. Electroanal. Chem. 202 (1986)  253 
[2] A. Nelson, D. Bizotto, Langmuir 15 (1999) 7031 
[3] a) M. Rueda, I. Navarro, G.Ramírez, F.Prieto, C.Prado and A. Nelson, Langmuir, 

15 (1999) 3672  and b) M Rueda, I.Navarro, C.Prado and C.Silva, J.Electrochem.
Soc. , 148(4) (2001) E-139    

[4] A.H.O. Finklea, D.A. Snider, J. Fedyk, E. sabatanim Y. Gafni y I. Rubinstein, 
Langmuir, 9 (1993) 3360 
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Oxidant and acid effects revisited for chemical and 
electrochemical aniline polymerization in polymer 

dispersion media
Alexander A. Pud*, Yuriy V. Noskov, Nikolay A. Ogurtsov, Kateryna Yu. Fatyeyeva, 

Galina S. Shapoval
Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Sciences of Ukraine, 

50 Kharkivske Shose, 02160, Kyiv, Ukraine
*Corresponding author’s email address: echoc@mail.kar.net

Oxidant and acid nature as well as their concentration are well known factors affecting 
chemical aniline polymerization kinetics and quality of forming polyaniline (PANI) 
[1, 2]. However, to our knowledge there are no systematic studies of their effects on 
running this process in different common polymer powder dispersion water media. We 
have found that in this case these effects can be more complicated both due to specific 
interactions of the reagents with the polymer particles and to a posterior distribution 
of the formed PANI-acid complex in a final composite material. 
As an alternative way to change these interactions we used electrochemical 
polymerization of aniline at Pt mesh electrode in the range of E=0.7-0.8 V in the 
acidified polymer powder dispersions in absence and presence of hydrogen peroxide 
when strong stirring. Comparing to the chemical way this allowed avoiding leavings 
of inorganic by-products from typical salt oxidants in the final material.
In order to evaluate a specificity of each of chemical or electrochemical systems the 
simultaneous pH, redox-potential and temperature monitoring of the reaction mixtures 
was applied. Additionally, in the electrochemical polymerization a simultaneous 
chronoamperogram of the process was measured. As in known cases [1,3], in 
comparison with polymerization of aniline in an absence of dispersion phase this 
process in the polymer powder dispersion run faster and its rate depended on a size of 
polymer particles. This can be probably explained not only by a catalytic effect of the 
surface of the polymer particles but also by running the polymerization process in an 
aniline adsorption layer formed at this surface where concentration of aniline is higher 
comparing to the solution bulk.
The obtained pH, redox-potential and temperature kinetic dependences for the chemical 
and electrochemical cases differed by shape. Specifically, we did not observe sharp 
changes of any monitored parameter in the electrochemical polymerization unlike the 
chemical polymerization case. In turn, in the latter case a position of characteristic 
points of change of pH, redox-potential and temperature at the obtained kinetic 
profiles strongly depended on oxidant, acid, temperature of the reaction mixture and 
some other factors.
Conductivity, thermal stability and mechanical properties of obtained polymer/PANI 
composites have been investigated. 
1. M.T. Gill, S.E. Chapman, C.L. DeArmitt, F.L. Baines, C.M. Dadswell, J.G. Stamper, 

G.A. Lawless, N.C. Billingham, S.P. Armes, Synth. Met. 93 (1998) 227.
2. Y. Cao, A. Andreatta, A.J. Heeger, P. Smith, Polymer 30 (1989) 2305.
3. K. Tzou, R.V. Gregory, Synth. Met. 47 (1992) 267.
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Morphology data of platinum/HOPG electrodes and 
their electrocatytic properties 

F. Rodriguez Nieto*, M. A. Pasquale, A. J. Arvia 
Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA).
UNLP, CONICET, CIC. Sucursal 4, C.C. 16. CP 1900 La Plata, Argentina.

e-mail: rodrini@inifta.unlp.edu.ar

The electrocatalytic reactivity of metal electrodes, such as Pt and Pt alloys utilized in 
different electrochemical conversion devices, exhibit a scale-dependent the surface 
morphology and a relative distribution of crystal faces at metal clusters and aggregates 
that depend on the preparation procedure.
This work reports the influence of electrical perturbations on the surface properties of 
electrochemically prepared platinum/highly oriented pyrolitic graphite electrodes. Data 
from atomic force and scanning tunneling microscopy imaging offers the possibility to 
establish a correlation among surface properties of these electrodes, size distribution 
functions, aspect ratio of aggregates, fractal dimension, energy distribution of surface 
sites, and their electrocatalytic behaviour for three test electrochemical processes, 
namely, H-atom electrosorption processes; molecular oxygen electroreduction; 
methanol electrooxidation. 
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A comparative investigation of reference redox couples 
for intersolvental comparison of electrode potential 

scales
Eva Castelloa, Luigi Falciolab, Patrizia Romana Mussinib, Torquato Mussinib, 

Manuela Rossib,*
aUniversity of Valencia, Spain;  bDepartment of Physical Chemistry and Electrochemistry, 

bUniversity of Milano, Via Golgi 19, 20133, Milano, Italy; luigi.falciola@unimi.it, patrizia.
mussini@unimi.it, manuela.rossi@unimi.it; 

Our research group is concerned with the problem of intersolvental comparison of 
fundamental electrochemical quantities, in particular (a) pH, since we are currently 
extending to aqueous/organic and nonaqueous solvents the 2002 IUPAC protocol 
for primary pH standardization in water; and (b) electrode potentials, since we are 
currently studying the solvent effect on the mechanism of model electrocatalytic or-
ganic processes. Now, while intersolvental comparison of pH scales is based on the 
evaluation of the primary medium effect on the H+ ion, voltammetric studies in non-
aqueous solvents are currently referred to the ferricinium|ferrocene reference couple, 
following the 1986 IUPAC document [1], assuming the above redox process to take 
place at an invariant potential in all solvents. However, the data on the behaviour of 
the Fc+|Fc redox couple in different (solvent+supporting electrolyte) combinations 
available in the literature are not exhaustive and often lack consistency. Moreover, the 
above assumption of intersolvental invariancy of the Fc+|Fc redox potential has been 
recently questioned by authoritative papers [2, 3], suggesting that only permethylated 
ferrocene derivatives (“electron-reservoir sandwich complexes”) could be considered 
unaffected by solvent coordination and therefore reliable intersolvental references.
  In this context, we have carried out along a careful protocol an exhaustive 
voltammetric reactivity study on ferrocene, either as such or functionalized on the 
cyclopentadienyl rings, together with several other reversible redox couples, on both 
stationary and rotating electrodes, in a series of model organic solvents with constant 
supporting electrolyte. Our study now provides: (a) an exhaustive and consistent data 
set of redox potentials for the investigated couples in the model solvents, at constant 
supporting electrolyte and operating reference electrode; (b) a verification of the re-
versibility constancy for each redox couple in the model solvents; (c) new evidence 
supporting the above statements [2, 3] about the appropriateness of decamethyl-
ferrocene as intersolvental redox potential standard; (d) the first application of the 
above concepts for the study of the solvent effect in a model organic electrocatalytic 
process. 

[1] G.Gritzner, J. Kuta, Pure Appl. Chem. 56 (1984) 461. 
[2] J. Ruiz, D. Astruc, Comptes Rendus de l’Academie des Sciences Series IIB 

Mechanics Physics Chemistry Astronomy 1(1) (1998) 21. 
[3] I. Noviandri, K. N. Brown. D. S. Fleming, P.T. Gulyas, P.A. Lay, A.F. Masters, L. 

Phillips, J. Phys. Chem. B 103 (1999) 6713.
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Electrochemical activity of novel amphoteric 
polyamidoamines responsive to redox stimuli 

Paolo Ferrutia, Elisabetta Ranuccia, Luigi Falciolab,  Patrizia Romana Mussinib, 
Manuela Rossi*,b

aDept. Of Organic and Industrial Chemistry, and Interdisciplinary Center of Nanostructured 
Materials and Interfaces (CIMAINA), via Venezian 21, 20133 Milano, Italy, 

paolo.ferruti@unimi.it, elisabetta.ranucci@unimi.it;
bDepartment of Physical Chemistry and Electrochemistry and Interdisciplinary Center of 
Nanostructured Materials and Interfaces (CIMAINA), University of Milano, Via Golgi 19, 

20133 Milano, Italy; luigi.falciola@unimi.it, patrizia.mussini@unimi.it, manuela.rossi@unimi.it. 

Considerable interest is being focused on soluble synthetic polymers containing 
in the main chain chemical bonds stable in the bloodstream, but degradable after 
internalization in cells. Typical examples are biocompatibile polymers bearing 
disulfide linkages in their main chain, which can be regarded as stimuli-responsive 
release systems, with the disulfide reduction triggering conformational expansion and 
the release of the active substance. These systems are susceptible to be specifically 
designed for intracellular delivery thanks to the stronger reducing environment within 
cells than in extra-cellular fluids.
In this context, polyamidoamines (PAA), synthetic polymers based on regular 
sequences of amide and tertiary amine groups, are very attractive substrates. In 
particular, amphoteric PAAs are very promising as soluble carriers of antitumoral 
drugs. In fact, they are biocompatible and hydrosoluble, and remain unperceived 
by the immunitary system (“stealth”) while tending to be accumulated in tumour 
tissues (“Enhanced Permeability and Retention (EPR) effect”). According to their 
structure, they can act as good chelating agents for heavy metal ions, an interesting 
feature especially with such cations as Co2+ (for cobalt therapy purposes) and Cu2+ 
(for purposes of cellular growth promotion). Also very interesting for biomedical 
applications are the recently appeared reticulated PAAs, especially hydrogels (being 
able to swell without dissolving when immersed in water) which can be used as 
polymeric scaffolds for tissue regeneration.
The Authors will present an investigation on the electrochemical activity on HDME 
electrode of two novel amphoteric PAAs carrying disulphide linkages in their main 
chain, with the support of their acid-base characterisation for both speciation assessment 
and mechanistic interpretative purposes. The behaviour of the new polymers will be 
discussed with respect to the well-known case of their parent compound cystine, 
which has been also electrochemically characterised as a suitable model in the same 
operating conditions.
 
The financial support of Italy’s MIUR is gratefully acknowledged.
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Biomedical Applications of Conducting Polymers
J. Faye Rubinson*

Dept. of Chemistry, Georgetown University, 37th and O Streets, NW, Washington, DC USA 20057-
1227 

*jfr@georgetown.edu

All bioelectrodes and pacemaker electrodes contain an electrode|bioliquid interface 
where the ionic conductor meets the electronic conductor, and since uncompensated 
charge exists only at the surface in steady-state for conductors (metals and ionic 
conductor which is the bioliquid), a capacitive impedance exists as an element of 
the equivalent circuit. Stimulation and sensing, the two functions of the bioelectrode, 
are affected differently by this reactive element. The effect on stimulation can be 
overcome by supplying redundant current based on monitoring of biologic response; 
in this sense it can be dealt with in hardware. Sensing is detrimentally affected, as the 
reactive impedance creates a filter: it introduces an obligatory non-linear ill-behaved 
high-pass filter section. For this reason, the achievement of an Ohmic interface 
would be highly desirable. We have investigated a number of different conductive 
polymer surface coatings, and have found that the effectiveness of the coating depend 
on polymer film thickness and porosity, identity, and homogeneity of structure. The 
elimination of the high pass filtering interface which has been accomplished with 
some of these electrodes constitutes a major advance in bioelectrode materials design. 
Results will be reported for the optimization of conditions for reproducible production 
of electrodes with behavior that appears ohmic over a broad frequency range has been 
carried out for poly-(3,4-ethylenedioxythiophene). Our findings are in sharp contrast 
to those reported by a number of groups regarding the stability and in vitro stability of 
PEDOT. These difference appear to be a result of the result of the nature of the films 
themselves as well as the conditions for acquisition of the impedance spectroscopy 
data. Implication of these results for bioelectrode design and results for their in vivo 
applications will be discussed. 
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Reactions of orthophthaladehyde with water and 
hydroxide ions- effects on reduction and oxidation
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Controlled Intensity Modulated Photo- and Impedance 
Spectroscopy on conductuing polymers

W. Plieth1, C. A. Schiller2*, U. Rammelt1

1Dresden University of Technology, Institute of Physical Chemistry and Electrochemistry,
Mommsenstr. 13, D-010602 Dresden, Germany

2ZAHNER-Messtechnik, Thüringer Str. 12, D-96317 Kronach, Germany
cas@zahner.de

Unlike the situation at a simple pn-junction in silicon, the photoactive layers of a 
semiconducting polymer in an electrolyte are embedded within a complex arrangement 
of several additional phases.
For a successful analysis of such systems it is necessary to combine different dynamic 
photo - and electrical techniques. In the present work , polythiophenes on different 
substrates were examined. A novel approach was used which allowed to perform EIS, 
intensity modulated photovoltage - and intensity modulated photocurrent spectroscopy 
on the test objects held in the same system state.
Controlled Intensity Photo Spectroscopy offered the necessary precision and long 
term stability of the photo intensity and modulation for such measurements.
The results of the photovoltage spectra at constant current, the corresponding 
photocurrent spectra at constant voltage and the EIS could be explained and 
successfully fitted by a common equivalent circuit model in which the photoactive 
layer could be assigned.
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Electrochemical Investigation of the Mechanism of 
Glutathione Redox Reaction
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Application of density functional theory calculations in 
the electrosynthesis of conducting polymers

James R. Smith*, Yan Hong Li, Paul A. Cox and Sheelagh A. Campbell*, 
Applied Electrochemistry Group, School of Pharmacy and Biomedical Sciences, University of 

Portsmouth, Portsmouth PO1 2DT, U.K.
*james.smith@port.ac.uk

Density Functional Theory (DFT) is a computational technique that is gaining increasing 
interest owing to its comparable accuracy with Hartree-Fock (H-F) methods coupled 
with the significantly reduced computational resources such ab initio calculations. 
For example, computational time and memory scale with N3 for DFT calculations 
compared with N4 for H-F methods, where N is the number of atoms or electrons. 
DFT only considers the electron density, rather than the many-body wave-function in 
H-F theory.  
DFT calculations have been used to determine the locations of highest unpaired 
electron spin density in monomeric radical cations of heterocyclic compounds, such 
as pyrrole and thiophene derivatives, used to produce conducting polymers. The 
locations of highest spin density determine the coupling positions in the resulting 
polymers. In the case of pyrrole, for example, the highest spin density is found at 
the 2- and 5- (α-) positions and thus α,α’-linkages, necessary for high conductivity, 
predominate.
The band-gap of electroactive polymers and monomer ionisation potentials can also 
be determined using DFT methods, further enabling a rational screening method for 
selecting novel heterocyclic compounds as monomers for producing new conducting 
polymers.
In the first part of this paper, we consider positions of highest spin density in the growing 
oligomeric radical cations and their subsequent coupling reactions. Interestingly, the 
ratio of spin densities at the α- to terminal β-positions increases with chain length. 
However, the ratio of α- to β-positions midway along the growing oligomer rapidly 
decreases, with the later positions soon becoming the locations of highest spin density. 
These results are discussed with reference to polymer conjugation lengths.
The electropolymerisation of some novel acrylonitriles containing pyrrole, thiophene 
and furan rings are described in the second part of the paper. The electro-oxidation 
reaction and the polymer thus produced is discussed in terms of the spin density 
distributions in the resultant monomers and oligomers together with the significance 
of oligomer/monomer coupling ratios.
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Electrical wave transient generated by fast sds agreggate 
formation on gold substract
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Transporting Units
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The objective of the work was to prepare and investigate the properties of self – assembled 
systems containing organothiol monolayers with anchored monolayer protected gold clusters 
(MPCs). 
Recently we described the preparation of different gold nanostructures using gold 
electrodes modified with azocrown ethers. This compound immobilized by thiophene 
group on the electrode surface, can be used as specific chemical „generator” of gold 
clusters [1]. 
Well ordered assemblies of gold clusters, immobilized on the electrode through 
covalent or noncovalent bonds were obtained using organothiol compounds [2-4]. 
The best linker was proved to be 1,9-nonanedithiol and not simple alkanethiol. Gold 
clusters in this system are more uniformly distributed on the monolayer and firmly 
attached to the electrode by means of the Au-S bond. Most impressive result was that 
the gold clusters are able to accumulate charge and to effectively transport it between 
the electrode and compounds present in the solution. Gold clusters transfer charge 
to the electrode not only across the isolating monolayer, but they also exchange it 
laterally with neighbouring nanoparticles. The good charge transport properties of the 
investigated Au cluster – monolayer system were exploited in the process of ascorbic 
acid and 3,4-dihydroxyphenylalanine catalytic oxidation. Catalytic reduction of oxygen 
will be also shown. In both cases the peak current was higher and overpotentials were 
smaller, indicating electrocatalysis. Applications include electrochemical sensors and 
microbiofuel cells.

References
1. K. Stolarczyk, R. Bilewicz, A. Skwierawska, J.F. Biernat, J. Incl. Phenom. 49 

(2004) 173.
2. K. Stolarczyk, B. Pałys, R. Bilewicz,  J. Electroanal. Chem. 564 (2004) 93.
3. K. Stolarczyk, R. Bilewicz, Electroanalysis 16 (2004) 1609.
4. K. Stolarczyk, R. Bilewicz, Electrochim. Acta 51 (2006) 2358.
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Spectroelectrochemical study of electropolymerization of 
aniline on polyaniline films

Emma Muñoz, Susana Palmero, M. Aránzazu Heras, Álvaro Colina, Virginia Ruiz, 
Jesús López-Palacios* 

Departamento de Química, Facultad de Ciencias, Universidad de Burgos
Plaza Misael Bañuelos s/n, E-09001, Burgos (Spain)

jlopal@ubu.es

Polyaniline (PANI) is a conducting polymer widely used as base material in the 
developing of pH-sensors, biosensors, rechargeable batteries, selectively permeable 
membranes or corrosion-protecting coatings. Although many studies deal with the 
electrosynthesis of PANI films, the mechanism is not fully understood yet. One of the 
main drawbacks in PANI film electrogeneration is the difficulty of obtaining polymer 
films with similar electronic, optical or resistance properties. 
We have demonstrated previously the influence of the flow rate in the potentiostatic 
electropolymerization of aniline in acidic medium [1]. Conducting polymers with 
different thickness and electrochromic properties were obtained.
In this work we present the spectroelectrochemical results obtained during the 
potentiodynamic electrosynthesis of PANI films in three steps: i) electropolymerization 
of aniline in acidic medium on a gold electrode surface; ii) potential cycling in acidic 
medium free of aniline; and, iii) re-polymerization of aniline in acidic medium on the 
PANI film electrode initially obtained. The influence of the flow rate in the last stage 
of electropolymerization has been assessed in several experiments carried out using a 
spectroelectrochemical flow cell [1] that operates in near normal incidence reflection 
mode.
We prove that electropolymerization of aniline on a PANI electrode is not influenced 
by the flow rate, achieving polymer films with similar electrochromic properties.

Junta de Castilla y León (BU011A05) and Ministerio de Educación y Ciencia 
(MAT2003-07440) are gratefully acknowledged. V.R. also thanks the Ministerio de 
Educación y Ciencia for a Juan de la Cierva contract.

[] E. Muñoz, Á.Colina, A. Heras, V. Ruiz, S. Palmero and J. López-Palacios, Anal. 
Chim. Acta, (2006) (in press).
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polypyrrole
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Polypyrrole and other heterocyclic conducting polymers have already moved from 
‘scientifically interesting’ to ‘industrially manufactured’ status.  Even with these 
conductive polymers being produced and used more and more commonly, the 
understanding of many fundamental aspects of such materials is still quite far from 
being complete.  Thus, both experiments and theoretical studies are still needed to 
gain further insight into the structure and properties of conducting polymers.  The 
latter is especially true for polymer systems with slightly less common dopant anions, 
resulting in a variety of interesting and even unexpected properties of such films.
Polypyrrole is synthesized and used mostly in the conductive oxidized form where the 
positively charged chains are in strong interaction with counter-anions.  The anions 
used in the synthesis bath also determine the future structure and behavior of the 
polymer film. In the present study accurate cyclic voltammetry (CV) measurements 
together with quantum chemical calculations were applied to study the behavior of 
the relatively small aromatic benzenesulfonate anions in polypyrrole films.  The 
redox charge, influence of the sweep rate, the memory effect, the exchange rate and 
mobility of the anions in the polypyrrole films during redox cycling were studied 
using CV.  The π - π interactions in the complexes of cationic pyrrole oligomers 
and benzenesulfonate anions were studied using a variety of quantum chemical 
methods ranging from density functional theory (DFT) to post Hartree-Fock ab initio 
calculations. The energetically optimal structures of the stacked polymer chains and 
anions were studied.  High level calculations are necessary, as low level Hartree-Fock 
methods and most DFT functional fail to reasonably describe the stacking.
It was established from the CV measurements, that although relatively large and of 
low mobility, the benzenesulfonate anions can be easily replaced in the polymer film 
by small inorganic anions (nitrate, perchlorate) by both redox cycling and also by just 
soaking in a solutions of these anions.  The high doping levels obtained by this kind 
of replacement suggests that the structure of the benzenesulfonate doped film is rather 
well organised, and also remains largely intact during the replacement.  Therefore, 
higher doping levels can be obtained by replacing benzenesulfonate anions by small 
inorganic ones compared to films synthesised from the solutions of these small anions 
under similar conditions.
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CME’s have been intensively studied in the last 20 years thanks to their wide 
possibilities of applications ranging from surface chemistry to biochemistry, from 
electroanalytical chemistry to ionic and electronic transport phenomena−. CME’s 
formed by self assembling of organic monolayer, SAM, adsorbed on metallic 
surface have been deeply investigated. The most popular SAM’s are those formed by 
alkanethiol molecules adsorbed on gold, which exhibit physico-chemical properties 
modulated by the organic chain length, the alkanethiol terminal groups, the molecule 
package density,  the status of the metallic surface [1]. 
In particular, terminal groups can impart to the SAM’s the sought chemical properties, 
as in the case of ω terminated COOH thiols which offer the appropriate electrostatic 
interaction site to immobilize Cytochrome C (CytC) protein, as well as other cationic 
biomolecules, as first step of fabrication of specific biosensors.
In addition to the thiol/protein interactions, the stability of the layer is crucial in 
determining the electrode performance and service-life. Since this property is mostly 
chained to the morphology of the gold surface, a large number of investigations is 
devoted to analyse the behaviour of monocrystalline surfaces.
¸−12In this work we report the performances of SAM-Au electrodes based on 
electrodeposited polycrystalline gold surface of controlled roughness in comparison 
with (210) Au single crystal face, for both single and mixed thiol layers. 
The studies on polycrystalline SAM-Au surfaces are then extended to the 
characterization of CytC/electrode interactions, in terms of kinetics of protein 
adsorption process and of electron transfer rates of the metallic centres.

[1] S. Rondinini,. A. Vertova,. and L. Pilan, Electroanalysis, 2003, 15, 1297

1 L. Li, S. Chen, S. Jiang, Langmuir, 2003, 19, 3266
2 A. El Kasmi, J.M. Wallace, E.F. Bowden, S.M. Binet, R.J. Linderman, J. Am. Chem. 

Soc. 1998, 120, 225
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AN Electrochemical and spm investigation of Laccase 
Biosensor Interfaces 

A. Vicente, A. S. Viana*  
Laboratory of SPM, Faculty of Sciences, University of Lisbon, Ed.- ICAT Campo Grande 1749-016 

Lisboa, Portugal 
* anaviana@icat.fc.ul.pt 

When preparing electrochemical enzymatic biosensors, there are a number of 
challenging aspects that must be carefully addressed, namely, the amount and 
orientation of the biomolecules on the surface, the correct choice of redox active 
mediators, the stability of the interface under the applied potential and over time. 
Numerous strategies have been employed to build such biosensor interfaces, including 
covalent attachment onto self-assembled monolayers (SAMs) [1]. This approach 
is advantageous to prepare reproducible interfaces, however, the drawback is the 
extremely low amount of enzyme that can be chemically linked to the electrode surface 
and consequently the low electrochemical responses (direct or indirect) achieved from 
the enzymatic performance. Therefore, in these systems a proper orientation of the 
enzyme must be the crucial factor. 
In the present work, pure and mixed short chain SAMs of thiol/disulphides derivatives 
on gold have been investigated as platforms for the covalent immobilisation of 
commercial Laccase (EC 1.10.3.2). Special emphasis is given to the monolayers 
based on N-hydroxysuccinimide-ester functionalised disulphide [2,3] where no 
chemical activation of the underlying SAMs is required for the covalent attachment 
of Laccase to the surface. The bio-activity of the prepared enzymatic surfaces has 
been investigated towards ABTS. 
The amount of adsorbed enzyme onto pure and mixed SAMs as well as the interface 
stability under the applied potential, required for the catalytic activity towards different 
substrates (e.g ABTS) is provided by EQCM. 
A combination of Scanning Tunnelling Microscopy (STM) and Atomic Force 
Microscopy (AFM) is used to characterise the underlying SAMs and the Laccase 
distribution on the surface in order to establish a correlation between structure and 
biosensor performance.

1. N.K. Chaki, K. Vijayamohanan, Biosens. Bioelectr. 17 (2002) 1.
2. J. F. Cabrita, L. M. Abrantes, A. S. Viana, Electroch. Acta, 50 (2005) 2117.
3. M. L. Mena, V. Carralero, A. G.-Cortés, P. Y.-Sedeño, J. M. Pingarron, Electroanalysis, 

17 (2005) 2147. 
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Development of conducting polymer layers on 
membranes to prevent biofouling and enhance biocide 

effects
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Electroanalytical applications of novel hybrid materials 
consisting of polythiophene containing nanoparticles

V. Martina, L. Pigani, F. Terzi, R. Seeber*, C. Zanardi 
Dipartimento di Chimica, Università degli Studi di Modena e Reggio Emilia, via G. Campi 183 

– 41100 Modena(Italy) -  Tel: +390592055033, Fax: +39059373543
*seeber@unimore.it

Polythiophene constitutes a very appealing class of materials thanks to properties 
such as electrical conductivity, electrochromism and electroluminescence. For this 
reason, they have been widely studied in the field of sensoristics, particularly for 
electrochemical sensors in which  the polymer constitutes the coating  of the electrode 
surface.
Among different conducting polymers, great attention has been recently devoted to 
poly(3,4-ethylenedioxithiophene) (PEDOT), which shows quite high conductivity 
and stability, and a particularly reduced band-gap, being both p- and n- doping well 
possible. Moreover, the presence of dioxyalkyl residues on the β-thiophene positions 
strongly reduces the potential at which p-doping occurs (-0.05 V), with respect to 
many other polythiophene derivatives. As an improvement to the physico-chemical 
properties of conducting polymer coatings, literature gives evidence of a great effort 
for inserting metals, both under metallic and ionic form. The presence of the metal 
is suppose to further increase the electrocatalytic performances of the pure organic 
material.
In the present work, the electrocatalytic properties of PEDOT have been studied in the 
detection of several analytes and compared with the performances of bare Pt electrode. 
The purely organic polymer actually exhibits interesting electrocatalytic properties, 
in terms of reduced overvoltage for oxidation, lower detection limit and increased 
sensitivity. The inclusion of Au and Pt nanoparticles during PEDOT electrogeneration 
from a solution containing both the nanoparticles and the EDOT monomer was also 
tested from an analytical point of view. To this aim, nanoparticles are synthesised 
and studied at changing the nature of encapsulating agent, i.e. decanethiol, 3,4-
ethylendioxythiophene, neutral and charged tetralkylammonium salts, citric and 
tannic acid.
For all these composites, different analytes present in foods and pharmaceutical 
formulations are studied by cyclic and differential pulse voltammetry. Very interesting 
results in terms of increased sensitivity and peak resolution for the different analytes 
are observed, depending on nature and concentration of the metal nanoparticles and 
on the ionic charge of residues brought by the encapsulating agent. As a particularly 
appealing example, when nanoparticles capped with citric and tannic acid are included 
in the polymer, an electrostatic shield coating is obtained: no oxidation of negatively 
charged ascorbic acid is observed, while the signals due to differently charged analytes 
are enhanced and  resolved. This effect is due to the presence of these particular 
nanoparticles, as PEDOT does not show the same effect. The same coating is also 
tested at different pH, where the analytes are differently charged, and, consequently, 
differently detected.
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The studies of organic photovoltaic cells or nano inorganic-organic hybrid solid-state

photovoltaic cells and light emitting diodes are attracting attention for future electronic

and photonic devices as well as for photoenergy conversion devices. Many researches

focused on searching for appropriate solid charge solar energy transport materials,

which plays a key role in fabrication of photovoltaic cells and light emitting devices .

In this work, the Nafion-based redox polymer(Nafion[Ru(bpy)3
2+

]) was developed

into a kind of solid organic charge transport materials which can act as a kind of hole

transport material when redox centers are located in the reductive states initially(as

shown in fig.1). The charge transport performance of this solid redox polymer has been

investigated by electrochemical methods. The results of charge transport performance

showed that Dct of the ITO /

Nafion[Ru(bpy)3
2+

]/Au solid cells is about

10
-7

~10
-8

cm
2
·s

-1
and � is about 10

-6

cm
2
·V

-1
·s

-1
. PEG was also added to

improve the charge transport performance

in dry state Nafion. Finally we employed

the Nafion-based redox polymer as the

hole transport material for the solid-state

photovoltaic cell using narrow band gap

nano-semiconductor CdS as active

photoelectrode. So far, its IPCE is about

15% and �� about 3.2% for 395nm light.

The IPCE for 350nm light is about 23%.

The future of this novel photovoltaic cell

is promising along with the potential

enhancement of the charge transport

performance of the redox polymers.
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Nafion[Ru(bpy)3
2+] as the Solid Organic Charge 

Transport Material for the Solid-State Photovoltaic Cell
Jian-Zhang Zhou*, Yan-Yan Xi, Bi-Bo Lan, Hong-Xiang Chen, Zhong-Hua Lin

State Key Laboratory for Physical Chemistry of the Solid Surface and Department of Chemistry, 
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China

* jzzhou@xmu.edu.cn
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Preparation and Characterization of Copper-Doped 
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The Kinetics of Redox Mediation
G. Ybarraa, C. Moinaa, M.I. Floritb, D. Posadasb*

a Centro de Investigación sobre Electrodeposición y Procesos Superficiales, Instituto de Tecnología 
Industrial, CC 157, (1650), San Martín, Argentina

b INIFTA, Departamento de Química, Facultad de Ciencias Exactas, Universidad Nacional de La 
Plata, Sucursal 4, Casilla de Correo 16, (1900), La Plata, Argentina

*dposadas@inifta.unlp.edu.

Redox mediation is a phenomenon by which a substance in contact with a metal on 
one side, and in contact with a solution that contains one or both component of a 
redox couple on the other, is capable of mediating electron transfer between the redox 
couple and the metal.
Redox mediators are substances containing redox centers that are electroactive, that 
is, when in contact with a metal and forming part of a suitable electrochemical cell, 
can be oxidized and reduced in a more or less reversible way. We will be interested 
in redox mediators in the solid state. An example of redox mediators are electroactive 
polymers. As examples of this kind of polymers we may mention Poly-o-aminophenol 
(POAP) and Os(II) bypyridil- poly-vynilpyridile (OsBPVP). In the first one the redox 
centers are the amino groups that are oxidized to imino ones. In the second is the 
coordinated Os(II), which is oxidized to Os(III). 
Mediation involves electron transfer at the metal/ solution interface charge transport 
in the mediator, electron transfer at the mediator/ solution interface and mass transfer 
in the solution. One or more of these processes may control the kinetics of the global 
process. Except in part for the work of Laviron and of Ikeda et al., until know, the 
criteria for analyzing the steady state current potential curves were mostly based 
on the analysis of the limiting currents. In this presentation we analyze the current 
potential curve in a rotating disk electrode at steady state and obtain some diagnostic 
criteria based on the shape of this curve. Particularly, this analysis allows explaining 
the observed phenomena of electrochemical rectification. The conditions for these 
phenomena to occur are discussed.
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CO Adsorption/Oxidation Kinetics studied by 
combined ATR-FTIR Spectroscopy and Differential 

Electrochemical Mass Spectrometry under Continuous 
Flow Conditions  

M. Heinen*, Y.X. Chen, Z. Jusys, R.J. Behm*
Dept. Surface Chemistry and Catalysis, University of Ulm, D-89069 Ulm, Germany 

*e-mail: , Juergen.Behm@uni-ulm.de 

In the recent years in-situ IR spectroscopic and on-line differential mass spectrometric 
studies have significantly contributed to the fundamental understanding of 
electrochemical reactions by providing information on the potential dependent 
appearance of absorbed surface species as well as detection and quantification of the 
volatile products evolved during these reactions. We have combined the advantages 
of both so far separately used techniques, allowing us to detect adsorbed species 
by using highly surface sensitive FTIR spectroscopy in an ATR-configuration, and 
to obtain information on the resulting products formed from these adsorbates by 
differential electrochemical mass spectrometry under fuel cell relevant continuous 
flow conditions.
Using this setup we performed CO adsorption transient experiments, at different 
constant potentials to investigate the CO adsorption/oxidation kinetics on COad free 
and on partly COad blocked surfaces. The CO consumption measured during CO 
adsorption at 0.06 V via DEMS can be used to calculate the actual surface coverage 
of COad at any time, which then can be directly correlated to the in-situ measured 
IR-intensity resulting in a calibration curve IR-intensity (or wavenumber) against 
COad surface coverage at different potentials. The data show i) a significant potential 
dependence of the ration between COL and COM for the same coverage and ii) in the 
regime of very low and very high COad coverage there is no proportional relation 
between COad coverage and COad intensity. Furthermore, we can calculate the coverage 
and potential dependent CO sticking coefficient.
Performing CO adsorption transients at higher potentials, were COad can already be 
oxidised to CO2 allows to determine the COad coverage dependent CO oxidation rates 
from the CO2 production measured via DEMS, which is free from any effects due to 
re-adsorption of anions, prohibiting to use the faradaic currents for determining the 
CO2 formation rates. We correlate the observed COad oxidation rates with the COad 
coverage measured in-situ with IR. The results show that for low COad coverage i) the 
COad oxidation rate increases with COad coverage and ii) allow to distinguish between 
OHad formation and COad+ OHad reaction as the rate limiting step. 
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Adsorption/oxidation of CO On a highly dispersed Pt/C 
electrocatalyst Studied by combined electrochemical and 

ATR-FTIRAS 
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SERS Characterization of Surface Water and Hydrogen 
Using Core-shell Nanoparticles Modified Electrodes

Jian-Feng Li, Yu-Xiong Jiang, Bin Ren, De-Yin Wu, Zhong-Qun Tian*
State Key Laboratory for Physical Chemistry of Solid Surfaces and Department of Chemistry, 
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China

E-mail: zqtian@xmu.edu.cn

In the past three decades, the development of surface-enhanced Raman spectroscopy 
(SERS) into a powerful spectroscopic tool had been slower than expected. The major 
obstacle is the generality of SERS, i.e., only three coinage metals (Au, Ag, and Cu) 
provide the huge enhancement. This fact severely limited the SERS application in 
other materials, including transition metals (group VIII B elements) that have a much 
wider application in electrochemistry and catalysis. Since the mid-1990s, we have 
developed several surface roughening procedures for electrodes of different metals 
and maximized the use of a high-sensitivity confocal Raman microscope, enabling us 
to obtain good-quality SER spectra on the electrode surfaces made from net Pt, Ni, 
Co, Fe, Pd, Rh and Ru that were traditionally considered to be non-SERS active [1]. 
These transition metals have been found to exhibit surface enhancement ranging from 
one to four orders of magnitude. Consequently, the investigation of diverse adsorbates 
at various transition metal electrodes can be realized. However, we were not able to 
study some surface species having very small Raman cross section but fundamental 
and practical importance, such as water molecules, on these weak-SERS-active 
substartes. 
Recently, we utilized a strategy of “borrowing the SERS activity of a Au core” by 
chemically coating several layers of a transition metal on highly SERS-active Au 
nanoparticles. These core-shell nanoparticles have chemical properties of the shell but 
show the enhancement provided mainly by the core underneath. Therefore, their SERS 
signals can be enhanced as compared to those from bare transition metal substrates. We 
successfully obtained SERS of water on Pt and Pd surfaces that allows us to scrutinize 
the interfacial structure of water. The extent of the frequency shifts with potential (i.e., 
electrochemical Stark effect) for the stretching mode of water on Pt is dramatically 
less than that of the Pd electrode, which is only about 15 cm-1/V for Pt but about 65 
cm-1/V for Pd. Another progress is the simultaneous observation of Raman spectra of 
surface water and hydrogen for the first time. Based on the SERS results, we propose 
preliminary models of water adsorption for three representative metal surfaces (Pt, Pd 
and Au) with or without H adsorption. This development would stimulate and shed 
light on spectroscopic experimental and theoretical studies of complicated structures 
of interfacial water and surface hydrogen. The core-shell nanoparticles modified 
electrodes with its high SERS activity could be widely used. Further improvements of 
the generality of electrochemical SERS will be discussed.

Reference: 

[1]  Z. Q. Tian, B. Ren, Annu. Rev. Phys. Chem. 55 (2004) 197.
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Potentiodynamic Impedance Spectroscopy

Alexander S. Bondarenko*a,b, Genady A. Ragoisha a

a Physico-Chemical Research Institute, Belarusian State University, Minsk 220050, Belarus
b Belarusian State Pedagogical University, Savetskaya 18, Minsk 220050, Belarus

*bondarenkoas@telegraf.by



S
y
m

p
o
s
iu

m
 8

 -
 O

ra
l

Active Sites, Non-equilibrium Surface States and 
Electrocatalysis

L.D. Burke*, C.A. Buckley and S. Garbarino 
Chemistry Department, University College Cork, Cork, Ireland.

*e-mail: l.d.burke@ucc.ie

It is widely accepted that active sites play a vital role in surface catalysis and that such 
sites involve surface species in high energy, non-equilibrium, states. Well defined, 
atomically flat surfaces ideally contain no such states, and hence their use as model 
systems in electrocatalytic studies involving noble metal electrodes is debatable. The 
involvement of high energy surface in electrocatalysis is strongly indicated by the fact 
that many electrocatalytic processes (both oxidations and reductions) are triggered in 
the double layer region, i.e. in the potential range where the stable surface metal atoms 
are widely regarded as being faradaically inert, but where active surface atoms are 
assumed to undergo redox transitions.
Two types of interfacial species have been widely ignored in the electrochemistry 
of noble metals in aqueous media, non-equilibrium states of metals (M*) and the 
oxidized form of the latter, hydrous or β oxides, M(OH)x. Noble metal surfaces exhibit 
two limiting types of electrochemistries, M/α oxide and M*/ β oxide responses. The 
importance of activated chemisorption in surface catalysis should not be ignored, but 
it cannot account for the remarkable catalytic behaviour of the Gp. 11 metals (Au, Ag 
and Cu). For such metals interfacial cyclic redox transitions, involving surface active 
site species, are assumed to be a dominant feature in electrocatalysis. Such behaviour, 
based on metal surface disorder or irregularities, also appears to be important in the 
case of platinum group metals; the evidence to support such a viewpoint will be 
surveyed.
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Cyclic thermammetry – Electrochemical reactions as a 
function of temperature

G.T. Burstein, J.J. Moloney, B. Daymond
Department of Materials Science and Metallurgy

University of Cambridge
Pembroke Street

Cambridge CB2 3QZ
United Kingdom

The sensitivity of many electrochemical reactions to temperature has not been 
explored, with most electrochemical techniques relying on the electrode potential 
as a fundamental variable.  This paper focuses on a new electrochemical technique, 
termed “cyclic thermammetry”, in which the temperature of an electrode process 
is subject to a linear cyclic sweep whilst the reaction is held at constant electrpode 
ppotential.  We have coined the word “thermammetry” to mean measurement (-
metry) of current (-am-, from ampere) as a function of temperature (therm-).  Many 
reactions show strong sensitivity to temperature, and the usual analysis for this is 
to perform an electrochemical experiment using [potential as the control variable, 
under thermostatic conditions, with several similar experiments made at different 
thermostatically controlled temperatures.  The fact here is that such experiments show 
a degree of scatter normally associated with reproducing experiments.  By setting 
the potential and scanning the temperature this irreproducibility is eliminated and 
continuous changes can be seen.  This allows for example, a clear view of whether the 
anticipated Arrhenius plot expected from a temperature dependence is indeed followed, 
or whether there is a degree of curvature in the Arrhenius plot.  Equally importantly 
however, is the fact that some electrochemical; reactions show a degree of thermal 
irreversibility, a feature which cannot be sensed by thermostatic experiments.  
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Effect of adatoms on the potential of maximum entropy 
of Pt(111) from pulsed laser experiments.

N. García-Aráez, V. Climent*, J.M. Feliu
Departamento de Química Física e Instituto de Electroquímica, Universidad de Alicante, Ap. 99, 

E-03080, Alicante, Spain
*victor.climent@ua.es
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Electrochemical and ftirs characterisation of no adlayers 
on cyanide-modified-Pt(111) electrodes: the mechanism 

of nitric oxide electroreduction on Pt
Angel Cuesta*
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Specific adsorption of halide anions from nonaqueous 
solutions on controlled-surface polycrystalline silver 

electrodes

Luigi Falciola*,a, Patrizia Mussinia, Sergio Trasattia, Lioudmila Doubovab

aDept. of Physical Chemistry and Electrochemistry,University of Milano, Via Golgi 19, 20133, 
Milano, Italy; Luigi.Falciola@unimi.it, Patrizia.Mussini@unimi.it, Sergio.Trasatti@unimi.it

bInstitute for Energetics and Interphases of the Italian Research  Council, 
Corso Stati Uniti 4, 35127, Padova, Italy; L.Doubova@ieni.cnr.it

Specific adsorption studies play a determining role in the mechanistic elucidation of 
electrochemical processes, either non-catalytic (where adsorbed species not involved in 
the reaction act as a barrier for the electron transfer), and catalytic (in terms of specific 
adsorption competition with the species involved in the reaction). Furthermore, dealing 
with the electrocatalytic reduction of organic halides, the selected model process for our 
current mechanistic studies on electrocatalytic dissociative electron transfers [1-2], an 
incipient adsorbed halide anion is one of the three species involved in the three-centre 
intermediate of the process, promoting direct formation of the final reaction products in 
a concerted mechanism, with respect to a stepwise one including a stable radical anion 
intermediate; moreover, specifically adsorbed anions can be among the products of such 
reduction process, with significant implications on both the process thermodynamics 
and kinetics. However, unfortunately, halide specific adsorption has hitherto been 
exhaustively elucidated by authoritative schools only in the aqueous medium on single 
crystal electrodes, while data in organic solvents are still very few. 
In this context, the Authors have performed a systematic investigation on the specific 
adsorption of bromide and iodide anions on controlled-surface polycrystalline 
silver cathodes, in different model organic solvents (ACN, PC, DMF, MeOH, AC, 
DMSO), combining differential capacity and impedance experiments with a recently 
proposed “indirect” voltammetric method based on the monitoring of the negative 
shift of the reduction peak potential of a “probe” organic halide molecule induced by 
progressive additions of halide anions, resulting in increasing adsorption competition. 
Notwithstanding the complexity of the target systems (organic solvents, polycrystalline 
surfaces), the three experimental methods provide consistent results. In particular, 
bromide and iodide anions are specifically adsorbed onto polycrystalline silver 
electrodes in the organic solvents studied. The adsorption process, which is slow and it 
is characterised by a partial charge transfer and by a slow diffusion step, is modulated 
by the different coordination abilities of the solvents for the species involved in the 
adsorption.

[1] A.A. Isse, L. Falciola, P.R. Mussini, A. Gennaro, Chemical Communications (2006) 
344. 

[2] L. Falciola, A. Gennaro, A.A. Isse, P.R. Mussini, M. Rossi, J. Electroanal. Chem. 
(2006) in press.

Acknowledgments: the financial support of the Italian MIUR (FIRST, PRIN and FIRB) 
and of Italy’s CNR is gratefully acknowledged.
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From reactions at steps to reactions at monoatomic 
rows: adsorption, hydrogenation and hydrogen evolution 

Fernando Hernandez, Jens Steidtner, Rainer Bussar and Helmut Baltruschat*
Institut für Physikalische und Theoretische Chemie,Universität Bonn, Römerstrasse 164, 53117 

Bonn, Germany 
*baltruschat@uni-bonn.de

Step decoration of vicinally stepped platinum single crystals was achieved for many 
metals and can be easily monitored by cyclic voltammetry due to the suppression of the 
corresponding hydrogen adsorption at step sites.  [1, 2] Step decoration for Pd at stepped 
Au surfaces is more difficult to prove. Au(111), Au(332) and Au(331) were used as 
the substrate for palladium deposition in the UPD-regime (cf. [3, 4]). Preparation and 
Pd deposition were checked by STM. Cyclic voltammetry shows two Pd-oxidation 
peaks, the first one being almost independent of coverage; it is therefore ascribed to 
Pd decorating steps. Hydrogen adsorption on the modified stepped surfaces, but not 
on Au(111)/Pd, takes place only when more than a critical amount of Pd has been 
deposited. A voltammetric peak at ca. 0.3 V vs. RHE is related to the adsorption of 
hydrogen at palladium terraces, at this potential the adsorption of hydrogen on steps 
is negligible.
Small amounts of Pd are extremely active for hydrogen evolution.[5] When normalizing 
the rate at stepped surfaces to the amount of Pd, the rate incrases at coverages below 
that corresponding to step decoration.
Using differential electrochemical mass spectrometry (DEMS), benzene adsorbing at 
step sites was distinguished from that adsorbing at terraces. Carbon monoxide at step 
sites is oxidized only at more positive potentials than that adsorbed at terrace sites, 
although the existence of steps is a prerequisite for the oxidation of CO from terraces 
at low potentials. Ethene forms an irrevesibly bound species on terraces; however, the 
adsorbate from steps - including monoatomic Pd rows – is easily hydrogenated at low 
potentials. All these species also adsorb at monoatomic rows of Pd.

[1] G. Samjeské, H. Wang, T. Löffler, H. Baltruschat, Electrochimica Acta 2002, 47, 
3681 .

[2] G. Samjeské, X.-Y. Xiao, H. Baltruschat, Langmuir 2002, 18, 4659.
[3] L. A. Kibler, M. Kleinert, V. Lazarescu, D. M. Kolb, Surface Science, 2002, 498, 

175
[4] A.M. El-Aziz, L. A. Kibler, Journal of Electroanalytical Chemistry, 2002, 534, 

107
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Influence of catalyst particle size on the CO2 yield of 
ethanol oxidation on Pt/C electrodes: a DEMS study

J. F. Gomes*, F. C. Nart
Instituto de Química de São Carlos, Universidade de São Paulo – C.P. 780 – 13566.590 - São 

Carlos, SP, Brazil 

Cyclic voltametry and differential electrochemical mass spectrometry were used to 
evaluate the effect of particle size on the complete oxidation of ethanol over carbon-
supported Pt catalysts.  The ethanol concentrations studied were 0.1 M and 1 M.  The 
sizes of the Pt catalysts ranged from 2 to 14 nm as the composition of the catalysts was 
varied from 10% to 80%.  It was observed that the CO2 yield is strongly dependent on 
the combination of catalyst particle size and alcohol concentration.  For larger particle 
sizes (7 to 14 nm), the efficiency of CO2 production decreases with increasing alcohol 
concentration.  Namely, for an ethanol concentration of 0.1 M, the CO2-related current 
varies from ~0% to 50% of the overall faradaic current observed in the potential from 
0.6 to 0.9 V.  For an ethanol concentration of 1 M, the CO2-related current varies 
from ~0% to 20% of the overall faradiac current.  For smaller particle sizes (2-3 
nm), the reverse effect is observed: the efficiency for CO2 production increases with 
increasing alcohol concentration.  At low ethanol concentrations (0.1 M),  the CO2-
related faradiac current in the potential range from 0.6 V to 0.9 V varies from ~0 % to 
20% of the overall faradaic current.  At high ethanol concentrations (1 M), the CO2-
related current is larger, ranging from ~0% to 40% of the overall faradaic current.  
Signficantly, at higher ethanol concentrations, the smaller particle size catalysts are 
two times more efficient towards the complete oxidation of ethanol than the larger 
particle size catalysts.  It is suggested that the improved efficiency of smaller particles 
in concentrated solutions is due to an increase in turn over frequency of the platinum 
sites.  This increased turnover may promote the adsorption of oxygenated species at 
lower potentials and thus favor earlier oxidation. 
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Nature and Strength of the Pt(111)-AgUPD Surface Bond 
and the AgUPD – AgUPD Lateral Interactions 

Frederic Perreault, Zorana Radovic-Hrapovic, Gregory Jerkiewicz* 
Department of Chemistry, Queen’s University, Kingston, ON. K7L 3N6 Canada 

* Gregory.Jerkiewicz@chem.queensu.ca 

The under-potential deposition (UPD) of hydrogen and metals has been a subject of 
extensive research for decades.  Despite the existence of qualitative data for various 
cation-anion and substrate combinations, little is known about the nature of the 
surface forces acting between the substrate and the adsorbate.  Our previous research 
on the thermodynamics of UPD H on Pt(111) based on temperature-dependent studies 
has allowed us to determine the Pt(111)-HUPD surface bond energy, EPt(111)-Hupd.  This 
effort has been extended to the research on model atomic and molecular surface 
modifiers (Sads, C6H6 ads) and their influence of the thermodynamics of UPD H.  In this 
contribution, we present temperature-dependent study on UPD Ag in aqueous H2SO4 + 
Ag2SO4 followed by a data analysis.  We utilize cyclic-voltammetry (CV) and analyze 
qualitative and quantitative changes in CV transients brought about by T variation in 
the 273 – 333 K range.  We observe two cathodic (AgUPD deposition) and two anodic 
(AgUPD stripping) CV peaks that shift toward lower potentials as the temperature is 
raised.  Their individual charge-density values remain the same, thus indicating that 
the amount of deposited and stripped Ag is unaffected by the temperature variation.  
In addition, the total cathodic and anodic charge-density values balance, which 
proves that there is no formation of a surface alloy under the current experimental 
conditions.  We utilize a general adsorption isotherm and determine the Gibbs energy 
of adsorption (ΔG°ads) and desorption (ΔG°des) for the 1st and 2nd monolayer (ML) 
of AgUPD on Pt(111).  Then, we determine the energy of lateral interactions (ω), 
entropy of adsorption (ΔS°ads), and enthalpy of adsorption (ΔH°ads) for the 1st and 2nd 
ML of AgUPD.  Knowledge of ΔH°ads the enthalpy of adsorption leads to the first-ever 
determination of the Pt(111)-AgUPD surface bond energy.  We observe that the Pt(111)-
Ag surface bond energy is stronger for the 1st ML of Ag that for the 2nd ML.  We also 
observe that the thermodynamic state functions of adsorption and desorption of the 1st 
and 2nd ML of AgUPD assume different values, as expected, since the 1st ML of AgUPD is 
bonded to Pt(111), while the 2nd to the AgUPD(1 ML)-modified Pt(111). 
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CO electro-oxidation with Pt-deposits on Au(hkl) and 
quasi-single crystalline gold film electrodes

M. Hara*, Th. Wandlowski

Institute for Thin Films and Interfaces ISG3, Research Center Jülich, Jülich,Germany 
*m.hara@fz-juelich.de

The electro-oxidation of CO is an important reaction for fuel cell applications because 
of CO poisoning of the anode. Understanding of this reaction on platinum-type metals is 
crucial for the further development of CO tolerant fuel cell catalyst. Many papers were 
reported for the CO electro-oxidation reaction on Pt single-crystal electrodes as well as 
on electrode surfaces modified with Pt nanoparticles. The investigation of the relationship 
between the electrocatalytic behavior of Pt(hkl) electrodes and platinum particles 
deposited on “inert substrates” such as gold, has been explored because of fundamental 
aspects as well  as of applied reasons to improve the performance of low temperature fuel 
cell catalysts.
The aim of the present study is to characterize Pt-particle modified Au(hkl) and quasi-
single crystalline film electrodes, and to investigate the effect of the surface structures 
of the gold electrodes on the electro-oxidation of CO adsorbed on platinum particles by 
electrochemical and spectroscopic methods. 
The preparation of platinum particles deposited on Au(hkl) and quasi-single crystalline film 
electrodes was carried out using two approaches. The first one involves the spontaneous 
deposition of tetrachloroplatinate from 100 µM acidic solution onto Au electrodes, contact 
time 1 ~ 10 min, and the subsequent electro-reduction in a separate electrochemical cell 
in K2PtCl4 - free electrolyte 1. As a second method we applied the potential-controlled 
electrochemical deposition from 100 µM K2PtCl4 acidic electrolyte2.
The CO electro-oxidation on the platinum modified Au(hkl) and quasi-single crystal-line 
film electrodes was studied by electrochemical methods and surface enhanced infrared 
spectroscopy (SEIRAS). Measured current – potential curves illustrated that this reaction 
depends on the structure of the gold substrates and on the coverage of the Pt - particles. 
Furthermore, the potential of zero total charge (PZTC) of the Pt-modified Au(hkl) and 
thin film electrodes was investigated by CO displacement measurements. The values of 
the PZTC for the Pt-particle modified Au(hkl) electrodes were consistent with results 
reported for Pt(hkl) electrodes 3. These results imply that the structures of the Pt - particles 
are strongly affected by the substrate morphology. Our SEIRAS studies showed on-
top adsorption of CO for sub-monolayer Pt deposited on quasi-single crystalline gold 
templates. Higher coverages of Pt up to one monolayer revealed CO adsorbed in on-top 
and bridge sites. These results suggest that the CO adsorption and subsequent electro-
oxidation depend on size and morphology of the deposited Pt particles. The contribution 
will present a comprehensive discussion on this subject  

Reference  
[1] Y. Nagahara, M. Hara, S. Yoshimoto, J. Inukai, S. -L. Yau, K. Itaya, J. Phys. Chem. 
B 108 (2004) 3224. 
[2] H.-F. Waibel, M.Kleinert, L. A. Kibler, D. M. Kolb, Electrochim. Acta 47 (2002) 
1461. 
[3] R. Gomez, V. Climent, J. M. Feliu, M. J. Weaver, J. Phys. Chem. B 104 (2000) 597.
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Single probe characterization of the surface of platinum 
nanoparticles

P. Rodríguez, J. Solla-Gullón, E. Herrero*, J.M. Feliu, A. Aldaz
Instituto de Electroquímica, Universidad de Alicante, Apdo. 99, E-03080 Alicante, Spain.

*herrero@ua.es

Practical electrocatalyst are normally based on nanoparticles supported on an inert 
electrode material. Since most of the electrochemical reactions are surface sensitive, 
the surface structure of the nanoparticle has to be also characterized in order to 
optimize the electrocatalyst performance. The irreversible adsorption of Ge and Bi 
has been used to determine (100) and (111) terrace sites, respectively, on a given 
platinum sample [1-3]. In this work, irreversible adsorption of Te and Tl will be used 
to simultaneous determine the fraction of (111) and (100) sites. The results can be 
compared with those obtained with Bi and Ge.
The surface redox process of adsorbed tellurium on the Pt(111) electrode takes place 
at 0.82 V in a well defined peak. The behavior of this redox process on the Pt(111) 
vicinal surfaces indicates that the tellurium atoms involved in the redox process are 
only those deposited on the (111) terrace sites. Hence, this charge density can be 
used to measure the number of (111) terrace sites on any given sample. Structural 
information about tellurium adsorption is obtained from atomic resolution STM 
images for the Pt(111) and Pt(10,10,9) electrodes. On Pt(100) electrodes, the surface 
redox process of adsorbed tellurium takes place at 1.03 V in a well defined peak. STM 
images indicate that the adsorbed surface structure of the tellurium adlayer is (√2x√2) 
R45º, corroborating the coverage value measured from the voltammetry. However, 
the oxidation of the adsorbed tellurium on the (110) sites also takes place in the same 
potential range. For that reason this contribution at 1.03 V cannot be used to determine 
(100) sites. Nevertheless, it is possible obtain the fraction of step and edge sites on a 
platinum surface, by using the fraction of (100) sites determined from Ge probes. 
A similar situation is found for irreversibly adsorbed Tl on (100) and (111) sites in 
perchloric acid solutions. In this case, the contribution of the redox process for adsorbed 
Tl on (100) and (111) ordered sites appear at different potentials without overlapping 
from other contributions. These contributions are only observed for terraces having 
more than 4 atoms. Adsorbed Tl can be used to determine simultaneously the fraction 
of sites on wide (100) and (111) ordered domains.

References
1. P.Rodríguez, E.Herrero, J.Solla-Gullón, F.Vidal-Iglesias, A.Aldaz, J.M.Feliu, 

Electrochim. Acta (2005).
2. P.Rodríguez, E.Herrero, J.Solla-Gullón, F.Vidal-Iglesias, A.Aldaz, J.M.Feliu, 

Electrochim. Acta (2005).
3. P. Rodríguez, J.Solla-Gullón, F.Vidal-Iglesias, E.Herrero, A.Aldaz, J.M.Feliu, 

Anal. Chem. (2005).
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Electrocatalytic properties of UHV-grown AuPt/Pt(111) 
model surfaces
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A First-Principles Analysis of the Electrooxidation of 
Methanol over Pt and Pt-based Alloys

Michael J. Janik, Christopher D. Taylor, and Matthew Neurock* 
University of Virginia, Departments of Chemical Engineering and Chemistry, 102 Engineers’ Way, 

Charlottesville, VA 22904-4741,*mn4n@virginia.edu

A novel ab initio approach for modeling electrochemical reactions at the metal-
solution interface is developed and used to simulate the electrooxidation of methanol 
and CO over Pt and Pt-based alloys.  The approach can be used to simulate overall 
reaction energies as well as activation barriers as a function of electrode potential, thus 
allowing for the prediction of electrode polarization curves.  This method is applied 
to elucidate the key elementary steps that control the electrocatalytic oxidation of 
methanol over different model surfaces.
Recent evidence from both spectroscopic studies of the solution phase as well as 
surface intermediates have identified the presence of CO, HCO, H2CO, and HCOO(H) 
intermediates.  It is now commonly believed that methanol oxidation occurs via two 
parallel paths.  The first path leads to the formation of CO, which is subsequently 
oxidized to CO2.  The second path leads to the formation of a CHxO intermediate that 
can either desorb or subsequently oxidize to CO2 without producing CO.  Based on 
solution phase measurements of the products, Iwasita (Iwasita, 2002) suggested that 
the primary path passes through CO whereas a secondary path exists where methanol 
is dehydrogenated to formaldehyde which is seen in appreciable amounts in the 
solution phase.  Osawa (Osawa 2003) also suggested a dual path but suggested that 
the secondary path proceeds through the formation of surface formate intermediates 
HCOO(H) which are seen via in-situ surface enhanced infrared experiments. 
Using combined chronoamperometry and fast cyclic voltametry Wieckowski et 
al. (Wieckowski 2000) were able to show that the dual path occurs on Pt(111) at 
potentials higher than 0.35 V. Despite these efforts the elementary steps which control 
the mechanism are not very well understood.
Previously we showed through the use of ab initio electrochemical calculations that 
the dehydrogenation of methanol can occur through both a primary path that results in 
adsorbed CO and a secondary path which leads to formaldehyde which is consistent 
with the results presented by Iwasita.  In this talk we report on the oxidation pathways 
that result in formate as well as CO2 production.  We present a detailed analysis of 
the dependence of CO oxidation over different model Pt-Ru surface ensembles. 
The method is applied to illustrate the dual role of Ru in reducing the overpotential 
associated with CO oxidation at the anode.  Both ligand as well as bifunctional effects 
act to reduce the overpotential down to 0.5 when Ru is added.  The bifunctional effect, 
however appears to be the more predominant of the two thus enabling water to activate 
at much lower potentials.  The activation barriers of elementary oxidation steps are 
reported over the pure Pt and different Pt/Ru alloy surfaces at varying potentials, 
and ab initio predicted CO oxidation rate constants are compared with data from 
chronoamperometry.  In addition, a comprehensive set of simpler gas-phase/surface 
calculations were carried out in order to screen various different bimetallic systems 
for their ability to carry out specific reaction steps.
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New Insight into The Electro-catalysis of Small Organic 
Molecules on Ru(0001) Electrode

J. M. Jin, W. F. Lin*, and P. A. Christensen 
School of Chemical Engineering and Advanced Materials, Bedson Building, University of 

Newcastle upon Tyne, Newcastle upon Tyne, NE1 7RU, UK.
  * wenfeng.lin@ncl.ac.uk

The structure, reactivity and surface catalytic processes of the well-defined Ru(0001) 
electrodes towards the adsorption and (electro-)oxidation of small organic fuel 
molecules in various electrolyte solutions have been studied by ex-situ (emersion) 
electron diffraction and Auger spectroscopy and in-situ (electrochemical) variable-
temperature FTIR spectroscopy, and the new insight into the surface electro-catalysis 
has been obtained at molecular level.
It has been shown that the Ru(0001) electrode undergoes the potential-dependent 
formation of well-defined and ordered oxygen-containing adlayers of (2x2)-O(H) and 
(1 x 1)-O(H) and finally RuO2(100) oxide phases in perchloric acid solution. The 
adsorption and electro-oxidation of methanol, formic acid, formaldehyde and CO at 
the Ru(0001) electrode have been investigated as a function of temperature, potential 
and time using in-situ FTIR spectroscopy, and it was found that the oxide phases 
have a marked effect upon the reactivity of the surface towards the adsorption and 
(electro-)oxidation of such fuel molecules. Both linear (COL) and threefold-hollow 
(COH) binding CO adsorbates were observed on the Ru(0001) electrode from either 
the direct CO electrochemical adsorption or the chemisorption of formic acid and 
formaldehyde in 0.1 M HClO4 at lower potentials where the (2x2)-O(H) layer was 
present. The (2x2)-O(H) phase was found to be inactive towards  COads (electro-
)oxidation. The electro-oxidation of COads took place via reaction with the active 
(1 x 1)-O(H) surface oxide/hydroxide phase. The remarked increase in the surface 
reactivity was observed on the novel RuO2(100) phase where bridging O atoms and 
co-ordinatively unsaturated Ru atoms acting as active sites. 
To further discriminate between RuOH and RuO as the active surface species, novel 
experiments on the oxidation of COads at open circuit conditions were performed, and 
the data obtained shows clearly that a significant fraction of the oxidation of adsorbed 
CO takes place via a non-Faradaic chemical process. The effect of thermal activation 
and the influence of anions and pH of the electrolytes were also evidenced. 
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Electrocatalytic properties of metallic monolayers on 
foreign single crystal electrodes
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Water-nafion interfacial interactions probed by infrared 
spectroscopy

Carol Korzeniewski* and Rukma Basnayake
Texas Tech University, Department of Chemistry & Biochemistry, Lubbock, TX  79409-1061, 

USA  *carol.korzeniewski@ttu.edu

The application of infrared spectroscopy in the study of fuel cell polymer membrane 
materials is revealing information about interfacial interactions of water with different 
functional groups within pores of Nafion.  Simple transmission measurements 
performed on freestanding Nafion 112 (50.8 μm thickness) and sub-micron cast 
films of Nafion exchanged with Na+ or proton show the presence of water bound 
to channel walls, in addition to bulk-like water.  In Na+ exchanged films, interfacial 
water is detected as 1-2 sharp bands appearing in the spectral region between 3720 
cm-1 and 3670 cm-1.  The lower energy feature has been observed in earlier studies 
and associated with water interacting with –CF2 rich regions of the polymer.  The 
higher energy band coincides with vibrational features of water at salt solution-air 
interfaces; hence, the band near 3700 cm-1 appearing in spectra of Na+ exchanged 
Nafion is ascribed to water in regions rich in -SO3

- groups.  In spectra of proton-
exchanged Nafion 112, the lower energy feature of the pair can be detected.  However, 
bands associated with hydronium ions tend to be more dominant.  After dehydrating 
a proton-exchanged Nafion film at 90 °C under a few torr of vacuum, H3O+ bands are 
lost and those for protonated sulfonic acid (-SO3H) groups become apparent. Least-
squares modeling techniques are being applied to probe the kinetics of water uptake 
by Nafion 112 and to resolve features associated with the different environments for 
interfacial water.  Measurements with sub-micron thick cast films of Nafion revealed 
polymer backbone and sidechain groups.  A complex band structure in the region 
1300 – 1200 cm-1 associated with overlapping modes of -CF2 and -SO3 groups was 
understood by performing Gaussian fits to spectra of dry films and films in different 
states of hydration.  
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Characterization of a Thiolipid SAM of DPTL - a Spacer 
in Model Membrane Systems 

Julia Kunze a, Jay Leitch b, Joey Robertson c Renate Naumann c, John R. Dutcher b, 
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b Department of Chemistry and Biochemistry, University of Guelph, Guelph, Ontario, N1G2W1 
Canada

c Max Planck Institut für Polymerforschung, Ackermannweg 10, 55128 Mainz, Germany 
* jlipkows@uoguelph.ca 

The following paper presents the study of the archaea analogue amphiphilic thiolipid 
DPTL (2,3-di-phytanyl-sn-glycerol-1-tetraethylene glycol-DL-α-lipoic acid ester 
lipid) by electrochemistry and PM-IRRAS which finds application as a spacer molecule 
in tethered lipid bilayers. Tethered lipid bilayers are employed in the basic research 
of transmembrane proteins but also for biosensor applications. The molecules have a 
lipoic acid headgroup containing two thiol functions. The headgroup acts as a tether 
and gets chemically adsorbed on the Au surface. The middle part of the DPTL consists 
of an ethylene glycol spacer with four ethylene glycol units. This part of the molecule 
is supposed to form the hydrated subphase serving as water reservoir in the model 
membrane system. Its conformation is expected to be helical, as it has been discussed 
in the literature for polyethylene glycol chains [12-3]. The tail of the molecule is 
formed by two isoprenoid chains which carry four isoprene units each. These phytanyl 
chains are highly hydrophobic and very stable. Au(111) has been chosen as supporting 
substrate because it behaves as a capacitor over a broad range of applied potentials 
at the interface with an electrolyte solution. The single crystalline (111) face is the 
most stable gold plane and provides a very homogenous charge distribution across the 
electrode surface. Chronocoulometry measurements [4] on DPTL layers transferred 
in the Langmuir-Blodgett trough from the air-water interface have been employed to 
determine the charge per molecule. Infrared spectroscopy under electrochemically 
controlled conditions allows a close examination of the behaviour of DPTL at the 
Au(111) / electrolyte interface. PM-IRRAS studies give information about the 
conformation and orientation of the DPTL film. Thus, the influence of the electric field 
on the orientation and on the hydration of the polar regions of the molecule and on the 
packing and conformation of its phytanyl chains can be described. The hydration of the 
film has been studied with PM-IRRAS by looking at the C=O stretching region which 
provides information about the grade of hydration at different electrode potentials. 
With the help of electrochemical PM-IRRAS studies the conformation and hydration 
properties can be determined which is used for a complete characterization of the 
tether molecule DPTL.

[1] T. Miyazawa, K. Fukushima, Y. Ideguchi, J. Chem. Phys. 37 (1962) 2764.
[2] Y. Takahashi, H. Tadokoro, Macromolecules 6,9 (1973) 672.
[3] M. Zolk, F. Eisert, J. Pipper, S. Herrwerth, W. Eck, M. Buck, M. Grunze, Langmuir 

16 (2000) 5849.
[4] J. Richer, J. Lipkowski, J. Electrochem. Soc. 133 (1986) 121.
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Surface Structure and Electrochemistry of Model 
Electrocatalysts

Christopher A. Lucas1* and Nenad M. Markovic2

1Department of Physics, University of Liverpool, Oliver Lodge Laboratory, Liverpool, L69 7ZE, UK
2Material Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

*clucas@liv.ac.uk

Since the early days of modern surface science, a main goal in the electrochemical 
community has been to find correlations between the microscopic structures formed 
by surface atoms and adsorbates and the macroscopic kinetic rates of a particular 
electrochemical reaction. The establishment of such relationships, previously only 
developed for catalysts under ultrahigh vacuum (UHV) conditions, has been broadened 
to embrace electrochemical interfaces. In early work, determination of the surface 
structures in an electrochemical environment was derived from ex situ UHV analysis 
of emersed surfaces.  Although such ex-situ tactics remain important, the relationship 
between the structure of the interface in electrolyte and that observed in UHV was 
always problematic and had to be carefully examined on a case-by-case basis.  The 
application of in situ surface sensitive probes, most notably synchrotron based surface 
x-ray scattering (SXS) and scanning tunneling microscopy (STM) has overcome this 
“emersion gap” and provided information on potential-dependent surface structures 
at a level of sophistication that is on a par with (or, even, in advance of) that obtained 
for surfaces in UHV. 
In this talk I will present recent results of in situ SXS and electrochemistry studies 
of both monometallic and bimetallic surfaces in which Pt is the active surface atom. 
Measurements of various potential-induced reactions on these surfaces, for example, 
the oxidation of carbon monoxide and the oxygen reduction reaction, and the effect 
of solution temperature on the reactions will be discussed. By varying the second 
metallic component in the alloy surfaces in the 3d series, it is possible to establish 
trends in catalytic activity across the periodic table. The results for single-crystal 
surfaces imply that nanoparticle materials for fuel cell catalysts can be designed from 
fundamental principles.
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Viscosity effects in the  interfacial ET reactions: 
interplay between the solvent dynamics and electronic 

structure of reactants 
Renat R. Nazmutdinov1,*  Michael D. Bronshtein1, Galina A. Tsirlina2,  

Nina V. Titova2

1Kazan State Technological University, K. Marx Str. 68 420015 Kazan,
 Republic Tatarstan, Russia

2Dept. of Electrochemistry, Moscow University, Leninskie Gory 1-str.3, 119992, Moscow, Russia
*nazmutdi@kstu.ru

Stochastic theories are employed to explore interfacial electron transfer reactions 
(one-step electrochemical reduction at a mercury electrode) proceeding in various 
liquid media. The solutions are described in terms of available experimental dielectric 
spectra. The reactants under consideration differ in their intramolecular reorganization: 
cobaltocene (small), [Cr(EDTA]-, [Co(EDTA]- and Pt(II) aquachlorocomplexes 
(noticeable), peroxodisulphate and chloroantracene (bond break). The Agmon-
Hopfield formalism (Sumi-Marcus model) [1] is used to calculate the rate constants 
as a function of the electrode overvoltage. The intramolecular reorganization is 
addressed in the framework of DFT calculations. Special attention is paid on aqueous 
sucrose and glucose solutions and pure non-aqueous solvents, which reveal the “non-
Debye” nature. An approach is suggested to treat such media using an “effective” 
frequency factor [2,3] depending on the solution concentration. Changes in the 
Franck-Condon barrier induced by the reactant-electrode coupling are considered by 
using the Anderson-Newns model Hamiltonian [4]; quantum modes of the solvents 
are taken into account when calculating the rate constants. Several qualitative effects 
are predicted and explained in terms of the saddle point avoidance. Various types 
of the solvent effects are considered systematically in the context of experimental 
data treatment.  Some ways are proposed to address the changes of the double layer 
structure, degree of ionic association in the solution bulk and the distance of closest 
approach (mixed with the true effects of relaxation time and permittivity). The original 
data on adsorption of carbohydrates are employed, in order to illustrate the principles 
of a correct choice of the  viscous additive. The results of model calculations are 
discussed in the light of both original experimental data, and those known from 
literature.          
This work is supported in part by the RFBR (project № 05-03-32381a).

References
1. H. Sumi, R. Marcus. J. Chem. Phys. 84 (1986) 4894.
2. M. Sparpaglione, S. Mukamel, J. Chem. Phys. 88 (1988) 4300.
3. R.R. Nazmutdinov, G.A. Tsirlina, M.D. Bronshtein, I.R. Manyurov, 
        N.V. Titova, Z.V. Kuzminova. Chem. Phys., in press. 
4.     W. Schmickler, Chem. Phys. Lett. 167 (1990) 62.     
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Dynamics of adsorbed CO on a Pt electrode surface 
under irradiation of ps laser pulses

Hidenori Noguchi1, 2, Tsubasa Okada1, and Kohei Uosaki1
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Thermodynamic analysis of the temperature dependence 
of OH adsorption on Pt(111) and Pt(100) electrodes in 

acidic media in the absence of specific anion adsorption
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Solutions of the Stefan problem applied to a solid phase 
growth on substrates of different geometries including 

the test of the theoretical equations
M.A. Pasquale, S.L. Marchiano, J. Vicente, A.J. Arvia

Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA).
UNLP, CONICET, CIC. Sucursal 4, C.C. 16. CP 1900 La Plata, Argentina.

e-mail: miguelp@inifta.unlp.edu.ar

The Stefan problem is related to transport phenomena contributions at moving 
interfaces. These mathematical problems are often called Stefan problems, irrespective 
of the driving force, and are found in a number of processes occurring in different 
areas of natural science an technology. 
The Stefan problem appears under certain conditions in metal electrodeposition via a 
mass transport contribution in addition to diffusion, migration and convection. In this 
work the rate equations for the growth of a solid phase involving a moving front are 
obtained.
The paper refers to solutions of the Stefan problem in the 2D space for different 
geometries considering the boundary of a solid phase according to a known 
displacement law. The solutions for the growth of a solid phase on a plane, a spherical 
and a cylindrical substrate are given. In all cases, in the absence of convection and 
surface roughness effects, the phase growth kinetics is determined by diffusion and 
advection, the latter being due to the linear displacement of the growth front with 
time. The theory predicts two limiting kinetic situations, namely a diffusion control 
when the time and/or the radius of the substrate approach zero, and an advection 
control for the reverse conditions. For the spherical substrate, when its radius tends to 
infinity, the kinetics of the process approaches that found at the plane plate substrate. 
Theoretical current transients are tested utilizing growth pattern data for the formation 
of 2D silver dense branching electrodeposits on a plane plate cathode in a quasi-2D 
cell, and silver electrodeposits on spherical cathodes employing high viscosity plating 
solutions. Finally, the contribution of advection in a number of electrochemical 
processes is explored. 
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Mechanistic aspects of electrocatalytic oxidation of 
ammonia on Pt(111) and Pt(100) surfaces

Victor Rosca and Marc T.M. Koper*
Leiden Institute of Chemistry, Leiden University

P.O. Box 9502, 2300 RA Leiden, The Netherlands.
* m.koper@chem.leidenuniv.nl

This contribution describes the results of a detailed mechanistic study of ammonia 
electrooxidation on Pt(111) and Pt(100) surfaces, aiming particularly at understanding 
the initial stages of the reaction and explaining the differences in activity between these 
two surfaces. Taking the Gerischer-Mauerer mechanism [1] as starting hypothesis, 
we reconsider the mechanistic aspects of ammonia electrooxidation. The Pt(100) and 
Pt(111) surfaces were chosen as model electrocatalysts: the former is exceptionally 
active and the latter is inactive in ammonia oxidation to dinitrogen. On the basis of 
our experimental results, as well as relying on the available theoretical and ultra-high 
vacuum data, we propose a more detailed mechanistic picture of ammonia oxidation 
on the two surfaces and, importantly, identify factors controlling the activity of 
platinum electrocatalyst in dinitrogen production. [2]
The electrocatalytic oxidation of ammonia on Pt(111) and Pt(100) has been studied 
using voltammetry, chronoamperometry, and in situ infrared spectroscopy.
The oxidative adsorption of ammonia results in the formation of NHx (x=0-2) 
adsorbates. On Pt(111), ammonia oxidation occurs in the double-layer region and 
results in the formation of NH and, possibly, N adsorbates. The experimental current 
transients show a hyperbolic decay (t-1), which indicates strong lateral (repulsive) 
interactions between the (reacting) species. On Pt(100), the NH2 adsorbed fragment is 
the stable intermediate of ammonia oxidation. Stabilization of NH and NH2 fragments 
on Pt(111) and Pt(100), respectively, is in an interesting agreement with recent 
theoretical predictions. [2,3]
The Pt(111) surface shows extremely low activity in ammonia oxidation to dinitrogen, 
thus indicating that neither NH nor N (strongly) adsorbed species are active in 
dinitrogen production. Neither nitrous oxide nor nitric oxide is the product of ammonia 
oxidation on Pt(111) at potentials up to 0.9 V, as deduced from our in situ infrared 
spectroscopy measurements.
The Pt(100) surface is highly active in dinitrogen production. This process is 
characterized by a Tafel slope of 30 mV decade-1, which is explained by a rate-
determining dimerization of NH2 fragments followed by a fast decay of the surface-
bound hydrazine formed to dinitrogen. Therefore, the high activity of the Pt(100) 
surface in ammonia electrocatalytic oxidation to dinitrogen is likely to be related to 
its ability to stabilize the NH2 adsorbate.

[1] H. Gerischer, A. Mauerer, J. Electroanal. Chem. 25 (1970) 421.
[2] V. Rosca, M.T.M. Koper, submitted for publication.
[3] G. Novell-Leruth, A. Valcarcel, A. Clotet, J.M. Ricart and J. Perez-Ramirez,
J. Phys. Chem. B 109 (2005) 18061.
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Measurement of  Changes in Surface Stress of Au 
Electrode during Underpotential Deposition of Cu

 Masahiro Seo*, Makiko Yamazaki 
Graduate School of Engineering, Hokkaido University

Kita-13 Jo, Nishi-8 Chome, Kita-ku, Sapporo 060-8628, Japan
*seo@elechem1-mc.eng.hokudai.ac.jp

The changes in surface stress of a gold electrode during underpotential deposition (UPD)  
of Cu in perchlorate-base solutions containing 10-3 M SO4

2- or Cl- were measured by a 
bending beam method for a better understanding of the roles of anions in UPD of Cu 
from the viewpoint of surface energetics. A gold film (111)with a thickness of 300 nm 
was evaporated on a thin glass plate and used as a specimen electrode. The principle 
of bending beam method was described elsewhere [1,2]. The cyclic voltammogram 
(CV)and surface stress change, Δg, vs. electrode potential, E, curve were measured 
simultaneously between 0.25 V and 0.80 V (SHE). The potential of cathodic limit, 
0.25 V (SHE) corresponds to the equibrium potential of bulk deposition of Cu. 
In the cathodic potential sweep from 0.80 V to 0.25 V, the surface stress changed to the 
tensile direction mainly due to desorption of SO4

2- or Cl-, passing through a maximum 
and then changed to the compressive direction as the UPD of copper proceeded. On 
the othr hand, in perchlorate-base solution without SO4

2- or Cl-, the surface stress did 
not change significantly between 0.25 V and 0.80 V and an overpotential of 0.15 V 
was needed for further changes in surface stress to the compressive direction and for 
the UPD monolayer formation of Cu.  
Z. Shi et al. [3] revealed the coadsorption of copper atoms and SO4

2- or Cl- during 
UPD of Cu on Au (111) by chronocoulometry and surface thermodynamics. T. trimble 
et al. [4] have recently reported that a pseudomorphic Cu monolayer on Au (111) 
provides the changes in surface stress to the tensile direction, while the coadsorption 
of SO4

2- induces the reversal changes in surface stress from tensile to compressive. A 
coadsorption of Cl- as well as SO4

2- may induce the reversal change in surface stress. 
The roles of anions in UPD of Cu on Au(111) will be discussed from the viewpoint of 
surface energetics.

References
 [1] K. Ueno, M. Seo, J. Electrochem. Soc., 146 (1999) 1496.
 [2] G. G. Láng, M. Seo, J. Electroanal. Chem., 490 (2000) 98.
 [3] Z. Shi, S. Wu, J. Lipkowski, Electrochim. Acta. 40 (1995) 9.
 [4] T. Trimble, L. Tang, N. Vasiljevic, N. Dimitrov, M. van Schilfgaarde, C. Friesen, 

C. V. Thompson, S. C. Seel, J. A. Floro, K. Sieradzki, Phys. Rev. Lett. , PRL 95 
(2005) 166106.
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The Liquid-Like Layer Between Metal and Frozen 
Aqueous Electrolytes. An Electrochemical Approach 

Employing the Quartz Crystal Microbalance
 Vladimir Tsionsky, Leonid Daikhin, Alexander Kaverin, Dmitrij Zagidulin and 

Eliezer Gileadi
School of Chemistry, Raymond and Beverly Sackler

Faculty of Exact Sciences, Tel-Aviv University,
Ramat-Aviv 69978, ISRAEL 

*tsionsky@post.tau.ac.il

The surface properties of any substance in the solid state differ from its bulk properties.  
This can give rise to the formation of a liquid-like layer (LLL) at the interface, at 
temperatures below the melting point.  The phenomenon generated interest among 
both theoreticians and experimentalists for more than 150 years and was studied, 
employing different techniques.  However, electrochemical techniques have not been 
implemented in studies of this phenomenon. 
We used, for the first time, the Quartz-Crystal Microbalance (QCM) to study the LLL 
at the ice/gold and the frozen electrolyte/gold interfaces.  It was shown that the QCM 
in contact with ice or with frozen electrolyte at temperatures well below the melting 
point shows detectable resonance.  The parameters of the resonance depend strongly 
on temperature, composition of the frozen phase, adsorption taking place at the gold 
surface (including gold surfaces modified by different thiol-derivates) and, in the case 
of electrolyte, on the potential applied across the interface.  
Corresponding theoretical models have been developed to understand the kind of 
information contained in the response of the QCM on the properties of the LLL.  
Independent data obtained with a device allowing direct optical measurement of the 
displacement show good agreement with the calculations of thickness of the LLL 
based on developed models.  

[1] V. Tsionsky, D. Zagidulin, E. Gileadi, J. Phys. Chem. B 106 (2002) 13089.
[2] V. Tsionsky, L. Daikhin, D. Zagidulin, M. Urbakh, et al., J. Phys. Chem. B 107 

(2003) 12485.
[3] A. Kaverin, V. Tsionsky, D. Zagidulin, L. Daikhin, et al., J. Phys. Chem. B 108 

(2004) 8759.
[4] V. Tsionsky, E. Alengoz, , L. Daikhin, A. Kaverin, et al., Electrochim. Acta 50 

(2005) 4212.
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Electrochemical reduction of oxygen to hydrogen 
peroxide – an electron density functional theory study

Peter Vassilev* and Marc T.M. Koper
Eindhoven University of Technology

Laboratory of Inorganic Chemistry and Catalysis
P.O. Box 513

NL-5600 MB Eindhoven
FAX +31 40 245 5054

*E-mail: p.vassilev@tue.nl

Hydrogen peroxide is a widely spread and powerful oxidizing and bleaching agent 
with many industrial and domestic applications. Methods for its production on a large 
industrial scale have been well established and exploited for more than a century. 
However, higher concentration solutions of hydrogen peroxide in water present various 
hazards, including risk of fire and explosion on contact with heat. New technologies 
are being developed which would allow for the production of the substance on a small 
scale at the site of its application and thus avoiding transportation. 
Electrochemical reduction of oxygen to hydrogen peroxide is one of the best 
candidates for the on-site or in-situ production of the chemical. Experimentally it has 
been established that gold single crystal electrodes could be used for this purpose. It 
was also found that Au(111) are most active towards production of peroxide, while 
Au(100) in alkaline solutions results in the full four-electron reduction of molecular 
oxygen to water.
In this work we investigate this difference comparing computational models for the 
two surfaces and the reaction intermediates. Different reaction paths, including an 
active role of the solvating water molecules, are investigated providing a description 
of the (electro-)chemical processes and the reaction pathways on a molecular level.
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Spectroscopic and Reactivity Measurements of Catalytic 
Nanoparticles for Methanol and Formic Acid Oxidation: 

EC-NMR, XPS and Theoretical Studies
Andrzej Wieckowski*, Adam Lewera#, Wei Ping Zhou* and  Paul S. Bagus**

*Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, USA; 
**Department of Chemistry, University of North Texas, Denton, USA; # Department of Chemistry, 

University of Warsaw, Warsaw, Poland
andrzej@scs.uiuc.edu

The Direct Methanol Fuel Cell (DMFC) and the Direct Formic Acid Fuel Cell (DFAFC) 
are promising candidates for a wide variety of energy applications.1 One of the limiting 
factors in both DMFC and DFAFC technology is unsatisfactory catalytic behavior of the cell 
anodes that usually consists of platinum intermixed (or alloyed) with other noble metal or/and 
oxides.  Major effort has been made to improve the anode performance, especially in terms of 
alleviating the CO poisoning effect, by alloying Pt with Ru2, and to advance understanding of 
the oxidation/poisoning processes on the Pt-Ru surfaces.  The equivalent strategy for DFAFC 
is to intermix platinum with palladium, or use palladium-made-catalysts directly.  Our work 
so far has employed a broad range of methods: EC-NMR,3 XPS,4 SFG5 and electroanalytical 
methods, as well as used various Pt-Ru and Pd (Pt-Pd) surfaces: nanoparticles3 and single 
crystal electrodes.6  Evidence was presented concerning how these catalysts function in the 
CH3OH and HCOOH (acidic) environments.  We have for instance found that the reactivity of 
interiors of thin films of Ru on Pt towards the CO is higher than that of the Pt/Ru edge, which 
shows the direction for further progress.  More recently, we have identified the link between 
predictions from the general theory of heterogeneous catalysis (developed by Hammer, 
Norskov and Mavrikakis7,8) and the methanol and formic acid oxidation data.  The studies 
that we will report are focused on XPS measurements of the electron core level binding 
energy (BE) for Pt-Ru and Pd nanoparticle catalysts. 
Hammer, Norskov and Mavrikakis7,8 propose that the change in a metal d-band center due 
to alloying (intermixing with other metals) is directly correlated to adsorption energies 
and activation barriers of molecules/intermediates involved in catalytic reactions on these 
metal/alloy substrates.  In turn, the adsorption energies and/or activation barriers govern the 
rates in heterogeneous reactions, including the provision for the volcano relationship.  Since 
the d-band center is correlated to BEs available from XPS experiments9,10, electrocatalytic 
activities should display a clear relation to the BE change.  Using Ru 3d5/2 transitions, we 
will show that here is no expected difference in the Ru 3d5/2 binding energy between pure 
Ru and Ru in Pt-Ru matrices, most likely due to a compensation between the charge transfer 
and the lattice strain effects9.  However, there is a clear shift in BE of Pt 4f7/2 when the 
amounts of Ru in the Pt-Ru alloy matrices are changing.  Details and discussion of these 
relationships will be provided.For formic acid electrooxidation on unsupported palladium 
nanoparticles, the particle size changed from 9 to 40 nm, and the most active catalyst is made 
of the smallest (9 nm) Pd nanoparticles.  Besides the high reactivity, XPS data show that such 
smallest nanoparticles display the highest BE shift and the highest valence band (VB) center 
downshift with respect to the Fermi level.  That is, we have found a correlation between the 
formic acid oxidation current and BE and VB center shifts, which, in turn, can be directly 
related to the electronic structure of palladium nanoparticles with different particle sizes.  Our 
measurements demonstrate a particle size effect on the electronic nanostructure of palladium 
that yields different catalytic activity in the HCOOH oxidation reaction.  This adds strength 
to the notion of predictive significance of the BE shifts in electrocatalysis, and highlights the 
significance of the theory that underscores our experimental efforts.
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New method for the preparation of PtPd single crystal 
alloys

F. J. Vidal-Iglesias, A. Al-Akl and G. A. Attard*
School of Chemistry, Main Building, Cardiff University, Cardiff, CF10 3AT 

*attard@cardiff.ac.uk





S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

�

������������������������������������������������������

������������������������

Päivi Ahonen1, Timo Laaksonen1, Antti Nykänen2 and Kyösti Kontturi1*
������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������

������������������������������������������������������������������������������������������

�����������������������������

�����������������������������������������������������������

���������������������������������������������������������������

Aggregation of thiol stabilized silver nanoparticles induced by 1,6-hexane dithiol was

studied in situ by dynamic light scattering. The aggregates were observed to reach a

finite size in the 100-200 nm range. Growth kinetics were shown to be linked to the

dynamics of the thiol-exchange reaction.

The parameters varied within experiments were temperature, dithiol to MPC ratio and

total MPC concentration. The solution structure of the aggregates was analyzed by

cryo-TEM and it was found to be quite densely packed and three-dimensional (Figure

1.).

A model for the aggregation process was developed based on a simple diffusion-kinetic

approach assuming an elementary kinetic reaction at the surfaces and a spherical

diffusion field surrounding the aggregates. The rate constant for the thiol exchange

reaction was found to vary between 0.6 - 4.0 � 10-4 s-1 and the activation energy was 46

� 10 kJ mol-1. The final size of the stable nanoparticle clusters was found to be

practically independent of the total MPC concentration at the concentration range

considered.

Figure 1. Cryo-TEM images of a Ag nanoparticle aggregate tilted at –50 (a), 0 (b) and

50 (c) degrees. The white line corresponds to the approximate center line of the

aggregate at different tilt angles.

Formation of Stable Ag-Nanoparticle Aggregates 
Induced by Dithiol Cross-linking 

Päivi Ahonen1, Timo Laaksonen1, Antti Nykänen2 and Kyösti Kontturi1*
1Laboratory of Physical Chemistry and Electrochemistry, Helsinki University of Technology, P.O. 
Box 6100, FIN-02015 HUT, Finland and 2Department of Engineering Physics and Mathematics 
and Center of New Materials, Helsinki University of Technology, P.O. Box 2200, FI-02015 HUT, 

Espoo, Finland.
E-mail address of the presenting author: phahonen@cc.hut.fi

*E-mail address of the corresponding author: kontturi@cc.hut.fi
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Novel Chalcogenide Platinum Based Cathode Materials 
for ORR in Methanol in the Nanoscale Length

Y. Gochi1,2, G. Alonso2, N.  Alonso-Vante1*
1Laboratory of Electrocatalysis, UMR CNRS 6503, Université de Poitiers, 40 Avenue du Recteur 

Pineau, F-86022 Poitiers Cedex, France
2Department of Chemical Materials on Catalytic Materials Nanostructured, Research Center on 
Advanced Materials, S. C ., Miguel de Cervantes 120, Complejo Industrial Chihuahua, 31109 

Chihuahua, Chih., Mexico
*nicolas.alonso.vante@univ-poitiers.fr

It is well known that platinum, as cathode for the oxygen reduction reaction (ORR), 
has no inertness to crossover of methanol in a direct methanol fuel cell (DMFC). 
However, the tolerance to this phenomenon has been increased by alloying this 
noble metal with other non-noble transition metals, such as, e.g., Ni, Cr. Although 
the target, in the near future, is to develop materials based essentially on non-noble 
metals,1 it was, however, illustrative to explore the advantage or disadvantage of 
chalcogenes, specifically the sulphur, to tailor novel platinum-based materials. Earlier 
works showed, indeed, that a full tolerance of methanol is obtained for the oxygen 
reduction reaction by means of ruthenium-chalcogenide.2,3 This work focus on the 
development of electrocatalysts through a synthesis procedure with sulphur-platinum 
in combination with Mo and W.
The synthesis was performed by chemical reaction using thio-salts and metallic salts 
at room temperature. This chemical reaction produces chemical precursors which 
are thereafter supported in carbon Vulcan. After a thermal treatment (300 – 400°C) 
became catalysts in the nanoscale length: PtxSy/C, PtxMoySz/C, PtxWySz/C. The loading 
of each catalyst was 20% wt. These materials were characterized by DTA-TGA, TEM 
and XRD.
The electrochemical kinetic study in sulphuric acid medium for ORR and the effect 
of methanol was performed on the whole set of materials. For the sake of comparison 
commercial 20 wt. % Pt/C (E-TEK) was employed. For the ORR on Pt/C, PtxWySz/C, 
PtxMoySz/C and PtxSy/C the electrode potentials in the activation region, at a current 
density of 0.1 mA cm-2, were, respectively, 0.96; 0.95; 0.92 and 0.85V/RHE. In 
presence of 0.5M CH3OH and at the same current density, we recorded 0.57; 0.81; 
0.81; and 0.80V/RHE. The methanol tolerance is higher (ca. 90% in comparison to 
Pt/C) on PtxSy/C. We arrive at the conclusion that surface sulphur atoms chemically 
modify platinum surface atoms as to avoid methanol interaction. Surface studies as 
well as structural ones are under way.

1.  L. Zhang, J. Zhang, D. P. Wilkinson, H. Wang, J. Power Sources, in press.
2. N. Alonso-Vante, in Catalysis of Nanoparticles Surfaces, A. Wieckowski, E. 

Savinova and C. Vayenas (Eds.) Marcel Dekker, Inc., NY, Basel, (2003) p 931.
3.  D. Cao, J. Inukai, A. Wieckowski, N. Alonso-Vante, J. Electrochem. Soc. in press
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Measurement of the Sticking Probability of 
n-Alkanethiol Adsorption on Gold Surfaces using Cyclic 

Voltammetry
Ehab AlShamaileh

Assist. Prof., Department of Chemistry, University of Jordan, Amman 11942, Jordan. 
 ehab@ju.edu.jo

The sticking probability of self-assembled n-alkanethiols on polycrystalline Au and on 
Au(111) surfaces has been investigated using cyclic voltammetry. The change in the 
sticking probability with increasing the fractional coverage was followed and compared 
to the initial sticking probability for the following n-alkanethiols [CH3(CH2)n-1SH]: 
propanethiol (n=3), dodecanethiol (n=12) and octadecanethiol (n=18). The method of 
copper under-potential deposition (Cu upd) electrochemical probing was used and the 
adsorption took place on a fixed surface area electrode with selected dipping times.
Langmuir-like adsorption kinetics was observed for the octadecanethiol adsorption 
on Au at high micromolar concentrations and became more precursor-like in the sub-
micromolar region. At 0.5 µM, the adsorption isotherm revealed an additional feature 
which could be explained by the initial adsorption of the solvent, methanol, or its 
by-products and its subsequent removal by the formation of the stronger Au-S bond 
and/or by the formation of a "lying-down" phase.
The calculated average initial sticking probabilities were found to be 5x10-6 
for octadecanethiol (C18-SH), 3x10-6 for dodecanethiol (C12-SH) and 2x10-6 for 
propanethiol (C3-SH). A trend of increasing the sticking probability with chain length 
is obvious and this result is comparable to values obtained by the surface plasmon 
resonance technique.
The relative surface blocking time was studied by measuring the dipping time versus 
the average fractional coverage and the averaged normalised integrated area of the 
corresponding voltammetric peak. The results revealed that the ratio of experimental 
average block time to expected block time was 1.5 (average block times for C18-SH at 
5 µM was 12.2 seconds). Similarly, for the CI2-SH (2 µM), the ratio of experimental 
average block time to expected block time was found to be 1.2. Thus, while both 
alkanethiols exhibited small apparent depletion effects in weaker solutions, these 
effects appeared to be greater for the longer chained alkanethiol (i.e. C18-SH solutions) 
which had a better ability to allow depletion at the surface at less dilute concentrations 
due to its lower diffusion coefficient.
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Inhibition Efficiencies of Some Organic Compounds on 
the Corrosion of Zinc in Alkaline Media

G. Bereket*, M. Gülec and A. Yurt 
Eskisehir Osmangazi University, Faculty of Arts and Science, Chemistry Department, Eskisehir, 

Turkey

Work reported in the present paper investigated the inhibiting properties of six 
quaternary ammonium salts, three cationic surfactants and two non-ionic surfactants 
in 2M KOH. An attempt also was made to correlate some molecular parameters of 
these compounds with their corrosion inhibitor efficiency. The inhibition efficiencies 
of quaternary ammonium salts, cationic surfactants and non-ionic surfactants on 
the corrosion of zinc in 2M KOH solution were investigated by potentiodynamic 
polarisation, electrochemical impedance spectroscopy and linear polarisation 
methods. Inhibition efficiencies of quaternary ammonium salts were found to be 
due to physical absorption on the cathodic sides of zinc electrode and dependence 
of inhibition efficiencies on substituents were found. Physical adsorption of cationic 
surfactants on zinc electrode slow down both anodic and cathodic reactions; thus they 
were found as mixed type inhibitors. On the other hand inhibition behaviour of non-
ionic was found to be due to adsorption on zinc via polar groups. It was found that 
non-ionic surfactants behave as mixed type inhibitors.
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SERS study of absorption of some benzohydroxamic 
acids on silver sols

Orlin Blajiev, Kitty Baert, Herman Terryn and  Annick Hubin
Department of Metallurgy, Electrochemistry and Materials Science

Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium
email: blajiev@vub.ac.be

Because of their metal chelating properties, hydroxamic acids have important applications 
in biology, medicine, and metal extraction technologies. Recent investigations have as 
well shown that certain classes of them, as for instance, some p-substituted derivatives of 
the benzohydroxamic acid (BHA), can be used as copper corrosion inhibitors [1,2]. Those 
studies proved that the nature of the derivative groups had an important influence on the 
protecting behavior when the  copper corrosion in chloride solutions was concerned. This 
effect was ascribed to [3,4]: a) a different adsorption strength of the benzohydroxamic 
acids stemming from the unequal ability of the substituents to withdraw electrons from 
the hydroxamic group, and b) a possibility that some of the substituents can also react 
with the surface, and therefore, to represent a second adsorption center competing with 
the hydroxamic group. The complete characterization of the substituent’s influence thus 
requires the confirmation of its adsorption geometry in-situ. In order to solve this problem, 
we have previously used a combination of a Surface Enhanced Raman Spectroscopy 
(SERS) and a quantum-chemical modeling for investigation of the adsorption geometry 
of BHA, p-choro BHA, p-methoxy BHA, and p-nitro BHA on a copper oxide [4]. Now 
we extend this work by studying the adsorption of those molecules on silver colloids. 
One motive to carry on this investigation is that the colloidal silver is a better defined 
SERS substrate than the oxidised copper plates. This allows for a more realistic modeling 
of the electric field distribution around the sol particles, and hence, for an improved 
understanding of some effects pertinent to SERS spectroscopy. In this sense, the use of 
computational approaches describing the electromagnetic field scattering on complexly 
shaped forms, and therefore, beyond the Mie approximation, seems especially interesting. 
The second reason for this study is to compare the adsorption interaction, including the 
adsorption geometry, of BHA’s on copper plates and on silver colloids. The latter were 
prepared by adding diluted solutions of AgNO3 and  KBH4. SERS measurements were 
done at 10-4 M concentrations. Raman spectra in  solid state and in tetrachlormethane  were 
also acquired so that to allow a comparison with the SERS ones. The peak assignment of 
the measured spectra was done by matching them with quantum-chemically calculated 
vibrational positions. The adsorption geometry of the benzohydroxamic molecules was 
derived by discussing the symmetry properties of some relevant peaks, and by comparing 
the Raman and SERS intensities of some specific vibrations with different orientations 
between their transitional polarizabilities and the electric field vector. 

1. A. Shaban, E. Kalman, J. Telegdi  Electrchim. Acta 43 (1998) 159 
2. O. Blajiev, A. Hubin, C. Buess-Herman Proc. Electrochem. Soc., 201st Meeting, 

Philadelphia, May 12 -17, (2002), p.375
3. O. Blajiev, A. Hubin, F. Tielens, P. Geerlings J. Raman Spectr. 34 (2003) 295
4. O. Blajiev, H. Terryn, A. Hubin, L. Soukupova, P. Geerlings J. Raman Spectr. (in 

press)
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B3LYP study of the adsorption of water on (111) metal 
surfaces

R. Blanco,  and J. M. Orts* 
Departamento de Química Física e Instituto Universitario de Electroquímica

Universidad de Alicante, Apartado 99, E-03080 Alicante, Spain.
*JM.Orts@ua.es

Water adsorption plays an important role in determining the interfacial behaviour of 
metallic electrodes. The adsorption of anions and neutral species must occur through 
displacement of adsorbed water. Besides, the water-adsorbate interactions in the 
layer in contact with the metal can influence the structure of the interface. In this 
work, the adsorption of water on the atop position has been studied on several close-
packed transition and noble metal surfaces, using density functional theory (DFT).  
Specifically, adsorption has been examined on Pt(111), Rh(111), Ag(111), Au(111), 
Cu(111) and Pd(111).  Geometry optimizations were performed using the Gaussian03 
program at the B3LYP level of theory.  We find three different behaviors.  On Pt 
and Rh water lies nearly parallel to the surface, with the hydrogens pointing away 
the surface.  The tilt angle between the molecular plane and the surface is 10º in 
both cases.  On Ag and Au water lies also nearly parallel to the surface, but with 
the hydrogens pointing towards the surface.  In this case, the tilt angle between the 
molecular plane and the surface is about 20º for the silver surface and 10º for gold.  
Finally, for the Pd and Cu surfaces the water molecule lies with the hydrogen atoms 
completely oriented towards the surface (O-up structure).  Oxygen-surface distances 
vary from 2.2 Å for Rh to 3.2 Å for Ag. The internal geometry of the water molecule 
(O-H distances and HOH angle) deforms little upon adsorption.
Water binds weakly to all surfaces investigated, but the weakest interaction is found 
for Ag and the strongest for Pt.  The adsorption energies range from -2.17 kcal mol-1 
to -6.54 kcal mol-1 and are in the following sequence: Ag < Au < Cu < Pd < Rh < Pt.  
This energy range is comparable to the energy of the hydrogen bond between water 
molecules.

Financial support from  the Ministerio de Educación y Ciencia (BQU2003-03737), 
the Generalitat Valenciana (GRUPOS03-208 and GV05/119) and the University of 
Alicante is acknowledged. 
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A comparative study of anion adsorption on poly and 
single crystal platinum by radioactive labelling and 

voltammetry
R. Buják* and K. Varga

Department of Radiochemistry, University of Veszprém, H-8201 Veszprém, 
P. O. Box: 158, Hungary,
*r_bujak@hotmail.com

Single crystals are in the centre of numerous electrochemical and surface analytical 
studies owing to their well-defined and relative great surface area. In these studies, 
polycrystalline surfaces are considered as reference specimens, which provide important 
information on the basic phenomena. Anion adsorption on single crystal electrodes of 
noble metals has a special importance in the understanding of the enhanced surface 
reactivity (if any) and may contribute to the comprehensive explanation of some 
processes in various fields of electrochemistry (e.g. electrocatalysis, metal deposition 
(especially underpotential deposition), fuel science and technology).
Many articles have been focused on the adsorption of sulfate/bisulfate and chloride 
ions on Pt(111) and polycrystalline electrode. Induced and/or enhanced adsorption of 
these anions on Pt(poly) and Pt(111) surfaces modified by either a chemically adsorbed 
chromate layers or metal adatoms has widely been investigated for two decades.
The updated version of the in-situ radiotracer ‘electrode-lowering’ (‘thin-gap’) 
technique used in our laboratory, combined with electrochemical methods is considered 
to be a powerful tool to investigate specific adsorption of anions (SO4

2-/HSO4
-, Cl-) 

on noble metal surfaces. The present work is dealing with the comparative study of 
the adsorption of sulfate/bisulfate (labeled with 35S) and chloride (labeled with 36Cl) 
anions on Pt(poly) and Pt(111) surfaces in 0.1 mol dm-3 HClO4 supporting electrolyte 
in the absence and presence of Cr(VI) species.

The main experimental findings are as follows:
1.)The surface excess values of adsorbed sulfate/bisulfate depend on the crystallographic 
orientation of Pt surfaces, and the maximum coverage does not exceed 0.2 ML.
2.)The electroreduction of Cr(VI) species presumably proceeds via a CE mechanism 
to yield Pt surfaces covered with intermediate surface adlayers containing Cr(VI) 
particles and added anions. The formation of intermediate complexes is indicated 
by the induced adsorption of SO4

2-/HSO4
- and Cl- ions observed in the course of the 

Cr(VI) – Cr(III) reduction.
3.)The coverage of electrode surfaces by the intermediate complexes formed in the 
course of Cr(VI) electroreduction is independent of the crystallographic orientation of 
the Pt surface, but highly affected by the quality of the electrode material.
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CO Island Formation at Submonolayer COad Coverage 
on a Pt Electrode in the H-upd Potential Region: IR 

Vibration Spectroscopic Evidence
Y. X. Chen*, M. Heinen, Z. Jusys, and R. J. Behm*,

Dept. Surface Chemsitry and catalysis, University of Ulm, D-89069 Ulm, Germany
e-mail: yan-xia.chen@uni-ulm.de, juergen.behm@uni-ulm.de    

Electrochemical in-situ infrared spectroscopy has been widely used to study the nature 
of carbon monoxide binding to transition metal electrode surfaces, driven by the effort 
to improve the catalytic CO oxidation and to eliminate CO poisoning. The vibrational 
properties of COad molecules, especially the C-O stretching frequency, are found to 
be very sensitive to electrostatic as well as chemical and geometric environments. 
Hence the vibrational spectral features allow to derive structural information of the 
CO adlayer as well as its catalytic consequence. 
In this contribution, we present vibrational features of adsorbed CO molecules 
at submonolayer coverages on a Pt film electrode in 0.5 M H2SO4 solution from 
electrochemical in-situ FTIR spectroscopic measurements in attenuated total 
reflection configuration (ATR-FTIRS). A concurrent increase in linearly bound CO 
band intensity and frequency with decrease in electrode potential from 0.25 to 0.1 V is 
observed at θ ≤ 0.3 ML, which is explained by H-induced CO islands formation with 
high local COad density due to the strong repulsive interaction between COad and Had 
atoms. The kinetics of this process is followed by time resolved infrared spectroscopy. 
The impact of the COad structural change on the CO electro-oxidation kinetics will be 
discussed.  
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Sculpted surfaces for electrochemical SERS
 Suzanne Cintraa, Mamdouh E. Abdelsalama, Philip N. Bartletta,  

Jeremy J. Baumbergb and Andrea E. Russella*

a School of Chemistry, University of Southampton, Highfield, Southampton SO17 1BJ, UK
b School of Physics, University of Southampton, Highfield, Southampton SO17 1BJ, UK, 

*a.e.russell@soton.ac.uk

SERS substrates are usually prepared by roughening metals so as to create surfaces 
that have atomic-scale (< 10 nm) to nanometer-scale (10 to 100 nm) roughness 
features, often described as having a cauliflower like appearance. Whilst such surfaces 
have enabled the study of many electrochemical reactions, the electrode surfaces can 
not be described as well characterized, limiting the extent to which the results can be 
related to studies at flat electrode surfaces.  We have developed a method to produce 
sculpted SERS-active substrates by assembling a closed packed monolayer of uniform 
polystyrene colloidal particles (diameter 350 to 800 nm) onto an evaporated gold 
surface and then electrodepositing gold through this template to produce films with 
controlled thicknesses, measured as fractions of the sphere diameter, d. The resulting 
surfaces consist of a regular hexagonal array of interconnected spherical cross-section 
dishes. The resulting surfaces have roughness factors of approximately 1.6. The 
surfaces show strong surface enhancements for Raman scattering from molecules 
adsorbed at the surface. The magnitude of this is enhancement is determined by the 
precise geometry of the surface and depends on the choice of void diameter and film 
thickness. The resulting SER active surfaces are stable, reusable, give reproducible 
surface enhancement and can be used for in situ electrochemical SERS studies. 
Electrochemical SERS investigations at a variety of sculpted metal surfaces will be 
presented, including Ag, Au, Cu, Pt, and Pd. 
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Chemical and morphological heterogeneity at dissolving 
metal-electrolyte interfaces
Pedro Cordoba-Torres*1, R. P. Nogueira2, 

1 DFMF – UNED, Apartado 60141, 28080, Madrid, Spain
2 UMR 5614 – INPG/UJF/CNRS 38402 St Martin d’Hères Cedex, France

pcordoba@dfmf.uned.es

In spite of the intense effort devoted in the last years to the understanding of the 
complex dynamics of the different (electro-)chemical and physical mechanisms 
that take part in the metallic dissolution process, the influence of the dissolution 
mechanism on the surface dynamics is still an open question. We present the results 
obtained from simulations of a microscopic metal-electrolyte interface model. The 
model considers a single crystal metal that dissolves according to a reactive scheme 
with intermediate adsorbed species. Simulations show that roughness development 
induces a direct relationship between the spatial and temporal scales of the model. As 
a consequence of that, the time ordering of the chemical species, which is intrinsic to 
the dissolution mechanism, is projected spatially leading to an unexpected chemical 
ordering on the interface. We show how this self-organization depends on the overall 
reaction kinetics and that it can be modelled from the standard macroscopic approach. 
One of the main consequences of the chemical ordering is that dissolution is not longer 
random. The heterogeneous distribution of dissolution active sites gives rise to active 
dissolution domains on the surface, resulting in different degrees of roughness with 
respect to the random dissolution reference model. These morphological differences 
persist in all scales, so it can be observed in the macroscopic scales of our model. 
An important consequence of such complex behaviour is that surface morphology 
changes when applied potential is varied during driven electrochemical dissolution, 
as in polarization curves measurements. This is a remarkable result if we take into 
account that the proposed interface model evolves under very simple conditions, 
namely surface reaction kinetic control and reactivity not dependent on the local or 
global surface structure.
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Voltammetry of palladium containing compounds
Oana Corduneanu, Victor Constantin Diculescu, Ana Maria Oliveira Brett*

Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade de Coimbra, 3004-
535 Coimbra, Portugal

*brett@ci.uc.pt
Palladium is currently used in a wide range of fields, starting from electronics, water 
treatment and hydrogen purification, to medicine, in dentistry and medical devices. 
It is best known as a catalyst and playing a key role in fuel cell research. Recently, 
palladium complexes are reported in new promising applications in the treatment of 
cancer.
Palladium dichloride and tetrachloropalladates are useful synthetic starting materials 
for the preparation of complex palladium compounds. Due to their high sensitivity, 
voltammetric methods have been successfully employed for the detection and 
determination of different compounds. Moreover, studies of the behavior of their 
precursors by means of electrochemical techniques have the potential to provide 
valuable insights into the redox mechanisms of these molecules. 
The electrochemical behavior of various palladium compounds has been studied at 
a glassy carbon electrode using cyclic, differential and square wave voltammetry. 
Palladium containing compounds undergo irreversible reduction at glassy carbon 
electrodes in a complex process transferring two electrons in a single step. The oxidation 
of palladium(II) is an irreversible process Palladium ions adsorb on the surface of the 
glassy carbon electrode. After transferring to a new supporting electrolyte solution 
consecutively recorded cyclic voltammograms in buffer only a continuous, but slow 
decrease of the palladium reduction peak. Impedance measurements corroborated the 
voltammetric results enabling the study of the adsorption of palladium on the surface 
of the glassy carbon electrode.
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An Electrochemical SERS Study on Coadsorption of 
Protonated DNA Bases with ClO4

- on Au Electrodes
Li Cui, Bin Ren, De-Yin Wu, Zhong-Qun Tian* 

State Key Laboratory of Physical Chemistry of Solid Surfaces and Department of Chemistry, 
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China

E-mail: zqtian@xmu.edu.cn
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RRDE Study of Underpotential Deposition and 
Nucleation of Copper on Platinum in the Presence of 

Acetonitrile 
A. V. Rudnev, E. B. Molodkina, A. I. Danilov*, Yu. M. Polukarov

A.N.Frumkin Institute of Physical Chemistry and Electrochemistry, RAS,  
Leninskii pr. 31, 119991 Moscow, Russia. danilov@phyche.ac.ru
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Optimizing supported Pd-nanoparticle catalysts for 
aqueous NO3

- reduction: Effects of temperature, nitrate 
concentration and particle size

F. V. Andrade, L. J. Deiner*, F. C. Nart 
Chemical Institute of São Carlos, University of São Paulo, CP 780-CEP 13566.590-São Carlos, SP, 

Brasil
*deiner76@hotmail.com

The reaction of aqueous nitrate on carbon-supported palladium nanoparticles was 
studied as a function of nitrate concentration, temperature, and particle size using 
differential electrochemical mass spectrometry.  Nitrate concentration was varied 
between 0.05 M and 0.5 M, temperature between 10º C and 55º C, and catalyst particle 
size between 9.32 nM and 14.91 nM.  For all combinations of nitrate concentration, 
temperature, and catalyst particle size, the reaction of aqueous nitrate produces 
gas phase reduction products: N2O and NO.  As expected from kinetic arguments, 
increasing temperature leads to an increased yield of gas phase reduction products.  
Increasing nitrate concentration also leads to an increase in gas phase reduction 
products.  Surprisingly, the larger particle size Pd catalysts produce greater yields 
of N2O, indicating that the larger particle size catalyst more effectively fosters N-N 
coupling reactions. 
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ATR-SEIRAS Study of the Adsorption of Acetate Anions 
at Silver Thin Film Electrodes prepared by Sputtering 

and by Chemical Deposition
J. M. Delgado*, J. M. Orts and A. Rodes 

Departamento de Química Física e Instituto Universitario de Electroquímica
Universidad de Alicante, Apartado 99, E-03080 Alicante, Spain.
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DFT and in-situ Spectroscopic Study of the Bonding 
Mode and Infrared Behaviour of Adsorbed Acetate 

Anions on Silver Electrodes
J. M. Delgado, J. M. Orts* and A. Rodes

Departamento de Química Física e Instituto Universitario de Electroquímica
Universidad de Alicante, Apartado 99, E-03080 Alicante, Spain.

*JM.Orts@ua.es

The interpretation of spectra of adsorbed species on metal electrodes is frequently 
based in the comparison of the experimental frequencies with those reported from 
transmission experiments in solution, or with those (either experimental or calculated) 
characteristic of the species either in gas phase, or acting as a ligand in coordination 
complexes with metals. The theoretical calculation of the vibrational frequencies of 
adsorbed species allows for a better justification of the assignment of the experimental 
frequencies to vibrational modes and different adsorption geometries.  In this work 
we address the theoretical analysis of the vibrational behaviour of adsorbed acetate 
on silver electrodes.
The adsorption of acetate anions on silver thin film electrodes has been studied by 
in-situ FTIR spectroscopy experiments. Stable silver thin films were deposited either 
chemically or by sputtering on Ge and Si substrates respectively. These stable silver 
thin films were used as electrodes under internal total reflection conditions (ATR-
SEIRAS) using a Kretschmann internal reflection configuration. The ATR-SEIRAS 
experiment provides a better signal to noise ratio, that allows a more detailed study of 
the vibrational features of the adsorbed species, without the problem of the absorption 
by the solvent in the thin layer, typical of the external reflection configuration.
Optimized geometries and theoretical frequencies of adsorbed acetate on silver clusters 
modelizing electrode surfaces with Ag(111) and Ag(100) have been calculated using 
density functional theory, with the hybrid B3LYP functional. The effect of different 
basis sets on the calculated frequencies has been tested for different adsorption 
sites (on-top, bridge, hollow) and bonding modes (monodentate, bidentate). A good 
agreement is found between the experimental frequencies obtained in the ATR 
experiments and those calculated for bridge bidentate adsorption of acetate on Ag(111) 
and Ag(100) clusters. This confirms that bonding of acetate to the surface involves 
the oxygen atoms of the carboxylate group, with the O-C-O plane perpendicular to 
the metal surface. The calculated frequencies reveal that only a slight effect of the 
surface crystallographic orientation on the vibrational frequencies of adsorbed acetate 
is expected. 

Financial support from  the Ministerio de Educación y Ciencia (BQU2003-03737), 
the Generalitat Valenciana (GRUPOS03-208) and the University of Alicante is 
acknowledged. 



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

Self-organization and Oscillatory Electrodeposition of 
Ag-In alloy

Ts. Dobrovolska *1, I. Krastev 1

1 R. Kaischew Inst.Phys. Chem, Bulg. Acad. Sci., 1113 Sofia, Bulgaria
2 Institute of precious metals and metal chemistry, 73525 Swäbisch  Gmünd, Germany

* tsvetina@ipchp.ipc.bas.bg
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Interaction of Thymine and Copper adatoms during the 
Deposition on Au (111)

E. Avci, C. Meyer, A. Vollmer, C. Donner
Free University Berlin, Institute for Physical and Theoretical Chemistry, Takustrasse 3, 14195 

Berlin, Germany; 
donner@chemie.fu-berlin.de

Underpotential deposition (UPD) of Copper on Au(111) electrodes belongs to the 
most detailed investigated UPD systems. It is well accepted that specifically adsorbed 
anions promote the deposition process, whereas in presence of only perchlorate 
anions the Cu- UPD as well as the volume deposition (OPD) is inhibited. Our study 
demonstrates that it is possible to deposit Copper on Au(111) in absence of specifically 
adsorbed anions if only thymine molecules are physisorbed in a flat orientation with 
respect to the Au(111) surface. Thereby the thymine molecules act as catalyst for the 
Cu- UPD but as inhibitor for the Cu- OPD. This effect is independently on the lateral 
attractive interactions between thymine molecules on the surface. STM experiments 
reveal that thymine molecules are adsorbed on top of the Cu- monolayer in an upright 
position. This denotes a reorientation of thymine during the deposition. Detailed 
chronocoulometric as well as XPS- and UPS- studies with synchrotron radiation show 
that thymine molecules are chemisorbed on copper. Summarizing the experimental 
results we propose a mechanism for the different action of thymine molecules in the 
Cu deposition process: The potentials of zero charge (PZC) of Au(111) and Cu(111) 
in perchlorate solution differ by about 200 mV. In case that the first monolayer of 
copper is deposited during the process a recharging of the electrode surface from 
negative to positive values occurs. Because it is known that thymine molecules prefer 
to chemisorb positive of the PCZ it becomes directly evident that a reorientation 
of thymine molecules is favoured. The energetic reason for the promoted Cu-UPD 
process is the affecting of the PCZ of both metals due to adsorbed thymine molecules. 
Whereas the desorption of thymine molecules on Au(111) raises a PZC shift into 
negative potential regions, the chemisorption of thymine on top of copper leads to 
a positive PZC shift. As consequence both PZC’s come closer together reducing the 
interface energy between the Au(111) substrate and the copper monolayer. In STM 
experiments could be recognized that a second copper layer is deposited negative 
of the Nernst potential. This would mean that the influence of the PZC shift is not 
restricted to the first monolayer deposition. If more than the second layer is deposited 
thymine molecules shield the surface against deposition in the common manner and 
three dimensional copper growths at kinks and sites is obtained.
      It can be resumed that thymine acts for the same deposition system in a different 
manner depending on the changing attributes of substrate.   
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Kinetics of electrocatalytic reduction of CO2 on Pt(210), 
Pt(320) and Pt(991) electrodes in sulfuric acid solutions
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 State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry, College 

of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
*sgsun@xmu.edu.cn
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Why is the Experimental Transfer Coefficient  for 
Simple Electron Transfer Reactions  

usually not equal to 0.5?
W. Ronald Fawcett

Department of Chemistry, University of California, Davis, CA 95616, USA

 Examination of the data in the literature reveals that the experimental transfer 
coefficient is often different from 0.5. In fact, values of this quantity greater than 1 
have been observed. These observations are due to the effect of the double layer on the 
electrode reaction. An analysis of double layer effects is presented in this paper which 
explains the source of the observations. Examples discussed include reactions at Au 
single crystal electrodes and Hg electrodes. 
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Quartz microbalance investigation of electrochemical 
and electroless reactions for multilayers preparation

P. Fricoteaux, L. Wang, J. Douglade, C. Simon
DTI, EA 3083, UFR Sciences Exactes et Naturelles, Moulin de la Housse, B.P 1039, 51687 REIMS 

cedex 2,    E-mail: patrick.fricoteaux@univ-reims.fr

The quartz crystal microbalance is a piezoelectric device often used to measure 
deposit thickness realized in vacuum systems. The measurement technique is based 
on the changes in the resonance frequency (∆f) of a quartz crystal as a function of a 
deposited mass variation (∆m) according to the Sauerbrey equation [1]
∆f = k∆m
where k is a calibration constant.
This device is used in many applications and its high precision is convenient for 
different domain like pollution, electronic noses …
It is also a relevant instrument in electrochemistry going from the classical faradic 
efficiency measurements to the mass/potential transfer functions measurements.
Here, few investigations realized with a quartz crystal microbalance exhibit the 
preparation of different multilayer deposits and the quantification of the electroless 
displacements are particularly presented 
For multilayer preparations like Cu-Ni [2], the pulsed potential method gives a good 
concordance between the measurements of the mass evolutions and the currents 
corresponding respectively to the zones of copper and nickel reduction. So, it was 
relatively easy to realize multilayers with this system because the kinetics of the less 
noble metal (Ni) was very slow. But it was not the case for Cu-Co multilayer [3] 
because of the presence of a chemical displacement between copper and cobalt. The 
study of the mass evolution compared with the analysis of the composition deposit 
enables us to evaluate the importance of this phenomenon. Moreover, according to the 
pH value, we have show the formation of Cu2O during the electroless reaction. This 
chemical displacement is also present for the preparation of Cu-Ag multilayers [4]. 
In this last case, we have shown the possibility to realize the multilayers applying an 
applied potential in the copper reduction zone following with a rest potential for the 
silver electroless process. The possibility to realize the Cu-Ag multilayers by pulsed 
potential was studied too.

[1] G. Sauerbrey, Z. Phy. 155 (1959), p. 206.
[2] L. Wang, P. Fricoteaux, K. Yu-Zhang, M. Troyon, M. Bonhomme, J. Douglade, A. 

Metrot, Thin Solid Films 261 (1995) p.160.
[3] P; Fricoteaux, J. Douglade, Surf. Coat. Technol. 184 (2004), p. 63.
[4] P. Fricoteaux, C. Simon, J. Phys. Chem. B 109 (2005), p. 20449.



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

Low  frequency  molecular  oscillator
M. Garnett, C. V. Krishnan, and B. Jones
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Silver electrocatalysis and dissociative electron transfer 
mechanisms

A. Gennaro*1,  A. A. Isse1, L. Falciola2, P. R. Mussini2

1Department of Chemical Sciences, University of Padova, via Marzolo 1, 35131 Padova, Italy. 
e-mail:  armando.gennaro@unipd.it 

2Department of Physical Chemistry and Electrochemistry, University of Milano, 
Via Golgi 19, 20133 Milano, Italy
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First-Principles Molecular-Dynamics Simulations of 
Etching Processes in Ultrapure Water

Hidekazu Goto*, Keita Yagi and Yoshio Ichii 
Department of Precision Science and Technology, Graduate School of Engineering, Osaka 

University, 2-1, Yamada-oka, Suita, Osaka, 565-0871, Japan
*goto@prec.eng.osaka-u.ac.jp

We proposed a new electrochemical etching and cleaning method of substrates using 
ultrapure water [1][2] which contains OH and/or H radicals, in order to develop an 
environmentally sound manufacturing processes especially for manufacturing of the 
electronic devices or MEMS (micro electro mechanical system).
In order to reveal the etching or cleaning process by OH and/or H radicals in ultrapure 
water, first-principles molecular-dynamics simulations of Si(001) ,Al(001) surface 
and organic molecule interacting with OH and/or H radicals were carried out on 
the basis of the Kohn-Sham local-density-functional formalism. Norm-conserving 
pseudopotential and plane-wave basis set were used, and the cut-off energy was 
327eV(24Ry). In the simulations, the standard molecular-dynamics method for the 
optimization of the ionic system and the preconditioned conjugate-gradient (CG) 
method for the quenching procedure of the electronic degrees of freedom were 
adopted.
In case of Si(001) surface interacting with OH molecules, it was confirmed that 
the Si surface atom cannot be etched off as an Si(OH)

4
 molecule and that two OH 

molecules react with each other producing an H
2
O molecule and an oxygen atom. The 

oxygen atom bonds with two Si surface atoms at the surface bridge site or back-bond. 
However, in case of Si(001) surface interacting with H atoms and H

2
O molecules, it 

was confirmed that an H atom reacts with H
2
O molecules on the hydrogen-terminated 

Si(001) surface to produce an OH molecule, and chemisorption of two OH molecules 
to the hydrogen-terminated Si(001) surface atom breaks the back-bonds and the Si 
surface atom is etched off with forming an SiH

2
(OH)

2
 molecule. In the case of Al(001), 

the similar etching process of surface Al atom by H and OH radicals were observed.
In the electronic device manufacturing processes, it is required to remove organic 
masking materials for lithography and organic contaminations on the substrates. In the  
simulations of reaction between the organic molecule and OH radicals, polyethyene 
and benzene molecule were tested. It was confirmed that OH radicals pull out the H 
atom of the organic molecule and oxidize the C atom forming C-C double bond, and 
the neighbor C-C bond were dissociated.
This study was supported by a Grant-in-Aid from the Ministry of Education, Culture, 
Sports, Science and Technology, Japan.

[1] Y. Ichii, Y. Mori, K. Hirose, K. Endo, K. Yamauchi and H. Goto, Electrochimica 
Acta, 50, pp.5379-5383 (2005)

[2] Y. Ichii, Y. Mori, K. Hirose, K. Endo, K. Yamauchi and H. Goto, Electro-
chemical  Etching Using Surface-sulfonated Electrodes in  Ultrapure 
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Influence of the formation rate of a layer of CO 
adsorbed on polycrystalline Pt on the kinetics of its 

electrooxidation
A. Rincón, M. C. Pérez, C. Gutiérrez *

Institute of Physical Chemistry “Rocasolano”, CSIC, C. Serrano, 119, 28006-Madrid, Spain
*claudio@iqfr.csic.es

The electrooxidation of CO adsorbed on Pt has been studied since long ago, and especially 
since the development of fuel cells using either hydrogen from a reformer or methanol has 
become a main goal of energy strategy. The Pt-CO system is so unique that electrooxidation 
of bulk CO in acidic electrolyte can be made to proceed at only 0.5 V vs RHE, instead of 
at the usual potential of 0.90 V, by keeping the Pt electrode at a potential ≤ 0.1 V while 
CO is admitted in the cell, as serendipitously discovered by Kita et al. [1] in 1988. The CV 
in CO-saturated electrolyte then shows, besides a peak of dissolved CO at about 0.5 V, a 
peak of adsorbed CO at about 0.75 V [2]. We have reported [3] that increasing the rate at 
which CO was bubbled in the electrolyte, or increasing the time elapsed before starting 
the potential scan, shifted positively the peak of adsorbed CO up to about 0.90 V, the peak 
potential observed when CO is admitted at potentials ≥ 0.4 V. We attributed the influence 
of the bubbling rate, not to impurities in the solution, but simply to differences in the 
formation rate of the layer of adsorbed CO. 
In order to confirm the above hypothesis, we have carried out experiments under conditions 
of extreme cleanliness. A polycrystalline Pt electrode was obtained by quenching in water 
a hanging drop of molten Pt (99.998%, Alfa-Johnson Matthey), the Pt polycrystal being 
then ground until reaching the maximum cross section and finally polished with alumina 
down to 0.05 μm. Ultrapure water (2-4 ppb TOC) was obtained from a MilliRO-MilliQ 
system. Nitrogen (N50) and carbon monoxide (N47, aluminium alloy cylinder) were from 
Air Liquide. Before each experiment the electrode was annealed in the flame of a Bunsen 
burner and transferred to the cell while protected by a droplet of ultrapure water. The 
hanging meniscus configuration was used. A Pt wire and a RHE were used as auxiliary and 
reference electrodes, respectively.
The same results reported in [3] were obtained: at low bubbling rates and short contact 
times, the peak of adsorbed CO appeared at 0.75 V, and at higher bubbling rates or longer 
contact times it was shifted to 0.90 V. Further experiments were carried out blowing the 
CO above the solution, instead of within it. This allows a very rapid saturation with CO, 
especially at high gas flow rates, at which the gas transfer rate to a thin surface layer of 
the electrolyte may be increased by several orders of magnitude. Again, the same results 
were obtained. It is concluded that the peak of adsorbed CO appears at 0.75 and 0.90 V 
when the CO layer is made up of a looser structure and of compact islands, respectively, 
formation of the latter being favoured at high bubbling rates, and that the diffusion of CO 
molecules on the Pt surface involved in the transition from the looser structure to one made 
up of compact islands is slow.

1. H. Kita, K. Shimazu, K. Kunimatsu, J. Electroanal. Chem. 241 (1988) 163.
2. J. A. Caram, C. Gutiérrez, J. Electroanal. Chem. 305 (1991) 259.
3. A. Couto, M. C. Pérez, A. Rincón, C. Gutiérrez, J. Phys. Chem. 100 (1996) 19538.
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Impedance study of the electroreduction of 
hexaamminecobalt(III)  cations at electrochemically 

polished Bi single crystal electrodes
E. Härk*, E. Lust,

Institute of Physical Chemistry, Tartu University, 2 Jakobi Str., 51014 Tartu, Estonia *eneli.
hark@ut.ee
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Metal-Porphyrin interactions with small molecules and 
its electrocatalytic activity towards CO2 reduction

R. Hernández*, C. Rojas, Y. Martinez 
Universidad de Los Andes, Facultad de Ciencias, Mérida, Venezuela

*rmhr@ula.ve

A water soluble metal-porphyrin was selected to be studied in the presence of 
small molecules (HCOOH, CO and HCHO), reported as being intermediates in 
the electroreduction of CO2. On the basis of literature, we have assumed that water 
solubility of the electrocatalyst is necessary as water provides a cheap source of 
hydrogen if hydrocarbons are intended to be obtained from CO2. On a previous 
work[1] it has been proposed that not only water but pH may play a fundamental 
role, as CO2 entering into a neutral pH solution becomes mostly hydrogencarbonate 
species, which will be repeled by a negatively charged cathode. Even more, being 
the water discharge a competitive process, which produces relatively large amounts 
of OH- species into the diffusion layer, the minute amount of dissolved CO2 will be 
immediately converted to HCO3

- and CO2-. Into this context, we have characterized 
the behaviour of the metal-porphyrin in a buffered solution (pH 2) in order to maintain 
an acidic environment to prevent the “Carbonate Route” and to increase a higher 
effective concentration of CO2 in the vicinity of the electrode surface. The metal-
porphyrin itself may serve as a sequestration device keeping  and even increasing CO2 
in solution and transporting it towards the electrode surface. 
The metal-porphyrin was studied using cyclic voltammetry in presence and absence 
of the previously mentioned molecules. All molecules tested proved to interact with 
the metal porphyrin. In absence of the testing molecules, the metal porphyrin does not 
electrocatalyses the water discharge. In presence of the testing molecules the metal-
porphyrin reduces the onset potential for the electroreduction of such molecules and 
current intensity increases in all experiments. Spectroelectrochemical and electrolytic 
experiments provide us with further evidences. All experiments were performed in 
single compartment cell. A glassy carbon disk served as working electrode and a 
platinum wire served as auxiliary. The reference electrode was at all times Ag/AgCl. 

1  R. M.  Hernandez and M Kalaji, J. Chem. Soc., Faraday Trans., 92 (1996) 3957
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A Great Enhancement in the Oxidation Ability of 
Diluted Nitric Acid in the Nanoscale Water-Droplets of 

Reverse Micelle Systems
Masashi Hojo,* Tadaharu Ueda, Chihiro Daike, Fumiko Takezaki, Yumi Furuya, 

Kiyomi Miyamoto, Akio Narutaki, and Ryosuke Kato
Department of Chemistry, Faculty of Science, Kochi University, Akebono-cho, Kochi 780-8520, 

Japan  mhojo@cc.kochi-u.ac.jp

In reverse micelle systems, a great enhancement of the oxidation ability of diluted 
nitric acid was discovered and its oxidation mechanism was explored.  The Br- ion of 
CTAB surfactant was oxidized into Br2 (or Br3

-) in CHCl3/CTAB/H2O reverse micelle 
system of W = 1.0 – 4.0 by diluted nitric acid of 0.25�2.5 mol dm-3 (in the 1.0 vol% 
H2O portion) at 15 – 40 ℃ where CTAB stands for cetyltrimethylammonium bromide 
and the W value is the ratio of [H2O]/[surfactant].  At the higher concentrations of 
nitric acid and temperatures, the faster reaction proceeded; otherwise long inductive 
periods were needed, e.g., 10 hours for 1.0 mol dm-3 HNO3 at 25 ℃.  No effect of light 
or of ambient oxygen was apparently observed.  
The ratio of produced Br2 or (Br3

-) to the initial HNO3 amount indicated the following 
reaction scheme: 
2HNO3 + 2Br- � Br2 + NO2

- + NO3
- + H2O.  

The nitroyl ion (or nitronium ion), NO2
+, was suggested as the intermediate active 

species.  The addition of HClO4 as the proton supplier tended to cause the completion 
of the oxidation ability of N(V) as follows: 
NO3

- + 6H+ + 5e- � 1/2 N2 + 3H2O.  
The hydrogen bonding structure of H2O in the CTAB or CTAC (cetyltrimethylammonium 
chloride) micelle system was found to be distorted, compared with that in bulk water, 
by the 1H NMR chemical shift of H2O.  The change of 1H NMR chemical shift also 
demonstrated the consumption of protons during the oxidation of Br- but not of Cl- by 
diluted HNO3.
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Structural Effects on the Oxidation of Formic Acid on 
High Index Planes of Palladium

Nagahiro Hoshi*, Kaori Kida, Masashi Nakamura 
Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba 263-8522 Japan

*hoshi@faculty.chiba-u.jp
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Ab-initio MO calculation for Zn cluster 
K. Iokibe, H. Tachikawa, K. Azumi*

Graduate School of Engineering, Hokkaido University Kita-13, Nishi-8, Kita-ku, Sapporo 060-
8628, Japan, azumi@elechem1-mc.eng.hokudai.ac.jp
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Influence of C6H6 ads on the Under-Potential Deposition of 
H and Anion Adsorption on Pt(111) in Aqueous HClO4 

Maja Obradović 1,2, Gregory Jerkiewicz 1* 
1 Department of Chemistry, Queen’s University, Kingston, ON. K7L 3N6 Canada 

2 On leave from the Institute of Chemistry, Technology and Metallurgy, University of Belgrade, 
Belgrade, Serbia and Montenegro 

* E-mail address: Gregory.Jerkiewicz@chem.queensu.ca 

We analyze the adsorption of C6H6 on Pt (111) and subsequently the influence of 
C6H6 ads on the HUPD and ClO4

– adsorption on Pt(111) in 0.05 and 0.50 M aqueous 
HClO4 using cyclic voltammetry (CV).  CV profiles are recorded in the 0.02 – 0.80 
V vs. RHE range.  They reveal a sharp, symmetric cathodic peak (0.02 – 0.15 V) and 
a well-defined, asymmetric anodic one (0.04 – 0.20 V); there are no features in the 
potential range that corresponds to the anion adsorption.  An increase of the C6H6 
concentration from 1 to 20 mM leads to a peak shift toward less-positive potentials.  
The peak potential (Epeak) of the cathodic and anodic features is independent of the 
scan rate (for s = 10 – 100 mV s-1), and the peak current density (ipeak) increases linearly 
with s.  The cathodic and anodic charge-density (q) values agree and are 220 ± 3 µC 
cm-2, thus slightly less that the charge density corresponding to the transfer of one 
electron per Pt surface atom (240 µC cm-2).  The results suggest that the CV features 
correspond to the adsorption and desorption of HUPD.  We analyze in detail the under-
potential deposition of H (UPD H) on the C6H6-modified Pt(111) in C6H6-free aqueous 
HClO4 by cycling the electrode in the 0.05 – 0.80 V range.  The CV profiles evolve 
and the original well-defined cathodic and anodic peaks decrease in intensity (lower 
ipeak value); we observe that the repetitive cycling of the C6H6-modified Pt(111) results 
in a partial recovery of the CV features characteristic of a clean and well-defined 
Pt(111) electrode in aqueous HClO4.  We also analyze the impact of temperature (T) 
variation on the CV features.  An increase of T from 274 to 318 K results in (i) a shift 
of the cathodic and anodic peaks toward more-positive potentials, and (ii) a gradual 
decrease of ipeak.  The T-dependent studies and the comprehensive set of data allow 
us to examine the influence of C6H6 ads on the thermodynamic state functions for UPD 
H (∆G°ads, ∆S°ads, ∆H°ads), the Pt(111)-HUPD surface bond energy (EPt(111)-Hupd), and the 
nature and strength of lateral interactions (ω) between the adsorbed species.  We 
compare the present results with analogous data obtained in aqueous H2SO4 [1]. 

1. G. Jerkiewicz et al., Langmuir 21 (2005) 3511. 
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In-situ Transmission FTIR Spectroscopic Study on the 
Adsorption of Dodecyl Sulfate on Au Electrode 

Yan Cheng, Manming Yan, Zhiyu Jiang*
Department of Chemistry, Fudan University, Shanghai, 200433, China

*Email: zyjiang@fudan.ac.cn,
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Differential capacity of  Ag(111) in 0.01 M NaCl AND 
Ag(100) IN 0.01 M KBr

V. D. Jović* and B. M. Jović
Center for Multidisciplinary Studies, University of Belgrade,11030 Belgrade, P.O.Box 33,

 Serbia and Montenegro
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Adsorption of camphor and tiourea at Bi(111) electrode 
surface

Silvar Kallip, Vitali Grozovski, Heili Kasuk, Enn Lust*, 
Institute of Physical Chemistry, University of Tartu, 2 Jakobi Street, 51014 Tartu, Estonia

*enn.lust@ut.ee
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Adsorption of camphor on Bi(111) crystal electrode
Heili Kasuk*, Gunnar Nurk, Enn Lust

Institute of Physical Chemistry, University of Tartu, Jakobi Str. 2, 51014 Tartu, Estonia 

Two-dimensional (2D) phase transitions at solid surfaces or in the adsorption adlayers 
have received much attention in recent years as this phenomenon is related to the very 
important aspects of the surface and materials science and in nano- and molecular 
technology as well [1,2]. The important characteristics in 2D phase transition are related 
to the ordered adsorption, island nucleation and growth, oscillating of chemical and 
electrochemical reactions, surface reconstruction, selective corrosion and corrosion 
inhibition, chirality of the formed surfaces and electrodeposition mechanism. 
Electrochemical behavior of camphor on the electrochemically polished Bi(111) 
single crystal planes in 0.05 M Na2SO4 and 2.5*10-5 M H2SO4 aqueous solution has 
been studied by impedance and cyclic voltammetry methods. Camphor forms a two 
–dimensional condensed phase on the Bi(111) crystal plane in the aqueous sulfate 
solution. The 2D condensed layer is stable in weakly acidic solutuion (pH= 4.4) in the 
wide pottential region ie from –1.2V to –0.5 V vs Ag|AgCl.
The differential capacitance vs electrode potential dependences has been measured and 
it can be seen that the cathodical adsorptison-desorption peak appears at the electrode 
potential –1.5 V. Differential capacitance decreases to 4.2 µFcm-2 at the region of 
zero charge potential and formes so called limiting adsorption plateau. At potential 
more positive than –0.5V the differential capacitance value increases indicating the 
desorption of the camphor molecules from Bi(111) surface.
The complex impedance plane (Z’’, Z’) and Bode phase angle vs log frequency plots 
at the peak and camphor two-dimensional condensation areas were measured. It can 
be seen that the adsorption kinetics of camphor on Bi(111) is mainly limited by the 
rate of the adsorption step.

1. K. G. Baikerikar, S. Sathyanarayana, J. Elctroanal. Chem., 24(1970) 333.
2. C. Buess-Herman, C. Frank, L. Gierst, J. Electroanal. Chem. 329(1992) 91.
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EIS and CV measurements on noble metals and stainless 
steels up to 300 °C

Zsolt Kerner, János Balog, Gabor Nagy*, 
MTA KFKI Atomic Energy Research Institute, H-1525 Budapest, P.O. Box 49, Hungary

*nagyg@sunserv.kfki.hu

The electrochemistry of the noble metals and steels are well-known at room temperature, 
however, about the interfacial processes at high temperature a few knowledge exists. 
We have repeated the standard cyclic voltammetry and electrochemical impedance 
spectroscopy measurements on gold, platinum and three different stainless steel 
(AISI304, AISI316, 08H18N10T) samples in a static autoclave up to 300 °C. Surfaces 
of the samples were polished before installation into the autoclave. The platinum sample 
was annealed in gas flame. Samples were spotwelded to Teflon insulated zirconium 
wires; the electrical feedthrough was solved by Conax fittings. The electrolyte was 
0.1M potassium hydroxide solution containing sulphuric acid (pH was between 3 
and 7). The solution was bubbled with argon gas continuously except the time of the 
measurements. Three different reference electrodes were installed: external Ag/AgCl, 
internal yttrium stabilised zirconium-dioxide ceramic membrane (YSZ) filled with Ni/
NiO and platinum hydrogen electrode. The stability of the reference electrodes was 
checked by long term monitoring between the measurements. Below 150 °C the Ag/
AgCl, above 150 °C the YSZ was used for CV and EIS measurements. The counter 
electrode was the autoclave body. 
The aim of our experiments was to gain detailed knowledge about the temperature 
dependence of well known and well described interfacial processes on well defined 
electrodes, and in the same time to abserve the same reactions on industrially important 
metals and alloys. The results were analysed by existing analytical double layer 
theories. We present the experiemtnal data together the shifting of redox peeks on the 
CVs and the changes the impedance parameters in the function of the temperature. 
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Galvanostatic oxidation of HCHO on Pt: Oscillations, 
bistability and bifurcations

Dimitris Koutsaftis*, Antonis Karantonis, Niki Kouloumbi 
Department of Materials Science and Engineering, School of Chemical Engineering,

 National Technical University of Athens, 15780 Zografou, Athens, Greece 
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Spatiotemporal oscillations in biological molecules: 3. 
Lysine and its electronic influence on gene expression

C. V. Krishnan*, a, b, Merrill Garnetta, and B. Chub

aGarnett McKeen Lab, Inc., 7 Shirley Street, Bohemia, NY 11716-1735
bDepartment of Chemistry, State University of New York at Stony Brook, NY 11794-3400
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Electrochemical and esr study of mechanism of 
electrocatalytical oxidation of organic compounds with 
partisipation of radical cations of pyrazine-di-n-oxyde 

and its derivatives as mediators.
S. I. Kulakovskaya, A.V. Kulikov, A. F. Shestakov

Institute of Problem of Chemical Physics, Russian Academy of Science,
142432 Moscow region, Chernogolovka, Russia. E-mail: kulsi@icp.ac.ru

An important problem in chemistry and catalysis is to find an effective route of 
C-H bond activation for selective and mild oxidation of organic compounds. The main 
way of this activation is the interaction with an electrophilic oxygen-containing agent. 
The electrochemically generated radical cation of aromatic di-N-oxides carries active 
oxygen and is capable to activate C-H bond of substrates [1]. 
By the methods of cyclic voltammetry, quantum-chemical modeling, ESR at 
electrolysis at controlled potential and gas chromatography we have studied the 
mechanism of oxidation of organic substrates (cyclohexanol, methanol, diethylether, 
triethyl orthoformate and cyclohexane) in the presence of mediators, electrochemically 
generated radical cation of pyrazine-di-N-oxide (Eox= 1.62 V) and its derivatives, 2,5-
dimethyl-parazine-di-N-oxide (Eox= 1.56 V), 2,3,5,6-tetramethyl-pyrazine-di-N-oxide 
(Eox= 1.48 V), 2,3-dimethyl-5,6-cyclohexa-pyrazine-di-N-oxide (Eox= 1.42 V) and 3-
phenyl-5,6- cyclohexa-pyrazine-di-N-oxide (Eox= 1.47 V). The study was carried out 
at glass carbon, Pt and Au electrodes in the presence of 0.1M LiClO4 in acetonitrile, as 
well as in methanol and its deuterated derivatives (CH3OD, CD3OD) used as a solvent 
and a substrate simultaneously. The effect of temperature, acids, water, oxygen, the 
nature of substrate and solvent on the shape of CVs and the intensity of ESR signals 
has been studied. ESR spectra of radical cations and anions of pyrazine-di-N-oxide 
and its derivatives were revealed. The catalytic oxidation of investigated  organic 
compounds were observed in the presence of mediators. 
Quantum-chemical modeling of the reaction of  radical cation of pyrazine-di-N-oxide 
with acetonitrile and methanol was carried out. 
The obtained results were explained by the overall two-electron mechanism of 
electrochemical oxidation of substrate via formation of a complex of substrate with the 
radical cation of pyrazine-di-N-oxide . The rate constants of the C-H bond activation 
were determined by quantitative analysis of CVs on the basis of the proposed 
mechanism.

1. Kulakovskaya S.I., Kulikov A.V., Berdnikov V.M., Ioffe N.T., Shestakov A.F.,   
Electrochim. Acta. 47(2002) 4245.
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Enhancement of catalytic reactivity of Pt and RuSe 
nanoparticles towards oxygen reduction by assembling 

within metal oxide matrices
Pawel J. Kulesza*

Department of Chemistry, University of Warsaw, Pasteura 1, PL-02-093 Warsaw, Poland
*pkulesza@chem.uw.edu.pl

An interesting alternative to activation of Pt nanoparticles towards oxygen reduction 
is their immobilization with large-surface-area inorganic oxide matrices that ensure 
mutual metal-support interactions, high dispersion of catalytic centers, unimpeded 
charge distribution and the overall good stability. Out of applicable systems, tungsten 
oxide has been demonstrated to promote oxygen reduction by interacting with Pt via 
hydrogen spillover and through the formation of highly conductive oxide bronzes that 
are reactive towards hydrogen peroxide intermediate. Regardless the actual reaction 
pathway, the optimum process (whether it occurs in one step proceeding directly 
to water or it consists of two steps with hydrogen peroxide as intermediate) would 
effectively require rapid transfer of total four stoichiometric electrons and protons.
Another solution for electrocatalysis originates from the possibility of self-assembling 
of polyoxometallate monolayers on Pt nanoparticles. We have considered Keggin 
type phosphododecamolybdate (PMo12) or phosphododecatungstate (PW12), the well-
defined oxygen-bridged metal clusters related to the parent oxides of tungsten and 
molybdenum. By analogy to tungsten oxides, polytungstates are expected to enhance 
reactivity of Pt centers (via bifunctional mechanism) during reduction of oxygen. 
An important issue is the ability of an adsorbed polyoxometallate to shift potential 
of the interfacial Pt/PtO redox reaction towards more positive values. Thus the 
polyoxometallate stabilized Pt nanoparticles are characterized by a broader potential 
window where platinum metal is not covered by the inhibiting PtO. The structure of 
polyoxometallate adsorbate is spacious enough to permit O2 molecule to reach and 
interact with metallic Pt. Both PMo12 and PW12 molecules are adsorbed on Pt only via 
corner oxygen atoms.
 A serious drawback of platinum as the oxygen reduction electrocatalyst is its 
sensitivity to methanol that simultaneously undergoes oxidation while crossing-over 
from the anode space to the cathode area in a fuel cell. To overcome the problem, 
ruthenium-based selenium–containing (RuSex) catalysts have been recently considered. 
These catalysts have been demonstrated to be effective in promoting electroreduction 
of dioxygen almost directly to water but, in comparison to platinum, at more negative 
potentials. The overall oxygen reduction mechanism at RuSex is complex and, 
realistically, it involves formation of smaller or larger amounts of hydrogen peroxide 
intermediate. Such situation is likely to occur when the low amounts of RuSex-catalyst 
are utilized for prolonged period of time under the enforced oxygen transport 
conditions. To activate RuSex catalytic centers, their immobilization in tungsten oxide 
as an active matrix is proposed.  Under rotating disk voltammetric conditions and at 
a fairly low loading (80 µg cm-2) of the RuSex catalyst, its modification with WO3 
results in the positive shift (ca. 150 mV) of the oxygen electroreduction potential and 
in the increase of the heterogeneous rate constant.
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Voltammetry of citric acid at the solid electrodes
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Palladium underpotential deposition on platinum 
single crystal with (111) orientation: a study of the low 

dimensional Pd-H system
Chrystelle Lebouin*$, Yvonne Soldo Olivier$, Pierre Millet#, Marian Chatenet$,  

René Faure$

$Laboratoire d’Électrochimie et de Physicochimie des Matériaux et des Interfaces (LEPMI), UMR 
5631 CNRS-INPG-UJF, ENSEEG 

1130 rue de la piscine, 38402 Saint Martin d’Hères, France  
# Laboratoire de Chimie Inorganique d’Orsay (LCI), UMR 8613 Université Paris Sud, 15 rue 

Georges Clémenceau Bat.420, 91405 Orsay cedex, France
*Chrystelle.Lebouin@lepmi.inpg.fr

Insertion-desertion of hydrogen in metals, alloys and intermetallic compounds have 
been intensively studied, as they play a primordial role in the development of hydrogen 
storage materials, H2 purification (gas permeation) or hydrogen sensors. Indeed 
technological applications could benefit from better understanding of the phenomena 
involved during hydride phase precipitation, that induce hysteresis during insertion-
desertion cycles. In this scope, palladium [1-3] can be used as a model system because 
of its good mechanical properties and quite large hydrogen absorption capacity. 
Particularly, the present study deals with a low-dimensional Pd-H system. It consists 
of Pd electrochemical deposits of atomic layer(s) on platinum single crystal substrate 
with (111) orientation, which are known to be epitaxial [4]. They are made through 
palladium underpotential deposition (UPD) in presence of chloride anions in order to 
allow 2D deposition of several quite complete monolayers [5]. Such samples provide 
nanostructured model systems that are known to reduce hysteresis while allow to 
bypass the problem of irreversible lattice expansion caused by hydrogen insertion.
We have achieved Pd deposition rates from submonolayer to multilayers. They have 
been electrochemically characterized in sulfuric and perchloric acid using hydrogen 
adsorption as a “probe”. Beside the usual features specific to such deposits [4,5], under 
some experimental conditions an unexpected peak appears. Our attempts to get more 
insight into its origin (hydrogen adsorption, anions effect, etc.) using electrochemical 
methods seem to indicate the existence of surface alloy formation. Insertion 
phenomena have also been preliminary investigated in different Pd deposition, from 
one to several atomic layers: insertion isotherm and impedance spectroscopy have 
been undertaken.

[1] A. Pundt, M. Suleiman, C. Bähtz, M. T. Reetz, R. Kirchheim, N. M. Jisrawi, 
Materials Science & Engineering B 108 (2004) 19-23

[2] P. Millet, M. Srour, R. Faure, R. Durand, Electrochemistry Communications 3 
(2001) 478-482

[3] C. Gabrielli, P. P. Grand, A. Lasia, H. Perrot, Electrochimica Acta 47 (2002) 2199-
2207

[4] R. Hoyer, L. A. Kibler, D. M. Kolb, Electrochimica Acta 49 (2003) 63
[5] B. Alvarez, V. Climent, A. Rodes, J. M. Feliu, Physical Chemistry Chemical 

Physics 3 (2001) 3269
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Computational study for the reaction of CO with OH. on 
the Pt(111) surface.

Gabriela L. Borosky, Sergio A. Dassie, Ezequiel P. M. Leiva*
Unidad de Matemática y Física, Facultad de Ciencias Químicas, INFIQC, Universidad Nacional 
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New oscillatory electrooxidation of iodide in alkaline 
solution

Shu Chena, Wei Huanga, Zhenjiang Niub, Jina Wua, Zelin Lia,b* 
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Lyotropic Series in Redox Processes
Leonardo Formaro*, Mariangela Longhi*, Simone Feltri, Marco Re Fraschini

University of Milano, Department of Physical Chemistry and Electrochemistry, 
Via Golgi, 19, 20133, Milano, Italy

*leonardo.formaro@unimi.it, mariangela.longhi@unimi.it

Alkaline cations form a well known lyotropic series in adsorption processes. Their 
different affinity with different surfaces affects the properties of these systems in 
physical and chemical processes.
In this work we present results on the influence that these cations exert on the charge 
transfer behaviour taking place on the lattice cations (Co2+, Co3+) of the mixed valence 
oxide Co3O4.
In cyclic voltammetry, the peak position and shape depend on the alkali cation present. 
Peaks are shifted more positive passing from Cs+ to K+ and Na+, Li+, so that the internal 
oxide charge transfer is easier in Cs+ than in Li+. 
These results parallel previous ones concerning oxygen evolution from Mg-doped 
LiCoO2 [1] where the reaction order with respect to OH- was found to increase from 1 
to about 3 from Li+ to K+ and Cs+.
By mechanistic analysis the effect was reconciled with a variation in the rate 
determining step caused by interaction of the given cation with oxide surface sites.
Lyotropic interactions and hydrated cation size apparently have far reaching effects 
on the charge transfer behaviour of at least the at present considered cobalt-based 
oxides.

[1] L. Formaro, M. Longhi, J. Phys. Chem. B 107 (2003) 6425.
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presence of hydrogen peroxide. A DFT study.
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Adsorption of tetraethylammonium and 
tetrabutylammonium ions on Bi sinlge crystal planes 

from solutions in ethanol and water
E. Lust*, M. Väärtnõu, H. Kasuk, K. Laes, G. Nurk

Insitute of Physical Chemistry, Universtiy of Tartu, 2 Jakobi Str., 51013 Tartu, Estonia
*enn.lust@ut.ee

Adsorption of tetraalkylammonium (TAA) cations has been of interest of 
electrochemists for a long time [1–3]. Alongside of theoretical studies, the TAA salts 
have important place in applied electrochemistry because of their use in nonaqueous 
electrical double layer supercapacitors. The theoretical description of TAA adsorption 
is complicated because its adsorption behaviour in aqueous solutions should be 
treated as that of ions as well as of organic compounds [1,2,4]. The main aim of 
the present study was to obtain the quantitative impedance data in the solutions of 
tetraethylammonium (TEA) and tetrabutylammonium (TBA) salts in ethanol and 
water. Adsorption of TEA and TBA ions on the Bi(hkl) planes has been investigated 
by using the Autolab PGSTAT 30 and FRA-2 system. The differential capacitance 
curves for aqueous solutions containing TBA ions and supporting electrolyte are 
like those containing neutral organic compounds (high adsorption–desorption peaks 
and depression of capacitance in the region of the potential of zero charge) and the 
experimental data for these systems can be treated similarly. In ethanol, however, the 
TEA ions behave more like ions because the sizes of TEA ions and solvent molecules 
are much closer than in water and ethanol is less structured than water. It was found 
that the ionic charge due to the specific adsorption of TEA ions in ethanol can be 
obtained using the classical calculation methods for simple ions. At the same time the 
adsorption of TBA ions in the region of maximal adsorption can be calculated by using 
the traditional Frumkin-Damaskin adsorption theory for neutral organic compounds. 
Only in the region of the adsorption-desorption peaks the ionic nature of TBA ions 
is clearly detectable. The experimental data for ethanolic solution were obtained in 
0.02 M mixed-electrolyte solutions and the calculations performed with electrode 
potential as the independent electrical variable. The Gibbs energy of TEA adsorption 
has been calculated using the simple virial adsorption isotherm. It was found that TEA 
adsorption is weaker than the adsorption of halide anions. The electrosorption valency 
evaluated has a constant value in the potential region studied. It was concluded that 
the formed effective surface dipole is significantly screened by the solvent molecules 
and the metal electron gas. 

[1] N.V. Nikolaeva-Fedorovitch, B.B. Damaskin, O.A. Petrii, Collect. Czech. Chem. 
Commun. 25 (1960) 2982.

[2] M.A.V. Devanathan, M.J. Fernando, Trans. Faraday Soc. 58 (1962) 368.
[3] F.M. Kimmerle, H. Menard, J. Electroanal. Chem. 54 (1974) 101.
[4] B.B. Damaskin (Ed.), Elektrodnye processy v rastvorakh organicheskikh 

soedineniy, Izd-vo Mosk. un-ta, 1985, p. 74.
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Adsorption kinetics of iodide ions on the 
electrochemically polished cd and bi single crystal 

electrodes
Vladislav Ivaništšev,  Karmen Lust* 

Universtiy of Tartu, 2 Jakobi Street, 51013 Tartu, ESTONIA
*karmen.lust@ut.ee

The dependence of the differential capacitance on ac frequency for the real single 
crystal electrodes is a complicated problem and this effect has been explained by the 
atomic scale inhomogeneity rather than due to the macroscopic geometry (macroscopic 
roughness) aspects of the solid surface [1], as well as by the weak or strong specific 
adsorption of anions at the geometrically flat electrode surface [2]. The main aim of 
this work was to study the impedance characteristics of the electrochemically polished 
Bi(hkl) or Cd(0001 | x M KI + (1-x) M KF aqueous solution interface.
The complex impedance plane Z’’,Z’-plots (so-called Nyquist plots, where Z’’ and Z’ 
are the imaginary and real parts of complex impedance, respectively) were measured 
using Autolab PGSTAT 30 FRA2 system in the region of ac frequencies f from 0.1 
to 1×104 Hz and potentials from -0.5 to -1.6 V (vs. Ag|AgCl|sat. KCl) in the case 
of Bi(hkl) electrodes and from -0.95 to -1.6 V for Cd(0001) electrode. The surface 
structure of Bi(hkl) electrodes has been analysed by in situ STM [3] and it was found 
that the electrochemically polished Bi(111) surface has a very flat structure. The shape 
of the Nyquist plots measured at fixed E indicates that the limiting step, characteristic 
relaxation time of the complex adsorption process, and rate of adsorption depend 
noticeably on the electrode potential as well as on concentration of the iodide ions 
in solution. At E > -1.3 V, the rate of adsorption of I- anions is limited mainly by the 
heterogeneous adsorption step as the phase angle δ values are lower than -83° at f < 
1×103 Hz and there is a linear dependence of complex impedance on logf. At E < -1.3 V 
and at low frequencies (f < 10 Hz) there is noticeable decrease of |δ| (δ ~ -5°) indicating 
the occurrence of the partial charge transfer of very slow cathodic faradaic reaction(s) 
at the Cd as well as Bi electrodes. The impedance data have been simulated using the 
Frumkin-Melik-Gaikazyan like circuit if E ≥ -1.3 V. At more negative potentials the 
more complicated equivalent circuits have to be used [3]. By fitting the experimental 
data to various equivalent circuits it was found that the Frumkin-Melik-Gaikazyan 
model yields to the best fit in the case of the base electrolyte as well as of solutions 
containing Br- as well as I- ions.

[1] E. Lust, S. Kallip, P. Möller, A. Jänes, V. Sammelselg, P. Miidla, M. Väärtnõu, K. 
Lust, J. Electrochem. Soc. 150 (2003) E175.

[2] K. Lust, E. Lust, J. Electroanal. Chem. 552 (2003) 129.
[3] S. Kallip, E. Lust, Electrochem. Comm. 7 (2005) 863.
[4] G. Nurk, H. Kasuk, K. Lust, A. Jänes and E. Lust, J. Electroanal. Chem. 553 

(2003) 1.
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Is Binding of Metal Ions by Self-Assembled Monolayers 
Different than in Homogeneous Solution? 

D. Burshtain, S. Krauss and D. Mandler *, 
The Hebrew University of Jerusalem, Jerusalem 91904, Israel

*mandler@vms.huji.ac.il

Self-assembled monolayers (SAMs) have become one of the most popular approaches 
for modifying and architecturing metal surfaces. Applications of SAMs can be found 
in a wide variety of scientific fields, such as sensing and biosensing, corrosion 
inhibition, lubrication and catalysis. Since most of SAMs comprise the attachment of 
either aliphatic or aromatic organic molecules many of these can be used as ligands 
for metal ion binding. We have shown that a functionalized monolayer can exhibit 
extremely high sensitivity toward metal ions, e.g., Cd2+, CrO4

2- [1].
SAMs are basically 2D arrays, which exhibit substantially lower degree of freedom 
than found in 3D homogeneous matrix, such as in solution. Therefore, it is not trivial 
to assume that binding by functionalized SAM has the same rules as in homogeneous 
medium. Interestingly, only a few methods have been developed and applied for 
studying and determining the heterogeneous stability constants of metal ions by 
organic ligands.
We will present three different methods, which have been developed by us for the 
determination of the heterogeneous binding of metal ions by functionalized SAMs 
[2-4]. The first method is based on measuring the change of capacity upon binding of 
metal ions by the SAM. We have studied the heterogeneous binding of Cd2+ ions by ω-
mercaptoalkanoic acid SAMs on Au. This was accomplished by adding metal ions at 
a constant pH and following the changes in the double layer capacity. A mathematical 
treatment based on calculating the electrochemical potential differences at the double 
layer–solution interface, has been developed. More recently we studied the difference 
in the heterogeneous binding of Mg2+, Ca2+ and Sr2+ ions by 1-thioglycerol and 1,4-
dithiothreitol monolayers on Au [3].
The second method involved ATR-FTIR and was based on measuring the changes 
in the vibration spectroscopy of the layer upon adding metal ions. Specifically, we 
studied [4] the binding of Cd2+ by SAMs of 4-heptadecylpyridine and 7-tridecyl-4-
methyl-1,10-bipyridine supported on an octadecylsilane-modified Ge prism.
The third method utilized the scanning electrochemical microscopy (SECM) for 
determining the association of Cd2+ by a SAM of 8-mercaptoocatnoic acid. The 
feedback mode of the SECM, which is sensitive to the rate of electron transfer at 
the monolayer-solution interface, was affected by adding metal ions to the solution. 
Finally, we will present also recent results on the effect of functionalized monolayers 
at the liquid-air interface on metal ion binding.
[1] D. Mandler and I. Turyan, Electroanal. 1996, 8, 207 and references therein.
[2] D. Burshtain and D. Mandler, ChemPhysChem., 2004, 5, 1532.
[3] D. Burshtain and D. Mandler, PCCP, 2006, 8, 158.
[4] D. Burshtain, J. Wu, A. Melman, D. Mandler and D. A. Scherson, Langmuir 2004, 

20, 4498.
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Spectroelectrochemical study of benzylideneacetone onto 
silver whit and without Zn(II)

S. C. Gama*, Y. Meas*, G. Orozco*, C. Frausto† G. Trejo*, R. Ortega*
*Centro de Investigación y Desarrollo Tecnológico en Electroquímica, S. C.

Parque Tecnológico Querétaro, Sanfandila, Pedro Escobedo, Querétaro, México, C.P. 76700. 
Phone: (442)211-6000; fax: (442)211-6001

yunnymeas@cideteq.mx
†Centro de Investigaciones en Óptica, A. C. (CIO)

Prolongación constitución 607, Fraccionamiento Reserva Loma Bonita, Aguascalientes, México, 
C.P. 20200

Phone: (449)44281-2426

This work investigated by means of Raman spectroscopy the structural behaviour of 
a common electroplating additive, benzylideneacetone, when adsorbed onto a silver 
electrode surface. We worked in two electrolytic media: first in 2.8M KCl, 0.32M 
H3BO3 pH5, to observe the behaviour of the organic molecule alone, and then in the 
same solution but with the addition of 0.6M ZnCl2.
The spectroscopic results showed the influence of the electrode potential on the 
molecular surface behaviour. In both cases, with and without zinc, the spectroscopic 
response of the molecule surface interaction depended of the imposed potential. 
However the variation was stronger in the presence of zinc.
In the latter case the change to more negative potential enhanced the ring-breading 
bands. At EAg = -900mV (Ag/AgCl) this effect was strongest. The very strong adsorption 
band of ZnCln

(2-n) complex is not changed by the addition of the organic molecule or 
by the imposed potential. In the absence of Zn(II) the strength of the ring-breading 
and the C=C bands diminished as the potential was swept to more negative values. 
Finally, the intensity of the absorption bands associated with the organic molecules 
diminished at EAg = -1000mV (Ag/AgCl), where reduction of benzylideneacetone 
occurs.
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Effect of organic additives on the electrodeposition of Zn 
in an alkaline bath

J. L. Ortiz(1), Y. Meas(1), G. Trejo(1), R. Ortega(1), E. Chainet(2), P. Ozil(2)

(1) Centro de Investigación y Desarrollo Tecnológico en Electroquímica, S. C.
Parque Tecnológico Querétaro, Sanfandila, Pedro Escobedo, Querétaro, México, C. P. 76700. 

Phone: (442)211-6000; fax: (442)211-6001.
(2) Laboratoire dÉlectrochimie et Physico-chimie des Matériaux et Interfaces, (UMR 5631 CNRS-

INPG- UJF). Ecole Nationale Supérieure dÉlectrochimie et dÉlectrometallurgie de Grenoble 
BP75,38402. Saint Martín d´Hères, France.

Addition of organic compounds is used to modify the characteristics of coatings. 
In alkaline zincate baths, quaternary ammonium compounds are used, especially 
heterocyclic derivatives and polyamines, which modify the morphology and improve 
the resistance against corrosion. However they have not been extensively studied.
In this work, cyclic and linear voltammetry, chronoamperometry, and electrochemical 
impedance spectroscopic studies were performed to examine Zn electrodeposition 
process in an alkaline gluconate complexing bath. The influence of additives on the 
electrochemical behavior and morphology was studied; the additives used were sodium 
nicotinate derivatives, N-benzyltrimethylamine, tetraethylammonium hydroxide, and 
two quaternary polyamines.
Cyclic voltammetry showed that the organic additives by increase the over potential 
for Zn reduction process. This effect is linked to adsorption of the additives on the 
electrode surface. Linear voltammetry showed changes in the kinetic parameters due to 
the presence of the additives. In addition, electrochemical impedance studies showed 
modifications in the inductive loop indicating that the mechanism involved during zinc 
reduction is modified with different surface intermediate species appearing compared 
to the situation without the additive. Chronoamperometric studies showed changes 
in the nucleation parameters, the polymeric additives being those that decrease the 
nucleation rate constant and the number of active sites.
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Analysis of phase transformation in the two-phase 
domain of the PdH system

P. Millet1*, S. Grigoriev2, C. Lebouin1,3, Y. Soldo3, R. Faure3

1 Institut de Chimie Moléculaire et des Matériaux d’Orsay, UMR 8182, Université Paris-sud XI, 15 
rue Georges Clémenceau, 91405 Orsay Cedex France

*pierre.millet@icmo.u-psud.fr
2 Hydrogen Energy and Plasma Technology Institute of Russian Research Center “Kurchatov 

Institute”, Kurchatov sq., 1, 123182 Moscow Russia
3 Laboratoire d’Electrochimie et de Physico-chimie des Matériaux et des Interfaces, ENSEEG, 

Domaine universitaire, 38400 Saint-Martin d’Hères cédex France

It has been shown recently1 that phase transformation mechanism in the two-phase 
domain of the Pd-H system should be analyzed using non-harmonic potential 
perturbations, after a careful measurement of the {potential; composition} isotherm 
of the system. The use of such non-harmonic perturbations is needed to avoid non-
linear behaviors at measurement points located along irreversible thermodynamic 
paths. Potential steps are particularly well suited for analyzing hydrogen insertion 
mechanism in metals such as palladium where hysteresis is significantly large. The 
convoluted current responses obtained in the time domain, using appropriate sampling 
rates, are then numerically Fourier-transformed, yielding experimental impedance 
diagrams.
In this paper, impedance diagrams are obtained for the PdH system along hysteresis 
loops, using massive electrodes with planar symmetry, in 1M H2SO4 solutions. 
Diagrams of various shapes are obtained as a function of the mean H/Pd composition 
and in relation with the spatial distribution of the α (saturated solid solution) and 
β (non-stoechiometric PdH1-x hydride) phases along the thickness of the membrane 
electrode. A review of the different model impedance equations in two-phase 
electrodes is given and their validity for the PdH system is discussed in relation with 
experimental results.

1 P. Millet, Thermodynamic paths in the two-phase domain of the PdH system and a method for 
kinetic analysis, Electrochem. Com., 7 (2005) 40-44
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Electrochemical noise study of the effect of electrode 
surface wetting on the evolution of electrolytic H2 

bubbles
Hanane Bouazaze1, Sandro Cattarin2, François Huet1, Marco Musiani* 2,  

Ricardo P. Nogueira3

1: UPR15-CNRS,  4 Place Jussieu, 75252 Paris Cedex 05, France
2: CNR-IENI,  Corso Stati Uniti 4, 35127 Padova, Italy

3: UMR 5614 – INPG/UJF/CNRS, 38402 St Martin d’Hères Cedex, France
* m.musiani@ieni.cnr.it

Ni and Ni-polytetrafluoroethylene (Ni-PTFE) composite electrodes were used as 
model systems for the study of the effect of electrode surface wetting on the evolution 
of electrolytic bubbles. The study of H2 evolution was carried out by recording the 
fluctuations of both electrode potential and electrolyte resistance and was supported 
by video images of the electrode surface. 
Ni-PTFE electrodes were prepared by a sediment codeposition method, i.e. by 
electrodepositing Ni while PTFE particles, initially suspended in the Ni2+ electrolyte, 
were forming a sediment on the electrode and becoming incorporated in the deposit. 
When the PTFE concentration in suspension was not very high (1.6 to 8.2%, based 
on mass) the concentration of PTFE particles in the deposits, estimated by EDX, was 
found to vary, in a roughly linear way, between 1.7 and 7.1%. SEM showed that the 
codeposition of PTFE induced an increase in the deposit roughness. 
The analysis of the power spectral density of the fluctuations of the electrolyte 
resistance showed that the average radius of the H2 bubbles detaching from the 
Ni-PTFE cathodes increased with the PTFE content, being mostly in the range 
350-700 μm. This was attributed to the increase in the hydrophobicity of the composites 
with increasing PT FE concentration. Indeed, by increasing the PTFE concentration 
in suspension, composites with a PTFE concentration as large as 38 % were obtained, 
and on these PTFE-rich electrodes, bubble evolution occurred through the formation 
by coalescence of a single bubble with a size comparable with that of the electrode (2.5 
mm in radius). The video images confirmed that the average size of the detaching gas 
bubbles determined from the electrochemical noise analysis was correct, and showed 
that coalescence phenomena were quite common and significantly contributed to the 
overall noise.
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The solvent effect in the electrochemical reduction of 
organic bromides on silver

Luigi Falciolaa, Armando Gennarob,*, Abdirisak Ahmed Isseb,  
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aDepartment of Physical Chemistry and Electrochemistry, University of Milano, Via Golgi 19, 
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it; bDepartment of Chemical Sciences, University of Padova, via Marzolo 1, 35131 Padova, Italy; 
armando.gennaro@unipd.it, abdirisak.ahmedisse@unipd.it.

Many aspects of the electrocatalytic reduction of organic halides, the selected model 
process for our current mechanistic studies on electrocatalytic dissociative electron 
transfers, have been elucidated in the last years. However, an investigation on the 
solvent effects was overdue, in spite of the importance of the subject, chiefly for the 
complexity of the task, requiring inter alia ancillary work on the key problems of 
(a) identifying a reliable standard for intersolvental normalisation of the electrode 
potentials and (b) determination of the potential range for the specific adsorption of 
the halide anions on the catalytic surface in the solvents considered. 
Having complied with both of the above preliminary conditions, the present work 
provides a first, detailed overview, investigating the effects of six popular organic 
solvents of widely different properties (acetonitrile, dimethylformamide, dimethyl-
sulfoxide, propylene carbonate, acetone and methanol) on the reduction of two model 
organic bromides (acetobromoglucose ABG and benzyl bromide PhCH2Br), on 
glassy carbon GC (assumed as non-catalytic reference material) and silver (the best 
electrocatalytic material for organic halide reduction).
Our results show that the working solvent is much more influent in the electrocatalytic 
process than in the non electrocatalytic one. In particular, although silver maintains a 
high electrocatalytic activity for the target process in all solvents tested, such activity 
is significantly modulated by the solvent nature, the (Ep,Ag−Ep,GC) difference ranging 
no less than 0.85 to 1.25 V for ABG and 0.6 to 1 V for PhCH2Br. We will discuss our 
observations in terms of both the thermodynamic and kinetic parameters affecting the 
process energy, in the frame of the Savéant theory for dissociative electron transfers. 
Actually, the solvent modulation appears to be chiefly connected with the solvation 
of the species having the highest charge density among those involved in the process, 
i.e. the product bromide anion Br−.  In fact, for both model compounds we observed 
a linear increase of the catalytic activity of the silver surface with decreasing primary 
medium effect on the bromide anion (ΔG°Br-,W→S), i.e. with increasing solvent ability in 
bromide anion coordination, the protic and highly Br−−coordinating MeOH resulting 
in huge catalytic effects. This observation might be justified in terms of increasing 
solvent assistance in the turnover of the catalytic sites. 

The financial support of Italy’s MIUR (FIRB, PRIN and FIRST) is gratefully 
acknowledged.



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

½

°
°
¯

°°
®

­
¸
¹
·

¨
©
§³

Variety of spatially inhomogeneous oscillations in H2O2 
reduction at Pt-ring electrode induced via degenerate 

Hopf-instabilities
Shuji Nakanishi1,*, Satoshi Fukushima1, Yoshihiro Nakato2

1Division of Chemistry, Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan, and 2JST·CREST

shuji@chem.es.osaka-u.ac.jp



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

Molecular modeling of the electrochemical discharge of 
a hydronium ion

Renat R. Nazmutdinov1,*,  Michael D. Bronshtein1, Dmitrii V. Glukhov1,  
Florian Wilhelm2

1Kazan State Technological University, K. Marx Str. 68 420015 Kazan,
 Republic Tatarstan, Russia

2Dept. of Theoretical Chemistry, University of Ulm, D-89069, Ulm, Germany
*nazmutdi@kstu.ru

The mechanism of discharge of a hydronium ion at mercury and gallium electrodes 
is explored in the framework of a microscopic approach. The quantum mechanical 
aspects of the charge transfer are treated in the spirit of Dogonadze-Kuznetsov-Levich 
theory. The cluster model is employed to describe the electrode surface; the nearest 
solvent sheath of H3O+ is considered as well. The quantum chemical calculations were 
performed at the DFT level. 
Molecular dynamics simulations for a hydronium ion at the mercury/water molecules 
interface show that the hydronium ion does not specifically adsorb. The Grotthus 
mechanism is assumed for the proton transport from the solution bulk to the reaction 
layer; its probability was estimated to be significantly higher as compared with the 
proton tunnelling from the hydronium ion to the metal surface. The electron transfer 
was found to proceed in a strong adiabatical regime. The proton tunneling terms were 
constructed for a set of the H3O+-metal distances. A model approach is proposed to 
address (within a self-consistent computational scheme) the non-equilibrium solvent 
effects, which allows equalizing with the quantum energy levels of the proton in a 
two-well potential. The proton tunneling probability is estimated by using a new 
effective computational method.    
The origin of the Tafel plots on the model polarization curves is ascribed mostly to 
the interplay between partial contributions from the different proton energy levels. An 
attempt was made to predict the potential regions corresponding to the barrierless and 
activationless discharge. The kinetic isotope effect and the temperature dependence of 
transfer coefficient were also modelled and compared with experiment. 
The work was supported in part by the RFBR (project № 05-03-32381a) and DFG.
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The effect of sodium and lithium cations on reduction of 
hexacyanoferrate(III) anions on cd(0001) electrode

Jaak Nerut*, Kersti Vaarmets, Enn Lust
Institute of Physical Chemistry, University of Tartu, Jakobi Str. 2, 51014 Tartu, Estonia *jaak.

nerut@ut.ee
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In situ nucleation-growth investigation of ZnO
Myriam Nobial, Olivier Devos*, Bernard Tribollet*

UPR 15 du CNRS “Laboratoire Interfaces et Systèmes Electrochimiques”
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75252 Paris Cedex 05 – France
Email : nobial@ccr.jussieu.fr
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Formation and Behavior of Singlet Molecular Oxygen in 
TiO2 Photocatalysis Studied by Detecting Near-Infrared 

Phosphorescence
Toshihiro Daimon, and Yoshio Nosaka

Department of Chemistry, Nagaoka Universityof Technology, Kamitomioka, Nagaoka 940-
2188, Japan, E-mail: nosaka@nagaokaut.ac.jp



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

Surface-enhanced study of electro-oxidation of formic 
acid on Pd electrodes in acidic solution

Hiroto Miyake,a Gabor Samjeske,b Masatoshi Osawa b and Tatsuhiro Okada* a

a National Institute of Advanced Industrial Science and Technology, Higashi 1-1-1, Central 5, 
Tsukuba, Ibaraki 305-8565, Japan

b Catalysis Research Center, Hokkaido University, Sapporo 001-0021, Japan 
*Okada.taist.go.jp
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Figure 1  Potential oscillation pattern 
    in the presence of oxygen at 315K
    (1 M formic acid, 1 mM oxygen).

1.410.50

0

40

80

I /
 m

A

E / V

0.00 mM
1.00 mM

120

Figure 2  Voltammograms of 1 M formic
 acid related to the oxygen concentration
 (100 mV/s).

Formaldehyde and formic acid potential oscillation 
related to coexisting oxygen

Hiroshi Okamoto*, Sho Miyahara, Mitsunobu Kikuchi and Yoshiharu Mukouyama
Department of Natural Sciences, College of Science and Engineering, 

Tokyo Denki University, Hatoyama, Saitama350-0394, JAPAN
okamoto@u.dendai.ac.jp
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Evidences of opened structures formatiom during the 
oxidation of conducting poly(o-aminophenol).

D. Paredes, R. Ortíz, M. Choy, Y. Matínez, J. M. Ortega* 
Lab. de Electroquímica, Facultad de Ciencias, Universidad de Los Andes

Mérida 5101, Venezuela.
ortega@ula.ve

Poly(o-aminophenol) films were deposited on gold  electrode in a 0.1 mol dm-3 KCl 
solution at pH 1.2. The film is electrochemically active, reproducible and stable. The 
in situ FTIR analysis of the structural changes of the polymer during its redox process 
showed the existence of structures redox which involve the elimination and addition 
of protons coupled to an electronic transfer. Opened units are favored when the 
polymer is in its oxidized form and the closed units prevail in the polymer reduced. As 
the pH increases, the electrochemical activity from the polymer decreases; polymer 
becomes an insulator at about 5.0 pH units. This behavior can be observed in the FTIR 
spectra.  
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Electro-oxidation of D-galactose on MoCp2(PAN)Cl2 
modified carbon Toray electrode

P. C. Cunha, A. M. Fonseca, A. P. Bettencourt and P. Parpot*
Departamento de Química, Universidade do Minho, Campus Gualtar

4710-057, Braga Portugal
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Electrooxidation of formic acid on PtBi alloy
K.Dj.Popovića,*, A.V.Tripkovića, A.Kowalb 

aICTM – Institute of Electrochemistry, University of Belgrade, 
Njegoševa 12, P.O.Box 473, 11000 Belgrade, Serbia and Montenegro

bInstitute of Catalysis and Surface Chemistry, Polish Academy of Sciences, 
Krakow, Niezapominajek 8, 30-239, Poland
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Bistability in the anodic dissolution of metals in 
multicomponent electrolytes

V. V. Pototskaya, S. V. Volkov, A. A. Omelchuk
V. I. Vernadsky Institute of General & Inorganic Chemistry, Ukrainian National Academy of 

Sciences, Prospect Palladina 32-34, 03680 Kyiv 142, Ukraine,  
E-mail: omelchuk@ionc.kar.net
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Hydrogen diffusion effects on the kinetics of the 
hydrogen electrode reaction. Frumkin parameter 

evaluation
P. M. Quaino , M. R. Gennero de Chialvo, A. C. Chialvo*, 

Programa de Electroquímica Aplicada e Ingeniería Electroquímica (PRELINE), Facultad de 
Ingeniería Química, Universidad Nacional del Litoral, Santiago del Estero 2829, 3000 Santa Fe, 

Argentina 
*e-mail: achialvo@fiqus.unl.edu.ar

 A general consensus exists that the hydrogen electrode reaction (HER) is 
verified through the Volmer-Heyrovsky-Tafel mechanism. The kinetic parameters are 
evaluated basically from studies of the cathodic reaction (hydrogen evolution reaction, 
her) or the anodic reaction (hydrogen oxidation reaction, hor), being the last one much 
less studied. On this sense, the present work deals with an integral analysis of the 
HER on the basis that the operative mechanism must be the same in all the range of 
overpotentials, as well as the values of the elementary kinetic parameters (vV

e, vT
e, 

vH
e, θe). In previous studies [1], these parameters were evaluated from experimental 

dependences of the hydrogen oxidation reaction on platinum electrodes. Taking 
into account that the anodic reaction presents a surface coverage of the adsorbed 
intermediate (θ) very low,  the kinetic parameters can be evaluated ignoring effects 
of coverage on the adsorption energy (Langmuir adsorption). Otherwise, when the 
cathodic reaction is analysed, θ grows significantly and influences the adsorption 
energy (existence of lateral interactions, etc.). In this case, the description of the 
behaviour of the intermediate (Had) by an adsorption Frumkin process results more 
suitable [2]. In this context, this work presents a theoretical and experimental study of 
the hydrogen electrode reaction on a Pt rotating disc electrode in the whole range of 
overpotentials of applied interest (-0.3 ≤ η / V ≤ 0.5). The experimental determinations 
were carried out in the following range of rotation rate 900 ≤ ω / rpm ≤ 8100, in 
0.5 M H2SO4 solution of high purity, saturated in H2 gas at 1 atm and 30 ºC. The 
theoretical treatment has been derived on the basis of rigorous kinetic expressions 
previously obtained [3], which take into account the role of the diffusion process 
of the molecular hydrogen. An extension of this treatment including the adsorption 
process for the reaction intermediate on the basis of the Frumkin adsorption isotherm 
has been derived and applied. Therefore, the elementary kinetic parameters, as well as 
the limiting diffusion current density and the Frumkin interaction parameter, has been 
evaluated from the analysis of the kinetic behaviour of the cathodic (her) and anodic 
(hor) reactions. In this way, the complete kinetic description of the hydrogen electrode 
reaction on platinum electrodes including both the anodic and cathodic domain was 
obtained through a unique set of kinetic parameters. 

1. P.M. Quaino, M.R. Gennero de Chialvo and A.C. Chialvo, Phys. Chem. Chem. 
Phys., 6,  4450 (2004).

2. M.R. Gennero de Chialvo and A.C. Chialvo,  Electrochim. Acta, 44, 841 (1998).
3. M.R. Gennero de Chialvo and A.C. Chialvo, Phys. Chem. Chem. Phys., 6,  4009 

(2004).
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Time Resolved UV-Vis, Raman and EDXAS Data 
Reveal Oscillating Propane Coverage during Propane 

Dehydrogenation over Supported MoO3 Catalysts
David Ramaker†*, Daniel Gatewood†, Andrew Beale‡, Bert Weckhuysen‡

†Department of Chemistry, George Washington University, Washington D.C. 20052, USA
‡ Inorganic Chemistry and Catalysis, Dept. of Chemistry, Utrecht University, Netherlands

*ramaker@gwu.edu
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Investigation of the adsorption of fission products on 
iron, stainless steel and Zr1%Nb by EQCM

 Réka Répánszki, Zsolt Kerner, Gabor Nagy*, 
MTA KFKI Atomic Energy Research Institute, H-1525 Budapest, P.O.Box 49, Hungary

*nagyg@sunserv.kfki.hu

In a nuclear reactor the contamination of structural materials is an important question. 
Normally the cooling water contains only a very few amount of corrosion product 
but in case of some leakage uranium and its fission products can be appeared. In 
this study the sorption properties of cerium, caesium, uranil and iodide ions were 
investigated on iron, stainless steel, zirconium and zirconium-dioxide surfaces by 
electrochemical quartz crystal microbalance technique. Iron surface was created by 
its electrodeposition, while stainless steel, zirconium and zirconium-dioxide were 
vacuum deposited onto a 1 inch diameter AT-cat 5MHz crystal. The EQCM head 
was installed into a double-walled all-glass cell cleaned with caroic acid, the counter 
electrode was a platinum mesh, and reference electrode was a saturated calomel 
electrode. The solution contained 8g/l boric acid and 5mg/l potassium hydroxide 
modelling the primary circuit water chemistry of a VVER nuclear power plant. The 
temperature was controlled by a precision thermostat. Most of the measurements were 
carried out at the open circuit potential: after the temperature and the mass signal 
stabilized the solution of the investigated adsorbing ions was injected into the cell in 
several steps. The mass and potential changes were recorded. This measurement was 
repeated at 20, 40, 60 and 80°C. After the maximal coverage was reached a cyclic 
voltammogram was recorded.
In the case of the iron anodic shift of the potential and the decrease of the pH 
caused dissolution of the electrode metal in uranil and iodide containing solutions. 
The observed maximum coverage was approximately one monolayer; i.e. less than 
0.5µg/cm². The sorption on zirconium is a simpler process. No dissolution was 
obsereved and maximum monolayer coverages were found with little change in the 
electrode potential. The stainless steel and zirconium-oxide surfaces showed similar 
behaviour.
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Alternate use of the membranous electrolyzer in voltammetry
D. O. Perevezentseva, N. N. Chernyshova, Ju. A. Karbainov  
Tomsk polytechnic university, Lenin avenue 30, Tomsk 634021, Russia

*dop@anchem.chtd.tpu.ru

It is known that the treatment of the aqueous solutions by the electric current results in the change of the physical and 
chemical properties of the solutions such as рН, a redox potential, a superficial tension, viscosity. These properties 
relax to an initial state for hours, days. Now the treatment of the aqueous solutions by the electric current is employed 
in many technological processes. The treatment of the aqueous solutions by the electric current  are also employed 
for the sample preparation for the determination of the toxic metals in the natural water and sewage by stripping 
voltammetry (SVA) [Svinstova L.D., Chernishova N.N J. anal. chem.(Russ) 67 (2001) 11–15] and for the surface 
cleaning of the indicator electrode [А.S.USSR № 1608560/ A.A. Kaplin, L.D. Svintsova].
The voltamperometric characteristics of the membranous electrolyzer in the range of the concentration of the 
supporting electrolyte from 0.001M to 1M were obtained. The alternating asymmetrical sinusoidal current (50 hertz) 
with the amplitude 0,45–0,5А was put through the electrodes of the membranous electrolyzer. The voltamperometric 
characteristics of this electrolyzer have a form of the S–curve in the certain range of the voltage. Further the solution 
of 0.05 M KCL was treated in the membranous electrolyzer of the flowing type under the  leap change voltage. Then 
the sample of this solution was investigated. The change of the standard properties of the solution such as pH, a redox 
potential and the following effects were obtained.
1) The shifting of the line of the residual current of mercury-film electrode on 100 mV in the range more negative 
potentials in the solution supporting electrolyte KCL after its treatment of the electric current in the membranous 
electrolyzer in the cathodic voltammetry (СVA) was shown. The mercury-film electrode prepared by the standard 
procedure was used.
2) The change of the slope of the line of the residual current of mercury-film electrode and its shifting on 20 mV in the 
range more positive potentials in the solution supporting electrolyte KCL were shown in the stripping voltammetry 
(SVA). The mercury-film electrode prepared by the standard procedure was used. Further the surface of the mercury-
film electrode was prepared by the following technique. The indicator mercury-film electrode was introduced into the 
anodic chamber of the membranous electrolyzer filled with 0,05 mol·l-1 potassium chloride solution. The alternating 
asymmetrical sinusoidal current (50 hertz) with the amplitude 0,45–0,5А was put through the indifferent electrodes 
and the indicator electrode was treated in these conditions during 4–5 minutes. Then the current was switched off, 
the electrode was removed out of the solution, and rinsed by distillated water, then it was put into the electrochemical 
cell to register the voltammograms.
3) The decreasing the height of the analytical signal Сd (II) in the solution of supporting electrolyte KCL after its 
treatment by the electric current in the membranous electrolyzer in the CVA was shown. The mercury-film electrode 
prepared by the standard procedure was used.
4) The increasing the height of the analytical signal Сu (II) in the solution of supporting electrolyte KCL after its 
treatment by the electric current in the membranous electrolyzer in the SVA was shown. The mercury-film electrode 
prepared by the standard procedure was used.
5) The increasing the height of the analytical signal Сd (II) in the solution of supporting electrolyte KCL in the SVA 
was shown. The mercury-film electrode prepared analogy item 2 was used. 
6) The decreasing the height of the analytical signal Сd (II) in the solution of supporting electrolyte KCL in the SVA 
was shown. The mercury-film electrode prepared by the following procedure was used. The silver wire was introduced 
into the anodic chamber of the membranous electrolyzer filled with 0,05 mol·l-1 potassium chloride solution. The 
alternating asymmetrical sinusoidal current (50 hertz) with the amplitude 0,45–0,5А was put through the indifferent 
electrodes and the silver wire was treated in these conditions during 4–5 minutes. Then the current was switched off 
and the mercury-film electrode was prepared by the standard technique.
7) The increasing the height of the analytical signalСd (II) in the solution of supporting electrolyte KCL in the SVA 
was shown. The indicator mercury-film electrode prepared by the following technique was used. The silver wire 
was introduced into the anodic chamber of the membranous electrolyzer filled with 0,05 mol·l-1 potassium chloride 
solution. The alternating asymmetrical sinusoidal current (50 hertz) with the amplitude 0,45–0,5А was put through 
the indifferent electrodes and the silver wire was treated in these conditions during 4–5 minutes. Then the current 
was switched off and the mercury-film was prepared by the standard procedure. Then the surface of the mercury-film 
electrode prerpared additionally on item 2.
8)The improvement of the reproducibility of the analytical signals after treatment of the electric current in the all used 
regimes was obtained. The improvement of the reproducibility of the analytical signals after treatment of the electric 
current may be connected with the fluctuation decreasing in the solution or the reproducibility of the active working 
area of the indicator electrode. The studying of the reason of the improvement of the reproducibility of the analytical 
signals after treatment of the electric current claim the more detailed investigation.
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In-situ External Reflection Infrared  and ATR-SEIRAS 
Study of the Adsorption of Carboxylate Anions  at Single 

Crystal and Thin Film Gold Electrodes
A. Berná, J. M. Delgado, J. M. Orts, A. Rodes* and J. M. Feliu

Departamento de Química Física e Instituto Universitario de Electroquímica
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Potential dependence of surface segregation processes at 
mechanically renewable Au-Ag alloy electrodes

V. A. Safonov*, M. A. Choba, Yu. D. Seropegin 
Department of Electrochemistry, Faculty of Chemistry, Moscow State University 

119992 Moscow, Russia
*safon@elch.chem.msu.ru

The phenomenon of the preferential escape of certain alloy components into the 
surface layer (surface segregation) is of great interest for catalysis, corrosion 
protection, and also for solving certain problems in microelectronics and other fields 
of modern science and technology. To date, the studies of this phenomenon at the 
interface of alloys with vacuum represent a large scientific direction, applying modern 
experimental techniques and theoretical approaches. Much less number of studies are 
devoted to the interface formed by alloy electrodes with electrolyte solutions. At the 
same time, it is evident that the surface segregation processes should have a great 
effect on the kinetics and mechanism of electrochemical processes that occur at this 
interface. 
We studied the effect of the potential on the kinetics and mechanism of the changes 
that occur in the surface composition of Au-Ag alloys immersed into the surface 
inactive NaF electrolyte, based on electrochemical measurements on electrodes with 
surfaces periodically renewed in situ by mechanical cutting. This method allowed us 
to equalize the surface and bulk compositions of the metal phase and to create initial 
conditions for measuring the time effects associated with the preferential escape of 
atoms of the alloy’s surface-active component from the alloy bulk to its interface with 
solution. Note that this method can be considered as the analog of ionic etching, which 
is used for studying the surface segregation at the alloy/vacuum interface.
The dependences of the electrical double layer capacitance in the range of ideal 
polarizability potentials on the time passed from the moment of electrode renewal 
showed that Ag is the surface-active component of Au-Ag alloys and escapes to the 
surface layer at a rate “anomalously” high for solid-state processes. It was also found 
that the rate of the studied process depends on the electrode potential and sharply 
increases with the transition to the range corresponding to substantial positive charges 
of the Ag surface (σ > 7 μC/cm2). As was shown by special studies, the acceleration 
of the surface segregation of Ag atoms in this potential range is associated with the 
chemisorption on them of oxygen atoms. 
It was shown that the diffusion model describes the kinetics of the exit of silver atoms 
into the surface layer of Au-Ag electrodes only under the conditions uncomplicated 
by the irreversible adsorption of oxygen atoms on the surface. The calculations carried 
out within the framework of this model allowed us to assess the diffusion coefficient 
of silver atoms in the surface layer of Au-Ag electrodes excited by mechanical renewal 
(10-19 – 10-18 cm2/s). The results for the electrochemical interface are shown to be in 
a good agreement with the results of XPS analysis of the surface composition of 
mechanically renewed Au-Ag alloys at their interface with vacuum. 
The study is supported by the Russian Foundation for Basic Research. 
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Reduction mechanism of Schiff base on GCE 
Yuhong Li, Huibo Shao * 

Department of Chemistry, Capital Normal University, Beijing, People’s Republic of China 
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Adsorption kinetics of iodide ions on the bismuth single 
cristal planes
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Emission from carbon nanostructures of different 
morphology at cathodic potentials

E. V. Stenina1),  N. S. Komarova2),  A. G. Krivenko2), V. A. Kurmaz2), A. S. Kotkin2), 
V. E. Muradjan2), L. N. Sviridova1)

1)Moscow State University, Chemistry Dept., Moscow, 119899, Russia
2)Institute of Problems of Chemical Physics, Russian Academy of Sciences, 

Institutskii pr. 16, Chernogolovka, Moscow Region, 142432 Russia, 
E-mail: krivenko@icp.ac.ru

The electrochemical behavior of electrodes containing nanotube carbon materials of 
different morphology has been studied. The nanotube electrode in the form of so-
called nanotube paper – solution deposit was used. The impedance spectra of nanotube 
paper have been recorded in neutral aqueous electrolyte solutions. A simple model of 
porous electrode has been demonstrated to be the most suitable to describe impedance 
changes with frequency [1]. In addition, carbon nanotubes of particular structure with 
the length from 0.5 to 3 mm and at the nearly constant filament diameter of 100 nm 
have been studied. The structure of filaments has been revealed to be composed of a 
single-walled carbon nanotube covered by an outer soot like shell.
The intensive color change of electrolyte near electrodes has been observed just 
at the moderate cathodic potentials E ≈ -1.0 V for the both nanostructure types in 
hexamethylphosphoric triamide (HMPA). The above mentioned effect had been 
earlier observed on smooth metallic electrodes but in the far cathodic potential region 
(E ≤ 3.0 V) [2]. In this case the electron injection has been shown to occur into the 
HMPA solution with subsequent formation of almost stable complexes of electrons 
with the solvent having an intensive deep blue color. The given facts are direct 
experimental evidence of the autoelectron emission current from carbon nanostructures 
into electrolyte solutions in the cathodic potential region. A considerable decrease 
of solvated electrons emission overvoltage on the electrodes containing carbon 
nanostructures is caused by the presence of atomically sharp parts of the surface in 
compared with smooth electrodes.
The presence of autoelectron emission current from carbon nanostructure consisting 
of long parallel columns of about 50 μm in a diameter into the aqueous solution  has 
been studied. The experimental accordance of photo- and autoelectron emission 
current dependence from acceptor and electrolyte concentration has been shown. 
The reduction overvoltage decrease of nitrate sodium has been observed on carbon 
column electrode in comparison with glass carbon. The reduction overvoltage decrease 
has been shown to be promising way for electrochemical activation by means the 
replacement of heterogeneous the first electron transition stage on homogeneous 
reaction of solvated electrons with the different stable compounds.

[1] A.G. Krivenko, V.I. Matyushenko, E.V. Stenina, L.N. Sviridova, A.V. Krestinin, 
G.I. Zvereva, V.A. Kurmaz, A.G. Ryabenko, S.N. Dmitriev, V.A. Skuratov, 
Electrochem. Commun. 7 (2005) 199

[2] N.M. Alpatova, L.I. Pleskov, Topics in Current Chemistry, 134 (1987) 149
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Electrochemistry of supramolecular inclusive complexes 
of cations

E. V. Stenina,  L. N. Sviridova
Dept. of Electrochemistry, Moscow State University

Leninskie Gory 1-str.3, Moscow, 119992, Russia
estenina@yandex.ru

     For recent years investigation of complexes of cations formed by their inclusion 
into the molecular cavity of macropolycyclic ligand has received special attention. 
These complexes (cryptates) have very large stability and selectivity, shield effectively 
included particles from environment. These factors determine wide application of this 
type macrocomplexes in different fundamental studies and applied branches, however 
information about adsorption behaviour of cryptates at interfaces  and interface 
electrode/solution is practically absent.
     In this work macrobicyclic polyazaether (Cryptand 222, C18H36O6N2 )  was choosed 
as a ligand. Adsorption of cryptates of alcaline earth metals cations ( Ca2+, Sr2+,Ba2+) 
was investigated by impedance measurements on stationary Hg drop in 0.1M water 
solutions of corresponding chlorides. The obtained data point to a high surface 
activity of cryptates  of  two charged metal cations under study. These data are similar 
to ones for cryptates of alcaline metals cations, which have been investigated by us 
in previous works [1-3]. The dependencies of differential capacitance of electrical 
double layer on potential (C,E-curves) were measured for series of solutions with 
different concentrations of ligand. Mathematical treatment of experimental data was 
based on the model of two parallel capacitors supplemented by the Frumkin isotherm 
and was carried out by using the  original regression analysis technique.  Adsorption 
parameters of cryptates under study were calculated with use the all set of experimental 
data for each of systems. It’s shown that there is a satisfactorily coincidence between 
experimental capacitance curves and ones calculated with the parameters found.       
Essential distinctions of  cryptates adsorption behaviour caused by distinctions in 
their structure and   in the interaction with environment were established in spite of 
screening of included cations by organic ligand. Correlation between the adsorption 
behaviour of cryptates and their physical properties is supported by good agreement 
between dependences  of adsorption parameters of cryptates and their stability  
constants  (literature data) on radius of included cations. Evidently there is a deep 
mutual relationship between the structure of  a complex and the regularities of its 
adsorption.

[1] L.N. Sviridova,  E. V. Stenina, Russ. J. Electrochem., 40 (2004)  937.
[2]  E.V. Stenina, L.N. Sviridova, Russ. J. Electrochem., 40  (2004) 946.
[3]  E.V.Stenina,  L.N. Sviridova, Russ. J. Electrochem., 41 (2005) 414.
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Influence of halide ions on the rate of hydrogen evolution 
on nickel 

J. Tamm, J. Arold, S. Kallip, L. Tamm, E. Lust
Institute of Physical Chemistry,  University of Tartu, Jakobi 2 ,Tartu, Estonia,

 juri tamm@ut.ee 

    Hydrogen evolution reaction (HER) is one of the most studied electrochemical 
reactions. Moreover the influence of halide ions on the rate of HER on Ni has been 
studied only in some works and exceptionally only on polycrystalline electrodes. It 
was found that bromide and iodide ions considerably decrease the rate (increase the 
overvoltage) of the HER on Ni [1]. The polarisation and electrochemical impedance 
spectroscopy (EIS) measurements on the well-defined Ni single crystal planes and 
polycrystalline Ni electrodes were carried out in this work. In our previous works 
it was established that some very slow processes take place on the nickel/solution 
interface in the presence of halide ions. The large amplitude current and potential 
steps were applied for more detailed examination of these phenomena.
    Electrochemical measurements were carried out on polycrystalline and on Ni 
(111), Ni (110), Ni (100) single crystal planes in  HClO4 and H2SO4  solutions. The 
concentration of the halide ions (Cl-, Br-, I-) was in the interval from 10-5 to 10-1 M. 
Preparation of the electrodes was similar as described in [1,2]. The quality of the 
surface was checked by in situ and ex situ AFM/STM methods.
    The impedance spectra were measured mainly at ac frequencies from 0.1 to 10 000 
Hz using Autolab PGSTAT30 FRA2 measuring system. The experimental results 
were fitted to various equivalent circuits (EC) using a nonlinear least squares fitting 
minimisation method. The goodness of the fits was estimated by the value of the chi-
square (χ2) function and by relative errors of each parameter in the EC.
    It was established that in the absence of halide ions in solution the results of EIS 
measurements at relatively high negative potentials  presented in complex plane plots 
(Nyquist plots) are well described by one semicircle. It means that simple 3 element 
EC (Randels cell) describe behaviour of Ni electrodes in this case quite well. Thus at 
Ni electrodes HER reaction at high overvoltages is determined by the slow discharge 
step.
    Halide ions studied generally decrease the rate of HER. The value of this effect 
depends on the nature and concentration of the halide ions, methods used for 
preparation of the electrode surface, and on the plane structure studied. The results of 
EIS measurements are possible to fit with 5element EC,
but the goodness of the fits is not very high. The more complicated problem is fitting 
of ZII,ZI -plots at very low frequencies. Analysis of the  potential/current transients 
after current/potential steps also show that establishing of stationary state of the 
nickel/electrolyte surface in halide containing solutions is not a quick process.    
 
1.J.Tamm, L.Tamm, in Research in Chemical Kinetics, R.G.Compton, G.Hancock, 

Eds., Elsevier, Amsterdam, v.3, 1995 pp. 215-262 
2.J.Arold, J.Tamm, Sov. Electrochem., 25 (1989) 369
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Electroreduction of Oxygen on chemically modified 
glassy carbon electrodes in alkaline solution

M. Kullapere1, G. Jürmann1, N. Alexeyeva1, T. T. Tenno1, J. J. Paprotny2,  
F. Mirkhalaf2, K. Tammeveski1,*

1Institute of Physical Chemistry, University of Tartu, Jakobi 2, 51014 Tartu, Estonia
2Department of Chemistry, University of Liverpool, L69 7ZD Liverpool, United Kingdom 

*kaido@chem.ut.ee

The blocking behaviour of aryl films towards oxygen reduction was investigated. 
These aspects are essential in order to estimate the influence of covalently attached 
surface modifiers on the electrocatalytic properties of the substrate material. Glassy 
carbon (GC) electrodes were grafted by electrochemical reduction of diazonium salts. 
The diazonium derivatives of benzene, naphthalene, anthracene and biphenyl were 
used in surface modification. An unexpected order of blocking efficiency of the aryl 
moieties was observed for O2 reduction in 0.1 M KOH. The phenyl-modified GC 
electrode was less active than those electrografted with larger aryl groups (1- and 
2-naphthyl, 1- and 2-anthracenyl and biphenyl). The highest blocking efficiency 
observed for phenyl-modified electrodes is related to a higher surface coverage of 
phenyl groups. Comparative measurements were carried out in 1 mM K3Fe(CN)6. A 
much larger extent of blocking was evident for the Fe(CN)6

3−/4− couple. This effect 
was explained by a significant difference in size between the Fe(CN)6

3−/4− ions and O2 
molecule. Also, a mixed film of anthraquinone (AQ) and phenyl groups was formed 
and the kinetics of O2 reduction on this modified electrode was studied.  The kinetic 
parameters of O2 reduction were determined using a surface redox-catalytic cycle 
model for quinone-modified electrodes [1]. The results obtained were compared with 
those of GC/AQ electrodes [1-6].
The borohydride reduction was used as an alternative method in surface modification 
and the electrocatalysis of oxygen reduction on the “reduced” GC was studied. This 
treatment leads to a decrease in the O2 reduction activity at the prewave potentials, 
however, this effect is not persistent and the surface regains its initial activity during 
repetitive potential cycling in the presence of oxygen.

1. K. Tammeveski, K. Kontturi, R.J. Nichols, R.J. Potter, D.J. Schiffrin, J. Electroanal. 
Chem. 515 (2001) 101.

2. A. Sarapuu, K. Vaik, D.J. Schiffrin, K. Tammeveski, J. Electroanal. Chem. 541 
(2003) 23.

3. K. Vaik, A. Sarapuu, K. Tammeveski, F. Mirkhalaf, D.J. Schiffrin, J. Electroanal. 
Chem. 564 (2004) 159.

4. K. Vaik, D.J. Schiffrin, K. Tammeveski, Electrochem. Commun. 6 (2004) 1.
5. F. Mirkhalaf, K. Tammeveski, D.J. Schiffrin, Phys. Chem. Chem. Phys. 6 (2004) 

1321.
6. A. Sarapuu, K. Helstein, D.J. Schiffrin, K. Tammeveski, Electrochem. Solid-State 

Lett. 8 (2005) E30.
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Electrochemical behaviour of S2O8
2- anions on the 

Bi(111) and Cd(0001) single crystal electrodes
T. Thomberg*, J. Nerut, E. Lust 

Institute of Physical Chemistry, University of Tartu, 2 Jakobi Str., 51014 Tartu, Estonia
*thomas.thomberg@ut.ee

It has been found that electroreduction of S2O8
2- anions at Bi(hkl) and Cd(0001) planes 

[1-3] is a complicated reaction and there are noticeable deviations from the simplified 
version of Frumkin slow discharge theory [4] where the specific adsorptsion of 
reacting particles has not been taken into account. For the more detailed analysis, the 
impedance spectroscopy method [5] has been used for studying the electroreduction 
reaction mechanism of S2O8

2- anions at the electrochemically polished Bi(111) and 
Cd(0001) electrodes. The impedance spectra have been measured at ac frequency f 
from 5×10-2 to 1×104 Hz and ac voltage amplitude 5 mV within the potential region 
E from -0.5 to -1.6 V (vs Ag|AgCl|sat.KCl) for Bi(111) and from -1.0 to –1.6 V for 
Cd(0001) [1-3]. The Milli-Q+ water was used for preparation of the solutions studied. 
Air was removed from the solution by bubbling argon (Ar, 99.998%) through or over 
solution prior to or during measurements, respectively. The complex plane impedance 
Z’’,Z’ (i.e. Nyquist) plots demonstrate that the reaction mechanism depends on the 
electrode potential, on the base electrolyte and reactant concentration as well as on the 
metal studied. The so-called total polarization resistance Rp increases with decreasing 
the negative potential. The Nyquist plots show complicated behaviour at low f and 
analysis shows that these effects can be explained by the weak induction effect, which 
can be simulated with the reaction mechanism taking into account the adsorption of the 
intermediate species at the electrode [5]. Results of the nonlinear regression analysis 
of the Nyquist as well as Bode plots show that, to a first very rough approximation, 
these plots can be simulated by using the classical Randles circuit, which represents 
the mechanism of mixed kinetics, where both charge transfer and diffusion steps 
determine the rate of the whole process. However, a better fit of the experimental 
results has been observed by the equivalent circuit taking into account adsorption of 
the intermediate particles. [1-3,5]. For more concentrated S2O8

2- solutions (c≥1×10-3 
M) in the potential region -1.05≤E≤-0.80 V for Bi(111) plane, a better fit has been 
achieved by the equivalent circuit where charge-transfer resistance Rct is in parallel 
to the resistance R0 and inductance L. Thus, the adsorptsion of S2O8

2- or reaction 
intermediate products is possible at Bi(111) as well as Cd(0001) electrodes.

1. E. Lust, R. Truu, K. Lust, Russian J. of Electrochemistry 36,1195 (2000).
2. T. Thomberg, E. Lust, J. Electroanal. Chem. 485, 89 (2000).
3. T. Thomberg, J. Nerut, E. Lust, J. Electroanal. Chem. 586, 237 (2006)
4. A. N. Frumkin, Z. Electrochem. 59, 807 (1955).
5. A. Lasia, in B. E. Conway, J. O`M. Bockris, R. E. White (Eds.), Modern Aspects of 

Electrochemistry, Vol 32, Kluwer Academic/Plenum Publisher, New York, 1999, 
p 143.
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Comparative in-situ ftir spectroscopic studies of the 
ethanol oxidation on pt(hkl) surface modified by 

deposition of osmium nanoislands
G. Tremiliosi-Filho, V. Pacheco Santos, V. Del Colle, R. Batista de Lima

Instituto de Química de São Carlos, Universidade de São Paulo
CP 780 – 13560-970 - São Carlos, SP, Brazil (e-mail: germano@iqsc.usp.br)

The ethanol oxidation reaction was studied on Pt(100), Pt(110) and Pt(111) modified 
by different coverage degrees of osmium nanoislands by employing in-situ FTIR 
spectroscopy. The osmium nanoislands were obtained by spontaneous deposition 
from 1 mM hydrogen hexachloroosmiate solution. Collections of spectra of the 
ethanol adsorption and oxidation processes were acquired over a series of positive 
potential steps, in order to determine the intermediate species and the main products 
that are formed.  It is shown that the increase in the catalytic activity of Pt(111)/Os 
for ethanol oxidation at lower potentials is greater than that observed for Pt(100)/Os 
and Pt(110)/Os. The mechanistic pathway for this reaction depends directly on the 
applied potential and the degree of osmium coverage for the three electrodes. For 
low potential and low osmium coverage, the formation of adsorbed linear CO as an 
intermediate is favored, and hence the full oxidation of adsorbed ethanol to CO2 is 
increased. Adsorbed bridge CO was observed only on Pt(100)/Os. For all potentials 
and intermediate osmium coverages, the oxidation of ethanol to acetaldehyde and 
then to acetic acid is favored, although on Pt(111) the formation of acetaldehyde is 
promoted even with low degrees of osmium coverage. For all potentials and high 
osmium coverage, the catalytic activity of the electrodes for ethanol oxidation 
decreases. In addition, the direct oxidation of ethanol to acetic acid at low potentials is 
observed specially for Pt(111)/Os and Pt(110)/Os. The Pt(110)/Os surface shows the 
lowest catalytic activity for ethanol oxidation and the Pt(111)/Os is the most active.

Acknowledgements: FAPESP and CNPq (Brazil).
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Comparative study of formic acid oxidation on Pt and 
PtRu supported catalysts

A. V. Tripković, J. D. Lović, K. Dj. Popović*
ICTM – Institute of Electrochemistry, University of Belgrade, 

Njegoševa 12, P.O.Box 473, 11000 Belgrade, Serbia and Montenegro
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Accumulation of uranium compounds on austenitic 
stainless steel surfaces

K. Varga1*, P. Dombóvári1, P. Kádár1, T. Kovács1, K. Radó1, I. Varga1, P. Halmos2,  
J. Borszéki3, J. Kónya4, N. M. Nagy4, L. Kövér5, D. Varga5, I. Cserny5, J. Tóth5,  

L. Fodor6, A. Horváth6, T. Pintér7, J. Schunk7

1Department of Radiochemistry, University of Veszprém, H-8201 Veszprém, 
P. O. Box: 158, Hungary,

2Analytical Chemistry Research Group, Hungarian Academy of Science, Hungary,
3Department of Analytical Chemistry, University of Veszprém, Hungary,

4Department of Colloid- and, Environmental Chemistry, Isotope Laboratory, University of 
Debrecen, Hungary,

5Department of Electron Spectroscopy, Hungarian Academy of Science Institue of Nuclear 
Research, Hungary,

6Department of General and Inorganic Chemistry, University of Veszprém, Hungary.
*vargakl@almos.vein.hu

As a result of the breakdown on April 10, 2003 there was a significant uranium 
contamination (about 4 kg’s) in some technological units of the reactor block 2 of 
the Paks Nuclear Power Plant (PNPP). Some earlier studies attest that the amount 
of uranium-compound exists on the stainless steel surfaces of the primary cooling 
circuit is very low at present. However, the limited pieces of information about the 
quantity and kinetic behaviors of the uranium accumulated on the surface of the main 
structural materials (stainless steel, Zr-Nb alloy) of the primary cooling circuit may 
cause difficulties in the better understanding of the material-transport processes. The 
fact is that the uranium nuclides can present in different chemical forms (molecular, 
colloidal and/or disperse) in the boric acid coolant enhances the complexity of the 
problem.
In order to clarify the above issues, comprehensive studies have been performed in order 
to provide information about the uranium accumulation onto the main constituents of 
the primary cooling circuit; i.e., onto the 08X18H10T (GOSZT 5632-61) type austenitic 
stainless steel. In this talk, we give a brief summary of the uranium chemistry, as well 
as present and discuss some experimental findings on the time and pH dependences 
of U-accumulation obtained in a semi-plant model system using heat exchanger tube 
samples. In addition, we have worked out an alpha-spectrometric detection procedure 
which is suitable for the measurement of the activity-concentrations of both liquid- and 
surface-phase uranium. In addition, we have analyzed the oxidation state (chemical 
forms) of uranium sorbed on the inner surfaces of stainless steel tubes by XPS (X-ray 
Photoelectron Spectroscopic) method. The experimental data have revealed that the 
significant sorption of uranium onto steel surfaces takes place in the pH range of 4 to 
8 where the intense hydrolysis of uranyl-cations in boric acid model solution can be 
observed. It is probable that the specific adsorption of U(VI)-hydroxo-complexes to 
be formed in the solution (mainly dissolved and colloidal UO2(OH)2) prevails over 
the accumulation of other uranium-compounds. Maximum of uranium-sorption was 
measured at pH=6; the maximum surface excess approaches to a monolayer coverage 
(assuming sorption of (UO2(OH)2)).
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Organic additives in the processes 
of metals deposition 

from complex electrolytes
V. F. Vargalyuk, V. S. Ivanko, H. V. Yefimenko

Department of Physical Chemistry and Electrochemystry,
Dnipropetrovsk National University, 

Naukova Street 13, Dnipropetrovsk, Ukraine, 49050
elchem@ff.dsu.dp.ua

For the purpose of investigation of kinetics and mechanism of metal electrodeposition 
from complex electrolytes, influence of polyfunctional derivatives of organic acids 
(acrylamide (A), tartar (TA) and asparaginic (AA) acids) on the electrode process has 
been studied.
In a perchlorate solution the above-mentioned organic compounds make copper 
electrodeposition process slow and accelerate zinc electrodeposition. This effect may 
arise from participation of simple and heteroligand complexes of Cu2+ and Zn2+ in the 
electrode process. Earlier we proved existence of these complexes in the investigated 
solution and determined their stability constants by the potentiodynamic method.
Strong specific adsorption of Cu(TA)2+ and Cu(AA)2+ complexes which discharge 
on the electrode has been established by the chronopotentiometry method. This 
effect has been confirmed by increase of a transient time τ in the presence of the 
additives with an increase of a current density j as well as by the adsorption values Г 
(0.88⋅10–10 mole⋅см–2 for tartar acid and 1.54⋅10–3 mole⋅см–2 for asparaginic acid) which 
have been calculated from the measured j,τ-dependence. A corresponding decrease 
of a chronopotentiometry constant jτ1/2 with time of inputting of acrylamide in the 
copper perchlorate solution and a linear dependence ∂(jτ1/2)/∂j on [A]1/2 confirm that 
the electrode process rate is kinetically limited and the CuA2+ complexes which are 
predominant in the solution participate in the slow chemical reaction of dissociation.
The character of influence of the composition A+TA+AA on Cu2+ ion discharge 
corresponds to effect of AA and TA. The value of Г found in this case is 
8⋅10–10 mole⋅см–2. This value exceeds the sum of adsorptions of the individual Cu(TA)2+ 
and Cu(AA)2+complexes and allows to suggest formation of a mixed adsorption layer 
on the electrode surface.
The values of a Semerano criterion (0.37–0.47) found for zinc electrodeposition confirm 
that the electrode process rate in the presence of all the additives under investigation 
is kinetically limited. As Zn2+ complexes with the additives are considerably less 
stable than the analogous Cu2+ complexes, it is possible to suppose that the observed 
chemical reaction preceding discharge is not a process of dissociation of the ZnL2+ 
complex diffusing in the solution but one of formation of ZnL2+ in the surface layer.
The carried out study allows to conclude that an approach of copper and zinc reduction 
potentials from a complex electrolyte can be achieved by combining specific actions 
of polyfunctional organic acid derivatives on Cu2+ and Zn2+ ion discharge that allows 
to deposit high-quality alloys of these metals.
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Study of the electrochemical anodic films / environment 
interface

J. C. Mirza Rosca1, A. Santana Lopez1, E. Vasilescu2, P. Drob2

1 Las Palmas de Gran Canaria University, Mechanical Engineering Dept. 35017, Tafira, Spain
2 Institute of Physical Chemistry, Spl. Independentei 202, 060021, Bucharest, Romania, e-mail: 

evasiles@chimfiz.icf.ro

Electrochemical anodic films / environment interface for Ti and its implant alloys Ti-
5Al-4V and Ti-6Al-4Fe in Ringer 2 solution of different pH values (2.5; 4.35; 6.98) 
was investigated in this paper.
 Anodic films were prepared by immersion in 10M NaOH at 600C for 24 
hours and drying at 400C during 24 hours. After that, a thermal treatment consisting of 
heating at 5000C for 24 hours and then cool in water was applied.
 Electrochemical impedance spectroscopy (EIS) measurements were carried 
out at open circuit potential in Ringer 2 solution after different periods (1–60 days). 
From microhardness measurements were determined the average anodic oxide film 
depths. Open circuit potentials were monitored during 20 000 exposure hours.
 Both Nyquist and Bode plots exhibit two-step processes illustrated by the 
phase angle at almost –900, characteristic for barrier oxide film, and another angle 
closed to         –200 ÷ -400, due to some diffusion processes through a porous layer. 
These values are associated with the existence of the inner barrier film of titanium 
dioxide TiO2, and another porous layer due to the nucleation of porous apatite. The 
spectra changed with the exposure time, indicating that the anodic films have grown 
by the apatite formation. The electrical resistance increased, denoting some thickening 
processes. So, the apatite on the surface promotes the bounding of implant to the 
surrounding bone and implant become bioactive.
 Microhardness measurements were performed using different loads and the 
average value, expressed as hardness Vickers degree (HV) were calculated; based 
on this average values, the corresponding depths were determined. It resulted that 
the microhardness increased with increasing load, showing the existence of a porous 
layer on the surface. The average depths of the anodic oxide films, determined by 
microhardness vary from 1x10-3mm to 6x10-3mm
 Open circuit potentials were determined in Ringer 2 solution of different pH 
values but without treatment with the purpose to compare the biomaterial behavior. All 
open circuit potentials vary around electropositive values, suggesting slow dissolution, 
re-passivation or ion absorption processes. For all biomaterials it was observed that, 
the open circuit potentials became slightly more electronegative in the acid pH domain 
(4.35 respectively 2.5) because of its aggressivity. Their values correspond with the 
stable state on Pourbaix diagram. Comparing these three biomaterials it resulted that 
the alloys present a little more active open circuit potentials than titanium, but all 
values are in the same passive domain, providing a good stability.
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 Autocatalytic copper(II) reduction by cobalt(ii) 
in diethylenetriamine solutions: thermodynamic 

calculations and kinetic data
Algirdas Vaškelis*, Ina Stankevičienė, Loreta Tamašauskaitė Tamašiūnaitė,  

Aldona Jagminienė, Eugenijus Norkus
Institute of Chemistry, A. Goštauto 9, Vilnius, Lithuania, LT-01108

E-mail: vaskelise@ktl.mii.lt

Recently [1], diethylenetriamine (dien) was shown to enhance effectively the anodic 
oxidation of Co(II) in alkaline solution. The anodic oxidation of a reducing agent is 
one of the two partial electrochemical reactions of the autocatalytic (electroless) metal 
deposition process. Therefore, the Co(II)-dien complexes were used at constructing 
new electroless plating solutions. Co(II) complexes with ethylenediamine [2, 3] and 
propylenediamine [4] were used for electroless Cu deposition.
The thermodynamic possibility of Cu(II) reduction by Co(II) in dien solutions was 
demonstrated by calculation of equilibrium potentials of Co(III)/Co(II) and Cu(II)/Cu 
redox couples using C0(II), Co(III) and Cu(II) distribution among complexes with 
dien. The redox potentials depend largely on solution pH, and a pH region exists where 
the Co(III)/Co(II) potential is more negative than that of Cu couple, the potential 
difference reaching 0.2 V. The experiments using electrochemical quartz crystal 
microgravimetry (EQCM) showed that the Co(II)-dien complex was able to reduce 
autocatalytically Cu(II) ions to metal. EQCM measurements provided information 
on an instantaneous copper deposition rate, mixed potential and copper film build-up 
kinetics. Using cyclic voltammetry in combination with EQCM, the rate of the partial 
electrochemical reactions – anodic Co(II) oxidation and cathodic Cu(II) reduction - 
were obtained. The copper plating process was shown to be very sensitive to solution 
pH and anions used. 
The process rate changes in the sequence: chloride >> tetrafluoroborate > nitrate > 
sulfate > acetate. The dependence of Cu deposition rate on solution pH was found to be 
of the same form as that of the reaction free energy change. The Co(II)-dien complex 
is more active in Cu(II) reduction than the similar complex with ethylenediamine, in 
spite of a lower redox potential difference.

1. A. Vaškelis,A. Jagminienė, I. Stankevičienė. Electrochim. Acta 51 (2006) 2215.
2. A. Vaškelis, E. Norkus, Electrochim. Acta 44 (1999) 3667.
3. A. Vaškelis, G. Stalnionis, Z. Jusys, J. Electroanal. Chem. 465 (1999) 142.
4. A.Vaškelis, J. Jačiauskienė, A. Jagminienė, E. Norkus, Solid State Sci. 4 (2002) 1299.
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A dopamine metabolite adsorption on gold
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Photo-potential in Ag/Ag2O/OH-(H2O) system
A. Vvedenskii, S. Grushevskaya, D. Kudryashov 

Department of Physical Chemistry, Voronezh State University
Universitetskaya pl. 1, Voronezh, 394006, Russia, E-mail: alvved@chem.vsu.ru

The dissolution of metal is usually accompanied with the formation of insoluble 
products at the surface (oxides). The electronic structure and semiconductor properties 
of oxides are defined at first by non-stoichiometry composition that, in its turn, depends 
on the film formation conditions, metal surface state and so on. 
We used in-situ photo-potential Vph measurements in Ag (I) oxide formed on silver in 
0.1M KOH under anodic potentiostatic polarization. The polarity of signal determines 
the type of conductivity. The value of signal is connected with concentration of 
dominant structure defects in sub-lattices of oxygen or silver. The role of following 
parameters is examined: oxide formation potential E (0.470 – 0.505 V n.h.e.), film 
thickness L (6  - 22 nm), intensity of light at the electrode P = 0.2 – 1.3 mWt/cm2 and 
crystallographic structure of silver (100, 110, 111, poly). The oxides were grown on 
compact silver as well as on its microcrystals arising under the cathodic reduction of 
Ag2O film been formed before. 
To generate the photopolarization we used the set of light-diodes radiating the 
rectangular pulses of quasi-monochromatic light with λ = 375 – 870 nm. The duration 
of pulse is 2 ms, the repetition frequency is 5 Hz. In spectral measurements the 
intensity was constant.
The photo-potential Vph(t) measurements were performed 20s after the polarization 
switching-off. It is shown that Vph decreases in exponential manner which lets to 
define Vph(0) by extrapolation the signal to t�0.  The digital treatment of a signal and 
the pre-amplifier with an active filter of frequencies diminish the noise level down to 
1–2 µV. We controlled the absence of a noticeable contribution of surface electronic 
states into the photopolarization signal by impedance measurements. 
It is revealed that independently on the conditions of oxide formation Vph(0) < 0. It 
means the n- type conductivity in a crystal Ag(I) oxide, connected with the excess of 
metal as compared with oxygen in Ag2O structure. The concentration of donor defects 
(super-stoichiometric atoms of metal) practically does not depend on potential of 
anodic film formation and is equal to 1.8*10-14см-3 in average. The clear square Vph(0) 
– L dependence means that lD >> L, where lD – Debye’s range. With enhancement of 
light intensity the photo-potential increases linearly.
The shape of spectral dependence of photo-potential and the role of crystal structure 
of silver are discussed.
This work is supported by Ministry of Education and Science RF (Project RNP 
2.2.2.3.3128) and CRDF (Grant RUXO-000010-VZ-06).

1 Vvedenskii A. VSU, Universitetskaya pl. 1, Voronezh, 394006, Russia, E-mail: 
alvved@chem.vsu.ru, tel. (+74732)208546, tel.-fax (+74732)208755
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Adsorption of anion of glycine on smooth and platinized 
platinum electrodes 

A. V. Vvedenskii*, E. V. Bobrinskaya, T. V. Kartashova
Voronezh State University

394006, Russia, Voronezh, Universitetskaya pl. 1; 
*e-mail: alvved@chem.vsu.ru

At research of electrode processes with participation amino acids the basic task is 
the study of complex interaction metal - fiber and fundamental definition of a role of 
various functional groups (-СН - ;  -NH2; -COOH; etc.) at their interaction with an 
electrode surface. However, the skilled data of the different authors on the submitted 
theme frequently are inconsistent.  
The purpose of the given work is the study adsorption of glycine on a surface Pt/Pt 
- and smooth Pt an electrodes in alkaline medium, where researched amino acid is 
mainly as anion. 
The researches carried out by methods of removal curve loaded on Pt/Pt and complex 
anodic/cathodic potentiostatic pulses on electrode from smooth Pt. Size of a degree of 
coverage judged on a charge spent on formation of a monolayer adsorbed of oxygen 
or hydrogen. Kinetic of adsorption studied at constant potential chosen in area loaded 
of a double electrical layer, changing time adsorption.
 From received thus kinetics and quasistationary to isotherms, reconstructed in 
half-logarithmic coordinates, the meaning of the factor of power heterogeneity of a 
surface equal 30 is designed. The similar size received on smooth Pt an electrode 
has made 28.  Let’s note, that the received sizes of the factor of power heterogeneity, 
surface are significant, that specifies essential distinction in energy of internuclear 
communication metal - adsorbate in system Pt - NH2CH2COO- on different sites 
of a surface distinguished on a degree of coverage.  On a piece cut on an axis of 
ordinates stationary isoterms, received on Pt/Pt - and smooth Pt an electrodes, the 
sizes of a standard constant of balance K(0), equal 6,8*1010 and 1,1*1011 accordingly 
are designed. The value of standard change of free energy Gibbs of process exchange 
adsorption of which meaning very little are determined differ: -59,4 and -62,0 кJ*mol 

-1. The received results testify about appreciable enough chemosorption interaction 
between molecules of glycine and energetically uniform-non-uniform surface of Pt-
electrodes, and also to absence  appreciable influence of the form of microparticles of 
the besieged platinum on this characteristic.  
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Electrochemical oxidation of monoaminoacetic acid on 
platinum

A.V. Vvedenskii*, E.V. Bobrinskaya, T.V. Kartashova
Voronezh State University

394006, Russia, Voronezh , Universitetskaya pl. 1;
*e-mail: alvved@chem.vsu.ru

The researches in the field of electrochemistry аliphatic aminoacids concern to 
number intensively developing. The interest to the given theme raises because the 
electrochemical way frequently has a number of advantages before other methods of 
their reception. However, the opportunity of application of various electrochemical 
methods can be limited to ability aminoacids to process of electrooxidation on an 
electrode. It is necessary to note, that the data, available in the literature, on the present 
problem are superficial and are inconsistent. 
The purpose of the present research is the establishment of area of potentials of course 
of process of electrooxidation the most simple of aminoacid – monoaminoacetic acid 
(glycine), and also the study his basic kinetic of laws in 0.1М a solution NaOH, where 
researched aminoacid is mainly as anion.  The researches carried out by methods cyclic 
voltamperogramms   on stationary and rotating smooth Pt - electrodes and coulometry 
on Pt/Pt. Is established, that the process of electrooxidation glycine proceeds in the 
field of potentials Er =1.2 ÷ 1.5 V, passes through a maximum and is imposed on 
area adsorption of atomic oxygen, that can testify to his direct participation during 
electrooxidation. The output on a current in the field of potential of a maximum is 
close to 100 % under condition of "soft" oxidation, proceeds with participation four 
electrons, and the basic products of oxidation are of ammonia, formiate - ion and 
CO2.  Is determined, that density of a current in a maximum of electrooxidation and 
potential, appropriate to it, vary with growth of concentration of researched substance, 
and as speeds of imposing of potential. The inclination of the received dependences 
reconstructed in half-logarithmic coordinates has appeared is identical and is equal  
0.12 V. The experiences on a rotating disk electrode have shown that density of a 
current in a maximum remains constant in all intervals of speeds of rotation of an 
electrode. 
Thus, the set of the received data testifies that the process of electrooxidation glycine 
on a surface of a platinum electrode proceeds in adsorption a condition, and a limiting 
stage is the carry of a charge from adsorption of a complex to an electrode surface.  
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The kinetics of anodic destruction of formaldehyde on 
Au and Ag,Au-alloys in alkaline solution

A. Vvedenskii*, N. Morozova, L. Kirilova, V. Zinov’eva
394006, Russia, Voronezh, Universitetskaya sq, 1, Voronezh State University alvved@chem.vsu.ru

It is well known that formaldehyde existing in aqua alkaline solution in a form of 
methylene glycol oxidizes anodically in the potential range up to 0.5V (s.h.e.) by 
overall reaction [1,2]:
                                     H2C(OH)O- + 2OH- = HCOO- + 2H2O + 2e-.
But the details of the kinetic scheme are not established. We have shown before that 
the initial stage of formaldehyde potentiostatic oxidation in the potential range E = 
-0.2 ÷ 0.5V on Au and Ag,Au-alloys (XAu ≥ 50 at.%) is essentially non-stationary. The 
current efficiency of the purpose reaction is near to 100% in aqua 0.1M NaOH. The 
aim of this paper is to reveal the nature of non-stationarity and to establish the kinetics 
of formaldehyde anodic destruction on Au and Ag,Au-alloys in alkaline solution in 
a wide potential range. The investigations were carried out on stationary electrodes 
as well as on Au-RDE by means of linear, cycle and multicycle voltammetry, 
coulonometry, “slow” and “fast” chronoammetry.
It was established that independently on the alloy composition the formaldehyde 
anodic destruction proceeds in the potential range E = -0.5 ÷ 0.5V including the 
potential of OH- specific adsorption. The rate of process on homogeneous Ag,Au-
alloys with XAu ≥ 50 at.% is of the same order as for pure Au. But it sharply diminishes 
with the growth of silver concentration in the alloys. The formate-ion is the stable 
product of electrooxidation reaction up to E = 1.4V. The accumulation of this product 
at the electrode causes the decrease of currents of formaldehyde anodic destruction. In 
the potential range from -0.2 to 0.5V the kinetics of electrooxidation on the stationary 
electrodes is volume diffusion one already at t ≥ 0.5s. The non-stationary and then 
the stationary H2C(OH)O- and (or) OH- bringing up to the electrode but not HCOO- 
taking away is the limiting process. After the removing of diffusion limitations the 
electrooxidation is controlled by some chemical stage. But its rate decreases in time 
as before presumably because of the adsorption accommodation of intermediates or 
reaction products at the electrode. The data of currentless chronopotentiometry point 
indirectly that the H2C(OH)O- dissociate chemosorption at the electrodes can play the 
role of such a stage.

The work is supported by grant CRDF and Russian Ministry of № VZ-010 (The 
program “Fundamental Researches and High Education”).

1. Avramov-Ivic M., Adzic R.R. // J. Electroanal. Chem. 1988. V. 240. P. 161-169.
2. Beltowska-Brzezinska M. // Electrochem. Acta. 1985. V. 30. P. 1193-1198.
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CATHODIC REDUCTION OF H3O+ AT Au, Cu AND 
HOMOGENEOUS Cu,Au-ALLOYS

А. Vvedenskii *, V. Zinov’eva, N. Morozova
394006, Russia, Voronezh, Universitetskaya sq, 1, Voronezh State University 

alvved@chem.vsu.ru

It was established before [1] that the hydrogen evolution reaction (HER) on Ag, Au 
and Ag,Au-alloys in aqua sulfuric-acid solution proceeds by Volmer-Tafel path. For 
all examined alloys the stage of H3O+ discharge realizes in a barrier-free regime at 
low overpotentials and turns to usual regime when the overpotential growths. The 
comparison of data for Cu,Au- alloys with data for Ag,Au-alloys to construct the 
general scheme of process has a special scientific interest. The aim of this work is to 
detail the kinetic scheme of cathodic hydrogen evolution on Cu, Au and their alloys in 
a wide range of alloy compositions.
The experiments were carried out in 0.5М H2SO4 and 0.05M H2SO4 + 0.45M Na2SO4 
bubbled with argon by method of cycle voltammetry (dη/dt = 0.5 mV/s). 
It was found that in 0.5M H2SO4 at η from 0 to -0.45 V the potentiodynamic curves 
of direct and reverse scan coincides within the error. Two linear plots appear on 
voltammograms in semi-logarithmic coordinates. The slope of the first plot on η,lg i-
curves (at low overpotentials) is contained between 0.059 and 0.071 V for all examined 
electrodes. The slope of the second linear plot (in a range of high η) does not depend 
on alloy composition in a whole. Its value is equal to 0.119 V in average.
It was established that the dilution ten times causes the significant enhancement of 
overpotential of hydrogen evolution reaction on the second plots of polarization curves 
for Cu and Cu,Au-alloys. In general, the slopes of II plots remain the same except 
for Cu and Au, where the values increase to 0.130÷0.135 V. The latter means that 
H3O+ discharge proceeds in usual regime in that range of overpotentials. The values of 
overpotential in I linear plot does not depend on solution composition for the most of 
alloys which approves the barrier-free discharge.  
The influence of Cu,Au-alloys composition was revealed on the overpotential and 
current of change for cathodic H3O+ reduction. With increasing of Au content in the 
alloy the overpotential diminishes but the relevant current of change i0 growths. Even 
a little concentration of gold (XAu = 4 at.%) lead to the sharp enhancement of the 
rate of hydrogen evolution on Cu,Au-alloys. However the little amount of Cu in the 
crystal lattice of Au weakly influences the kinetic parameters of cathodic hydrogen 
evolution.

The work is supported by grant CRDF and Russian Ministry of № VZ-010 (The 
program “Fundamental Researches and High Education”).

1. Bobrinskaya E., Vvedenskii A., Morozova N. // Zaschita metallov. 2000. V. 36. P. 
247-254.
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Effect of gaseous nucleation in kineticS of HER on silver, 
gold and their alloys

A. Vvedenskii *, I. Gutorov, N. Morozova 
394006, Russia, Voronezh, Universitetskaya sq, 1, Voronezh State University 

 alvved@chem.vsu.ru
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    Quinone Chemistry by Quantum Chemical Models 
Redox Properties, Standard Potentials and O2 Reduction
J. R. Tobias Johnsson Wassa*, Elisabet Ahlberga, Itai Panasb and David J. Schiffrinc 

aDept. of Chemistry, Electrochemistry, Göteborg University, S-412 96 Göteborg, Sweden;
bDept. of Chemistry and Biotechnology, Chalmers University of Technology,

 S-412 96 Göteborg, Sweden &
cNanoscale Science, Dept. of Chemistry, University of Liverpool, Liverpool L69 7ZD, U.K.
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The influence of quaternary ammonium compound on 
electroreduction of oxalic acid on the lead electrode
Zhen Ma, Xin-Sheng Zhang*, Ping Xu, Xian-Ling Zhang, Wei-Kang Yuan

UNILAB, State Key Laboratory of Chemical Engineering, East China University of Science 
and Technology, Shanghai, 200237, P R China. * xszhang@ecust.edu.cn



S
y
m

p
o
s
iu

m
 8

 -
 P

o
s
te

r

Solutions of the Stefan problem applied to a solid phase 
growth on substrates of different geometries including 

the test of the theoretical equations
M. A. Pasquale, S. L. Marchiano, J. Vicente, A.J. Arvia

Instituto de Investigaciones Fisicoquímicas Teóricas y Aplicadas (INIFTA).
UNLP, CONICET, CIC. Sucursal 4, C.C. 16. CP 1900 La Plata, Argentina.

e-mail: miguelp@inifta.unlp.edu.ar

The Stefan problem is related to transport phenomena contributions at moving 
interfaces. These mathematical problems are often called Stefan problems, irrespective 
of the driving force, and are found in a number of processes occurring in different 
areas of natural science an technology. 
The Stefan problem appears under certain conditions in metal electrodeposition via a 
mass transport contribution in addition to diffusion, migration and convection. In this 
work the rate equations for the growth of a solid phase involving a moving front are 
obtained.
The paper refers to solutions of the Stefan problem in the 2D space for different 
geometries considering the boundary of a solid phase according to a known 
displacement law. The solutions for the growth of a solid phase on a plane, a spherical 
and a cylindrical substrate are given. In all cases, in the absence of convection and 
surface roughness effects, the phase growth kinetics is determined by diffusion and 
advection, the latter being due to the linear displacement of the growth front with 
time. The theory predicts two limiting kinetic situations, namely a diffusion control 
when the time and/or the radius of the substrate approach zero, and an advection 
control for the reverse conditions. For the spherical substrate, when its radius tends to 
infinity, the kinetics of the process approaches that found at the plane plate substrate. 
Theoretical current transients are tested utilizing growth pattern data for the formation 
of 2D silver dense branching electrodeposits on a plane plate cathode in a quasi-2D 
cell, and silver electrodeposits on spherical cathodes employing high viscosity plating 
solutions. Finally, the contribution of advection in a number of electrochemical 
processes is explored. 
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Coupled enzymatic and electrochemical reactions on 
microstructured template surfaces investigated by 

scanning electrochemical microscopy (SECM)
Gunther Wittstock*

Institut für Reine und Angewandte Chemie und Institut für Chemie und Biologie des Meeres, 
Fakultät für Mathematik und Naturwissenschaften, Carl-von-Ossietzky University Oldenburg, 

D- 26111 Oldenburg (Germany), *gunther.wittstock@uni-oldenburg.de

Templated surfaces provide an convenient way of creating spatial patterns of 
biocatalysts, that allow complex reaction sequences to be carried out by the close 
proximity of the various active regions. SECM can be used to provide spatial images 
of the reactivity by also to provide a more detailed analysis of the local kinetics. 
Our group has used templated self-assembled monolayers (SAM). They have been 
either produced by microcontact printing of by localized electrochemical desorption 
using SECM as a tool to surface modification. The templated monolayers have been 
further processed by covalent attachment of enzymes, by layer-by-layer deposition 
of polyelectrolytes into which one enzyme was integrated as a polyelectrolete. In this 
way the templates do not only provide the basis of lateral patterning but also allow 
a designed combination of crystalline inorganic supports with flexible molecular 
structures. Alternatively polymer microstructures with immobilized enzymes can be 
assembled on surfaces.
SECM has been used to monitor the passivating properties of different monolayer 
systems. While this may be interesting for itself, it allows to navigate an SECM probe 
on patterns that were created by other techniques such as microcontact printing. A 
subsequent application of a SECM-based surface modification technique allows to 
further modify such layers and thus provides a convenient flexible way of their further 
modification. 
Recently we succeeded in quantitatively modelling the SECM response over such 
structures using the boundary element method (BEM). Steady-state systems of 
arbitrary 3D geometries can be treated if the boundary conditions can be described 
as linear functions of the local concentration - a condition that is full-filled for most 
SECM experiments. 
Application of the above concepts can be seen in a number of chemically completely 
different systems: (i) Similar to artificial structures containing enzymes, also site 
directed cell adhesion can be directed using microelectrochemical methods to lift the 
cytophobic character of oligo (ethylene glycol)-terminated SAM and allows for the 
site directed sequential introduction of different cell populations. (ii) Oxide layers 
on titanium-based alloys show different passivating properties depending on the 
composition, crystallographic orientation, and the redox species by which they are 
probed. (iii) Imaging local enzymes acivity can be used to devise readout procedures 
for enzyme labels in biochips. It may also serve a signal generation process to read 
out high-density electrophoresis gels, in particular because this may be compared to 
sensitive but not selective reading after silver staining. 
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An Improved Model for the Diffuse Double Layer
W. Ronald Fawcett* and Thomas G. Smagala

Department of Chemistry
University of California

Davis, CA 95616
USA

Most electrochemists still use the Gouy-Chapman (GC) model of the diffuse layer in 
analyzing experimental data for polarizable interfaces.
On the other hand, both Monte Carlo simulations and theoretical studies show that  
the GC model gives incorrect estimates of the potential drop across the diffuse layer, 
and of its differential capacity. We present here an empirical model for the diffuse 
layer which accounts for the effects of ion size and the permittivity of the electrolyte 
solution. The significance of this model is discussed with respect to the analysis of 
experimental data.
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Nanoporous de-alloyed metals:  
From atomistic modeling to applications 

Roger C. Newman*1, Nicholas A. Senior2 and Karl Sieradzki3 
1University of Toronto, Dept of Chemical Engineering and Applied Chemistry, 

200 College Street, Toronto, M5S 3E5, Ontario, Canada. 
2Corrosion and Protection Centre, School of Materials, University of Manchester, 
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Nanoscale Dissolution and Passivation Processes for an 
Electrochemical Tailoring of Directionally Solidified 

Eutectics 
Achim Walter Hassel 
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Developing the characteristics and properties of passive 
metal surfaces

G. T. Burstein
Department of Materials Science and Metallurgy

University of Cambridge
Pembroke Street

Cambridge CB2 3QZ
United Kingdom

The passive metal surface is a remarkable entity, controlling much of the stability 
of metal structures and components in service.  Studies of these surfaces over many 
decades have revealed properties of passive metals which are as unique as they are 
fascinating: the very nanoscopic nature of the passivating film gives it this uniqueness.  
Three of the issues which concern the corrosion scientist are addressed in this talk.  
These matters are as follows.  (i) What constitutes passivity and how do we develop 
total control over it.  (ii) Since passivity seems to dominate metals in service, why do 
they corrode.  (iii)  What are the properties of the passive surface and how can they 
be exploited.  
Discussion of corrosion centres around pitting corrosion, a form of runaway corrosion 
reaction with disastrous consequences on engineering structures.  However, brought 
under control, the phenomenon of pitting corrosion can be used to sculpt the surface 
of metals and generate a known predetermined microscopic morphology.
Discussion is also centred on the properties of the passive metal surface which could be 
developed for reactive surfaces.  Since heterogeneous catalysis involves catalytically 
reactive interfaces, the passive surface should be exploitable in this fashion.  In 
modern development of the fuel cell, the use of platinum is a prohibitive cost barrier 
to a wide range of applications.  Although several attempts have been made to replace 
this invaluable electrocatalyst, no major breakthrough has been made.  This however, 
does not mean that there is no such possibility, but rather, that a greater research 
effort is required.  There are several properties of such surfaces that can be usefully 
developed, and this forms part of the discussion of the present paper.
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Modeling of the Barrier, Electrochemical Protection and 
Active Corrosion Inhibition Properties of an Al-Co-Ce 

Amorphous Alloy Coating Protecting AA 2024-T3
F.J. Presuel-Moreno, H. Wang, M.A. Jakab, R.G. Kelly, and J.R. Scully

Center for Electrochemical Science and Engineering
University of Virginia

An Al-Co-Ce alloy coating has been developed to protect a 2024-T3 substrate against 
localized corrosion. The Al-Co-Ce coating can function as a corrosion barrier, a 
sacrificial anode and a reservoir to supply soluble inhibitor ions to protect defects site 
exposing AA 2024-T3 to an aqueous environment. In this paper, both experiments 
and continuum scale modeling investigations are described that identify some of the 
coating  attributes that optimize the ability to perform each function. Additionally, 
the environmental factors that challenge the ability to perform each function are 
assessed. Concerning barrier properties, the localized corrosion resistance of the alloy 
coating was assessed as a function of solid solution alloying content. Quantification 
of the relationships between solid solution compositions and selected electrochemical 
corrosion metrics was established by utilizing specialized statistical methods designed 
for compositional data sets. Electrochemical properties such as pitting and open circuit 
potential are shown to be tunable, based primarily on cobalt (Co) concentration in 
solid solution, and secondly on cerium (Ce) content. Therefore, barrier coatings can 
be tailored for a specific need via choice of alloy composition. Continuum modeling 
and experiments were performed to assess the sacrificial anodic protection capabilities 
of these alloy coatings. The geometry is that of an Al-Co-Ce coated surface with 
the presence of a scratch simulating exposed AA2024-T3. Finite element modeling 
of current and potential distributions was performed to assess the scratch size that 
could be cathodically protection via such a sacrificial coating. The criterion used was 
to achieve a position specific galvanic couple potential that was more negative than 
the pitting potential associated with 2024-T3. Lastly, the “chemical throwing power” 
of such an Al-Co-Ce metallic coating under thin electrolyte films representative of 
atmospheric conditions was also modeled. The chemical throwing power was the 
distance over which an adequate inhibitor supply could be delivered in a reasonable 
time period after triggered release of inhibiting ions. Separate experiments identified 
critical inhibitor concentrations for suppression of corrosion of 2024-T3. The model 
considered the pH-dependent passive dissolution rate of an Al-Co-Ce alloy to 
define the inhibitor release flux. Transport by both electro-migration and diffusion 
were considered.  The model calculates the time necessary to accumulate Ce+3 and 
Co+2 inhibitors over the scratch when released from the Al-Co-Ce coating under 
various conditions.  The effects of scratch size, initial pH, chloride concentration, 
and the electrochemical kinetics of the material involved were studied.  Sufficient 
accumulation of the released inhibitor (i.e., when the Ce+3 concentration surpassed the 
critical inhibitor concentration over AA2024-T3 scratches) was achieved within a few 
hours (e.g., ~ 4 hrs for scratches of S=1500 μm) when the initial solution pH was 6 
or less. Coating attributes that optimize both electrochemical and chemical “throwing 
power” for protection are discussed.
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Stress Corrosion Cracking of Severely Deformed 
Type316L Stainless Steels in High Temperature and 

High Pressure Aqueous Solution

Shinji Fujimoto*,1 Masahiko Kubo1, Fahmi A. Mukhlis1, Takumi Haruna2 and  
Sigeo Nakahigashi3

1Department of Materials and Manufacturing Science, Graduate School of Engineering, Osaka 
University,

2-1 Yamada-oka, Suita, Osaka  565-0871 Japan
* fujimoto@mat.eng.osaka-u.ac.jp

2Department of Materials Science and Engineering, Kansai University,
3-3-35 Yamate-Cho, Suita, Osaka  564-8680 Japan,

3Japan Power Engineering and Inspection Corporation, 
14-1 Benten-cho, Tsurumi-ku, Yokohama  230-0044 Japan

Mach attention has been paid for high strength metals and alloys with ultra fine grains 
that are produced by severe plastic deformation. However, the corrosion property of 
such materials has not been necessarily well discussed.  More recently, on the other 
hand, stress corrosion cracking has been reported for Type316L stainless steel of not 
welded but of deformed parts in light water nuclear power generating plants.  In the 
present work, stress corrosion cracking behavior of Type 316L stainless steel cold 
rolled up to 80 % was examined by slow strain rate test (SSRT) in high temperature 
and high pressure dilute aqueous solution at 288 C.  Solutions employed were 10-5 
mol/l sodium sulphate with 8 ppm dissolved oxygen and conductivity of 1-2 μS/cm 
and pure water with dissolved oxygen less than 1 ppb and conductivity of 0.3-1 μS/
cm.  The strain rate for SSRT was 5x10-7 s-1. 
Trans granular stress corrosion cracking (TGSCC) was observed for Type316L stainless 
steels that were deformed more than 20 % (cold rolling).  The ruptured surface shows 
typical brittle fracture of TGSCC.  The number of crack initiation increased with 
increasing deformation ratio for tests in both solutions that are ones with DO 8 ppm 
and DO 1 ppb.  However, the crack development rate that is roughly evaluated by the 
depth of brittle fracture increased for test in DO 8 ppm but decreased for the test in 
1 ppb solutions with increasing deformation.  Therefore, the strain at the rapture of 
specimen decreased with increasing deformation ratio for DO 8 ppm, but showed a 
minimum at 40 % of deformation for DO 1 ppb. The variation of deformation ratio 
provides difference in the mechanical strength and the chemical reactivity.  In the 
DO 8 ppm solution in which corrosion potential is more noble than that in the DO 
1 ppb solution, the SCC may extends as the active path corrosion mechanism.  The 
larger active dissolution rate for the more severely deformed steel results in the larger 
crack propagation rate.  In DO 1 ppb solution, on the other hand, although the number 
of crack is larger than that in DO 8 ppm because of unstable passivity at less noble 
potential, the crack extension is not accelerated electrochemically but suppressed by 
the larger mechanical strength of more deformed steel. 
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Application of Surface Analytical Methods to the 
Development of Environmentally Friendly Coatings 

Dev Chidambaram*
Environmental Sciences Department, Brookhaven National Laboratory, Upton, NY 11973,USA.

*dc@bnl.gov

A variety of modern, state-of the-art surface analytical techniques such as variable-angle 
X-ray photoelectron spectroscopy (VAXPS), secondary ion mass spectroscopy (SIMS), 
Fourier-transform infrared spectroscopy and mapping (FT-IR), Raman  spectroscopy, 
scanning electron microscopy (SEM), laser scanning confocal microscopy; synchrotron 
based techniques such as X-ray absorption near edge spectroscopy (XANES), 
synchrotron infrared micro spectroscopy (SIRMS), synchrotron radiation based 
grazing angle infrared spectroscopy (SR-GAIRS) have been used in conjunction with 
traditional electrochemical techniques such as open-circuit potential measurements 
(OCP), potentiodynamic polarization and electrochemical impedance spectroscopy 
(EIS) to study systems that range from simple air formed oxide films, oxide films 
containing various adsorbed species to complex conversion coatings formed on 
several substrates that include pure metals such as aluminum to complex alloys such 
as AA2024-T3 and depleted uranium-0.75wt% titanium.
Initial work focused on understanding the effect of surface pretreatment and alloy 
cleaning procedures on the characteristics of subsequently formed CCC. Mechanism 
of protection offered by chromate conversion coatings (CCC) to aluminum-copper 
systems was then studied (1-4). The knowledge gained from these studies was utilized 
to develop an environmentally-friendly coating for corrosion protection of depleted 
uranium-0.75wt% Titanium alloy (5-7).  The studies starting from alloy cleaning 
methods to the formation of complex chromate conversion coatings and its application 
in the development of a new environmentally benign molybdate-based protective 
coating will be reviewed.  The corrosion properties and aging-characteristics of the 
molybdate coating will also be discussed.
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The Role of Near-surface Microstructure on Corrosion 
Behaviour of Wrought Aluminium Alloys
A. Afseth1, G. M. Scamans2, X. Zhou3 and G. E. Thompson3 

1Novelis Technology AG, Neuhausen, Switzerland
2Innoval Technology, Banbury, UK

3University of Manchester, Manchester, UK
* Geoff.Scamans@innovaltec.com

The influence of thermo-mechanical processing conditions on the generation of ultra-
fine grain sized near surface microstructures has been investigated for a number of 
aluminium alloys of the Al-Mn, Al-Mg and Al-Mg-Si alloy families. High shear 
deformation processes, such as hot rolling, grinding or machining, invariably result 
in the formation of near-surface layers with dramatically refined microstructures 
compared to the underlying bulk material. These surface layers typically have grain 
sizes in the order of 50 to 200 nm and, depending on processing conditions, may 
also contain significant amounts of second phase inclusions in the form of oxides 
and carbon containing compounds. The presence and distribution of second phase 
inclusions have been shown to have a strong effect on the thermal stability of the 
fine grain structure, but to be of relatively minor importance for controlling corrosion 
or electrochemical properties. However, during subsequent heat-treatments the 
precipitation of intermetallic particles is enhanced in the surface layers and this has a 
dominant effect in controlling corrosion behaviour.
Both electrochemical characterisation and accelerated corrosion testing have 
been employed to understand the mechanistic relationship between near-surface 
microstructure and the in-service corrosion performance. Different means of 
controlling and exploiting the corrosion performance and surface reactivity in terms 
of choice of alloy, thermo-mechanical processing conditions and optimised cleaning 
and pre-treatment processes are discussed. 
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Corrosion protection behaviour of new hybrid sol-gel 
thin films

V. Barranco1, N. Carmona1, A. Jiménez-Morales2, M.A. Villegas1, J.C. Galvan1* 
1Centro Nacional de Investigaciones Metalúrgicas, CSIC 

Avda. Gregorio del Amo 8, E-28040 Madrid, Spain
 2Universidad Carlos III de Madrid, Avda. Universidad 30, E-28911 Leganés, Spain

 *jcgalvan@cenim.csic.es

The main objectives of this work have been: (i) to design new electrochemically 
active sol-gel thin films doped with Ce3+ salts (environmentally friendly anticorrosive 
pigments as an alternative to the use of chromates); (ii) to produce doped sol-gel thin 
films as first chemically active layer for pre-treatments of painted surfaces of mild 
steel and zinc, and (iii) to study the corrosion protection behaviour of the resulting 
paint systems. 
Sol-gel thin films based on siloxane bonded units were prepared starting from an 
organic-inorganic hybrid system. The precursors were an alkylalkoxide (γ-methacry
loxypropyltrimethoxysilane, MAPTMS) and a silicon alkoxide (tetramethoxysilane, 
TMOS). Cerium nitrate hexahydrate in three different concentrations was added. 
Diluted hydrochloric acid and methanol were also added for the sols preparation. 
These sol-gel thin films were deposited on metal surfaces (pure zinc and mild steel) 
by applying dip-coating and spin-coating techniques. A model poly vinyl butyral 
(PVB) was applied on a series of these sol-gel films to simulate the performance of 
technologically organic coatings. For this matter poly(vinyl butyral- co-vinyl alcohol- 
co-vinyl acetate) solutions (17% w/w) were prepared in ethanol. Likewise, the 
remaining sols were kept to gelify at 600C and powdered to obtain suitable samples 
for analysing them by other characterisation techniques (Si-29 and C-13 NMR, FTIR 
and DTA).  
Electrochemical impedance spectroscopy and cathodic delamination tests were 
carried out. These techniques allowed to study the role of cerium ions incorporated 
into the hybrid sol-gel network. The effect of cerium concentration on the impedance 
spectra was analysed, as well as the system behaviour against the corrosive medium 
(aqueous NaCl 0.6 M), as a function of exposition time. In parallel studies, cathodic 
delamination tests were applied on the PVB/sol-gel thin film/metal system. Just 
before the experiment was initiated, the centre of the sample was damaged with an 
intentionally scribed circular defect. The metal/paint system was immersed in 0.6 
M NaCl aqueous solutions and submitted to a constant cathodic polarization (-0.8 
or -1.2V vs. Ag/AgCI) at different immersion time. From the electrochemical point 
of view, the sol-gel thin film behaved as a passivating layer of the metallic surface. 
The anticorrosive performance of the hybrid sol-gel thin film is due to an inhibitor 
effect and a self-repairing mechanism awarded by the Ce3+ ions entrapped in the 
sol-gel network which is probably associated to the precipitation of insoluble cerium 
hydroxide at the cathodic sites below the coating. 
Acknowledges:
This work has been supported by the National Program for Materials of Spain (Project 
MAT2003-03231)
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Kinetic Study of Model CO2 Corrosion Inhibitors
K. Bilkova*, E. Gulbrandsen
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P.O.Box 40, NO-2027 Kjeller, Norway
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Internal corrosion of pipelines caused by presence of water and acids like CO2, acetic 
acid and H2S in the fluid from oil and gas wells is a common problem in petroleum 
production. The use of carbon steel with corrosion inhibitors often constitutes an 
economically favourable alternative compared to the corrosion resistant materials. 
Commercial inhibitor products usually consist of mixtures of compounds. Quaternary 
ammonium salts and imidazoline salts are two major groups of inhibitor components 
used in such products. The corrosion inhibition performance and the kinetics of 
inhibition of two model corrosion inhibitors, cetyl trimethyl ammonium bromide 
(CTAB), and oleic imidazoline salt were investigated on high purity iron at 25ºC, CO2 
partial pressure of 1 bar, pH 4, in 3% NaCl brine. The inhibitor performance was studied 
at various concentrations and it was discussed in the relation to their critical micelle 
concentrations (CMC). CMC is defined as the concentration at which a surfactant 
forms micelles in the bulk solution. Further increase in the surfactant concentration 
above the CMC does not increase the concentration of the monomer but it increases 
the number of the micelles. The focus of the presented work was on the kinetics of 
the inhibition; especially the processes during the initial stage of inhibition occur at a 
rapid rate. Thus a high frequency impedance measurement technique was developed 
to determine the rapid changes in polarization resistance and electrode capacitance in 
approximately 20 seconds interval during the initial stage of inhibition. Furthermore 
linear polarization resistance measurements (LPR) were used to monitor the corrosion 
rate during the periods of slow changes. Potentiodynamic polarization curves were 
measured at the end of the experiment to elucidate the effect of processes involved in 
CO2 inhibition on electrode part reactions. The surface of iron specimens at various 
time of inhibition was analyzed by x-ray photoelectron spectroscopy (XPS).
The inhibition followed the same general trends for both studied compounds. 
Minimum effective concentration was close to the CMC. The corrosion rate was 
nearly constant for concentrations above the CMC. The inhibited corrosion rate of 
the studied compounds was independent on flow. The CO2 corrosion inhibition was 
found to be a combination of two processes. First a rapid process (minutes) connected 
to adsorption of the surfactant. Secondly there is a slower process (hours) leading to 
a reduction in corrosion rate. The first process was characterized by an increase in the 
corrosion potential immediately after the inhibitor was added; the corrosion current 
density remained nearly constant. The inhibitor adsorption was confirmed by XPS; 
there was an increase in C and N signals for the specimens taken out immediately 
after inhibitor addition. There was a new N peak detected by XPS for the specimen 
after long time of inhibition, and there were also changes in the iron peak. This can be 
interpreted as a bond formation between Fe and N atom of the inhibitor.
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Corrosion studies of nanostructured composite coatings 
based on zinc and zinc-cobalt alloys
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* N. Boshkov - Sofia 1113, “Akad. G. Bonchev”, bl. No. 11, Bulgaria; phone 359 2 979 39 20; fax 
359 2 971 26 88; e-mail: nbojkov@ipchp.ipc.bas.bg

Zinc and zinc-based electrogalvanized coatings have attracted remarkable interest and 
development because of the increasing demand for coatings with better protective 
ability. The traditional method to improve the corrosion resistance of these layers is 
their treatment in chromate or phosphate solutions. 
A new approach for an increase of corrosion resistance is the formation of nanostructured 
zinc and zinc alloy coatings containing incorporated polymeric nanoparticles. Their 
presence in the metal matrix spread the corrosion processes on a greater surface and 
this holds up the destruction in the depth of the coating. Such layers are relatively new 
and therefore are object of various investigations.
In this study different types of polymeric nanoparticles obtained from poly(ethylene 
oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide), poly(2-hydroxy-ethyl 
methacrylate)-b-poly(propylene oxide)-b-poly(2-hydroxy-ethyl methacrylate) or  
poly(ethylene oxide)-b-poly(2-hydroxyethyl methacrylate) block copolymers are 
used to prepare the nanostuctured composite coatings of Zn and Zn-Co.  
The corrosion resistance of these objects is evaluated using potentiodynamic 
polarization technique, polarization resistance measurements, scanning and 
transmission electron microscopy as well as X-ray diffraction analysis.  As a model 
corrosion medium 5 % NaCl solution is used. 
It is established that the nanocomposite layers have a higher corrosion resistance 
compared to the resistance of the matrix coatings, the effect being stronger for pure Zn 
coating. The incorporation of polymeric nanoparticles in the electrodeposits affects 
their anodic behaviour and results in increasing of the susceptibility of the coatings 
to passivation.  
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Mic monitoring in environments containing manganese 
oxidising bacteria

N, Arlt a, N. De Cristofarob, P. Gumpelc, M. Mengaronib, G. Mortalib and D. Schillerc

b CSM, Via di Castel Romano 100- 00129, Rome; Italy. n.decristofaro@c-s-m.it
b KTN,c Konstanz University

Stainless steels show a typical increase of corrosion potential under microbiological 
induced corrosion (MIC) conditions by manganese-oxidizing bacteria. This potential 
ennoblement makes corrosive conditions more aggressive. In the present work MIC 
of several stainless steels was monitored, in laboratory and in field. The experiments 
were performed on a core of conventional stainless steels supplemented by various 
steel grades with enhanced corrosion resistance. Laboratory experiments were carried 
out in an aqueous salt solution matching the chemical composition of the Rhine river 
water contaminated with manganese oxidizing bacteria. Potentiostatic polarisation 
was applied to simulate the conditions emerged by manganese oxidizing bacteria. 
MIC was monitored in a water treatment plant by means of open circuit potential, 
redox potential and electrochemical impedance measurements.
Electrochemical investigations, performed to simulate the electrochemical conditions 
emerged by the presence manganese oxidizing bacteria, showed that at potential 
levels known from MIC-conditions in the synthetic Rhine water and in absence of 
microbiological activity localised corrosion occurs only under crevice areas.
In waters contaminated with manganese bacteria, an ennoblement of the open-circuit 
potential was always reached. The potential increases occurred, independent of the 
materials composition. The surface state plays an important role concerning the onset 
of the ennoblement. 
MIC field experiments carried out in the water treatment plant showed that after 4 
weeks of immersion in the water, the highest impedance modulus was showed for 
the EN 1.4565 and EN 1.4539 stainless steels. The behaviour is in accordance with 
the higher chromium, molybdenum and nitrogen content of these stainless steels. The 
behaviour of these steels was followed by the behaviour EN 1.4462 and EN 1.4401 
stainless steels. Lower impedance values were obtained for the modified EN 1.4301 
and EN 1.4301 steel.
The corrosion process in the water plant was the result of the synergistic action of 
manganese oxidising bacteria and sulphate reducing bacteria (SRB). Manganese 
oxidising bacteria produce the biomineralization of MnO2 through the hydrolysis of 
Mn2+ present in the water. The produced MnO2 acts as a new oxidising product that 
can be reduced at the cathodic areas. Anaerobic SRB develop in the inner part of 
the aerobic film. Sulphide products were formed in the corrosion process by SRB. 
Sulphide ions produced the acceleration of the anodic dissolution process and decrease 
the pitting potential of passive alloys. 
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Mechanism of pure magnesium corrosion in sodium 
sulphate solutions
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ENSIACET, 118, Route de Narbonne, 31077 Toulouse Cedex 04 France

b UPR 15 du CNRS, LISE, Univ. P. et M. Curie, 4, place Jussieu, 75252 Paris Cedex 05 France
<C. Deslouis> cld@ccr.jussieu.fr

The corrosion behaviour of pure magnesium in aerated sodium sulphate solutions 
was first investigated using steady-state voltammetry and electrochemical impedance 
spectroscopy (EIS) with a rotating disc electrode. The analysis of impedance data 
obtained at the corrosion potential was consistent with the hypothesis that Mg 
corrosion is controlled by the presence of a very thin MgO oxide film, and that the 
dissolution occurs only at free-film spots. This hypothesis was substantiated both by 
the merging of the EIS diagrams obtained for different immersion times and different 
Na2SO4 concentrations into a single one and by scanning electrochemical microscopy 
(SECM) using the electrolyte resistance as electrochemical sensor. On the basis of the 
electrochemical results, a model was proposed to describe magnesium dissolution. 
(i) It was assumed that Mg+ is the species that reacts chemically with water to form an 
oxide/hydroxide layer. These reactions explain the negative difference effect (NDE) 
and the formation of a partially protective hydroxide layer.
(ii) Mg dissolution occurs only at bare parts of the oxide film whose area depends 
on potential and pH. The invariance of the EIS diagrams, once normalized by the 
maximum value of the real part, lead to conclude that the dissolution mechanism is 
unique in the whole anodic range investigated: it can be described as the exchange 
of two electrons in two successive electrochemical steps where the adsorption of the 
intermediate Mg+ is followed by two parallel paths, one chemical gives rise to the 
NDE effect and the electrochemical other one to Mg++ 
Simulation of the EIS diagrams was in good agreement with the experimental 
results.
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Characterization of Initial Films and Passivating Layers 
Grown on Magnesium Metal in Alkaline Solution

M. Santamaria1, L. Anicai1, F. Di Quarto1, S. Zanna, P. Marcus2

1Dipartimento di Ingegneria Chimica dei Processi e dei Materiali, Università di Palermo, 
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2Ecole Natl Super Chim Paris, Lab Physicochim Surcafes, CNRS, ENSCP,UMR 7045, 11 Rue 
Pierre & Marie Curie, F-75231 Paris, France

Among light metals magnesium presents very interesting engineering properties owing 
to: its light weight, high specific stiffness, high thermal conductivity, biocompatibility 
and easy recycling. These potential advantages are counteracted by the poor corrosion 
and wear resistance of Mg and its alloys due to the high chemical reactivity of MgO 
surface layer in presence of humidity or water with formation of a poorly protective 
hydroxide layer having also detrimental effects on the coating procedure. From a 
fundamental knowledge point of view the debate is still open on the mechanisms of 
growth and the nature of passivating layers formed on magnesium surfaces during 
anodizing in aqueous solution. In a complex industrial electrochemical bath containing, 
among other elements, fluoride ions electric field strengths across the barrier film on 
the order of 7·107 ÷1·108 V cm-1 have been reported during the growth under constant 
current density of 20 mA cm-2. The presence of such high electric field during the 
anodizing process has been attributed to the formation of an inner layer of crystalline 
fluorite covered by an amorphous and porous oxy-hydroxide layer.
As for the kinetics of growth of the passive film in aqueous solution not containing 
fluoride ions there are very few indications if a barrier layer is formed or not and if the 
growth of passivating layers occurs in agreement with the Werwey or Cabrera-Mott 
high field theory.
According to the previously mentioned aspects we have undertaken a detailed 
investigation on both these aspects. We have focussed our initial study on the 
characterisation by different techniques (XPS, PCS) of initial films formed on Mg 
in different conditions of surface preparation. Afterwards we have investigated the 
anodizing behaviour of Mg in aqueous solutions at high pH values (≥ 13) where 
a stable passive film is expected to grow. The results of this preliminary study on 
the composition of initial films based on the analysis of XPS and PCS data together 
with the experimental findings on the kinetics of the early stage of film growth and 
breakdown process will be reported. The possible nature of passivating films formed 
in 1M NaOH solution will be inferred on the basis of kinetic data and fitting of 
differential admittance plots whilst the information on the solid state properties and 
nature of corrosion layers gathered by PCS and XPS data analysis will be used to 
suggest possible mechanisms of breakdown of passive film grown on Mg in aqueous 
alkaline solutions.



S
y
m

p
o
s
iu

m
 9

 -
 O

ra
l

Combination of Surface Gradient Chemistry and Kelvin 
Probe Studies of Thin Amorphous Conversion Films on 
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Conversion layers play a dominant role in providing excellent adhesion and corrosion 
resistance of polymer/metal interfaces. In the past, detailed electrochemical studies of 
the classical phophating process on zinc and steel substrates were done by Schultze 
and co-workers [1]. The authors examined the growth of Zn-phosphate crystals and 
localised Ni-cementation at the phosphate/metal interface. Today, the Zn-phosphating 
process including an activation step and the formation of crystalline tri-cation 
phosphate layers with few micrometer thickness is a well established process in 
the steel and the automotive industry. However, currently the development of new 
advanced conversion films is focused on the development of thin amorphous hybrid 
conversion films with a thickness of only a few tens of nanometers.
In this contribution fundamental investigations on interface reactions of advanced 
phosphate-containing conversion solutions on ultra-smooth ZnAl-alloy coatings on 
steel are presented [2-3]. Surface gradient layers on these substrates were realised in 
order to screen the composition, electrochemical properties and corrosion resistance 
of the conversion coating as a function of layer thickness and processing time. For 
this purpose a dip-coating procedure was established yielding well-defined thin 
amorphous conversion gradient layers from the phosphate-containing conversion bath 
chemistry. These gradient samples were locally analysed by means of the Scanning 
Kelvin Probe and localised impedance measurements using an electrochemical 
capillary cell. Microscopic Infrared Reflection Absorption Spectroscopy (FT-IRRAS) 
measurements, small-spot XPS and Tof-SIMS were used as complementary surface 
analytical techniques. All techniques enable a spatial resolution of better than 200 
micrometers. The nucleation of thin films was analysed by means of a high resolution 
AFM. Thereby, a complete variation of thin film properties such as thickness, barrier 
properties, corrosion resistance and chemical composition could be measured as 
function of the time of film growth on a sample with some millimetres in length. 
It could be shown that this surface gradient film analysis significantly increased the 
number of parameters that can be analysed per time [4]. 

[1] D. Zimmermann, A.G. Munoz, J.W. Schultze; Electrochim. Acta 48 (20-22) (2003) 
3267-3277

[2] N. Fink, B. Wilson, G. Grundmeier ; Electrochim. Acta, in press (available online 
3 October 2005)

[3] B. Wilson, N. Fink, G. Grundmeier ; Electrochim, Acta, in press (available online 
17 October 2005)

[4] C. Stromberg, P. Thißen, I. Klueppel, N. Fink, G. Grundmeier, submitted to 
Electrochimica Acta
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Corrosion resistance of Cr-free anodised Al 2024-T3 
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A great number of studies for aircraft aluminium alloys have lead to some Cr-free 
anodising baths that might be a reasonable alternative to the traditional chromic 
baths.
This study aims to evaluate the resistance against atmospheric corrosion of Al2024-
T3 alloys etched and anodised with a Cr-free bath.
Samples etched and anodised in a Cr-free bath, a previously developed sulphuric-
boric bath,  as well as samples treated by the conventional processes, chromic bath,  
have been submitted to field exposures (long-term exposures), during 30 months in 
the urban atmosphere of the city of Lisboa (Campo Grande).
The present paper deals with electrochemical data (potentiodynamic polarisation 
curves and open circuit potential data) of anodised Al2024-T3 material with 3, 6, 12, 
24 and 30 months of atmospheric exposure. The electrochemical data is complemented 
by visual and optical microscopy. Pitting density was evaluated and the crystalline 
corrosion products formed on the anodised samples during the atmospheric exposures 
have been identified by X–rays powder diffraction analysis.
Simultaneously to the exposures the level of pollutants in the atmosphere, namely 
chlorides and SO2, was monitored.
It was concluded that even after 30 months of exposure both anodised processes 
lead to surfaces with similar resistance against atmospheric corrosion in spite of the 
differences found in the morphology of the anodising films. 
All the data leads to the conclusion that the sulphuric boric anodising process seems 
to be a good alternative to the traditional anodising processes.  
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A new height regulated Scanning Kelvin Probe (HR-SKP) was combined with a Blister 
Test (BT) to study de-adhesion processes at modified adhesive/metal interfaces under 
corrosive and mechanical load. The set-up was additionally equipped with a climated 
chamber and a three electrode set-up, allowing control of the surrounding gas phase 
and potentiostatic control of the defect.
As an electrochemical technique the SKP measures the electrode potential at buried 
adhesive/oxide/metal interfaces [1-3]. Thus, it detects changes in the interfacial oxide 
structure and variations of the interfacial ionic conductivity with high spatial resolution 
of about 50 micrometer. The height regulation provides a constant distance between 
the sensing scanning probe and the adhesive surface, even above the spherical blister, 
while the interfacial electrode potential is measured simultaneous. The liquid for the 
Blister Test comprises of a corrosive metal halide electrolyte, whose pressure can be 
varied between zero and 4 bar.
The electrochemical aspects of adhesion loss of adhesives from oxide covered iron 
and zinc, as model systems for steel and zinc coated steel, were investigated. An epoxy 
resin free of pigments, fillers and additives was chosen as model adhesive. Selected 
results illustrate the measurement of pure wet de-adhesion, interfacial corrosive 
reactions and the acceleration of de-adhesion processes with increasing hydrostatic 
load of the blister. 
The metallic substrates were modified with conversion layers, adhesion promoting 
organosilanes and thin plasma polymer films prior to the application of the adhesive 
to reveal the influence of the interface chemistry on the stability of the adhesive/metal 
joint.

[1] K. Wapner, B. Schönberger, M. Stratmann, G. Grundmeier, Journal of the 
 Electrochemical Society 152 (3) E114-E122 (2005)
[2] K. Wapner, G. Grundmeier, Advanced Engineering Materials, No. 6 (2004)
 163-167
[3] K. Wapner, M. Stratmann, and G. Grundmeier, Electrochimica Acta, in press
 (available online 24 October 2005)
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Surface modification of passive iron by alkyl-phosphonic 
acid layers
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Phosphonate layer formation on passive iron surface has been investigated by 
electrochemical, conversion electron Mössbauer spectroscopy (CEMS) and atomic 
force microscopy (AFM) techniques. Electrochemical methods revealed that metallic 
iron surface is disadvantagous for protective layer formation, while prepassivation 
of iron surface results in estabilization of the self-assembled layer. The rate of 
anodic dissolution is continually decreasing due to the time-dependent formation of 
protective phosphonate layer. The kinetics of phosphonate layer formation on passive 
iron is determined by the potential applied for preceding passive film formation. 
CEMS investigations were carried out to evaluate the differences  in passive layer 
composition as a result of phosphonate treatment. The size and shape of iron oxide 
grains depends slightly on he potential of passivation. Changes in morphology due to 
the phosphonate layer formation have been recorded by AFM. 
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Young-Jin Kim* and Peter L. Andresen
GE Global Research Center

1 Research Circle, Schenectady, NY  12309, USA
*(T) 518-387-6592; (F) 518-387-7007: kimyj@research.ge.com

There have been well documented instances of environmentally assisted corrosion 
phenomena in various energy-related industries involving various subcomponents 
of boilers, steam turbines, piping, pressure vessels, pressurizers, steam generators, 
deaerators, etc.  The common element in these corrosion incidents is exposure to high 
temperature water of structural materials such as austenitic stainless steels, nickel 
base alloys, turbine steels, low alloy and carbon steels, and their weld metals.  It is 
known that the water chemistry in nuclear power plants plays an important role in 
several phenomena that can significantly affect both the cost of operation and the 
long-term viability of reactors.  
The purpose of this paper is to describe advanced novel approaches to address these 
corrosion issues in water-cooled nuclear plants.  This paper provides a fundamental 
description of the corrosion mechanism and describes various methods for mitigating 
the risk of stress corrosion cracking of reactor internals and extending the lifetime of 
components.  These approaches are based on modifying the electrochemical nature 
of the metal surface, such as by the electrochemical catalysis of noble metals and/
or the insulating behavior of dielectric materials to protect reactor parts that tend to 
degrade in the normal reactor environment and eventually to extend plant life beyond 
40 years. 
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Simulation of localised corrosion: 
a combined probabilistic/finite element approach
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In literature localised corrosion processes like pitting, crevice corrosion and stress 
corrosion cracking are treated both deterministically and stochastically. In case of 
(metastable) pit and crack generation a stochastic approach seems most appropriate. 
These localised corrosion phenomena are often described as Poisson processes (e.g. 
[1]). On the other hand finite element simulations, i.e. deterministic approaches, of 
localised corrosion exist (e.g. [2]). 
In this paper a stochastic and a deterministic approach is combined. The electrochemical 
stochastic process of pit initiation is simulated using a (discretised) Poisson process, as 
an initial approach. A realisation of pitting is used for a 3D-finite element simulation: 
the deterministic part of the approach. In the corrosion of iron or steel, iron dissolution 
is assumed to be the anodic reaction, which takes place in the pits. Cathodic reactions 
are the reduction of O2 and the reduction of H+. The reduction of O2 is assumed to be 
negligible in the pits. For the current densities of the three electrochemical reactions 
Tafel equations are used. At the electrolyte boundaries the current density in the 
normal direction is defined to be zero. As a supporting electrolyte 0.1 M NaCl is 
selected. The Nernst-Planck equation describes the mass transport of species in the 
electrolyte domain. The electroneutrality condition was applied. The water equilibrium 
is accounted for using kinetic parameters of the forward and backward reaction of the 
protolysis reaction: H2O ßà H+ + OH-.
Distributions of current density, concentrations and the potential in solution are 
calculated. It will be discussed whether and when the assumption of independence 
of (pitting) events is justified. Both stochastic theory and finite element methods are 
useful instruments in the study and understanding of localised corrosion processes. 
Finally, possibilities for other combined stochastic and finite element treatments of 
localised corrosion, including stress corrosion cracking, will be discussed.

References
[1] J.L. Dawson, in: J.R. Kearns, J.R. Scully, P.R. Roberge and D.L. Reichert and J.L. 

Dawson (Eds.), Electrochemical Noise Measurements for Corrosion Applications, 
ASTM STP 1277, American Society for Testing and Materials, 1996, pp. 3-35.

[2] J.N. Harb and R.C. Alkire, J. Electrochem. Soc., 138(9) (1991) 2594-2600.
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Alloy 600 and Alloy 690 in Acidic Solution Containing 

Chloride Ions.
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Crevice corrosion is the accelerated attack occurred in the occluded cell under a 
crevice on the metal surface, which is one of dangerous form of localized corrosion.  
Crevice corrosion shares many similar characteristics with other type of localized 
corrosion such as pitting corrosion, in terms of the breakdown of passive film and 
its repassivation. Crevice corrosion behaviors of nickel-based alloys, Alloy 600 and 
Alloy 690 were investigated in acidic solution with the variation of chloride ion 
concentrations.  Tests were carried out using the specially designed crevice cell with 
a very narrow Luginn capillary assembly to measure the potential inside the crevice. 
It is believed that crevice corrosion in active/passive system such as Alloy 600 and 
Alloy 690 is highly related with the properties of passive film and its repassivation 
characteristics.  The properties of passive films were measured by the capacitance 
measurement and the reapssivation characteristics were investigated by the abrading 
electrode technique.  The stability of repassivated film was evaluated considering the 
results of EIS tests carried out before and after the abrading electrode test.  An attempt 
was made to elucidate the relationship between crevice corrosion behavior of Alloy 
600 and Alloy 690, properties of passive film and its repassivation kinetics
Keywords: Alloy 600, Alloy 690, Crevice Corrosion, Passive Film, Repassivation
Kinetics, 
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This work is concerned with developing model hydrophilic and hydrophobic 
interfaces on steel by surface treatment using, respectively, 3-glycidoxypropyl (i.e. 
epoxy-functional) trimethoxysilane and n-propyl (non-functional) trimethoxysilane. 
Subsequently, the performance of the organic-coated surface-treated steel was 
determined using electrochemical impedance spectroscopy (EIS), contact (aqueous 
wetting) angle measurements and pull-off adhesion.
Contact angle measurements confirmed that a non-functional silane produced 
a significantly more hydrophobic interface (contact angle 105°) than an epoxy-
functional silane (contact angle 60°), which was relatively hydrophilic. Both dry and 
wet adhesion measurements confirmed the expected 20% increase in adhesion for the 
epoxy-functional treatment but a 40% decrease in adhesion for the non-functional 
treatment.
EIS measurements were then performed on silane-treated carbon steel substrates (i.e. 
without epoxy coating). After 20 minutes of immersion in 3.5% NaCl solution, the 
charge-transfer (polarisation) film resistance was approximately 2000 ohm cm2 for 
the hydrophobic treatment compared with about 1000 ohm cm2 for the hydrophilic 
treatment; furthermore the film capacitance for the hydrophobic treatment was about 
one-fifth that of the epoxy-functional treatment indicating a considerably more 
diffuse double-layer. Over time (about 60 minutes) these values reverted to that of the 
untreated substrate. EIS results for silane-treated, epoxy-coated steel over the first 50 
hours of immersion showed that the initial coating resistance was significantly greater 
(and the coating capacitance significantly smaller) for the hydrophobic treatment. This 
confirms that the water uptake into the coating to the interface had been minimised by 
the hydrophobicity of the interface. However, after 50 hours the coating commenced 
de-bonding from the non-functional treated substrate due to the considerably lower 
adhesion strength.
These results imply that if the substrate-coating interface can be made to be both 
hydrophobic and provide a functional bond between the substrate metal oxide and the 
organic coating, then the long-term performance of an organic coating is likely to be 
improved.
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The adsorption of proteins (BSA) was studied on passivated chromium surfaces 
using XPS and a switch-flow cell combined with an electrochemical quartz crystal 
microbalance (EQCM). The surface was initially passivated in a deaerated, protein-
free solution. Subsequently, a protein-containing solution was switched in the cell and 
the EQCM signals were recorded as a function of time. After protein adsorption the Cr 
surface was analysed by X-ray Photoelectron Spectroscopy (XPS).
The kinetics of adsorption and the amount of adsorbed protein were investigated as a 
function of :
- protein concentration in the solution (2-20 mg/l)
- potential in the passive region
- pH
For the interpretation of XPS data obtained after the EQCM adsorption experiments, 
a 3-layer model was considered : an inner Cr2O3 oxide layer and an outer Cr(OH)3 
hydroxide layer covered by an adsorbed BSA layer. From the Cr 2p and N 1s core 
level spectra, the thicknesses of the oxide layer, of the hydroxide layer and of the 
adsorbed BSA layer were estimated. 
The thicknesses of the adsorbed protein layer measured in situ by EQCM and ex situ 
by XPS are in excellent agreement. 
The data show that the kinetics of adsorption of BSA depends strongly on the protein 
concentration in the solution whereas the maximum amount of adsorbed protein is 
similar, and corresponds to ~ 1 monolayer.
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Buried oil and gas transmission pipelines are protected from corrosion by a combination 
of cathodic protection and coatings that reduce the current requirements for cathodic 
protection. Regular inspections, such as described in the NACE International 
Recommended Practice for External Corrosion Direct Assessment (ECDA),1 are 
required to ensure the integrity of the pipelines. The methodology behind ECDA relies 
heavily on close interval surveys of on-potentials (where the CP system is connected) 
and off-potentials (where the CP system is disconnected).2,3

The degree to which a coating holiday is detectable through a close-interval survey 
is not precisely known. The model CP3D, developed to model cathodic protection to 
pipeline networks,4-6 was extended to allow calculation of on- and off-potentials at 
arbitrary surfaces. When applied to the soil surface, this model can be used to ascertain 
the degree to which an arbitrary coating flaw is detectable by such measurements and 
to thereby guide interpretation of ECDA indications.
This paper will present the methods used to calculate potentials at arbitrary surfaces 
with the CP system connected and disconnected. These simulations have been used to 
simulate ECDA measurements and to identify general interpretation strategies.  The 
approach presented illustrates the integration of comprehensive numerical simulation 
with techniques for assessment of pipe coating condition.
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Over the last few years, copper has replaced aluminium in the fabrication process of 
inter-connexions in microcircuits with the help of the now well-established “dual-
damascene” technique. This latter necessitates an intermediate step called chemical-
mechanical process (or CMP) aimed at removing the excess metal deposits in order to 
get very smooth surfaces. The substrates are then subjected first to a thorough cleaning 
using oxalic acid solutions and finally to a rinsing. Both procedures are grouped in 
the so-called “post-CMP cleaning” and they are aimed at removing abrasive particles, 
polishing residues, and at avoiding contamination. This final step, during which acidic 
solutions are used, is actually highly critical. For example, unintentional dendritic 
growth phenomena were detected on favourable sites. They were actually found to 
result from the dissolution of a copper connexion via corrosion followed by the re-
deposition of copper on a neighbouring connexion. Among the various sources of 
copper corrosion involved in the post-CMP procedure, one can cite photo-assisted 
corrosion, galvanic corrosion involving the tantalum metallic barrier underlying 
below the copper layer as well as the drawing rules used for the various masks of the 
integrated circuits.
In order to get a better understanding concerning the dendrite formation, we 
developed a comprehensive investigation using various electrochemical and imaging 
techniques. In this work, we relate mainly the precious contribution provided by 
atomic force microscopy (AFM) imaging carried out either in air or in-situ in oxalic 
acid containing cleaning solutions. The main results reported hereafter are focused on 
the morphological aspects of the dendritic growth as well as on the confirmation of a 
galvanic corrosion process occurring between copper and tantalum.



S
y
m

p
o
s
iu

m
 9

 -
 O

ra
l

Electrodeposition of Alloys with Superior Corrosion 
Properties 

Branko N. Popov* 
Center for Electrochemical Engineering, Department of Chemical Engineering, 

University of South Carolina, Columbia, SC 29208, USA
*popov@engr.sc.edu

 
Tremendous potential exists for the growth of metal finishing industry through the 
development of processes that are either environmentally friendly or are applicable 
at the nano scale. The chemical composition and the structure of electrodeposited 
metals, alloys and composites control their functional properties. This paper will 
discuss some of the theoretical and experimental studies done to achieve such 
coatings. Nanostructured alloys and innovative composite materials were developed 
through adaptation of existing bath chemistries. Process development was based on 
techniques developed in our laboratories such as: under potential deposition (UPD) 
of monoatomic metal layers, autocatalytic reduction and potentiostatic pulse (PP) 
plating of layers of amorphous and crystalline nanostructured metals and alloys. The 
development processes have been optimized based on superior corrosion properties 
of the coatings. Further refinement of the coating process was accomplished through 
the development of first principles based theoretical models.
Electrodeposited nanostructured alloys and composites find applications in metals and 
surface finishing industry. This paper will feature development of electrochemical 
deposition processes to synthesize secondary and ternary alloys such as Ni-Zn-X 
(X=P or SiO2). These materials were targeted as a replacement for Cd deposition and 
can inhibit corrosion and completely eliminate the hydrogen induced cracking.
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The importance of texture and lattice defects on corrosion behavior of Zn and Zn 
alloy coatings was revealed in our previous studies [1,2], however, the role of surface 
morphology remains unclear. It is known that almost all mechanical properties of 
metals can be effectively improved by refining the grain size. However, the small 
grain size and the high volume of fraction of grain boundaries may result in corrosion 
performance different from that of polycrystalline materials. Non-stationary (pulse) 
electrodeposition can be used as a mean to produce unique structure, i.e. coatings with 
a structure and properties not obtained by direct current (dc) plating.  
The present study was aimed to determine the influence of pulse electrodeposition 
parameters on the surface morphology, lattice imperfection and corrosion properties 
of Zn and Zn-Ni (12%) coatings, deposited in alkaline cyanide-free solution. AFM 
was applied for surface morphology examination, XRD measurements were carried 
out for phase composition, texture and lattice defects analysis, while electrochemical 
techniques were used for corrosion performance research. 
Pulse electrodeposition yielded a fine-grained and more homogeneous surface 
appearance of Zn and Zn alloy deposits, with relatively indefinite grain boundaries 
and smaller grain size. A special attention was given for a precise determination of 
the latter parameter, which was obtained from AFM studies and XRD line broadening 
measurements. Line broadening always comprises size and strain broadening 
components. An attempt has been taken to evaluate separately these two factors, what 
resulted in attainment of very similar grain size values, obtained by two different 
(AFM and XRD) methods. Non-stationary electrodeposition yielded the reduction 
of grain size both for Zn-Ni alloy from ~ 90 nm for dc. plated, to 30-40 nm for pulse 
plated samples, and for  Zn  coatings: from ~ 65 nm to ~ 35 nm, respectively.   
The corrosion currents of electrodeposited coatings were determined in aerated 
NaCl+NaHCO3 solution and it appeared that pulse plated Zn and Zn alloy samples 
possessed from twice to threefold lower corrosion currents with respect to dc plated 
ones. Zn and Zn-Ni coatings, which possessed lower grain size, higher uniformity 
of grain distribution and higher number of lattice imperfections exhibited higher 
corrosion resistance. 

1. R. Ramanauskas, Appl. Surf. Sci., 153 (1999) 53. 
2. R. Ramanauskas, L. Gudavičiūtė, A. Kaliničenko, R. Juškėnas, J. Solid State 

Electrochem., 9 (2005) 900. 
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The role of alloying elements on the susceptibility to Stress Corrosion Cracking 
(SCC) of stainless steels is well documented in the literature, particularly the effect 
of molybdenum. However, the role of this element on film properties is not well 
understood.
The approach used in this work includes the study of high purity austenitic Fe-Cr-Ni 
model alloys, with and without Mo additions, as well as the effect of deformation. A 
Mott-Schottky study was conducted complimented with polarization measurements 
in SCC environments containing chloride ions.
Results show that Mo promotes stress corrosion cracking in the otherwise non-
susceptible alloy confirming previous data. 
SCC is associated to the presence of a semiconducting film, which is predominantly 
p-type in character (transport controlled by cationic vacancies).
The doping density estimated for samples with equivalent levels of plastic deformation 
was found to be larger for the Mo containing alloy.
Mechanisms are discussed focussing the metal/film interface and the possible effect of 
dislocations on film properties, for the SCC case. 
The role of Mo regarding other types of localised corrosion such as pitting will be also 
discussed, on the basis of phenomena in the film/solution interface.
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Mechanism of corrosion protection by conducting 
polymers 

Adam Michalik, Grażyna Paliwoda-Porebska, Michael Rohwerder*
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*rohwerder@mpie.de

Organic coatings are an efficient way to protect metal based products from corrosion. 
However, for reliable long-term performance pigments that release corrosion inhibiting 
substances need to be added to the organic coating. The most efficient pigments are 
those containing chromates (usually in form of strontium chromate), but because of 
their toxic and carcinogenic nature their use has to be progressively decreased. But 
nearly all powerful inhibitors may have detrimental effects on environment, when 
released in substantial amounts. Since in basically all pigments the release of inhibitors 
is based on leaching, coatings need to be highly pigmented to ensure a sufficient 
presence of inhibitors over years, and, of course, inhibitors are constantly released 
into the environment, even when they are not needed. Hence, novel approaches are 
desperately sought for.
The potential of conducting polymer coatings for corrosion protection is a topic of 
current controversy. A number of possible protection mechanisms are proposed. The 
reason for this is that the efficacy of conducting polymers very much depends on how 
they are used and on the conditions of the corrosion experiment, i.e. depending on the 
exact conditions a conducting polymer may have excellent protection capability or 
may lead to a disastrously enhanced corrosive attack.
This paper will focus on conducting polymer coatings with self-healing capability and 
on how to counteract the negative properties of the conducting polymer, so as to truly 
benefit from the positive properties.
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Effect of composition on the photoelectrochemical 
behaviour of anodic oxides grown on aluminium alloys

M. Santamaria1, F. Di Quarto1, P. Skeldon2 and G. E. Thompson2

1Dipartimento di Ingegneria Chimica dei Processi e dei Materiali, Università di Palermo, 
Viale delle Scienze, 90128 Palermo, Italy

2Corrosion and Protection Centre, School of Materials, The University of Manchester, PO 
Box 88, Manchester, M60 1QD, UK

The study of anodic films grown on Al alloys is of interest for different reasons. From 
a practical point of view, the presence of small amounts of transition metal solute 
increases dramatically the pitting potential of the metallic substrate, hence improving 
the corrosion resistance of the alloy. On the other hand, the possibility of tailor making 
anodic films with higher dielectric constant with respect to alumina films makes such 
alloys relevant to the field of electrolytic capacitors. Thus, there is need for research 
aimed at increased understanding of the physico-chemical properties of amorphous 
oxide films on Al alloys. Of relevance, it has been proposed recently that the band gaps 
of crystalline binary oxides correlate with the electronegativities of their constituents, 
thus suggesting the possibility to predict the band gaps of ternary oxides (1), using 
an average electronegativity parameter for the cationic group and hence, tailoring of 
oxide properties. Moreover, the proposed correlation has been extended to amorphous 
oxides, taking into account the effect of the amorphous structure on the band gap of 
the corresponding crystalline oxide (1).
In this work, the results of an extensive study on growth and characterisation of anodic 
films on Al - valve metals alloys, containing niobium, titanium, tantalum and tungsten 
additions, are presented. 
Both in-situ Photocurrent Spectroscopy (PCS) and ex-situ Transmission Electron 
Microscopy (TEM) and Rutherford Backscattering Spectroscopy (RBS) are applied 
to the films grown in acidic and quasi-neutral solutions in order to probe the structure, 
composition and electronic properties. 

References
1 F. Di Quarto, M. Santamaria, C. Sunseri, «Photoelectrochemical Techniques in 

Corrosion Studies”, in “Analytical Methods in Corrosion Science and Technology”, 
Edited by P. Marcus and F. Mansfeld, Ch. 18, pp. 697-732. Taylor and Francis, 
Boca Raton: (Fl,USA).
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Predicting the evolution of stress corrosion cracks from 
corrosion pits

A. Turnbull*, L.N. McCartney and S. Zhou
National Physical Laboratory, Teddington, Middlesex, TW11 0LW, U.K.

*alan.turnbull@npl.co.uk; +44 020 943 7115; +44 20 8614 0436

The evolution of stress corrosion cracks from pits is important in many industrial 
applications but continues to be a challenge in both measurement and prediction. Life 
prediction in these circumstances has to account for pit growth kinetics, the conditions 
for the transition from pits to cracks, and the growth rate of cracks in the short and 
long crack domain. An example of importance is the performance of steam turbine 
discs. Although stress corrosion failures are comparatively rare, the consequences 
can be severe and occasionally catastrophic. Consequently, considerable effort is 
being focused on evaluating the effect of operational variables on pitting and crack 
growth and in developing an improved basis for structural integrity assessment.  A 
mathematical model based on deterministic equations with statistically variable 
input parameters has been developed for simulating the evolution of the pit depth 
distribution at different exposure times and the percentage of pits that transform to 
stress corrosion cracks. It has been shown that the simulation not only reflects the 
trends in the laboratory experimental measurement but also, uniquely, reproduces the 
statistical variability or “noise” associated with the measurements. In an extension of 
this model to consider the early stages of crack growth the distribution of crack sizes 
in the short crack domain was reasonably simulated. 
These varied results will be presented with a discussion of the challenges in model 
validation and extension of the predictions to service application.
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corrosion
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bPhysical Sciences Department, Dstl, Porton Down, Salisbury, Wiltshire SP4 0JQ, UK.
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Nickel-aluminium bronze (NAB) unlike the other copper alloys is known to be 
susceptible to crevice corrosion when not cathodically protected.  In natural seawater, 
crevice corrosion rates as high as 0.7 to 1.0 mm y–1 have been reported for NAB 
compared with 0.25 mm y–1 for AISI 304.  In contrast to stainless steels, crevice 
corrosion for copper-based alloys, such as for nickel-aluminium is 
often attributed to the formation of a metal-ion concentration cell.  This 
investigation has studied the evolution of a critical crevice solution and 
the overall influence of the complex NAB microstructure, principally 
the α+κIII eutectoid, on the initiation of crevice corrosion.  The chemical 
conditions within a Cortest crevice assembly have been studied for NAB in a bulk 
test solution of 3.5% (0.6M) NaCl.  The crevice solution chemistry was assessed 
intermittently over a period of 6 months using capillary electrophoresis.  Capillary 
electrophoresis is capable of analysing nanolitre solution volumes with 
widely disparate concentrations of species based on their electrophoretic 
mobility by applying a voltage (20 kV) across a buffer-filled capillary 
(50 μm inside diameter and a 93 cm effective length) and provides a 
means of rapidly and efficiently separating the ionic content of crevice 
solutions.
A mechanistic model has been established for the physical and chemical mechanism 
controlling the crevice corrosion.  High chloride levels (~100,000 ppm) were only 
observed in the first month before decreasing back to bulk solution levels, however, 
the cupric ion concentration showed a more complex behaviour ranging from 1000 to 
5000 ppm.  The surface corrosion of NAB was initially confined to eutectoid regions 
with slight attack of the copper rich α-phase within the α+κIII eutectoid.  In the presence 
of high chloride concentrations in the crevice, copper and aluminium complexes will 
be formed and the hydrolysis of these complexes leads to the acidification of the 
crevice solution chemistry.  As the crevice solution becomes increasingly acidic the 
initial protection of the κ-phases due to their higher aluminium contents is lost and 
they become anodic to the α-phase.  The continuous nature of the κIII-phase makes it 
especially vulnerable with ~80 μm depth of attack after only the first month and an 
accompanied copper redeposited at cathodic sites.  These crevice cathodic sites can 
also support further dissolution at areas in contact with low concentrations of dissolved 
copper-ions, such as the exposed surface immediately adjacent to the crevice, resulting 
in the characteristic trench associated with crevice corrosion of copper-based alloys.  
This model has provided further insights in to the development of crevice corrosion 
experienced by NAB after long-term exposures (3 years) to natural seawater.
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Pitting corrosion of some superaustenitic Steels in NaBr 
solution
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Tel: +202 3300499Fax: +202 3370931
E-mail address: eameguid_nrc@yahoo.com

Pitting corrosion of stainless steels is one of the most destructive forms of corrosion. 
Superaustentic steels namely 904L, 254SMO and 654SMO contain high contents of the 
alloying elements especially molybdenum (Mo > 4.5). These alloys are recommended 
for using in aggressive environments such as marine applications and oil and gas 
industries.
The aggressiveness of pitting corrosion of stainless steels caused by halide ions was 
found to be in the order of chloride > bromide > iodide under different experimental 
conditions and alloy composition. However, it was reported that the addition of Mo to 
steel did not always show beneficial effects in lessening pitting in bromide solutions. 
Therefore, the main goal of this paper is to study in some details the electrochemical 
pitting corrosion behaviour of 904L, 254SMO and 654SMO in NaBr solutions under 
different experimental conditions such as, effect of bromide ion concentration, effect 
of temperature, pH and the potential scan rate. Electrochemical pitting potentials for 
different stainless steels were determined in NaBr solution and used for determination 
of the critical pitting temperatures. The results showed that CPT value increases with 
increasing the alloyed Mo content in the steel. The pitting morphology was inspected 
by using scanning electron microscope (SEM) at different conditions.  
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Chromate free conversion layers on Zn and Zn alloys 
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L. Anicai*, A. Pertache, M. Buda#, T. Visan# 
Petromservice SA, Div.of Ecological Technologies Implementation, Calea Grivitei 8-10, sector 1, 

010772, Bucharest, Romania; e-mail : lanicai@itcnet.ro
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Under the actual trend to use more environmentally friendly electrolytes to process 
metallic surfaces, a quite important role is assigned to Cr(VI) replacement, especially 
in the case of Zn and Zn alloys surface treatments both to extend the decorative aspect 
and to offer at least the same corrosion resistance.
Thus, formation and characterization of chemical/electrochemical conversion layers 
onto Zn and Zn alloys coatings, respectively: Zn-Fe (0,3-0,6% Fe) and Zn-Ni (10-15% 
Ni) involving Cr (III), Mo (VI) and W (VI) based  iso- or heteropolycombinations are 
discussed, as ecological alternatives. 
They offer a large diversification of decorative aspect by means of an extended range 
of colors and tones possible to be obtained, as a function of operating parameters.    
Some aspects regarding their physical-chemical characteristics (appearance, 
composition, morphology) against involved solution type and operating parameters, 
as well as corrosion behaviour as compared with classical Cr(VI) based conversion 
coatings involving accelerated electrochemical techniques are discussed.
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Sour cherry juice as a green inhibitor for steel corrosion 
in hydrochloric acid media

H. Ashassi-Sorkhabi*, D. Seifzadeh
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of Tabriz, Tabriz-Iran
habib.ashassi@gmail.com

The aqueous juice of the sour cherry is tested as corrosion inhibitor of steel in acidic 
solution, using the polarization and EIS techniques. Inhibition efficiencies of sour 
cherry juice were evaluated in the presence of different sour cherry concentrations 
and also in different temperatures. It was found that sour cherry juice addition 
decreases the corrosion rate of steel in 1 M HCl even in very low concentration (0.3 
% v/v). Inhibition efficiencies of steel corrosion increase from 89.5 to 94.1 when the 
juice concentration increases from 0.3 % to 4 % concerning the polarization results. 
Strong inhibition efficiency of sour cherry juice can be explained by the adsorption 
of different organic compound and especially anthocyanines pigments that present in 
sour cherry juice. The Corrosion inhibition of sour cherry doesn’t change significantly 
with the temperature increasing but due to thermal degradation, inhibition efficiency 
decreases suddenly when the temperature rises to 85 °C. Result obtained from both 
electrochemical methods was in relatively good agreement.

1. H. Ashassi-Sorkhabi , M. R. Majidi and K. Seyyedi; Applied Surface Science, 225 
(2004) 176-185.

2. A.Y. El-Etre; Corrosion Science, 45 (2003) 2485–2495.
3. A.Y. El-Etre; Corrosion Science, 39 (1998) 734-749.
4. H. Ashassi-Sorkhabi, Z. Ghasemi, D. Seifzadeh; Applied Surface Science, 249 

(2005)408-418.
5. M. Bethencourt, F.J. Botana, J.J. Calvino, M. Marcos; Corrosion Science 40 

(1998) 1803.
6. S. Virtanen, M.B. Ives, G.I. Sproule, P. Schmuki, M.J. Graham; Corrosion Science 

, 39 (1997) 1897.
7. D.R. Arnott, B.R. Hinton, N.E. Ryan; Corrosion, 45 (1989) 12.
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Zinc coatings are widely used for sacrificial cathodic protection of steel parts. 
Galvanized steel sheets are usually protected from corrosive environments by 
conversion coatings (phosphate, chromate, etc), and then topcoated with some organic 
coatings, particuilarly in outdoor applications. The role of a conversion coating is 
providing more efficient corrosion protection, as well as increasing adhesion of 
organic coating. 
One of the most important factors in corrosion prevention by protective coatings 
is the coating adhesion loss under enviromental influence. There are many factors 
influencing the adhesion of organic coatings and in this work an attempt was made 
to determine the influence of fluoride ion (in the concetration range 0.1-1.0 g dm-3, at 
50 ºC) in the phosphating plating bath on the adhesion of epoxy cataphoretic coating 
on phosphated galvanized steel. Fluoride ion was used since it is well known that its 
presence thin the oxide layer on the metallic substrate. 
The dry and wet adhesion of epoxy coating were measured by a standard pull-
off method. The surface roughness of phosphated galvanized steel surfaces was 
determined, as well as the wettability of the metal surface by polymer solution. The 
corrosion stability of epoxy coatings on phosphated galvanized steel was investigated 
by electrochemical impedance spectroscopy. 
On the basis of all experimental results it could be concluded that the presence of 
fluoride ion in the phosphate plating bath in some cases has a beneficial effect on 
the adhesion, as well as on corrosion stability of the protective system based on 
phosphated hot-dip galvanized steel epoxy coating. It was shown that the biggest 
dry adhesion was obtained for epoxy coating on a phosphate coating deposited on 
hot-dip galvanized steel from a bath containing 0.5 g dm-3 NaF. There is a decrease in 
adhesion of epoxy coating on phosphate coating obtained with about 1.0 g dm-3 NaF 
in the phosphate bath. So it could be concluded that an oxide layer of certain thickness 
is required for a good adhesion. 

#Dedicated to the memory of Prof. Aleksandar Despić
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Avda. Gregorio del Amo, 828040 MADRID Spain
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Ti6Al4V alloy is widely used in orthopaedic and dental applications due to the excellent 
corrosion behaviour, mechanical properties and biocompatibility. In addition, a better 
osseointegration process seems to be achieved as the surface roughness increases. 
Hard material coatings obtained by thermal oxidation, mainly based on rutile, have 
found increasing application in wear- and corrosion-resistant technologies. Ion 
release studies on oxidized Ti6Al4V alloy have confirmed that the oxidation treatment 
reduces to the half the Ti ion release in comparison to the as-received ones. In this 
work, the corrosion behaviour of preoxidised Ti6Al4V alloy at different roughness 
has been studied by means of electrochemical impedance spectroscopy and anodic 
polarization curves in order to analyse the influence of the oxidation treatment of the 
rough surface on the corrosion behaviour of the alloy. To simulate the physiological 
medium, Ringer’s solution was used as corrosive medium. Electrochemical impedance 
spectroscopy (EIS) was used to evaluate physicochemical characteristics of the surface 
modifications, i.e., roughness and thermal treatments. The results show in the Bode 
impedance diagrams two different time constants, associated to the substrate and the 
oxide layer, as a consequence of the oxidation treatment. Analysis of the EIS results 
was performed using equivalent circuits. In addition, anodic polarization curves reveal 
that the oxidation treatment does not impair the excellent pitting corrosion resistance 
of the Ti6Al4V alloy.
The success in the evaluation of the corrosion resistance of two surfaces with different 
roughness, it depends strongly on the deep knowledge of the ratio between the true area 
in contact to the electrolyte and the geometrical projected area. In the present study 
microstructural studies of sandblasted Ti6Al4V samples with different roughness 
were carried out by means of field emission scanning electron microscopy (FE-SEM). 
Based on the analysis of stereopars obtained from the FE-SEM micrographs, a 3D 
reconstruction of the different surfaces is made. From the 3D-analysis of stereoscopic 
SEM-images, the roughness and ratio between the true and projected area is obtained. 
These results allow the correct evaluation of the corrosion performance obtained from 
electrochemical techniques. 
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 The selective dissolution of silver from an alloy of gold silver was studied 
in the presence of chloride, bromide and iodide ions. The rate of selective dissolution 
of silver from the alloy is several orders of magnitude smaller than that of pure 
silver. Furthermore, the polarization curves of the alloy show a passive region up to a 
certain critical potential, Ec, while those of pure silver show simple active dissolution 
behavior. During this passive region, the current supported by selective dissolution of 
the alloy is also several orders of magnitude smaller than the limiting current of pure 
silver. 
Beyond Ec, the dissolution rate increases rapidly with potential while the surface 
develops a nanoporous structure. Furthermore, potentiostatic current transients reveal 
a power law relationship between the current and the time. The type of halide ion is 
shown to affect the critical potential, the current and the morphology of the resulting 
nanoporous structure. The objective of this paper is to document the phenomenon and 
discuss possible interpretations.
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Repassivation Kinetics of Cobalt Chromium Alloy in 
Aqueous Solution

Lidia Benea1,*, François Wenger2, Pierre Ponthiaux2

1Faculty of Metallurgy and Materials Science, Dunarea de Jos University of Galati, 47 Domneasca 
St., 800008 Galati, Romania

2Laboratoire L.G.P.M., Ecole Centrale Paris, F-92290 Châtenay-Malabry, France
E-mail: Lidia.Benea@ugal.ro, lidiabd@yahoo.com 

In many tribocorrosion systems the passivable materials are used. Tribocorrosion is 
the process damaging the tribosurfaces by combined action of mechanical wear and 
corrosion. There is a synergetic interaction between friction and corrosion. Friction 
induces straining of the material resulting in plastic deformation, residual stresses 
and, with some materials, in structural transformation. Friction induces also a local 
destruction of the layers formed by interaction of the material with the surrounding 
medium. Generally, adsorbed layers are present on the surface. Layers of oxides or 
corrosion products can also be found. On passive materials, a thin layer (the passive film) 
protects the material against corrosion. As a result, the reactivity of the surface is deeply 
changed by friction on the contact areas and the kinetics of corrosion and passivation 
are completely modified. On the other hand, corrosion or electrochemical reactions 
occurring on the surface can have a strong influence on the tribological conditions 
and on mechanical wear. The surface composition is changed by electrochemical 
reactions and in particular by corrosion, as a result, the surface mechanical properties 
and consequently the resistance to mechanical wear are also changed. The corrosion 
products can contribute to the formation of a third body. They can also change the 
composition and properties of the lubricant. Finally, corrosion affects the geometric 
characteristics and the roughness of the tribo-surfaces. Consequently, the action of 
corrosion on tribo-surfaces can change significantly the coefficient of friction, and the 
wear mechanism and kinetics. Following the tribocorrosions aspects of hard facing 
coating material of cobalt chromium alloy (stellite6) in aqueous solution [1,2,3] it 
was studied the repassivation mechanism and kinetics. The specimens for tests were 
thick layers (1mm) of stellite6 deposited on stainless steel (304L) cylinders. For 
electrochemical measurements as potentiodynamic diagrams, impedance in active and 
passive state and the current – time transients, a three-electrode cell set-up was used, 
with the sample as working electrode, a circular platinum gauze as counter electrode 
and a „Hg/Hg2SO4/saturated K2SO4 solution” as reference electrode (SSE=+670mV/
NHE). A mechanism of repassivation is proposed and an estimation of passive layer 
thickness is done.
 

1. E. Lemaire, M. Le Calvar, Wear, 249, n 5-6, p. 338-344, (2001).
2. L. Benea, P. Ponthiaux1, F. Wenger, J. Galland, D. Hertz, J. Y. Malo; Wear, Special 

Issue Wear Modelling, 256, Issues 9-10, p. 948-953, 2004.
3. L. Benea, P. Ponthiaux, F. Wenger, J. Galland, D. Hertz, J. Y. Malo; CD-ROM 

PROCEEDING: 15TH International Corrosion Congress -Frontiers in Corrosion 
Science and Technology, Granada, Spain, September 22-27, 2002.
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A relation between the structure and properties of 
functional silver galvanic coatings

 O. Bersirova*,  S. Bik, V. Kublanovsky
Institute of General and Inorganic Chemistry, Palladina 32-34, Kiev, 03-680, Ukraine

*Corresponding author’s email address: bol@ionc.kar.net

The microstructure of silver films electrodeposited from 4 different types of baths had 
been studied. The principal formulations of baths were following: (1) cyanide: 0.75M 
KAg(CN)2 + 1.5M KCN+0.2M KOH; (2) dicyanoargentate-thiocyanate (DCAT): 
0.75M KAg(CN)2 + 6M KCNS + 1M K2CO3; (3) dicyanoargentate-borate-phosphate-
carbonate (BPC): 0.75M KAg(CN)2 +0.82M KH2PO4+ 0.41M H3BO3 + 0.15M K2CO3 
+ 0.69M KOH; (4) thiocyanate: 0.75M AgNO3 + 6M KCNS.
XRD patterns and intensities of peaks obtained for silver films depend on the current 
density applied for electrodeposition as well bath type used for films electrodeposition. 
Regardless on the type of bath utilized for silver films electrodeposition, the obtained 
silver films are polycrystalline. There is no evident dependency of interplanar 
distance on the current density applied for Ag films electrodeposition from various 
baths. However, these distances obtained for Ag films are higher than that obtained 
for metallurgically prepared silver. The electrodeposited silver films and metallurgic 
silver are nanocrystalline. The smallest values of grain size as ∼60 nm could be 
obtained at certain current densities (15-40 mA cm-2) for films electrodeposited from 
cyanide baths, and highest values of grain size (100-120 nm) are obtained for films 
electrodeposited from thiocyanateand BPC baths [1-2]. 
The physical-chemical properties of silver coatings electrodeposited from 4 different 
types of baths at varying current densities was strongly related to their structure. 
The obtained corrosion current density for bulk silver in 0.2M H2SO4 solution is ~2 
10-5 A cm-2 whereas the Ag films electrodeposited from various baths exhibit higher 
corrosion current densities. The corrosion current density could be correlated with 
grain size of Ag films that trends to increase in corrosion current density when values 
of grain size exceed 80 nm [3].
In addition, the effect of various brightening agents for mentioned above solutions 
(NEONOL, polyvinyl alcohol, derivatives of castor oil, K2Se) on the structure and 
corrosion behavior of electrodeposited films also had been studied [4]. 

1. H. Cesiulis, O. Bersirova, A. Valiuniene, I. Prosycevas, G. Baltrunas. Structure 
and Morphology of Silver Electrodeposits. // Materials Science (Medziagotyra), 

2004, Vol.10, No 2 , p. 142-146. 
2. H. Cesiulis, O. Bersirova, I. Prosy�evas,  Nanostructural Peculiarities and 

Electrochemical Behavior of silver // Vestn. Khark. Nac. Univ. 2005, 648. 
Khimija.-vyp.12 (35), p. p. 230-233.

3. O.Bersirova, A.Krolikowski and V.Kublanovsky Deposition conditions and 
corrosion characteristics of galvanic silver coatings for microelectronics // Ochrona 
przed korozja 2002, No.11A, p.p. 149-152.

4. Bersirova O., Kublanovsky V.: Proceeding of International Conference “Modern 
electroplating processes”, Szklarska Porenba, Poland, 2004, p.103-106.
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Alumina Membranes as templates for the growth of 

metals and semiconductors nanostructures 
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Investigation of the Kinetics and Mechanism of 
Oxygen Reduction at Micron-Sized Copper and Iron 

Intermetallics 
Anna L. Colley *, Patrick R. Unwin, Julie V. Macpherson, Andreas Afseth1,  

Geoff Scamans2

Warwick Electrochemistry and Interfaces group,
Chemistry Department, Warwick University, Coventry, UK, CV4 7AL

1 Novelis Technology AG, Badische Bahnhofstrasse 16, 8212 Neuhausen, Switzerland
2 Innoval Technology, Beaumont Close, Banbury, Oxon, OX16 1TQ, UK

*a.l.colley@warwick.ac.uk

Oxygen reduction is the cathodic process that occurs during corrosion. Intermetallic 
particles incorporated into aluminium to improve its mechanical strength are susceptible 
to localised forms of corrosion. Cu and Fe are two metals that are commonly used. In 
order to enhance our understanding of the process of oxygen reduction at these sites, 
which are often of micron size or smaller, the mechanism and kinetics of oxygen 
reduction, was investigated at Fe and Cu ultramicroelectrodes (UMEs). To extract 
kinetic information a microjet electrode (MJE) arrangment1

was employed which is capable of delivering well-defined, variable and high mass 
transport rates to the UME surface. As the mass transport rate was increased, the 
oxygen reduction process at the Cu UME was found to move from four electrons to 
two2,3 Additionally, confocal microscopy was employed to map the local pH changes 
which result during cyclic voltammetric reduction of oxygen at both Cu and Fe 
UMEs4.  
Oxygen reduction has also been investigated on both the 5083 and 2024 aluminium 
alloys using high resolution scanned probe techniques including scanning 
electrochemical force microscopy and confocal microscopy. Pitting precursor sites 
were identified using conducting-atomic force microscopy. 

[] J. V. Macpherson, S. Marcar,  P. R. Unwin, Anal. Chem. (1994) 66 2175.
[2] M. Vukmirovic, N. Vasiljevic, N. Dimitrov, K. Sieradzki, J. Electrochem. Soc, 

(2003) 150 B10.

[3] M. Vazquez, S. Sanxhez, E. Calvo, D. Schriffin, J. Electroanal. Chem. (1994) 374 
189.

[4] S. Cannan, I. D. Macklam, P. R. Unwin, Electrochem. Comm. (2002) 
4 886.
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Dynamical behavior of pitting corrosion of stainless steel 
in chloride-containing sulfuric acid solutions 

V. Dimou, M. Pagitsas, D. Sazou*, 
Laboratory of Physical Chemistry, Department of Chemistry, 

Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece
*sazou@chem.auth.gr

Pitting corrosion of stainless steel (SS) is of important practical interest. It is caused 
by aggressive ions, such as Cl-, Br-, I- and may result in severe damages of metal 
structures. Chlorides induce pitting through a local destabilization of the passive oxide 
film. The pit initiation step is determined by the chemical properties of the oxide film 
and aggressive ion, as well as, by the ionic and electronic properties of the oxide (i.e. 
lattice defects, acceptor or donor dopants). Several mechanisms, proposed to explain 
pit initiation, include the adsorption of halides and formation of surface complexes 
and/or occupation of oxygen vacancies by halide ions according to the point defect 
model [1]. Other mechanisms include the influence of halides on the electron energy 
band structure of the oxide [2]. It seems that the predominant mechanism depends 
rather on the nature of the oxide film and the factors related to the electrolyte medium 
and aggressive species. Recent studies show that pitting corrosion may be associated 
with oscillatory phenomena that might be used to characterize pitting corrosion and 
distinguish between general and pitting corrosion [3,4].
In this study, the pitting corrosion of stainless steel (SS, AISI 304) is investigated 
in chloride-containing sulfuric acid solutions. In contrast to the aggressive character 
of chlorides, sulfates are known for their inhibiting effect on pitting corrosion.  It is 
shown that stable pitting occurs beyond a critical potential, the pitting potential, Epit, 
whereas repassivation occurs at another critical potential the repassivation potential, 
Erep. The Epit and Erep were determined as a function of the chloride concentration and 
potential sweep rate by tracing the current-potential (I-E) polarization curves during 
the forward and backward potential sweeps. The effect of the rotation speed of the SS 
disc electrode was also examined. Moreover, the dynamics of pitting corrosion was 
followed through current-time (I-t) and potential-time (E-t) curves. The experimental 
results were explained in terms of the point defect model [1,3], which takes into 
account the absorption of chlorides at local sites of the oxide as well as the formation 
of surface complexes between metal cations and chlorides. The process that leads to 
pit initiation is associated with occupation of an oxygen vacancy by a chloride ion. 
This reaction perturbs the Schottky-pair equilibrium and the steady fluxes of anion 
and cation vacancies. It is found that increasing the chloride concentration leads to an 
increase of the cation vacancies that accumulated at the SS|film interface results in the 
formation of a void. When the void exceeds a critical size, the film breaks down. 

[1] D.D. Macdonald, J. Electrochem. Soc. 139 (1992) 3434. 
[2] N. Sato, J. Electrochem. Soc. 129 (1982) 255.
[3] M. Pagitsas, A. Diamantopoulou, D. Sazou, Electrochim. Acta 47 (2002) 4163.
[4] M. Pagitsas, A. Diamantopoulou, D. Sazou, Chaos Solit. & Fract. 17 (2003) 263. 
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An electrochemical study of the reactions at the metal/
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The mechanism of bronze acceleration corrosion and 
inhibition method

ShaoBin Feng, Qing Liu, Xiang Bao, LiTing Feng
Corresponding author: Department of Chemical Engineering, Zhengzhou Institute of Light 

Industry, Dongfeng Lu No.5, Zhengzhou, 450002, P.R. China,   E-mail:fengshaobin@21cn.com

Cu-Sn-Pb alloy plated layer with appropriate porosity was used as the simulation 
sample of bronze ware. Effects of several kinds of corrosion products such as cupric 
chloride, copper chloride alkali, copper carbonic acid alkali on the corrosion of bronze 
samples were studied by corrosion paste experiment, and the effects of above cupric 
salts on the corrosion current of copper micro-electrode in 3% NaCl solution were also 
investigated by means of copper-cupric salts micro-electrode. The result indicated 
that the mass losses of bronze samples are 0.209 g, 0.0059 g, 0.0083 g, 0.0034 g 
and 0.0029 g in turn when the corrosion pastes containing cupric chloride, copper 
chloride alkali, copper carbonic acid alkali, inert kaoline and nothing respectively, 
and the corrosion current of copper microelectrode which filled with above solid 
are 2.5×10-6 A•cm-2, 4.0×10-7 A•cm-2, 1.0×10-7 A•cm-2, 5.6×10-8 A•cm-2 and 1.1×10-8 

A•cm-2 in turn. So the catalysis activation of cupric chloride is higher two-amount 
ranks than bivalent copper salts� so it has the highest catalysis activation to the 
depolarization reaction of oxygen and is the most harmful matter to accelerate bronze 
corrosion. After cuprous chloride powder, bronze samples and bronze artifacts had 
treated with multicomponent inhibitor which comprised 1,2,3-benzotriazole(BTA), 
the infrared spectra and Tafel curves testing were carried out. The result indicated 
that the structure of cupric chloride has been changed after treatment, the corrosion 
current of bronze samples reduce from 7.24×10-7A•cm-2 to 2.00×10-8A•cm-2 and the 
inhibitor make the inhibition efficiency of bronze samples reach to 97.2�, and the 
bronze artifacts have not appear new bronze rusts after 21 months. According to the 
result of above experiments, we have put forward the mechanism of porous oxygen 
electrode of bronze acceleration corrosion, and consider that the cupric chloride is a 
good catalyzer for the depolarization reaction of oxygen.
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Corrosion behaviour of  FeCoCrSiB biosensor prototype 
amorphous materials in phosphate buffered saline 

solution
F. F. Marzo*, A. R. Pierna,  J. Barranco,  G. Vara, A. Lorenzo, F. Lopez and A. Perez

Chemical Engineering and Environment Department, University of the Basque Country.
Plaza de Europa, 20018 San Sebastian, Spain

*florencio.fernandez@ehu.es

The GMI (Giant Magnetoimpedance) effect was recently considered to create a new 
type of biosensor for molecular recognition systems and selective detection [1, 2]. 
Some requirements of this new generation of biosensors are high sensitivity, small 
size, low power consumption, stability of operation parameters, quick response and 
resistance to aggressive medium. The purpose of this work was to study the corrosion 
susceptibility of Fe2.5Co64.5Cr3Si15B15, Fe3Co67Cr3Si15B12 and Fe5Co70Si15B10  biosensor 
prototype amorphous materials. The corrosion susceptibility of these materials was 
studied in a buffered saline solution, PBS, pH 7.4 at 0, 22 and 37ºC, using anodic 
polarization and electrochemical impedance spectroscopy, EIS. The electrolytes were 
no de-aerated.
The corrosion potential was measured before the polarization experiments. From the 
E–log i plots, the pitting potential (Epit) protection potential (Eprot) and the perfect and 
the imperfect passivity regions were obtained [3]. The EIS measurements were taken 
with an Impedance Analyser Solarton 1255 coupled with a Potentiostat, EGG Par, 
Model 273. Spectra were obtained at different polarization potentials with a perturbing 
signal of 10 mV, in the frequency range between 60 kHz to 1 mHz. The corrosion 
kinetic parameters were calculated from both Tafel extrapolation analysis and ac 
impedance analysis. The experimental results obtained from different electrochemical 
techniques were compared and discussed based on the simple Randle equivalent 
circuit model, modified with a constant phase element, CPE.

This research project has been supported by the Basque Government (Saoitek 2005-
2006 Programme : BIOSENAN).

[1]  Galina Kurlyandskaya and Vladimir Levit, Biosens. Bioelectron., 20 (2005) 
1611.

[2]  G. V. Kurlyandskaya, M. L. Sánchez, B. Hernando, V. M. Prida, P. Gorriaand M. 
Tejedor Appl. Phys. Lett., Vol. 82 No. 18, (2003) 3053.

[3] T. Bellezze, G. Roventi1 and R. Fratesi, Electrochim. Acta 49 (2004) 3005.
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Development of resistivity sensors for monitoring 
concrete structures

J. T. Santos*, E. V. Pereira+, M. M. Salta+, I. T. E. Fonseca*
Corresponding author’s email addressLaboratório Nacional de Engenharia Civil, Av. do Brasil, 

101, 1700-066 Lisboa, Portugal
Departamento de Química e Bioquímica, Faculdade de Ciências da Universidade de Lisboa, 

Edifício C8, 1749-016 Lisboa, Portugal 
*Corresponding author:itfonseca@fc.ul.pt

The development of new embedded sensors may constitute an alternative method that 
allows assessing the progress of damage of new and repaired concrete structures.
In concrete the hydration reactions of cement tends to be alkaline (pH 12.5 to 13.6). 
Under such conditions steel tends to passivity and displays negligible corrosion rates.   
However aggressive anions may enter into the pores and initiate the corrosion process. 
Depending on the temperature, resistivity and oxygen levels it may propagate fast 
leading to the deterioration of the structures in a short time. 
It is well known that the electric conductance of concrete is mainly ensured by the 
electrolyte solution inside its pores (micro and macro pores). Ions, e. g. Ca2+, Na+, K+, 
OH- SO

4
2- and Cl- all contribute to the electrolytic conductance of the solution inside the 

pores of cement and cementicious materials. Since that those ions that contribute to the 
electrolytic conductance are the same as those that are involved in its degradation then 
the measurement of the electric properties of concrete is certainly a useful method to 
follow its degradation.
In this study small sensors composed by graphite electrodes have been designed and 
tested in the Ca(OH)

2
 aqueous solution (simulating the interstitial solution) under 

various experimental conditions, namely temperatures ranging between 20 and 55ºC, 
two concentrations of O

2
 (5 and 0.4 mg dm-3) and two pH values (9 and 12). The electric 

resistance, R (Ω), was measured at a fixed frequency of 1000 Hz and also in a frequency 
domain from 1x102 to 1x105 Hz using the electrochemical impedance spectroscopy 
(EIS). A very good linear correlation was obtained between the R values measured at 
1000 Hz and those obtained from the analysis of EIS spectra (R (1000 Hz) =0.972 R 
(EIS) +6.314) with R2 =0.999. 
The graphite sensors were calibrated in solutions of known conductivities at five 
temperatures. A calibration line, described by ρ (Ω m) = (R+20.77)/16.1, was 
obtained. 
An important and very useful conclusion from this study is that the measurements of 
the electric resistance can be performed at 1000 Hz instead of using the EIS. Thus with 
cheap, simples and small sensors the control of damage through the measurements of 
the evolution of the resistance can be performed in situ and continuously. 
Studies with sensors to apply in repaired structures, made with graphite powder, are 
in progress. Their performance will be evaluated in solution and also embedded in 
concrete samples. 

Acknowledgements: The financial support of FCT through the project POCI/ECM/55 
692/2004 is grateful acknowledged.
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New insights into stress corrosion cracking of duplex 
stainless steel under evaporative conditions

G. Hinds*, A. Turnbull, S. Zhou, P. Nicholson
National Physical Laboratory, Teddington, Middlesex, TW11 0LW, U.K.

*gareth.hinds@npl.co.uk

Stress corrosion cracking of duplex stainless steel in concentrated seawater solutions 
formed by evaporation is a concern for the oil and gas industry with a number of 
failure incidents reported in offshore production. Evaporation of seawater occurs 
on topside pipework as a consequence of exposure to seawater spray, dripping or 
washing. Research at NPL has focused on optimisation of the drop evaporation test to 
reflect service conditions and determination of the critical conditions for cracking. To 
provide a framework for this investigation, complementary chemical analysis of the 
concentrated solution was undertaken, as the limited published measurements were 
not in agreement. Based on these results, electrochemical polarisation measurements 
were carried out on parent and welded specimens in simulated concentrated solution.
In the drop evaporation tests, a characteristic damage profile was observed, with 
patches of general corrosion damage rather than discrete pits, and clusters of 
microcracks. Linkage of these microcracks led to failure, the location of which was 
just outside the damp salt layer, where the optimum combination of temperature and 
wetting conditions occurs. The critical temperature for cracking was determined, the 
significance of which will be discussed in relation to existing offshore protocols for 
the adoption of protective coatings.
The chemical composition of the concentrated solutions was determined after boiling 
ASTM seawater until the water content was reduced in the range 40:1 to 60:1 by mass. 
Contrary to accepted wisdom, which assumes a dominance of magnesium chloride, 
the analysis repeatedly showed higher levels of Na+ than Mg2+, a relatively low 
boiling point (~ 107 °C), and near-neutral pH (5.7-6.6). Electrochemical polarisation 
measurements in the simulated concentrated solutions at 130 °C and pH 6.4 indicated 
an unusually low corrosion potential despite a partial pressure of oxygen designed to 
give an oxygen concentration in solution of 10 ppm. Impedance of oxygen transfer by 
precipitation of magnesium hydroxide is a likely explanation. Relatively high pitting 
potentials with respect to the corrosion potential were observed, except at the lowest 
pH tested (pH 2). Such low pH values are feasible beneath a deposited salt layer 
during evaporation due to hydrolysis of chromium and ferric ions, rather than an ionic 
strength effect associated with magnesium chloride.
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Can tracer redox systems influence microelectrochemical 
flow measurements?

Michaela Hoerstemeier*, Guenter Schmitt**
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Worringer Weg 1, D-52074 Aachen, Germany

P +49-241-8024789, F +49-241-8024784; hoerstemeier@itmc.rwth-aachen.de
**)Laboratory for Corrosion Protection
Iserlohn University of Applied Sciences

Frauenstuhlweg 31, D-58644 Iserlohn, Germany
P+49-2371-566160, F +49-2371-566271;  schmitt.g@fh-swf.de

Recently we reported on the flow improving properties of long alkyl chain quaternary 
ammonium compounds like trimethyltetradecylammonium bromide measured with 
microelectrode arrays under jet impingement flow conditions. This appeared to 
be in contrast to literature reports which claim that long alkyl chain quats exhibit 
flow dynamic effects only in the presence of large anions like dimethyl-benzoate or 
dichloro-benzoate, but not in the presence of bromide as anion. As these conclusions 
were drawn from rheological experiments our first approach was to explain these 
discrepancies by the fact that electrochemical measurements give information 
directly from the interface while rheological measurements derive their data some 
micrometers away from the interface, somewhere at or in the viscous sublayer of the 
flow system. If this would be the explanation it would be of utmost importance to get 
more detailed information on the gradient of flow influenced molecular structures in 
the space directly adjacent to the electrified interface.
While this appeared experimentally very difficult it was possible to verify the literature 
findings by own rheological measurements. They proved that aqueous solutions of 
dimethylbenzoates of alkyl quats exhibit viscoelasticity while aqueous alkyl quat 
bromide solutions exhibit Newtonian properties. However, further rheological 
investigations revealed that alkyl quat bromide solutions do exhibit viscoelasticity 
after adding of hexacyanoferrate(II/III) salts generally used as tracer system in 
microelectrochemical wall shear stress measurements based on the Levêque equation. 
From these findings it must be concluded that hexacyanoferrate anions obviously can 
stabilize micelle aggregates in similar ways as proposed for substituted benzoates.
This is supported by new results obtained with polyimides as additives in 
electrochemical controlled jet impingement experiments. Using the hexacyanoferrate 
tracer system polyimides were found to dramatically reduce the wall friction 
above critical polyimide concentrations. Again rheological measurements proved 
clearly the contribution of hexacyanoferrate additions to the viscoelastic effect 
of aqueous polyimide solutions. While these findings may open new doors for the 
development of  taylor-made viscoelastic systems it becomes obvious that the results 
of microelectrochemical flow measurements may be influenced by the tracer system 
chosen. First mechanistic approaches will be given in the paper.
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Protection of mild steel against corrosion by Polypyrrole-
Tangestanate composite film via Galvanostatic technique

M. G. Hosseini*, S. A. Hosseini and R. Jalilly
* Electrochemistry Research Laboratory, Department of Physical Chemistry, Chemistry 

Faculty, Tabriz University, P.O. Box 5166616471, Tabriz, Iran; 
( E-Mail : mg-hosseini@tabrizu.ac.ir)

The use of barrier coatings on metal substrates is a common fact in corrosion 
protection. For the protection of steel substrate, surface treatments like the application 
of a zinc layer and rinsing with chromate containing agents are often used before 
the application of the coating to ensure a long-lasting protection and self-healing 
properties. Unfortunately these techniques involve heave metals which are preferably 
kept out of the environment. Interest has been recently been focused on the possible 
use of conducting polymers as either film forming corrosion inhibitors or in protective 
coatings. 
One of the most promising of the conducting polymers for its high conducting, stability 
and ease of synthesis is polypyrrole (Ppy). Application of conducting polymers to 
corrosion protection of metals is, however subject to some limitations. First, the charge 
stored in the polymer layer can be irreversibly consumed during the systems redox 
reactions. Consequently, protective properties of the polymer coating may be lost with 
time. Also, porosity and anion exchange properties of conducting polymers could 
be disadvantageous, particularly when it comes to pitting corrosion caused by small 
aggressive anions (e.g., chlorides). An interesting alternative is to consider conducting 
polymer-based composite systems. 
In the present contribution, we have illustrated fabrication of Ppy and Ppy- tungstate 
composite coatings on mild steel from aqueous oxalic acid solution by using 
galvanostatic technique. The smooth and adherent coatings have been obtained.  
The protective performance against corrosion of these films is evaluated by using 
electrochemical impedance spectroscopy and polarization techniques in 3.5% NaCl 
solution. The results obtained were promising in better protection against corrosion at 
the present Ppy-based composite coating.
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Microstructural and auger microanalytical 
characterisation of cathodically modified cu-hf and cu-ti 

catalysts
M. Pisarek1,2, M. Janik-Czachor1*, P. Kedzierzawski1, Á. Molnár3

1Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, 
Poland

2Faculty of Materials Sciences and Engineering, Warsaw University of Technology, Woloska 141, 
02-507 Warsaw, Poland

3Departmant of Organic Chemistry, University of Szeged, Dom ter 8, 6720 Szeged, Hungary
*maria@ichf.edu.pl

Degradation processes occurring at the surface and in the bulk of Cu-based amorphous 
alloys during cathodic hydrogen charging were used for promoting the catalytic 
activity of such alloys. These processes modifying the structure, composition, and 
morphology of the substrate proved to be useful methods for transforming Cu-Hf 
and inactive Cu-Ti amorphous alloy precursors into active and durable catalysts. 
Indeed, their catalytic activity for dehydrogenation of 2-propanol increased up to a 
conversion level of ~60% at selectivities to acetone of about 99% for Cu-Ti and to 
conversion of ~90% at selectivities of ~95% for Cu-Hf. Previous attempts carried 
out by aging in air or hydrogen charging from the gas phase resulted in a maximum 
conversion level up to 15% for Cu-Hf and up to 3% for Cu-Ti. High resolution Auger 
spectroscopy allowed changes occurring during the activation process to be identified, 
namely, the formation of small Cu particles on the HfO2 surface and the formation of 
highly porous particles containing mostly Cu and some Ti and (Cu-Ti-O) on a Cu-Ti 
substrate. Differences in the chemistry and structure of both catalysts are discussed, 
and the implications for catalytic function are considered. A probable configuration 
of active sites on the Cu-Ti-O/Ti-O-Cu catalyst for dehydrogenation of 2-propanol 
is proposed. Surface characterizations were performed using a Microlab 350 located 
at the Physical Chemistry of Materials Centre of the Institute of Physical Chemistry, 
PAS and of the Faculty of Materials Science and Engineering, WUT.
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Inhibition of CO2 corrosion on anodically polarised 
carbon steel

Jens Lehrmann *, Egil Gulbrandsen
Institute for Energy Technology, P.O. Box 40, 2027 KJELLER, NORWAY

*Jens.Lehrmann@ife.no

The internal CO2 corrosion of oil pipelines may be mitigated through proper use of 
corrosion inhibitors. However, local galvanic cells that influence inhibitor performance 
can form and may lead to galvanic corrosion. These cells can be due to e.g. welds, 
or sand or mineral scale deposits in the pipeline causing uneven distribution of the 
inhibitor [1,2]. The galvanic effect may influence the inhibition in several aspects; 
inhibitor adsorption can be altered due to the increased dissolution or due to the 
increased potential.
Here we report some effects of anodic polarisation on the inhibition of CO2 corrosion 
of a low carbon steel. The corrosion experiments were carried out on ferrittic-
pearlitic, low carbon pipeline steel in a 3 wt-% NaCl solution at 25 °C under 1 bar 
CO2 atmosphere. A commercial, amine-based inhibitor was used, in concentrations 
ranging from 0 to 100 ppm. Current densities in the range of 0 to +0.6 Am-2 were 
applied on the specimens by an external galvanostat. The linear polarisation resistances 
and electrode potentials were monitored continuously throughout the experiment. A 
modification of the Stern-Geary equation was developed to calculate the corrosion 
current densities from the polarisation resistance for polarised specimens. Polarisation 
curves were recorded to investigate changes in the current-potential characteristics. 
The metal mass loss was determined, and the specimens were inspected for localised 
corrosion attacks.
The results showed that the uninhibited corrosion current density was approximately 
1.7 Am-2 (2 mm/y). With an inhibitor concentration of 30 ppm this was reduced to 
0.05 Am-2. However, applying an external current density of e.g. 0.2 Am-2 increased 
the corrosion current density to values higher than the impressed current density. This 
indicates a reduced inhibitor performance when the metal is polarised. The anodic 
part of the current-potential curves was shifted toward higher current densities. This 
corresponded to changes in the Tafel gradients. These changes could be due to changes 
in the reaction mechanisms, or to irreversible desorption of the inhibitor. The linear 
polarisation data showed that a minimum concentration of inhibitor must be exceeded 
to inhibit corrosion for all the applied current densities.

[1] E. Gulbrandsen, R. Nyborg, T. Løland, K. Nisancioglu, CORROSION/2000, paper 
no. 23, (Houston, TX: NACE International, 2000).

[2] E. Gulbrandsen, A. Dugstad, CORROSION/2005, Paper no. 05276, (Houston, 
TX: NACE International, 2005).
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Kinetics and Mechanisms of the Growth of Thin Oxides 
on Pt-Group Metals: Combination of Experiments and 

Data Modeling 
Mohammad Alsabet, Michal Grden, Gregory Jerkiewicz* 

Department of Chemistry, Queen’s University, Kingston, ON. K7L 3N6 Canada 
* Gregory.Jerkiewicz@chem.queensu.ca 

The growth of oxide layers on noble metals has been a subject of extensive research 
and discussion over several decades.  There exists a vastness of papers that report 
qualitative data but few present a thorough quantitative analysis.  Some of our own 
results show that in the case of several noble metals the very initial oxide growth 
(sub-monolayer to monolayer range) is limited the interfacial place-exchange process 
treated mathematically by Conway….  On the other hand, the growth of multilayer 
oxide films is limited by the interfacial escape of the metal cation from the metal 
into the oxide.  In this contribution, we present a comprehensive analysis of the 
growth of thin oxide layers on Pt electrodes at well-defined polarization potential 
(Ep), polarization time (tp), and temperature (T) conditions.  Although Pt is one of the 
most studies electrochemical systems, little is known about the influence of T on the 
oxide growth.  In this contribution, we present a comprehensive analysis of the oxide 
growth at Pt electrodes based on an exhaustive set of experimental data.  We relate our 
results to the early research of Vetter and Schultze…. 
  Anodic polarization of Pt electrodes in 0.5 M aqueous H2SO4 at various Ep 
values in the 0.90 – 1.50 V range, for tp ≤ 104 s, and at 278 ≤ T ≤ 323 K leads to 
formation of sub-monolayer and monolayer oxide films.  These oxide layers reveal 
only one feature in the oxide-reduction profiles (OC1 peak), which corresponds to the 
reduction of PtO to Pt.  The oxide growth behaviour is influenced by the experimental 
conditions such as Ep, tp, and T, and in general the higher Ep and/or longer tp and/or 
higher T, the thicker the oxide layer.  An increase of Ep and/or tp shifts the OC1 peak 
towards less-positive potentials.  On the other hand, an increase of T does not lead 
to any shift of the OC1 peak.  Application of oxide-growth theories and theoretical 
data treatment indicate that the growth of PtO follows two distinct kinetic laws, each 
arising from a different growth mechanism: (i) the logarithmic growth for oxide 
whose thickness is up to 1 ML of PtO, i.e. at 0.9 ≤ Ep ≤ 1.0 V for tp ≤ 104 s, and 
(ii) the inverse-logarithmic growth for oxide whose thickness is more than 2 ML of 
PtO, i.e. at Ep > 1.0 V for tp > 10 s.  The logarithmic growth law originates from the 
interfacial place exchange between Ochem and the top-most Pt atoms that is the rate-
determining step, whereas the inverse-logarithmic growth law arises from the escape 
of the Pt cation, Pt2+, from the metal into the oxide at the inner metal/oxide interface.  
The dipole moment of the Ptδ+–Oδ–

chem surface species that drives the place exchange 
is consistently 1.30 ± 0.10 D.  The electric field, E, which drives the interfacial Pt2+ 
escape is found to be consistently in the 0.33 – 0.46 × 109 V m-1 range. 
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Effects of Si, Cu, W on the Localized and Stress 
Corrosion of Austenitic Stainless Steel
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Anticorrosive properties of the Nafion®-Polyaniline 
composite films deposited on stainless steel 

D. Kosseoglou, D. Sazou*, 
Laboratory of Physical Chemistry, Department of Chemistry, 

Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece
*sazou@chem.auth.gr

Intrinsically electronic conducting polymers (IECPs) are explored intensively during 
the last years for corrosion control of metal and alloys due to restrictions to the use 
of chromate-based coatings. IECPs differ from the traditional organic coatings in 
that they are electroactive materials and hence, as with chromates, redox interactions 
of IECPs with metal and alloys are expected with concomitant diminution of metal 
corrosion rates. Indeed, a number of studies suggest that IECPs are promising 
materials for corrosion control [1]. Moreover, several strategies were implemented 
aiming to improve the protective performance of IECPs. Some strategies involve the 
use of polyaniline (PAn)-epoxy or –acrylic blends, pre-treatment of the substrate with 
chelating agents, copolymerization, or use of large size dopant ions. Recent preliminary 
results obtained in our laboratory suggest that the Nafion®-PAn composite films show 
a better protective behavior than the simple PAn films against pitting corrosion of 
stainless-steel (SS) in chloride-containing acidic solutions [2]. 
The aim of the present study is to gain a further insight to the mechanism by which 
the Nafion®-PAn composite films provide protection and to examine conditions that 
may improve their performance in protection. Towards this goal we investigate the 
role of: (i) the Nafion®/PAn ratio; (ii) the exposure time of the SS|Nafion® electrode 
to the polymerization solution prior to the initiation of polymerization, and (iii) 
the temperature. Nafion®-polyaniline composite films were deposited on stainless 
steel (SS AISI 304) electrodes in a two-step process. The Nafion® 117 (5% w/v, 
dissolved in a mixed solution of low aliphatic alcohols and water) was cast at the SS 
electrode and the PAn was synthesized on the Nafion®-coated SS electrode by cyclic 
voltammetry in 0.5 M H2SO4 containing 0.1 M aniline (An). Monitoring the open 
circuit potential as a function of time and using cyclic voltammetry experiments the 
anticorrosive properties of the composite films were evaluated. It is found that: (i) 
there is a critical Nafion®/PAn ratio that determines the mechanical stability of the 
composite films; (ii) anilinium monomer diffuses into the film prior to the initiation 
of polymerization and there is a crucial time for its optimum permeation through 
the film, and (iii) increasing the temperature results in higher redox currents of the 
composite film and sufficient protection. The results show that Nafion®-PAn films 
do not favor chloride exchange between the composite film and the solution. This 
is attributed to the cationic permeselectiviy of Nafion® and to the Nafion® sulfonate 
groups that act as inner dopant anions. 

[1] S. Biallozor, A. Kupniewska, Synth. Met. 155 (2005) 443.
[2] D. Sazou, D. Kosseoglou, Electrochim. Acta 51 (2006) 2503. 
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Electrochemical behavior and anticorrosive properties of 
polyaniline deposited on stainless steel by potentiostatic 

and potentiodynamic methods 
M. Kourouzidou, E. Pavlidou, D. Sazou*

Laboratory of Physical Chemistry, Department of Chemistry, 
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece

*sazou@chem.auth.gr

During the last two decades there has been a significant effort towards the use of 
intrinsically electronic conducting polymers (IECPs) as protective coatings against 
the corrosion of several metal and alloys. Polyaniline (PAn) is one of the most widely 
used IECPs for this purpose [1,2], because it can be easily synthesized by chemical 
and electrochemical methods and is stable in air. Electrochemical synthesis of PAn on 
active corrosive metals has the advantage of a controllable synthesis directly on the 
metal surface, although care has to be taken on choosing the proper polymerization 
solution and other polymerization conditions. To obtain adequately adherent PAn 
films the metal substrate has to be in the passive state prior to electropolymerization. 
Moreover, there are evidences that the protection efficiency of PAn depends on 
the electrochemical method used for the preparation of PAn films onto the metal 
substrate. 
The aim of this work is to investigate the effect of the electrodeposition method 
along with associated electrochemical parameters on the protective efficiency of PAn 
films in chloride-containing solutions. PAn films were electrodeposited on stainless 
steel 304 (SS) from 0.5 M H2SO4 solution containing 0.1 M aniline (An) by using 
potentiodynamic and potentiostatic techniques as follows: (i) cyclic potential sweep 
(CPS) deposition upon varying the upper potential limit (El) of the polymerization 
potential region between 0.8 and 1.1 V, while the lower potential limit was equal to 
-0.2 V. The potential sweep rate (dE/dt) was also varied for the An polymerization 
during the CPS deposition. (ii) Potentiostatic deposition upon varying the applied 
potential (Eappl) between 0.8 and 1.1 V. Variation of the El, dE/dt and Eappl seems to 
affect remarkably the PAn growth leading to films of different redox and structural 
properties, which, in turn, affect the protection efficiency of PAn against the SS 
corrosion. The electrochemical properties of the PAn were examined by using cyclic 
voltammetry. Scanning electron microscopy was used to reveal the structure and 
morphology of the PAn films. PAn films seem to provide protection against both the 
general and pitting corrosion of SS, although pits were detected during prolonged 
immersion of the PAn-coated SS electrodes in chloride-containing solutions. The 
mechanism of the SS protection provided by the PAn coatings is discussed in terms 
of the active role of PAn in corrosive environments. The appearance of pits is due to 
the charge compensation and, therefore to charge transport processes involved proton/
anion (i.e. Cl-) expulsion/insertion. 

[1] D. Sazou, C. Georgolios, J. Electroanal. Chem. 429 (1997) 81.
[2] S. Biallozor, A. Kupniewska, Synth. Met. 155 (2005) 443.
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Selective dissolution of homogeneous alloys Ag-Au, Cu-
Au and Zn-Ag at the solid-phase diffusion kinetic control

 O. A. Kozaderov *, N. B. Morozova, A. V. Vvedenskii 
Voronezh State University, Universitetskaya pl. 1, Voronezh, 394006, RUSSIA

*ok@chem.vsu.ru

Limiting stage of selective dissolution (SD) of a homogeneous alloy at the certain stage 
is the solid-phase interdiffusion of components. Revealing the solid-phase diffusion 
kinetics and correct determination of diffusion zone parameters for an alloy is usually 
seriously complicated because of adsorption of alloy components in the surface layer 
prior to SD, roughness of an electrode surface, mixed kinetic mode, displacement of 
interphase border, relaxation of the nonequilibrium vacancy subsystem of an alloy.
The purpose of the work is to establish the kinetics of formation and to find parameters 
of solid-phase diffusion zones formed at anodic selective dissolution of homogeneous 
alloys Ag-Au, Zn-Ag and Cu-Au, within the framework of the stage-by-stage account 
of the basic complicating factors of the process.
Theoretical models of anodic selective dissolution of a homogeneous binary alloy is 
constructed. Solutions of problems of non-stationary bidimentional interdiffusion in 
an alloy as modified Cottrell and Sand equations are obtained. The technique of correct 
determination of interdiffusivity, solid-phase diffusion zone thickness, concentration of 
superequilibrium vacancies and parameters of capacity of vacancy sinks is developed 
and proved. The role of each factor in current recession and potential relaxation is 
revealed. It is shown, that in conditions of solid-phase diffusion kinetics an electrode 
surface roughness and relaxation of the nonequilibrium vacancy subsystem can 
lead to a curvature of chronoammograms and chronopotentiograms of an alloy. It is 
established, that influence of a roughness on mass-transfer parameters is not specific 
to conditions of polarization and to the form of separate microroughnesses. This 
influence is determined only by the ratio between the roughness factor, interdiffusivity 
and average distance between microroughnesses.
The relative contribution of all major factors of selective dissolution to the formation 
of curves of current recession of Ag,Au-alloys in acid nitrate solution, and also curves 
of an overpotential relaxation of Zn,Ag- and Cu,Au-alloys in acid chloride solution is 
determined. It is shown, that the account of a roughness in calculating all parameters 
of solid-phase diffusion zones in investigated alloys is reduced to use a true (instead 
of  geometrical) area of an electrode surface. It is confirmed that ionization of zinc 
and copper from Zn,Ag- and Cu,Au-alloys is quasi-equilibrium. The basic channel of 
injection of non-equilibrium vacancies in Ag,Au-alloy is dissolution of silver, but not 
change of a surface tension at various shift from potential of a zero charge. Generation 
of superequilibrium vacancies in Ag,Au-alloys proceeds in the mixed kinetic mode 
when rates of charge carrying and surface diffusion of ad-atom are comparable. Sinks 
of vacancies in all investigated alloys are ineffective.
The research is supported by the grant CRDF VZ-010 and Ministry of Education of 
Russia (Program “Basic researches and Higher education”).
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*ok@chem.vsu.ru

Selective corrosion of an electronegative component A from homogeneous A,В-alloy 
is the basic channel of injection of vacancies in its surface layer. If concentration of 
metal A in an alloy is great, then at certain, critical potential Еc process of accumulation 
of superequilibrium vacancies starts to dominate over their assimilation by sinks. 
Thus on an electrode surface there are extended destructions owing to that the true 
area sharply grows. The morphology of an alloy determines the rate of its corrosion, 
hence, the kinetics of selective dissolution at Е < Еc and E > Еc can be various. Thus, 
determination of the critical potential of an alloy, and also studying of its dependence 
on an alloy structure and the corrosion environment are obligatory investigation 
phases of the mechanism of alloys destruction.
In this work the model of a surface development [1] at anodic selective dissolution of a 
homogeneous A,В-alloy with prevalence of an electronegative component is specified. 
The basis of this model is an idea about the disbalance between the electrochemical 
dissolution flow of the component A and its surface-diffusion flow. Theoretical 
expressions for Еc, taking into account the various nature of kinetic limitations of 
selective dissolution at Е > Еc (electrochemical, liquid-phase diffusion, solid-phase 
diffusion, and also mixed liquid-solid phase diffusion and electrochemical-diffusion 
control) are obtained.
The critical potentials corresponding to infringement of morphological stability of 
Ag,Au-alloys (molar fraction of silver 0.65-0.95) in an acid nitrate solution with the 
different contents of ions Ag+, and also Cu,Au-alloys (molar fraction of copper 0.70 
and 0.96) in an acid sulphate solution with addition of ions Сu2+ are experimentally 
found. It is revealed, that the critical potential sharply grows with the growth of atomic 
fraction of electropositive component (gold), i.e. dissolution of an alloy is slowed 
down. The analysis of dependences Еc from activity of metal ions allows to conclude, 
that the kinetic control of selective dissolution of Ag,Au- and Cu,Au-alloys in the acid 
environment at Е>Еc belongs to mixed liquid-solid phase diffusion.

1. Sieradzki K. et al. // J. Electrochem. Soc. 2002. V. 149. № 8. P. B370-B377.
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PANI layers of different degrees of protonation in 
corrosion protection of stainless steel

M. Kraljić Roković*, M. Kalić, Lj. Duić
Faculty of Chemical Engineering and Technology, University of Zagreb, P.O. Box 177, 10000 

Zagreb, Croatia
mkralj@marie.fkit.hr

It has been shown that PANI can be effective in corrosion protection of steel [1] and 
of some other metals like copper [2] and aluminium [3].
In corrosion protection different states of polyaniline were tested, mostly protonated 
emeraldine, but also emeraldine base was used. There are speculations about protecting 
properties of PANI base. Good protecting properties with PANI base were obtained 
in some papers [2], while in other [4] it was reported that PANI base does not offer 
corrosion protection.
In this work the aim was to study protecting properties of PANI layers of different 
degrees of protonation in 0.1 mol dm-3 NaCl solution. Methods of testing, used in 
this work, were open circuit potential monitoring and Electrochemical impedance 
spectroscopy. Different degree of PANI protonation was obtained by keeping the 
layer during one day in different solutions, like 3 mol dm-3 phosphoric acid solution 
(pH=0.4), or in buffer solutions (pH=4.3, pH=7.8). Depending on a degree of 
protonation different protecting properties were obtained. Corrosion protection of 
stainless steel with PANI layer, in solutions containing chloride ion, is not based on 
the previously proposed electrochemical mechanism [5]. In this case PANI imposes a 
physical barrier for the diffusion of chloride ions through the layer. The best protecting 
properties, in solution containing Cl-, were obtained with the layer kept before testing 
during one day in buffer solution of pH=7.8 where a complete deprotonation was 
obtained. It was shown that better corrosion protection is not a consequence of the 
improved oxide quality but of deprotonation that is followed by a change of a polymer 
structure.

[1] M. Kraljić, Z. Mandić, Lj. Duić, Corr. Sci. 45 (2003) 181. 
[2] V. Brusic, M. Angelopoulos, T. Graham: J. Electrochem. Soc. 144 (1997) 436.
[3] R. Racicot, R. Brown, S.C. Yang: Synth. Met. 85 (1997) 1263.
[4] W.S. Araujo, I.C.P. Margarit, M. Ferreira, O.R. Mattoso, P. Lima Neto, Electrochim. 

Acta. 46 (2001) 1307.
[5] B. Wessling: Synth. Met. 85 (1997) 1313.
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Electrodeposition of functional gold films
 V. Kublanovsky*, O. Bersirova,  L. Anufryiev  
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*Corresponding author’s email address: kublan@ukr.net

In this work was studied morphology and physic-mechanical properties of gold 
coatings electrodeposited from the phosphate acid bathes at varying  deposition 
regimes and bath composition.  These coatings are widely used in microelectronics. 
Thin gold films  (1-5 microns) were deposited by the stationary and non-stationary 
regimes. The morphology obtained coatings was studied by SEM. Texture formation 
in gold electrodeposition on a brass substrate was studied by X-ray diffractometry. A 
relation between the texture and mechanical stresses in the deposits was considered. 
Size of crystallites of the gold deposits was of  0.8 - 1.6 mkm.
The deposits structure is depend on electrolyses regime. We will be able to build the 
thin structure of gold films, if we make changes of deposition regime. The optimal 
conditions for obtaining of compact, fine-grained, bright golden coatings are f = 250 
Hz; q = 3 – 5; jк, = 0.25 А dm-2  [1].
The physic-mechanical properties of gold coatings electrodeposited from the phosphate 
acid bath on brass substrate at varying current densities was strongly related to their 
morphology. The corrosion stability of obtained gold coating is depending on the 
deposition conditions. Non-stationary regimes of electrolyse have positive influence. 
The decrease of corrosion current (in the case of direct regime is linear shape: from 35 
till 12 mkA; and in the case of pulse regime is hyperbolic shape: from 120 till 6mkA) 
with increase of coating thickness from 1 to 5 microns under equal value of anodic 
potential  (ϕ=150mV) was established. The rate of corrosion process for obtained by 
pulse electrolyses coating with thickness 5 micron is 0.6mkA mV-1. Whereas the rate 
of corrosion process for coating obtained by direct electrolyses is 1.1mkA mV-1. With 
increase of frequency and porousness of pulse current we can observe of intensification 
of the protection properties of gold coatings. At the same time the dissolution currents 
are decreasing.
Influence of different specific additive surfactants  H4Oedph (oxyethylidendiamin
phosphonic acid) and EDDNP (ethylendiaminedinitrilpropionat) on the not-porous 
coatings formation was studied. The presents of surfactants to increase surface 
microroughness.  The microhardness of gold coatings growth is the result of the grain 
size decrease with cathode current density increasing. Maximum microhardness has 
a plating which was formed at current density 0.5 A dm-2 in phosphate baths contain 
additives. The gold coatings electrodeposited from phosphate bath with additives 
surfactants H4Oedph and EDDNP at range current densities 0.2 – 0.5 A dm-2 may be 
using for microelectronic industry [2].

1. O.Bersirova, V.Kublanovsky, “The electrodeposition condition of functional gold 
films for microelectronics”, Materials Science, Vol.10, N.3, 2004, pp.14-19.

2. V. Kublanovsky, O. Bersirova, V. Emelianov, L.Anufriiev, I. Rubcevich. 
Electrodeposition and corrosion properties of gold coatings // Physicochemical 
Mechanics of Materials (ISSN 0430-6252), 2004, No. 4, p. 613-619.
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Study on the Corrosion Behavior of Reinforcing Steel by 
EIS and Electrochemical Noise

Bing Zhao, Jianhua Li, Ronggui Du, Changjian Lin*, 
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College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian, 361005, P.R. 
China

* Fax: 86-592-2189354, E-mail: cjlin@xmu.edu.cn

Corrosion of reinforcing steel in concrete is the major cause of failure of reinforced 
concrete structures. Various techniques have been developed to study corrosion 
behaviors of reinforcing steel in concrete. Electrochemical impedance spectroscopy 
(EIS) has been widely used to study the corrosion process of reinforcing steel, and 
electrochemical noise (EN) measurement has shown to be possible to be applied in 
corrosion fields. However, only a few of studies of EN for corrosion of reinforcing 
steel in concrete are reported. 
The corrosion behavior of  reinforcing steel in concrete mortar was studied by EIS 
along with EN. The mortar specimens was subjected to a cyclic immersion and drying 
test which the specimens were immersed in 3.5% sodium chloride solution for four 
days and then dried in air for three days. 
The impedance spectra show one time constant related to the corrosion process at 
an early stage, and from the 6th cycle, a diffusion process appears in the spectra. The 
results obtained from EIS measurements show that the corrosion of reinforcing steel 
is slight at beginning, and serious after about the 6th cycle. The time records of current 
show the different stages of corrosion process of reinforcing steel. At beginning of the 
cyclic test, the noise current fluctuates in a more regular pattern. With the time, a large 
direct current (DC) trend dominates the time records,  and the fluctuations decline 
and disappear. The EN data are also analyzed by statistical methods. The standard 
deviation of current (σI) reflects the magnitude of fluctuation of current and estimates 
the activity of corrosion. The σI values are very low at beginning, indicating the low 
activity of reinforcing steel in mortar. Then the σI values increase largely, indicating 
the increasing activities of  reinforcing steel. The noise resistance Rn is defined as the 
ratio of the standard deviations of the potential and current noise. Rn shows the similar 
trend with the charge transfer resistance (Rct), which decreases largely at beginning, 
then keeps very low values. 
The results obtained from EN measurements show the different stage of corrosion 
process of reinforcing steel in mortar. It agrees with the results obtained from the 
EIS measurements. EN measurements is useful for studying the corrosion process of 
reinforcing steel in mortar.

[1] A. Legat, M. Leban, Ž. Bajt, Electrochim. Acta 49 (2004) 2741.
[2] G. Song, Cem. Concr. Res. 30 (2000) 1723
[3] U. Bertocci, C. Gabrielli, F. Huet, M. Keddam, J. Electrochem. Soc.144 (1997) 
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Surface Chemistry of Oxidised ZnSe ATR Crystals
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The mechanism of copper and silver dissolution under 
cathodic  polarization in sour solutions

I. K. Marshakov,  L. E. Volkova*, I. V. Kreizer , N. M. Tutukina  
Voronezh State University

394006, Russia, Voronezh , Universitetskaya pl. 1; 
*e-mail:Wle@mail.ru

According to electrochemical kinetic the rate anodic dissolution of metals should to 
decrease at displacement of potential in area cathodic of meanings but in practice 
the appreciable dissolution of metals is observed. This phenomenon has received the 
name of anomalous (chemical) dissolution. Basically it is investigated on iron and is 
explained by chemical interaction of metal with an acid. 
Copper and silver are dissolved only at the presence of oxygen. Even in very sour 
deaerated solutions (1M HCl) the oxidation copper under cathodic  polarization 
is insignificant a little, but in the area of potentials of allocation of hydrogen the 
appreciable growth of speed of dissolution is observed. The introduction in a working 
solution peroxide of hydrogen or also results others oxygen-containing of oxidizers in 
increase of rate of dissolution in  several times. 
It is supposed, that the oxidation of silver and copper at cathodic potentials is possible 
only at cathodic restoration of oxidizers, as a result of which the concentration 
adsorption of hydroxide-ions is increased, as causes oxidation of metal at negative 
cathodic potentials. Thus, under cathodic polarization three electrochemical processes 
take place: reducing of an oxidizer, and simultaneous oxidation of metal. By virtue 
of that products of oxidation copper and silver are easily reduced, first two processes 
become complicated them cathodic by restoration. 
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Formation
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Halide ions as initiators of corrosion of Cu and Zn 
metals and Cu-xZn alloys in alkaline solution
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The inhibition effect of some amino acids towards lead-
alloy corrosion in sulfuric acid solution

M. A. Kiani, Mir Fazlollah Mousavi *, Shahram Ghasemi 
 Department of Chemistry, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran

* Corresponding author: E-mail: mousavim@modares.ac.ir

Corrosion is one of the main reasons of surface damage and it strongly influences 
instruments lifetime. Therefore, study of surface modification is important to prevent 
corrosion. An important method for protection of metals against deterioration from 
corrosion is using inhibitors [1-3]. Unfortunately, many common corrosion inhibitors 
are health hazards for the inhibition of corrosion in aqueous media [4, 5]. To solve 
this problem, some of researchers investigated the inhibition effect of amino acids on 
corrosion of metals. These inhibitors are nontoxic, low cost and easy to produce in 
purities greater than 99% [6, 7].
In this work, the inhibition effect of some amino acids such as cysteine, towards 
the corrosion of lead-alloy in H2SO4 solution was investigated by potentiodynamic 
polarization, impedance, weight loss measurement and SEM methods. Corrosion data 
such as corrosion current (icorr ), corrosion potential (Ecorr ) and corrosion resistance 
(Rp) were determined from cathodic and anodic branches of Tafel plot. The effect of 
temperature, inhibitor and acid concentration against inhibitor action was investigated. 
Recording impedance spectra show that by increasing adsorption time, charge 
transfer resistance was increased. SEM images present that with increasing inhibitor 
concentration, corrosive surface area was decreased. The inhibition efficiency (IE) 
depended on the type of amino acid and its concentration. The IE for 0.1 M cysteine 
in 0.5 M H2SO4 is more than 95%. 

[1] J.I. Bregmann, Corrosion Inhibitors, Macmillan,  New York, 1963, p. 1.
[2] N. Hackerman, Langmuir 3 (1987) 922.
[3] C.C. Nathan, Organic Inhibitors, NACE, Houston, 1977.
[4] E.W. Flick, Corrosion Inhibitors, Park Ridge, New Jersey, 1987, p. 68.
[5] H.H. Uhlig, R.W. Revie, Corrosion and Corrosion Control, John Wiley and Sons,       

New York, 1985, p. 263.
[6] R. Salghi, L. Bazzi, E. Ait Addi, B. Hammouti, Trans. SAEST 38 (2003) 127.
[7] H. Ashassi-Sorkhabi, M.R. Majidi, K. Seyyedi, Appl. Surf. Sci.225 (2004) 176.
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The role of microstructure in local corrosion of carbon 
steels in alkaline solution

N. A. Muratova, S. A. Kaluzhina*
Chair of Physical Chemistry, Voronezh State University,

University Sq.1, Voronezh, Russia, 394006
Tel: 007 (0732) 208914,

 e-mail: kaluzhina@vmail.ru 

The regularity of carbon steels passivation and local corrosion processes in 0.2М 
Н3ВО3 +0.05М Na2В4О7 + ХМ Na2SO4 (Х = 0 ÷ 0.05 mpl) at room temperature 
were analyzed.  Carbon mass fracture was changed within gC = 0.005 (microstructure 
includes grains of ferrite α-Fe and cementite Fe3C) and gC = 0.297 ÷ 0.910% 
(microstructure includes grains of ferrite α-Fe and pearlite – eutectoid mixture of 
α-Fe and Fe3C). 
The results have shown that passive film composition doesn’t depend on microstructure 
of all investigated alloys and includes inner layer   Fe3O4 and hydrated outer layer γ-
Fe2O3. At the same time it was obtained that the increase of carbon content was lead to 
stabilization of the Fe-C alloys passive state. This effect was connected  with presence 
of more active H2O molecules on interface high carbon steel/solution  due to increase 
of heterogeneity it’s surface  in comparison with mild steels [1]. As the result of this 
process  there is the concentration adsorbed OH - -ions rise and increase of passive 
surface part of alloy.  
The addition in borate solution of 0.01 mpl sodium sulphate causes carbon steel 
local corrosion. The individual behavior of iron in local corrosion processes in 
comparison with other carbon steel was observed. This effect was connected with 
iron microstructure. So pits on iron are initiating on ferrite/cementite interface. They 
are representing damage of right form with spherical and shining metal bottom.  At the 
same time the spots on carbon steel surface are representing the uniformly dissoluble 
pearlite grain. It is necessary to note that high carbon content in alloy decrease their 
corrosion stability. 
The received at the present investigation results   of aggressive ion concentration 
influence on local corrosion, corresponding the literature data [2, 3], permitted  to 
do the conclusion about the adsorption mechanism of pit initiation with formation of 
two-dimensional FeSO4 salt islands on passive layer, as it has been postulated for iron 
in halide-containing solutions. 

1. Lazorenko-Manevich R.M., Kuznetsova E.G., Sokolova L.A. // Protection of 
Metal. – 1992. – V. 28, № 2. – P. 185-190.

2. Keitelman A.D., Galvele J.R. // Corros. Sci. – 1982. – V. 22, №8. – P. 739 – 751.
3. Acosta C.A., Salvarezza R.C., Videla H.A., Arvia A.J. //  Corros. Sci. – 1985. – V. 

25, №5. – P. 291-303.
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Role of Foreign Species in Nucleation and Growth of 
Crystalline Oxide in Amorphous Anodic Niobia 

T. Ogasawara, H. Habazaki*, H. Konno, K. Shimizu† and S. Nagata‡

Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan
†University Chemical Laboratory, Keio University, Hiyoshi, Yokohama 223-8521, Japan

‡Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan
*habazaki@eng.hokudai.ac.jp 

In anodizing of niobium and tantalum at relatively high voltages of more than 50 V 
and at increased electrolyte temperatures field crystallization of amorphous anodic 
oxide occurs. The crystallization is detrimental for electrolytic capacitor application 
of the anodic oxides due to increased leakage current. Our recent studies have found 
that the air-formed oxide, which should be located at about 30% of the film thickness 
in the anodic niobia, becomes a nucleation site, with its growth proceeding toward the 
metal/film interface by inward migration of oxygen species in the crystalline oxide. 
The field crystallization can be suppressed by incorporation of foreign species from 
electrolyte as well as substrate. In the present study, two-layered films of Nb/Nb-Si 
and Nb-Si/Nb were anodized in order to examine the influence of silicon species on 
nucleation and growth of crystalline oxide separately. 
Two types of specimens were prepared by magnetron sputtering: a thin layer of Nb-12 
at% Si alloy superimposed on Nb (Nb-Si/Nb) and a thin layer of Nb superimposed on 
Nb-12 at% Si alloy (Nb/Nb-Si). They were anodized at a current density of 50 A m-2 in 
0.1 mol dm-3 ammonium pentaborate electrolyte at 333 K to 100 V with current decay 
for 3.6 ks. The outer superimposed layer was consumed by anodizing to about 55 V 
and 75 V for the Nb/Nb-Si and Nb-Si/Nb specimens respectively. Some specimens 
were annealed in air prior to anodizing to examine the influence of thermal oxide on 
field crystallization. Crystallization was examined by current transients as well as 
surface observations by SEM. The anodic films were also examined by GDOES and 
RBS.
No field crystallization occurred on the Nb/Nb-Si specimen. Even after thermal 
treatment at 523 K, which caused accelerated crystallization for niobium, uniform 
amorphous oxide was formed without growing crystalline oxide. Since no silicon 
species were present at the nucleation site, growth of crystalline oxide was effectively 
suppressed by the incorporation of silicon species in the inner layer of the anodic film. 
However, when prior thermal treatment was performed at 623 K, crystalline oxide was 
developed throughout the surface. The thermal treatment at this temperature formed 
crystalline thermal oxide. Once a certain size of crystalline oxide was developed, 
growth of crystalline oxide might not be suppressed by incorporation of silicon 
species.
Effective suppression of field crystallization was also observed for the Nb-Si/Nb 
specimen. Although crystalline oxide was found in the anodic film, but the number of 
the crystalline oxide was markedly reduced by the presence of the superimposed layer. 
The crystalline oxide might be formed at flaw regions of the anodic film. The silicon 
species are present even in the air-formed oxide such that nucleation of the crystalline 
oxide should be impeded during anodizing. It was also found that no accelerated field 
crystallization occurred even after thermal treatment up to 623 K.
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Strengthening the corrosion protection properties of 
polyaniline based coatings 

Nikolay A. Ogurtsov*, Eugene P. Duborez, Galina S. Shapoval 
Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Sciences of Ukraine, 

50 Kharkivske Shose, 02160, Kyiv, Ukraine
*Corresponding author’s email address: nogurtsov@yahoo.com

Polyaniline and other conducting polymers continue to be of considerable interest 
as components of corrosion-resistant coating systems. Earlier we detected different 
extents of corrosion protection of mild steel [1], and aluminum alloy [2] by polyaniline 
doped with different organic sulfonic acids. In this study we investigated a possibility 
to strengthen the corrosion protection properties of polyaniline due to doping with 
nitric acid.
In order to estimate an influence of nitrate anions on the indicated properties we 
compared the corrosion protective performance of polyanilines doped with nitric, 
sulphuric, and phosphoric acids. An anticorrosion performances of coatings, made 
of 20/80 wt./wt. % polyaniline salt/ poly(vinylbutyral) compositions, at mild steel 
samples when exposing to aqueous 3.5% NaCl and 0.1 N hydrochloric acid solutions 
were  evaluated. Potentiodynamic polarization studies were used to determine changes 
in the corrosion current and corrosion potential of mild steel.
Samples of mild steel coated with compositions of polyaniline, which was doped with 
nitric acid, exhibited corrosion rates in aqueous 3.5% NaCl solutions about 10 times 
less, and in 0.1 N HCl solutions, about 100 times less than observed for identical 
samples coated with compositions of polyaniline, which was doped with sulphuric 
or phosphoric acids. It was supposed that the substantial improvement of corrosion 
protection properties of polyaniline results from redox properties of nitrate anion 
possessing high standard redox potential. 
The corrosion protective performance was characterized also by the anodic shift of 
corrosion potential in aqueous 3.5% NaCl solutions by about 100 mV and in 0.1 N 
HCl solutions, by about 150 mV. The obtained results indicate that mechanism of 
the corrosion protection of polyaniline doped with nitric acid is based on the anode 
process braking. 
The promising results, which were shown by polyaniline doped with nitric acid, allow 
to hope for a substitution of the classical toxic corrosion inhibitors by this polymer. 

[1] A.A. Pud, G.S. Shapoval, P. Kamarchik, N.A. Ogurtsov, V.F. Gromovaya, I.E. 
Myronyuk, Y.V. Kontsur, Synth. Met., 107 (1999) 111.

[2] N.A. Ogurtsov, A.A. Pud, P. Kamarchik, G.S. Shapoval, Synth. Met., 143 (2004) 
43.
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Formation of Porous Anodic Alumina Films in Hot 
Glycerol Solutions Containing Phosphate 

Y. Oikawa, H. Habazaki* and H. Konno
Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

*habazaki@eng.hokudai.ac.jp 

Non-thickness-limited growth of barrier-type anodic films on valve metals in hot 
dehydrated glycerol solution containing a dibasic potassium phosphate was reported 
by Melody et al. in 1998 [1]. Later, it was found that the anodic film formed were 
porous [2, 3]. The porous films can be formed on several valve metals, including 
aluminium, niobium, tantalum and titanium, in this electrolyte. Porous film growth in 
this electrolyte is of great interest from fundamental as well as practical points of view, 
since porous film cannot be formed easily on valve metals except for aluminium. In 
order to clarify the characteristic feature of the growth of porous films in hot glycerol 
solutions, we have examined the growth behaviour, structure and composition of porous 
anodic films on high purity aluminium in hot glycerol solution at constant formation 
voltages using scanning electron microscopy, transmission electron microscopy, glow 
discharge optical emission spectroscopy. 
When aluminium was anodized in the freshly prepared hydrated glycerol solution 
containing 10 wt% dibasic potassium phosphate at 433 K, many cracked, non-porous 
films were developed. In contrast, anodizing in dehydrated solution resulted in the 
formation of porous anodic films with the morphology being similar to those formed 
in acid aqueous solutions at ambient temperature. The cell size increases with the 
formation voltages. The porous films formed in this electrolyte were almost free from 
the phosphorus species, in contrast to the anodic films formed in aqueous electrolytes. 
On repeated anodizing at a certain formation voltage in the same solution, the 
current density increased every time. This was associated with increased basicity of 
the electrolyte during anodizing. In fact, the addition of K3PO4 into the electrolyte 
enhanced the dissolution of alumina films formed. The use of the glycerol solution 
containing a mixture of KH2PO4 and K2HPO4 allowed to get reproducible results. The 
porosity of the anodic films, measured by re-anodizing in a borate buffer aqueous 
solution, was little influenced by the formation voltage.

[1] B. Melody, T. Kinard, P. Lessner, Electrochem. Solid State Lett., 1 (1998) 126.
[2] Q. Lu, G. Alcala, P. Skeldon, G.E. Thompson, M.J. Graham, D. Masheder, K. 

Shimizu, H. Habazaki, Electrochim. Acta, 48 (2002) 37.
[3] Q. Lu, T. Hashimoto, P. Skeldon, G.E. Thompson, H. Habazaki, K. Shimizu, 

Electrochem. Solid State Lett., 8 (2005) B17.
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derivatives for copper and stainless steel 
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Control of Gas Emission in Vacuum from the Surface of 
Anodized Aluminum Alloys
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1-24-2 Nishi-shinjuku, shinjuku-ku, Tokyo 163-8677, Japan
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Electrochemical Corrosion Behavior of Carbon Steel 
with Phosphate Inhibitor in Drinking Water
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Impedance spectroscopy on micro cell array  
in crevice configuration

W. Pernkopf*1, B. Egger1, D. Schmidt1, M. Kalchgruber1, G. Fafilek1,2 
1TU Vienna, Institute for Chemical Technologies and Analytics, 164 EC

Gumpendorferstrasse 1A, 1060 Vienna
2ECHEM Center of Competence in Applied Electrochemistry, Viktor Kaplan Strasse2,  

A-2700 Wiener Neustadt, Austria
*pernkopf@mail.zserv.tuwien.ac.at

In corrosion testing conventional electrochemical methods yield mean parameter 
values of heterogeneous surfaces. Information about localized parameters during the 
corrosion process is not available, especially in crevice corrosion. For the localisation 
of measurements micro techniques such as scanning electrochemical microscopy or 
scanning reference electrode technique have been developed. These methods use 
single or double electrodes to detect different parameters while scanning the electro-
active surface. The main limitation of such methods is that the micro positioning 
systems cannot be applied in the usual corrosion testing devices such as salt spray or 
VDA testing chamber to gain the parameters during a simulated corrosion process.
A multiple micro cell array was constructed using double Pt disc electrodes of 50µm 
diameter placed in a 2-dimensional plane with a distance of 5 mm between the separate 
double electrodes. The electrodes are fused in glass and fixed with epoxy resin into 
a printed circuit board. The electrodes are connected to a multiplexer/frequency 
analyzer measuring system. The control program for this equipment consists of three 
parts: The graphical user interface, a database containing parameters and data and the 
control of the scanning instruments. 
The microelectrode array is bonded to the strip steel sample leaving a crevice with a 
width of 150µm-250µm. With this setup the in situ detection of solution parameters 
during a crevice corrosion process is possible without any influence caused by electrode 
movement inside the gap. The local conductivity is measured by recording impedance 
spectra between all twin electrodes connected subsequently by the multiplexer. The 
conductivity stands as a parameter for the wetting of the crevice and the concentration 
changes of the conducting electrolyte.. The mapping of the conductivity shows 
wetted areas. At these electrolyte borderlines the corrosion process started as optical 
inspection proved.
This method allows conclusions about the start of a corrosion process over several 
wetting and drying cycles Furthermore examinations for the understanding of 
the mechanism of crevice corrosion can be gained as different parameters of the 
solution can be recorded in situ with a very robust electrode setup of this multicell 
arrangement. 



S
y
m

p
o
s
iu

m
 9

 -
 P

o
s
te

r

Nanoscale characterisation of anodic oxide films on  
Ti-6Al-4V alloy

M. Pisarek1,2, M. Lewandowska1, J. Kamiński1, K. J. Kurzydłowski1, 
M. Janik-Czachor2* 

1Faculty of Materials Sciences and Engineering, Warsaw University of Technology, Woloska 141, 
02-507 Warsaw, Poland

2Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, 
Poland *maria@ichf.edu.pl

Titanium and titanium alloys are widely used as biomedical materials because 
of their attractive properties such as high strength, low Young modulus and good 
biocompatibility. However, they are unable to meet all the clinical requirements. 
Therefore, in order to improve their biological, chemical and/or mechanical properties, 
they are subjected to surface modification processes. In industrial practice, anodic 
oxidation in acidic solution is frequently used since it is a simple and effective method 
to modify the surface of titanium and its alloys (biocompatibility in vivo and corrosion 
immunity). Depending on applied voltage (i=const.) various thickness of anodic oxide 
films can be produced. A detailed knowledge of chemical composition of oxide layer 
on a nanometer scale may help to understood their good corrosion resistant. Surface 
analytical techniques like AES or XPS combined with Ar+ ion sputtering allow to 
investigate the interface/interphase region and examine its chemical properties. The 
aim of the present work is to characterize in nanoscale anodic oxide film obtained 
at different voltages on Ti-6Al-4V alloy and to determine its influence on corrosion 
resistance of this alloy. 

Surface characterizations were performed using a Microlab 350 located at the Physical 
Chemistry of Materials Centre of the Institute of Physical Chemistry, PAS and of the 
Faculty of Materials Science and Engineering, WUT.
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Electrocatalytic processes at the formation of chromium 
deposits from Cr(III) electrolytes with organic additives

V. A. Safonov1*, L. N. Vykhodtseva1, I. I. Kulakova1, E. N. Lubnin2,  
Yu. M. Polukarov2, O. V. Safonova3, S. Eeckhout3, P. Glatzel3

1Faculty of Chemistry, Moscow State University, Leninskie gory, 119992 Moscow, Russia
2 A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 

Leninskii pr. 31, 117915 Moscow, Russia
3European Synchrotron Radiation Facility, 6 rue Jules Horowitz, 38043 Grenoble Cedex, France

*safon@elch.chem.msu.ru

From the environmental viewpoint, the replacement of toxic Cr(VI) electrolytes by 
Cr(III) electrolytes in Cr electroplating is of great practical interest. Recent studies 
(including those by our group) have shown that chromium coatings of high quality 
as regards their corrosion resistance and physicochemical, mechanical, decorative 
and other characteristics can be obtained from Cr(III) electrolytes containing certain 
organic substances, particularly, formic and oxalic acids. At the same time, these 
deposits exhibit certain characteristic features, which distinguish them from the 
deposits formed in conventional Cr(VI) electrolytes. Thus, it was shown that their 
composition involves considerable amounts of carbon-containing species (up to 7 
wt. %), they have the crystallographically amorphous structure, and their corrosion 
potential in 0.5 M H2SO4 is shifted by 0.3 – 0.4 V in the positive direction as compared 
with electrodes of crystalline chromium and falls in the passivity range.
To elucidate the role played by organic additives in the electrodeposition of chromium 
from Cr(III) electrolytes, we carried out detailed studies of the composition, structure, 
and properties of these deposits. For this purpose, we used basic electrochemical 
methods as well as XPS, X-ray emission spectroscopy (XES), XRD, and 
chromatography mass-spectrometry (CMS). 
To determine the composition of organic products incorporated into Cr deposits, the 
latter were dissolved in 6 M HCl and the organic products were extracted from the 
resulting solution with chloroform and analyzed using the CMS method. It was found 
that no more than 10% of the total amount of carbon in the deposits was in the form 
of polymerization products of initial organic substances. The information of basic 
importance was obtained using the XES method. Based on the analysis of the spectrum 
of the Kβ satellite line of Cr, it was found that the main amount of carbon is in the form 
of a carbide compound of chromium. It should be noted that the possibility of so deep 
(in fact, the extreme) electrochemical reduction of organic substances up to the state 
carbon takes in the carbide compounds of metals was never mentioned earlier. This 
result suggests that crystalline chromium nuclei formed during its electrodeposition 
should be characterized by very high electrocatalytic activity. 
The study is financially supported by the Russian Foundation for Basic Research 
(grant no. 05-03-32681).   
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Coated steels are widely used, because of their excellent corrosion protection

characteristics in atmospheric environments. The coated usually uses after Cr

conversion treatment to improve adhesiveness of organic coating and increasing

corrosion resistance. However, this treatment will not be used in near future, because of

ill effects for environment and human body. Many researchers try to develop new Cr

free treatment. Aluminum and its alloys are usually used after surface treatment

processing, such as anodizing and painting. There are three types of anodic oxide films,

a porous type, a barrier type and a composite type that can be formed on aluminum.

The purpose of this study is to examine the effect of anodic oxide film structure on

corrosion protection of Al- 45 mass% Zn coated steels.

The Al- 45 mass% Zn coated steel sheets ( coated layer thickness of about 15 µm,

Nippon Steel Co. ) were cut into 15 x 20 mm coupons. Porous type anodic oxide films

were formed by anodizing in 0.22 kmol/m3 oxalic acid solution at 293 K and 3.72

kmol/m3 sulfuric acid solution at 273K with a constant current density, ia = 100 A/m2.

Composite type anodic oxide films were formed after formed porous type anodic oxide

films in oxalic acid solution and then anodizing at 293 K in 0.5 kmol/m3 H3BO4 / 0.05

kmol/m3 Na2B4O7 solution with a constant applied current density of ia = 10 A/m2.

Some anodized specimens were sealed in boiling doubly distilled water for 900 s.

Polarization curves of the specimens were measured by a potential scanning method,

0.33 mV/s in 0.5 kmol m-3 H3BO3 - 0.05 kmol m-3 Na2B4O7 ( pH = 7.4 ) with 0.01 kmol

m-3 NaCl solutions. A corrosion potential in this study is the potential of current

became higher than 100 mA cm-2 while polarization.
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Table 1 Corrosion potentials of anodized coated steels ( mV vs. Ag/AgCl )

Rest Potential Corrosion potential

As-received - 809 - 672

Porous type (Oxalic acid) - 758 - 677

Porous type (Sulfuric acid) - 997 - 375

Composite type - 711 - 661

Pore Sealing(Sulfuric acid) - 956 397

Effect of anodizing on corrosion of al-zn alloy coated 
steels in chloride environments

Masatoshi Sakairi, Yoshiyuki Uchida
Graduate School of Engineering, Hokkaido University
Kita-13, N ishi-8, Kita-ku, Sapporo, 060-8628. Japan

E-mail: makairi@eng.hokudai.ac.jp

Coated steels are widely used, because of their excellent corrosion protection 
characteristics in atmospheric environments. The coated usually uses after Cr 
conversion treatment to improve adhesiveness of organic coating and increasing 
corrosion resistance. However, this treatment will not be used in near future, because 
of ill effects for environment and human body. Many researchers try to develop new 
Cr free treatment. Aluminum and its alloys are usually used after surface treatment 
processing, such as anodizing and painting. There are three types of anodic oxide films, 
a porous type, a barrier type and a composite type that can be formed on aluminum. 
The purpose of this study is to examine the effect of anodic oxide film structure on 
corrosion protection of Al- 45 mass% Zn coated steels.
The Al- 45 mass% Zn coated steel sheets ( coated layer thickness of about 15 µm, 
Nippon Steel Co. ) were cut into 15 x 20 mm coupons. Porous type anodic oxide films 
were formed by anodizing in 0.22 kmol/m3 oxalic acid solution at 293 K and 3.72 
kmol/m3 sulfuric acid solution at 273K with a constant current density, ia = 100 A/
m2. Composite type anodic oxide films were formed after formed porous type anodic 
oxide films in oxalic acid solution and then anodizing at 293 K in 0.5 kmol/m3 H3BO4 
/ 0.05 kmol/m3 Na2B4O7 solution with a constant applied current density of ia = 10 
A/m2. Some anodized specimens were sealed in boiling doubly distilled water for 
900 s. Polarization curves of the specimens were measured by a potential scanning 
method, 0.33 mV/s in 0.5 kmol m-3 H3BO3 - 0.05 kmol m-3 Na2B4O7 ( pH = 7.4 ) with 
0.01 kmol m-3 NaCl solutions. A corrosion potential in this study is the potential of 
current became higher than 100 mA cm-2 while polarization.
Table 1 shows summary of rest potentials and corrosion potentials of anodized 
specimens. The rest potentials do not change with treatments. The corrosion potential 
of anodized specimens almost same as without anodized specimens except for 
anodized in sulfuric acid solution. The most effective treatment is first anodized in 
sulfuric acid solution and then pore sealed.
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Effect of temperature on oxide film reformation of 
titanium in vitro with photon rupture

Masatoshi Sakairi, Hiroomi Miyata and Hideaki Takahashi
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Cathodic disbondment of different paint coatings on 
powder metallurgical steels

 Sagrario Sánchez-Majadoa, Juan Carlos Galvánb, José Manuel Torralbaa  
and Antonia Jiménez-Morales*, a 

aDepartamento de Ciencia e Ingeniería de Materiales,Universidad Carlos III de Madrid, Avda. de 
la Universidad 30, E-28911. Leganés. Madrid. Spain

bCentro Nacional de Investigaciones Metalúrgicas, CSIC,
Avda. Gregorio del Amo 8, E-28040 Madrid, Spain

*toni@ing.uc3m.es

The main goal of the present work has been to evaluate the cathodic disbondment 
experienced by two different paint coatings on various powder metallurgical (PM) 
steels obtained by the conventional pressed and sintered process. For this purpose, 
a commercial primer and an antirust paint (electrolytic minium) were applied on 
both Astaloy Mo + 0.5%C and Distaloy AE + 0.5%C PM steels. After that, cathodic 
protection was simulated by imposing a voltage of -1V on the coated samples at 
variable exposure time in 3.56% NaCl solution. Just before the cathodic delamination 
test was initiated, the centre of the painted metal sample was damaged with an 
intentionally artificial rounded defect in order to accelerate coating disbondment. The 
time required for the coating to disbond (delay time) as well as the evolution with time 
of the coating disbondment area were characterized according to ASTM G8 tests.
Results showed that, in general, disbondment occurred earlier and in greater extension 
on Astaloy Mo coated samples than on the Distaloy AE ones, for the case of the two 
studied coatings.       
Open surface porosity was quantified by applying scanning electron microscopy 
(SEM) and an image processing program on both Astaloy Mo and Distaloy AE 
sintered samples, resulting greater for the former. This feature could be probably 
associated to a major and quicker adhesion loss for the Astaloy Mo sample compared 
to the Distaloy AE one. 
On the other hand, a visual inspection of the samples after the tests revealed the 
existence and the absence of oxidation products on the surface of the Astaloy Mo 
and distaloy AE, respectively. In this sense, the compositional analysis of both 
metallic substrates, examined by Energy-Dispersive X-ray analysis (EDX), showed 
the presence of nickel in the Astaloy samples, which could improve the corrosion 
protection performance of these systems by impeding the oxidation of the surface 
exposed to the electrolyte trough the coating defect.   
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Size-controllable formation of Pore array into Si wafer 
using Electrochemical etching 

Hirotaka Satoa, Takuya Yamaguchia, Tetsuhiko Isobea, Takayuki Hommaa*,  
Shoji Shuichib

aDepartment of Applied Chemistry and bDepartment of Electrical Engineering and Bioscience , 
Waseda University, Okubo, Shinjuku, Tokyo 169-8555, Japan

homma@mse.waseda.ac.jp

High-aspect-ratio etching is necessary to form nano- and micro-scaled pores, tubes 
and needles for various micro-systems.  We have developed electrochemical etching 
process with aqueous HF solution to form high-aspect-ratio pores at selected areas 
on Si wafer [1].  In this process, arrayed inverted-pyramid-shaped micro-pits were 
preformed on the Si wafer.  During the electrochemical etching, holes were diffused 
to the micro-pits arrayed areas and dissolved Si, forming micro-scaled pores, whose 
diameters were determined by that of the micro-pits.  In this study, we attempted to 
focus holes at the tip of micro-pits to form pores with smaller diameters.   
N-type Si(100) wafer with 5 Ωcm or 50 Ωcm of specific resistance was thermally 
oxidized to form SiO2 layer.  After the SiO2 layer on the front surface was patterned 
to form 10-μm-squere array with photolithography and reactive ion etching, inverted-
pyramid-shaped micro-pits were formed by anisotropic alkaline etching.  Following 
removal of the SiO2 layer on the back surface, a Au/Cr layer was evaporated there for 
electric contact.  Then, the electrochemical etching was carried out with 1.0 wt% of 
aqueous HF solution at anodic over potential of 0.5 - 5.0 V.
At interface between Si wafer surface and electrolyte, space charge region (SCR) 
preventing hole pass is formed, whose depth is controllable with specific resistance 
and applied potential.  Therefore, we investigated the influences of such parameters 
on the pore formation, aiming to adjust the depth of SCR with the depth of micro-pit 
to focus holes at the tip of micro-pit.  With the low-resistivety Si wafer, the pores were 
not formed but the surface was roughened regardless of applied over potential.  The 
SCR was suggested to be too shallow to prevent the hole pass.  In order to expand 
the SCR, the high-resistivety Si wafer was used.  By applying the voltage higher than 
2.0 V, high-aspect-ratio pore with ca. 500-nm-diameter was formed at every tip of the 
micro-pit.  In this case, the depth of SCR is theoretically estimated to be 5.7 - 8.5 μm, 
which is closed on that of the micro-pit.  From these investigations, it is considered that 
the depth-adjusted SCR focused holes at the tip of micro-pit forming the submicron 
pore.  In this pore formation, the diameter will be controlled by adjusting the depth of 
SCR and other electrochemical parameters.  
This work was performed at the 21st Century Center of Excellence (COE) Program 
“Practical Nano-Chemistry”, MEXT, Japan, and was financially supported in part by 
the Grant-in-Aid for Scientific Research (C), MEXT, Japan.   

[1] T. Homma, H. Sato, K. Mori, T. Osaka, S. Shoji, J. Phys. Chem. B, 109 (2005) 
5724
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The role of chlorate and perchlorate ions on the iron 
passivity breakdown and its associated oscillatory 

phenomena in sulfuric acid solutions 
D. Sazou, M. Pavlidou, S. Papadopoulou, M. Pagitsas*, 

Laboratory of Physical Chemistry, Department of Chemistry, 
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece

*pagitsas@chem.auth.gr

Oscillatory phenomena associated with localized corrosion of iron in halide-containing 
sulfuric acid solutions has been the subject of numerous studies. It was shown that 
oscillations are closely related with the breakdown/repair processes of the passive 
oxide film and the susceptibility of iron to pitting. Using a point defect model for 
the oxide growth and breakdown for the Fe|x M H2SO4+Cl- system it was shown 
that simple periodic current oscillations are associated with general corrosion, which 
involves a uniform dissolution of the passive oxide film through a gradual removal 
of the oxide layer due to the formation of soluble surface complexes. On the other 
hand, complex periodic and aperiodic current oscillations indicate pitting corrosion 
induced by the occupation of an oxygen vacancy by halides and a localized attack of 
the passive oxide film [1,2]. Moreover, current oscillatory phenomena were used for 
the characterization of early and late stages of pitting as well as for the distinction 
between passive-active sate dissolution and polishing state dissolution [3,4].
In this study, oscillatory phenomena are used to explore the role of chlorate and 
perchlorate ions on the passivity breakdown of Fe in sulphuric acid solutions. There 
are different opinions about the effect of these anions on the stability of the oxide film. 
Some studies [5,6] report that, both chlorates and perchlorates, may induce pitting 
corrosion and others suggest that pechlorates induce a rapid increase of anodic current 
at transpassive potentials due to oxidation of iron and iron oxides from the passive 
film to hexavalent iron [7]. It is shown in this work that perchlorates are associated 
with simple periodic current oscillations across the passive-active transition indicating 
general corrosion. On the contrary, chlorates induce complex current oscillations. 
Characterization of the Fe surface by scanning electron microscopy reveals pits over 
the entire surface. Pitting was attributed to the presence of chlorides that are released by 
a chemical reaction during which chlorates oxidize ferrous ions resulting in chlorides 
and ferric ions. Studying the influence of ferrous ion additions in the solution and 
analyzing the current oscillations the occurrence of this reaction was confirmed.

[1] M. Pagitsas, A. Diamantopoulou, D. Sazou, Electrochim. Acta 47 (2002) 4163.
[2] M. Pagitsas, A. Diamantopoulou, D. Sazou, Chaos Solit. & Fract. 17 (2003) 263. 
[3] D. Sazou, A. Diamantopoulou, M. Pagitsas, J. Electroanal. Chem. 489 (2000) 1.
[4] D. Sazou, M. Pagitsas, Fluctuation & Noise Lett. 3 (2003) L433.
[5] H. Prinz, H.-H. Strehblow, Corros. Sci. 40 (1998) 1671.
[6] K.-W. Mao, J. Electrochem. Soc. 118 (1971) 1870.
[7] V.M. Jovanovic, N. Hackerman, J. Phys. Chem. B 102 (1998) 9855.
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P+49-2371-566160, F +49-2371-566271
* schmitt.g@fh-swf.de;

Drag reducing additives are used in many industrial flow systems to decrease the wall 
friction between the flowing liquid and the solid and, thus, minimize energy losses. 
Flow induced localized corrosion (FILC) can be mitigated as well. The efficiency 
of such additives has been proven in one-phase and two-phase flow, even under 
conditions of disturbed flow. Measurements in the authors’ lab already demonstrated 
that such additives can be effective under conditions of e.g. uneven wall surfaces 
and horizontal slug flow and can reduce the likelihood of initiation of FILC in sweet 
and sour oil & gas production systems. The maximum interaction energies between 
turbulent flowing liquids and the solid wall have been quantified only recently for 
the first time in terms of “freak energy densities”, available by Wavelet diagnosis of 
microelectrochemical current noise data.
This method was used in the present paper to investigate the magnitude of local 
surface impacts arising from a gas pulsed impinging jet. This small laboratory device 
was tested in order to find out whether it could simulated the flow pattern and the flow 
intensities generally encountered in disturbed two-phase flow, e.g. under slug flow 
conditions. This would avoid using large, expensive and difficult-to-decontaminate 
high diameter slug flow loops.
The paper will first demonstrate the applicability of a specifically designed jet 
impingement flow rig for microelectrochemical quantification of local flow intensities 
under one-phase liquid flow up to high jet nozzle flow rates. It will be shown that the 
data obtained are comparable with results of former investigations using the same or 
similar drag reducing additives in different jet cells.
First results will be given for gas pulsed jet impingement of gold microelectrodes. 
The nitrogen gas is pulsed into a continuously flowing liquid jet stream (containing 
the hexacyanoferrate(II/III) tracer system) with pulse durations in the order of  50 
milliseconds at pulse frequencies of 1 Hz. The current noise data were measured with 
a sampling rate of 100 kHz and subjected to a Wavelet analysis in order to evaluate the 
magnitude of local freak energy densities during the gas pulse periods. Data will be 
provided for the additive-free system and for the performance of additives composed 
of quaternary alkyl ammonium compounds and polyimines with different average 
molecular weights.
The unexpected effects arising from the presence of drag reducing additives are 
discussed with respect to the supermolecular structures formed by the additives and 
with back-up of rheological findings.
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Cathodic reactions on steel in aqueous solutions 
containing REM salts

M. Tran, C. Fiaud, E. M. M. Sutter*
LGPPTS,  Ecole Nationale Supérieure de Chimie de Paris, 11, rue Pierre et Marie Curie.             

75231 PARIS, France 
*e-mail : eliane-sutter@enscp.fr

Rare earth metal (REM) salts are often used as a green alternative for chromium 
species during surface treatments of different metals and alloys, such as carbon steel, 
galvanized steel, zinc, aluminium and magnesium alloys. The main effect of the rare 
earth metals is to decrease the rate of the cathodic process, particularly of the oxygen 
reduction reaction, at the cathodic areas of the metal, at which local alkalinisation 
leads to precipitation of REM hydroxide. Nevertheless, according to Aldykiewicz et al 
[1], oxygen reduction is not necessary to obtain REM oxide/hydroxide precipitation, 
since precipitation can be observed in deaerated solutions as well, yet in form of 
thinner films than under aerated conditions. An other unexplained result from the 
literature is that cathodic-activation methods, applied in order to reduce the required 
treatment time for REM hydroxide precipitation lead sometimes to a loss of protective 
properties of the film [2].
The aim of this work is thus to analyse the whole cathodic process occurring at steel in 
REM salts containing solutions and to study its influence towards the corrosion rate of 
steel in a 0.5 M NaCl solution. The results of potentiodynamic experiments performed 
under different hydrodynamic conditions using a rotating steel disk electrode, and as 
a function of the concentration of REM in the solution are discussed. In addition, an 
electrochemical microbalance (EQMB) coated with gold, with or without a steel over 
layer, was used to follow the mass increase due to REM hydroxide precipitation, in 
the whole cathodic range. 
It clearly appears that REM salts in aqueous solutions activate the reaction of water 
reduction, due to the formation of a REM-aqua-complexe [3]: the overpotential for 
the reduction of water bounded to REM is strongly decreased at a potential close to 
the equilibrium potential for water reduction. In the absence of oxygen, the reduction 
of activated water gets then the main cathodic reaction at the open-circuit potential, 
leading to polarization resistance values which are lower in the presence than in the 
absence of REM ions [4].
The cathodic processes at steel in a 0.5 M NaCl solution are compared and discussed 
for three different rare earth metals: Y(III), La(III) and Ce(III) salts.

[1] A.J. Aldykiewicz, Jr., A.J. Davenport, and H.S. Isaacs, J. Electrochem. Soc. 143 
(1996) 147.

[2] M. Bethencourt, F.J. Botana, J.J. Calvino, M. Marcos, and M.A. Rodriguez-
Chacon, Corros. Sci. 40 (1998) 1803.

[3] M. Tran, C. Fiaud and E.M.M. Sutter, J. Electrochem. Soc. 153 (2006) B83.
[4] M. Tran, D. Mohammedi, C. Fiaud and E.M.M. Sutter, Corros. Sci. to be 

published.
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Effect of a chemical decontamination procedure on the 
corrosion state of the heat exchanger tubes of steam 

generators
A. Szabó1*, K. Varga1, Z. Németh1, K. Radó1, D. Oravetz2, K. É. Makó2,  

Z. Homonnay3, E. Kuzmann3, P. Tilky4, J. Schunk4 and G. Patek4

1Department of Radiochemistry, University of Veszprém, H-8201 Veszprém, 
P. O. Box: 158, Hungary,

2Department of Silicate- and Materials Engineering, University of Veszprém, H-8201 Veszprém, P. 
O. Box: 158, Hungary, 

3Department of Nuclear Chemistry, Eötvös Loránd University, H-1518 Budapest, 
P. O. Box: 32, Hungary,

4Paks NPP Ltd., Paks, H-7031 Paks, P. O. Box: 71, Hungary.
*andrea@almos.vein.hu

In this work, we present some findings obtained by the comprehensive investigation of 
the general corrosion state of 32 stainless steel samples, cut out from various locations 
of the steam generators of the Paks NPP (Hungary) in the time period of 2000-2005 
[1]. In addition, surface properties (morphology, chemical and phase compositions) 
of the passive layer formed on the inner surface of above heat exchanger tubes were 
discussed, too.
The passivity of the inside surface of the stainless steel specimens was investigated 
by voltammetry, the morphology, chemical and phase compositions of the oxide layer 
formed on the surface were analysed by SEM-EDX, XRD and CEMS methods. 
Based on the measured corrosion characteristics (corrosion rate, thickness and 
chemical composition of the protective oxide-layer) the steel tube samples can be 
classified into two groups. The samples that were never subjected to decontamination 
exhibit favourable corrosion behaviour. In contrast, the samples decontaminated by 
the AP-CITROX procedure (AP: alkaline permanganate; CITROX: citric and oxalic 
acid) have less favourable classifying. It is assumed that the chemical decontamination 
of the heat exchanger tubes does exert a detrimental effect on the morphology and 
corrosion state of steel surfaces. As an undesired consequence of the decontamination 
technology, a “hybrid” structure of the amorphous and crystalline phases is formed 
in the outermost surface region. It is important to pay attention for the tendency of 
the structure and morphology of protective oxide-films formed in the long run on 
decontaminated surfaces of heat exchanger tubes under normal operation conditions.

1) A. Szabó, K. Varga, Z. Németh, K. Radó, D. Oravetz, Mrs. K. É. Makó, Z. 
Homonnay, E. Kuzmann, P. Tilky, J. Schunk and G. Patek: Effect of a chemical 
decontamination procedure on the corrosion state of the heat exchanger tubes of 
steam generators, Corrosi Sci (in press)
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Studies of the Formation and Reduction of Oxide Layers 
at Au Electrodes in Acidic and Basic Media 

G. Tremiliosi-Filho1*, L.-H. Dall’Antonia2, Gregory Jerkiewicz3 
1 Instituto de Química de São Carlos, Universidade de São Paulo 

Caixa Postal 780, 13560-970 São Carlos – SP, Brazil 
2 Departamento de Química, Universidade Estadual de Londrina 

Caixa Postal 6001, 86051-990 Londrina – PR, Brazil 
3 Department of Chemistry, Queen’s University, Kingston, ON. K7L 3N6 Canada 

* germano@iqsc.usp.br 

The growth of oxides on noble-metal electrodes involves a mechanism and a rate-
determining step that depend on the experimental conditions.  The electric field that 
develops across the metal-electrolyte interface gives rise to either logarithmic or 
inverse-logarithmic growth kinetics.  The applicability of a given growth mechanism 
depends on the oxide thickness.  Our previous research on the growth of oxides on 
noble metals shows that they possess a two-layer structure [1]; the inner layer grows 
to a limiting thickness, whilst the outer layer develops without reaching any limit and 
the metallic species is in a higher oxidation state.  In the case of Au, the inner layer 
(AuO) grows to a limiting thickness of 3 MLs in acid electrolyte and 1 ML in basic 
ones [2].  In addition, the process is limited by an interface place exchange between 
the Au atoms and the O-containing species.  The outer layer (Au2O3) grows without 
reaching any limit and the escape of the Au cation from the metal into the oxide 
is the rate determining step [3].  In this work we present new data on the growth 
of surface oxides on Au in aqueous acidic and basic electrolytes under well-defined 
polarization potential (Ep) and time conditions (tp).  Such formed oxide layers are then 
reduced in both acidic and basic media.  We analyze the oxide growth in basic media 
and reduction in acidic ones, and vice versa.  We observe three overlapping oxide-
reduction peaks in CV profiles for films formed and reduced in acidic media at 2.15 
V.  There is a significant peak separation when the oxide formation and reduction is 
performed in basic electrolytes, as also observed for oxide layers grown in acid and 
reduced in alkaline medium.  An opposite behaviour is observed for oxides formed in 
basic electrolytes and reduced in acid ones.  These results suggest that oxides formed 
in acid and basic media have the same chemical composition.  The observed peaks 
displacement is only associated to the pH of the electrolyte in which the oxide layers 
are formed or reduced. 

FAPESP and CNPq (Brazil), NSERC (Canada). 

[1] G. Jerkiewicz et al. J. Electroanal. Chem. 334 (1992) 359. 
[2] G. Tremiliosi-Filho, et al. J. Electroanal. Chem. 422 (1997) 149. 
[3] G. Tremiliosi-Filho et al. J. Electroanal. Chem. 578 (2005) 1. 
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Monitoring, evolution and prediction of passivation 
processes on titanium materials
M. V. Popa, E. Vasilescu, P. Drob, C. Vasilescu

Institute of Physical Chemistry, Spl. Independentei 202, 060021, Bucharest, Romania, 
e-mail: cvasilescu@chimfiz.icf.ro

 Titanium and its Ti-6Al-7Nb alloy are used in dental and orthopedic 
implantology for their high corrosion resistance and mechanical properties. In 
conditions of long-term service, the pH changes on some zones of the implant can 
generate potential gradients that can initiate galvanic cells; the ions released into 
the surrounding tissues can affect the mineralisation process at the implant surface. 
Surface roughness allows the tissue growth into pores, contributing to the osseo-
integration process and the biocompatibility increase.
 The evolution of the passivation processes at the Ti or Ti-6Al-7Nb alloy 
/ Ringer 2 solution or Carter-Brugirard artificial saliva interface was monitored for 
4000 exposure hours. In time evaluation of material stability was studied by: a) 
monitoring of the open circuit potentials (Eoc) after different immersion periods during 
4000 hours; statistical treatment of these potential values with Medcalc. Program 
provides histograms, scatter diagrams with corresponding regression equations which 
permit the prediction of the Eoc values for longer periods than experimental time; if 
the determination coefficients (D) have values from 0.7 to 1, the credibility of the 
prognosis is very good; b) analysis of the ion release quantity and its variation in 
time, using atomic absorption spectroscopy (AAS); c) determination of the surface 
roughness, applying atomic force microscopy (AFM).
 Monitoring of the open circuit potentials during 4000 hours in Ringer 2 
solution and Carter-Brugirard artificial saliva shows that these potentials oscillate 
around some electropositive values placed in the passive domain of titanium on 
Pourbaix diagram, denoting very good stability. The computing of scatter diagrams 
and regression equations presents a good percent of credibility. So, the calculated Eoc 
values with this Program were in concordance with the experimental results and the 
statistical treatment proved a valid method for prognosis. But, such predictions need 
more precautions because of the human body complexity.
 The open circuit potential gradients ΔEoc(c) due to the composition non-
uniformity (with and without fluoride ions) of Carter-Brugirard artificial saliva which 
can appear along the implant surface were simulated and calculated; ΔEoc(c) present 
low values during 4000 exposure hours and can not generate galvanic cells or local 
corrosion.
 Ion release quantity increased in the first 400 - 600 immersion hours and 
tend to a constant level, due to the adsorption processes from solution: hydroxyl 
(OH-), calcium (Ca2+) or phosphorus (HPO4

-) ions. These processes have a beneficial 
effect both for the osseo-integration process and the improvement of the passivation 
processes.
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Oxygen reduction on brass is slightly alkaline solutions
R. Procaccini, S. Ceré and M. Vázquez*

División Corrosión, INTEMA, Universidad Nacional de Mar del Plata
J.B. Justo 4302, B7608FDQ  Mar del Plata, ARGENTINA

mvazquez@fi.mdp.edu.ar

The corrosion resistance of Cu alloys, particularly brasses, strongly depends on the 
quality of their protective passive film. This study focuses on the influence of Zn 
as alloying element in the improvement of the corrosion resistance of brass (UNS 
68700), using boric-borate buffer (pH = 7.8) as electrolyte.
The film growth rate and composition was evaluated spectrophotometrically, using 
reflectance spectroscopy. The spectral features are similar to those of copper. 
Oxides were grown a various characteristic potentials. Potential affects both the 
thickness and the composition. The oxides reduction current is influenced by the zinc 
content in the alloy. This is also reflected in the reflectance spectra. Characterisation 
by means of impedance spectroscopy is also presented.
The effect of the presence of zinc in the oxygen reduction on brass is also analysed. 
This is investigated for both pre reduced and pre oxidised substrates. The differences 
in the number of electrons exchanged and in the Tafel slopes are presented and 
interpreted in terms of the passive film composition.
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Optimal internal corrosion control method of drinking 
water distribution systems in Korea

Woo Dal-sik 1*, Kuh Sung-eun1, Lee Du-jin2, Kim Ju-hwan2, Moon Kwang-soon1 
1 Korea Interfacial Science and Engineering Institute, Seoul, Korea 

2 Korea Water Resources Corporation, Daejeon, Korea
*ds_woo@kisei.re.kr

The internal corrosion of water distribution pipeline systems is the main cause for 
the problem of the pulbic health threat as well as water leakage in the deteriorated 
pipeline, red water, and odor and taste of the water. Especially, applications and 
investingations have been rarely studied and practiced on corrosion control by water 
agents and facilities for corrosion control of water distribuion systems in Korea 
although the public drinking water is relatively corrosive because of low hardness 
and alkalinity. After Lead and Copper Rule (LCR) was established in 1991 in the US, 
the application of proper corrosion inhibitors in the water treatment plants has been 
one of the most effective and economic corrosion control measures in combatting the 
corrosion problems in the water distribution pipeline systems. 
This study has examined the effect of chemicals for pH and alkalinity control and 
corrosion inhibitors for producing the optimal corrosion control method. Corrosion 
study at different pH and alkalinity indicated that these control using alkaline 
chemicals was effective in corrosion rate, deposition rate, Fe release reduction, but an 
increase of turbidity was observed and corrosion-by-products (THMs) problems were 
caused. The turbidity showed a slight increase requiring caution in use of the control 
agent Ca(OH)2. At pH 9.0, THMs concentration increased two times compared with 
non-control of pH. Using the pipe which had experienced 28 years of exposure, iron 
release was decreased with the corrosion inhibitor. 
Consequently, pH, Alkalinity control method using alkaline chemicals must be 
complemented by corrosion inhibitor application for more efficient corrosion control. 
Apart from the type of chemicals, there are other factors to be considered such as water 
quality, pipeline corrosion condition, chemical concentraion and chemical costs. 
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Observed during Micro-indentation Test in pH 8.4 

Borate Buffer Solution
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Hot corrosion of Fe-Cr alloys covered with a fused 
(Na,K)2SO4 film at 9000C in air using electrochemical 

impedance
J. Li, C. L. Zeng

State Key Laboratory for Corrosion and Protection, Institute of Metal Research, Chinese Academy 
of Sciences, 62 Wencui Rood, shenyang, 110016, China

Hot corrosion is the accelerated oxidation of metals and alloys covered with a thin film of 
fused salt deposit in an oxidizing gas atmosphere at elevated temperatures. Fused salts 
are usually ionically conducting electrolytes, thus hot corrosion is an electrochemical 
process in nature as aqueous corrosion. Some electrochemical techniques widely 
used in aqueous corrosion have been employed to study hot corrosion. However, 
most of up to date electrochemical studies of hot corrosion were conducted in deep 
melts. The establishment of electrochemical measurements under a thin film of fused 
salts is necessary for the eventual understanding of hot corrosion kinetics. In present 
paper, hot corrosion behavior of Fe-5Cr, Fe-10Cr and Fe-20Cr (in mass%) alloys 
in the presence of a fused (Na,K)2SO4 film has been examined by electrochemical 
impedance. The results indicated that the impedance spectra for the corrosion of both 
Fe-5Cr and Fe-10Cr showed the typical characteristics of a Warburg resistance. The 
alloys were attacked severely, forming a porous scale. However, the corrosion of Fe-
20Cr included two different stages. In initial stage, a Cr-rich scale was formed on 
the alloy surface and the impedance spectra were composed of two capacitive loops. 
With extended reaction, the impedance spectra presented the features of a diffusion-
controlled reaction, relating to the degradation of the protective scale caused by the 
fluxing of the oxide scale together with internal sulfidation of Cr. Equivalent circuits 
were proposed to describe the hot corrosion of the alloys, and the electrochemical 
parameters in the equivalent circuits were calculated. Hot corrosion mechanism of the 
alloys was also discussed in accordance with the changes of some parameters. 
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The corrosion performance and hardness of Zn-Ni-Al2O3 
nanocomposite coatings

 Huanyu Zheng, Maozhong An*, Junfeng Lu, 
 Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, China 

*mzan@hit.edu.cn 

Zn-Ni-Al2O3 nanocomposite coatings with uniformly dispersed nano α–alumina were 
synthesized with the aid of ultrasound [1]. The surface morphology of composite 
coatings observed by scanning electron microscopy (SEM) indicates that the ultrasound 
technique is an effective method to reducing the agglomeration and improving the 
amount of α-alumina particles embedded in the Zn-Ni alloy matrix. Their corrosion 
protection performance in 3.5% NaCl was investigated by using the AC impedance 
spectroscopy (EIS) technique and immersion test (5% NaCl regulate pH3.2 with acetic 
acid), which showed that Zn-Ni-Al2O3 coating exhibited a significant barrier property 
against the attack of corrosive products. The result of hardness showed that only a very 
low weight percent (5g/L) of Al2O3 nanoparticles in Zn-Ni-Al2O3 electrolyte would 
result in higher hardness of the coatings under ultrasound condition. The hardness of 
Zn-Ni-Al2O3 nanocomposite coatings and Zn-Ni alloy coatings were 439 and 223 HV, 
respectively. The hardness value of the former composite coatings was nearly 2 times 
higher than that of the later. The further study indicates the hardness increasing of 
Zn-Ni-Al2O3 coatings is attributing to the incorporate of nano scale α–alumina not the 
ultrasonic vibration [2].

Conferences
1.N.S.Qu, K.C.Chan, D.Zhu, Scripta Materialia. 50, 1131(2004)
2.C.T. Walker, R. Walker, J.Electrochem. Society. 124, 661(1977)
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A Numerical Model of Rupture and Repair of Passive 
Film on Iron in pH 8.4 Borate Buffer during Micro-

indentation
K. Fushimi*, T. Yamamoto, K. Azumi,  M. Seo
Graduate School of Engineering, Hokkaido University

Kita-13 Jo, Nishi-8 Chome, Kita-ku, Sapporo 060-8628, Japan
*fushimi@elechem1-mc.eng.hokudai.ac.jp

Micro-indentation test, in which a conical micro-indenter is driven downward to 
penetrate and upward to remove from the passive metal surface immersed in solution 
under potential controlling condition, is effective to gain an insight into healing ability 
of the surface as well as mechanical parameters. In the previous paper[1], it was applied 
to passive iron surface in pH 8.4 borate buffer solution and a couple of anodic current 
peaks and inconsistent changes in load corresponding to rupture and repair of passive 
film on the surface were observed. However, regardless of its importance for well 
understanding of the mechano-electrochemistry of passive surface, it was difficult 
to correlate load change with current transients during both downward and upward 
driving of the indenter. Here the numerical model for rupture and repair of the passive 
film during the downward driving indentation is proposed to discuss the correlation 
between load and current transients. In the model, the current flowing differential 
surface area is integrated all over the surface by using the following assumptions;
1) effective contact area of the indenter with the surface is proportional to load,
2) the area of total ruptured film is also proportional to load,
3) a part of ruptured sites is covered with the indenter penetrating into the substrate,
4) anodic current to repair the film can flow only at the exposing site, with which the 
indenter is uncovered, to solution, and
5) film repair is following with high field model under potentiostatic condition.
It was also considered parameters resulted from the comparison between current 
transients measured experimentally and estimated from load transient.  

Reference
[1] K. Fushimi, K. Takase, K. Azumi, M. Seo, Electrochim. Acta 51 (2006) 1255-

1263.
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The importance of organic acids for the corrosion of pipeline steels can be expected in two

situations, concerning respectively the external and internal corrosion of the pipeline: As

soluble humic substances present in turf soils and as water soluble organic matter extracted

from the transported oil by decanted water. To simulate these situations, corrosion

experiments with different API steels were preceded in humic and fulvic acids extracted

form different soils, as well as in water extractions from crude oil and in pure naftenic acids

solutions. It was observed that naftenic acids strongly promote the corrosion of steels, while

humic acids show a slight increase of the localized attack. In both cases the attack is related

to presence of complex round inclusions, as showed by SEM and AFM analysis. Fulvic

acids, in the other hand, were observed to act as natural corrosion inhibitors. Fig.1 shows

the corrosion attack of API 5LX65 in a pure aqueous naftenic acid solution and

voltammograms in naftenic acids extracted from crude oil.

Fig. 1: Inclusion attack of API steel in aqueos solution of cyclopentanecarboxylic acid

(1g/L) + Na2SO4 (0,01mol/L) and voltammograms showing the corrosivity of aqueous

extracts of crude oil.
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The Influence of Organic Acids on the Corrosion of 
Pipeline Steels
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Characterizing Novel Electrocatalytic Surfaces: 
Combined Electrochemical and Nuclear Magnetic 

Resonance Studies
A.M. Fojas, P. McGrath, J. A. Reimer, E. J. Cairns* 

Department of Chemical Engineering, Univ. of California, Berkeley CA, USA
*ejcairns@lbl.gov

We have produced new platinum-lanthanide alloys for use in direct alcohol fuel cells 
(DAFCs) through a novel synthesis technique developed in our laboratories [1].  The 
PrPt2 and CePt2 catalysts exploit the lanthanide elements’ favorable oxidation behavior 
to promote a bi-functional mechanism with platinum in the direct electrochemical 
oxidation of methanol and ethanol [1,2].  Through electrochemical and spectroscopic 
studies of these new catalysts and other commercially available catalysts, we seek a 
more complete, molecular-level understanding of the electrochemical oxidation of 
alcohols. 
Details of the synthesis and characterization of the new catalysts, including 
transmission electron microscopy (TEM), x-ray diffraction (XRD), and x-ray 
absorption spectroscopy (XAS) will be presented.  We also provide performance 
curves for the electrocatalysts in a PEM fuel cell.  PrPt2 and CePt2 show improved 
performance over Pt-black in the direct oxidation of methanol [1].  In addition, 
both catalysts show similar activity to PtRu in the direct oxidation of ethanol [1]. 
Nuclear magnetic resonance (NMR) spectroscopy is used in conjunction with cyclic 
voltammetry (CV) to explore the surface chemistry of the new electrocatalysts.  
13CH3OH was electrochemically adsorbed to PrPt2, CePt2, PtRu, and Pt catalysts in 
H2SO4 electrolyte at various electrode potentials.  13C-NMR of the resulting surface 
species provides direct insight into the surface electronic structure of the catalysts.  CV 
illustrates the relative activities of the four electrocatalysts via the onset potential of 
the oxidation peak for the adsorbed intermediate.  In addition, quantitative treatment 
of 13C-NMR signal and proper accounting of oxidation currents in CV suggest that the 
surface intermediate in the electro-oxidation of methanol on Pt-based electrocatalysts 
is a mixture of linear and bridged CO [3].

Acknowledgment: Portions of this work were supported by the Director, Office 
of Basic Energy Sciences, Chemical Sciences Division of the U.S. Department of 
Energy, under Contract DE-AC03-76SF00098. A significant portion of his material is 
based upon work supported by, or in part by, the U. S. Army Research Laboratory and 
the U. S. Army Research Office under contract/grant number 48713CH.
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supported mono- and bimetallic Pd nanoparticles.

Sergey N. Pronkin1,2*, Pavel S. Ruvinsky, Pavel A. Simonov, Elena R. Savinova
1Boreskov Institute of Catalysis, 630090, Novosibirsk, Russia

2Department of Electrochemistry, Moscow State University, 119992, Moscow, Russia
*sprn@catalysis.ru

Į ȕ



S
y
m

p
o
s
iu

m
 1

0
 -
 K

e
y
n
o
te

 

A Combinatorial Approach to the Study of Particle Size 
and Substrate Effects in Electrocatalysis

Samuel Guerin, Brian E. Hayden*, Derek Pletcher, Michael E. Rendall and  
Jens-Peter Suchsland

School of Chemistry, University of Southampton, Southampton SO17 1BJ, U.K.
beh@soton.ac.uk

A Physical Vapour Deposition system has been designed and built for thigh throughput 
materials synthesis, with adjustable source shutters that achieve a controllable gradient 
of depositing elements across a substrate or array of masked fields1.  In an earlier paper, 
the system was employed to produce a compositional library of Pd/Pt/Au alloys on a 
10 x 10 array of individually addressable Au electrodes (1 mm x 1 mm) on a silicon 
nitride substrate and it was shown that such arrays allowed the simultaneous recording 
of 100 electrochemical experiments2.  In this paper, the same approach has been used 
to allow a detailed investigation of particle size and support effects on electrocatalysts.  
Here, the procedures are illustrated by a study of the kinetics of oxygen reduction at 
gold centres deposited onto both carbon and sub-stoichiometric titania and the results 
are compared with those obtained employing a RDE technique with disc surfaces also 
prepared within the PVD system.  TEM analysis shows that on each pad in the array 
there is a distribution of gold centre sizes and in these experiments, the mean particle 
diameters on the pads of the single array ranged from ~ 1.4 nm to ~ 7 nm. The actual 
diameters and number density were used to estimate the real surface area of gold on 
each pad (assuming hemispherical growth of centres). The results indicate that there 
is a strong particle size effect on the catalytic activity of the gold centres supported 
on titania or carbon for oxygen reduction. Loss of activity is observed for very small 
centres with diameters below 2.5 nm and the trend implies that centres below 1 nm are 
totally inactive. In the case of titania supported Au particles, a maximum in oxygen 
reduction activity is also observed at particle sizes of ca. 3nm.   

1.  S. Guerin, B. E. Hayden ; J. Combinatorial Chemistry 8 (2006) 66-73
2. S. Guerin, B. E. Hayden, C.E. Lee, C. Mormiche and A.E. Russell, submitted to J. 

Phys. Chem. B.
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Proton Generation and Transport in the Fuel Cell 
Environment

Eckhard Spohr 
Institut für Wekrstoffe und Verfahren der Energietechnik (IWV-3)

Forschungszentrum Jülich, D-52428 Jülich, Germany
e.spohr@fz-juelich.de

Unlike in polymer electrolyte fuel cells (PEFCs) where hydrogen gas is used as 
protonic source, the hydrogen atoms in direct methanol fuel cells (DMFCs) are 
produced ‘in situ’ by dissociation of methanol on precious metal catalysts (Pt, Pt/Ru) 
in an aqueous environment. The abstraction of the first hydrogen atom via C-H bond 
cleavage is generally considered to be the rate-limiting step of dissociative methanol 
adsorption on the catalyst surface. This oxidation reaction on platinum alloys in a fuel 
cell is investigated by means of a combined approach of classical molecular dynamics 
(MD) simulations and ab initio calculations. Representative starting configurations 
for quantum-mechanical density functional theory calculations are chosen from MD 
simulations in order to include well-equilibrated solvation shells around the reactants. 
The main interest is to understand the role of the solvent for the stabilization of 
intermediates and for the enhancement of proton desorption from the catalyst surface 
and subsequent transfer into the nearby PEM [1]. The approch is currently extended 
to include the influence stepped surfaces.
The anodically generated protons in PEFCs and DMFCs need to migrate efficiently 
through the membrane to the cathode were they are consumed. At the same time water 
and methanol (in a direct methanol fuel cell) transport should be slow. Humidified 
PEMs are considered to consist of a nanometer-scale phase-separated bicontinuous 
network of polymer regions providing structural integrity and of aqueous regions 
providing the pathways for proton conduction. Molecular dynamics (MD) simulations 
provide a powerful theoretical tool for the investigation and clarification of the 
relationship between molecular structure and these transport phenomena. In recent 
years transport through individual pores of membranes were investigated by MD 
simulations [2]. These studies have been extended recently towards a more realistic 
description of the transport process in the membrane as a whole [3]. In order to 
atomistically model larger fractions of a humidified PEM, a coarse-grained model 
of humidified polymer electrolyte membranes has been developed. The repeat unit 
of Nafion 1100 is described by only 11 connected sites. By omitting the side chain, 
materials with main-chain sulfonation such as sPEK or sPEEK can be modelled. With 
the simple model large systems can be simulated over the long time periods needed 
to study pore dynamics.

[1] C. Hartnig and E. Spohr, Chem. Phys. 319 (2005) 185.
[2] P. Commer, A. Cherstvy, E. Spohr and A. A. Kornyshev, Fuel Cells 2 (2003) 127.
[3] P. Commer, C. Hartnig, D. Seeliger and E. Spohr, Mol. Simulation, 30 (2004) 75.
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Investigation of bimetallic Pt-M/C as DMFC cathode 
catalysts

V. Baglio *, A. Stassi, A. Di Blasi, C. D’Urso, T. Denaro, V. Antonucci, A.S. Aricò
CNR-ITAE, via Salita S. Lucia sopra Contesse, 5 – 98126 Messina, Italy

* baglio@itae.cnr.it

Direct methanol fuel cells (DMFCs) have good potentialities for transportation 
applications and  as portable power sources. Several drawbacks have hindered the 
large-scale diffusion of this technology. These mainly concern with significant 
device costs and methanol cross-over through the electrolyte membrane. Methanol 
cross-over results in a significant loss of efficiency for the DMFC because of two 
reactions compete on the Pt cathode, i.e. oxygen reduction and methanol oxidation. 
One possibility to solve this drawback is to use a selective oxygen reduction catalyst, 
characterized by a high methanol tolerance. Thus, it is necessary to develop novel Pt 
based electrocatalysts that promote oxygen reduction and reduce methanol oxidation at 
the cathode. Carbon-supported nanoparticles of Pt-Cu, Pt-Fe and Pt-Co were prepared 
for this purpose and characterized in terms of structure and morphology by XRD and 
TEM analyses.  X-ray diffraction data showed a moderate degree of alloying in the 
as-prepared nanosized Pt-Fe, Pt-Cu and Pt-Co alloy catalysts. TEM analysis of the 
catalysts showed a good dispersion of the Pt particles on the carbon support with a 
relatively narrow size distribution. Oxygen reduction properties of these bimetallic 
catalysts were investigated by single cell DMFC polarizations. An improvement of the 
DMFC performance was observed in the activation controlled region in the presence 
of bimetallic catalysts. These catalysts appear to combine enhanced oxygen reduction 
properties to methanol tolerance characteristics.

Acknowledgements
The authors gratefully acknowledge the financial support of the European Commission 
through the MOREPOWER Project No.: SES6-CT-2003-502652.
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DMFC: Towards understanding cell and stack function
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Aspects of Materials Research for Polymer Electrolyte 
Fuel Cells

Günther G. Scherer*, Selmiye Alkan-Gürsel, Lorenz Gubler, Michal Slaski, Hicham 
Ben-youcef, Nina K. Beck, Annette Foelske, Rüdiger Kötz, Alexander Wokaun 

Electrochemistry Laboratory, Paul Scherrer Institut, CH-5232 Villigen, Switzerland
*guenther.scherer@psi.ch

In recent years, Polymer Electrolyte Fuel Cell Systems have been demonstrated in 
various applications. In particular, demonstration projects related to transportation 
have shown that these fuel cell systems can be operated under the respective conditions. 
However, these demonstration projects also have shown that cost and reliability are 
still issues of paramount importance. Hence, materials research for this technology 
will still be an important challenge for the years to come.
We report on work carried out our in our laboratory, related to i) polymer membrane 
and ii) catalyst development.
i) Radiation grafting, followed by a subsequent sulfonation step, is a method to prepare 
potentially low-cost proton-conducting membranes. Introducing new monomer 
combinations to be grafted onto commercially available pre-formed polymer films 
allows enhancing the stability and performance during fuel cell operation, comparable 
to commercial products [1].
ii) Today Platinum, an essential cost factor, is still the choice for the electro-catalyst 
to be used in this technology. Partially substitution of Platinum may be achieved by 
Platinum oxide compounds, like Bi2PtxIr2-xO7. Fundamental investigations of these 
Platinum containing oxide electrodes in contact to an aqueous electrolyte were carried 
out, to understand the influence of activation parameters on the Oxygen Reduction 
(ORR) and Methanol Oxidation Reaction (MOR) [2, 3].

[1] L. Gubler et al. Abstract Book, Fuel Cell Seminar 2005, Nov. 14 – 18, Palm 
Springs, CA

[2] N.K. Beck et al, Fuel Cells 6 (2006) 26-30
[3] A. Foelske et al, Surface and Interface Analysis 38 (2006), in print
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Novel lscm based sofc for direct electrochemical 
oxidation of lpg

David M Bastidas* & John T.S Irvine
Centre for Advanced Materials, School of Chemistry, University of St Andrews,

 KY16 9ST, St Andrews, Scotland, UK
*dmb10@st-andrews.ac.uk

In this study, we report on the suitability of La0.75Sr0.25Cr0.5Mn0.5O3-δ (LSCM) perovskite 
anodes for use of liquefied petroleum gas (LPG) fuels. Different methods of internal 
reforming of LPG have been studied. The anode material has been prepared by 
sol-gel method; they were optimized to obtain a single phase with high purity and 
crystallinity. Microstructural studies were carried out by SEM and the microstructure 
was related to the solid oxide fuel cell electrochemical properties. A slurry of LSCM/
YSZ was deposited onto fully dense YSZ electrolyte. Fuel cell tests were performed 
for the fuel cell using different fuel mixtures such as steam reforming of C3H8 and a 
mixture of propane with oxygen at 900ºC temperature. The polarization resistances 
are about 0.5 Ωcm-2 under operating conditions. Different steam and POX reforming 
conditions were studied varying ratios of propane to steam and oxygen, according to 
viable operation conditions to avoid coke formation. Moreover polarization studies 
have been carried out under LPG atmosphere demonstrating the suitability of the 
LSCM anode component to run under such fuel.
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CO monolayer oxidation on Pt nanoparticles
J. Solla-Gullón*, F. J. Vidal-Iglesias, P. Rodríguez, E. Herrero, J. M. Feliu and  
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Departamento de Química Física and Instituto Universitario de Electroquímica, Universidad de 

Alicante, Apdo. 99 E-03080 Alicante, Spain
*E-mail: jose.solla@ua.es
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Electrocatalysis and electrochemical promotion of CO 
oxidation in PEM fuel cells: The role of oxygen crossover

F. Sapountzi, M.N. Tsampas and C.G. Vayenas*, 
LCEP, Department of Chemical Engineering, Caratheodory 1, St., 

University of Patras, GR-26504 Patras, Greece
*cat@chemeng.upatras.gr

The electrochemical promotion of catalysis (or NEMCA effect) was studied for the 
CO oxidation and water gas shift reaction on a Pt anode in a PEM fuel cell. It was 
found that this phenomenon plays a significant role in a normal fuel cell operation 
(fuel mixture – air) but not in a hydrogen pumping operation (fuel mixture – H2). 
This implies that the role of oxygen crossover in the electropromotion (EP) of CO 
oxidation is vital. The increase in the rate of CO consumption is 2.5 times larger, in 
fuel cell operation, while for oxygen bleeding conditions (fuel mixture + O2 - air) 
the increase is 5 times larger than the electrochemical rate, I/2F of CO oxidation. 
This shows that the catalytic properties of the Pt anode are significantly modified by 
varying catalyst potential. In order to confirm the role of oxygen crossover, Nafion 
membranes (117, 1135) with different thickness, were studied. The results show that 
upon decreasing the membrane thickness the crossover is increased and thus the 
electrochemical promotion effect becomes more pronounced.
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Can CO stripping voltammetry be used as a quantitative 
method for in situ fuel cell catalyst characterisation?

Tanja Vidaković1*, Mihai Christov1,3, Kai Sundmacher1,2

1Max Planck Institute for Dynamics of Complex Technical Systems, Sandtorstr. 1,  
D-39106 Magdeburg, Germany

2Otto-von-Guericke-University Magdeburg, Process Systems Engineering, Universitätsplatz 2, D-
39106 Magdeburg, Germany

3University of Chemical Technology and Metallurgy, Department of Physical Chemistry, 
1756 Sofia, Bulgaria

*vidakovi@mpi-magdeburg.mpg.de

CO stripping voltammetry is often used for fuel cell catalyst characterisation 
since commencement, peak potential and shape of CO stripping wave are surface 
sensitive [1] or the CO stripping charge is integrated and used for an estimation of 
the electrochemically active surface area. This latter procedure is connected with 
many uncertainties. Some of them arise from unknown type of CO bonding on the 
catalyst surface. The other uncertainty is connected with accurate CO stripping charge 
correction in respect to other contributions like double layer charging and charging due 
to metal oxide formation. This problem is significant since oxide formation on PtRu 
catalyst overlaps with CO oxidation. For this reason most of the studies in literature 
use CO stripping voltammetry only in a qualitative way and state that the surface 
area is only given (if it is given) as a relative and not absolute value. It was shown 
recently that the CO charge can be accurately determined by using IR (Infra-Red) [2] 
or DEMS (Differential Electrochemical Mass Spectroscopy) [3]. These techniques 
have one major advantage compared to voltammetric CO charge determination, 
namely CO charge determined in this way is free from other faradaic and non-
faradaic contributions. However there are some disadvantages, like applicability of 
these techniques in the fuel cell labs and on real catalysts. In this study an attempt is 
made to overcome the difficulties in voltammetric CO charge determination by using 
a mathematical model of CO stripping and to show how this method can be used for 
surface area determination of fuel cell catalyst in a membrane electrode assembly.
The influence of temperature (20 – 60 oC) and of sweep rate (2 – 200 mV s-1) was 
studied in a series of experiments. As model catalyst supported PtRu catalyst (Johnson 
Matthey) of nominal Pt : Ru composition 1 : 1 was used and tested in a three electrode 
electrochemical cell and also in a real fuel cell configuration. A mathematical model 
was developed assuming CO adsorption to take place on both the platinum and the 
ruthenium surface, water dissociative adsorption to take place mainly on the ruthenium 
surface and the surface reaction occurring between CO adsorbed either on platinum 
or ruthenium and reacting with OH adsorbed on the ruthenium surface. The model 
shows a good agreement with an experimental data.

References
[1] H. Gasteiger, N. Marković, P. Ross Jr., E. Cairns, J. Phys. Chem., 98 (1994) 617.
[2] J. Iudice de Souza, T. Iwasita, F. Nart, W. Vielstich, J. Appl. Electrochem., 30 

(2000) 43.
[3] Z. Jusys, T. Schmidt, L. Dubau, K. Lasch, L. Jörissen, J. Garche, R. Behm, J. 

Power Sources, 105 (2002) 297.
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FTIR Reflection Spectroscopy
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Model studies in electrocatalysis: oxygen reduction at 
Ruthenium and Gold nanoparticles

Michael Bron*
TU Darmstadt, TC II, Petersenstr. 20, D-64287 Darmstadt, Germany

*bron@ct.chemie.tu-darmstadt.de

The electrocatalytic reduction of oxygen to water has attracted much interest in the 
last decade since it constitutes the cathode reaction in PEM-fuel cells. Much effort 
has been undertaken to replace the rare and expensive Pt, which, as metal or ally 
nanoparticle, is the current state-of-the art catalyst for this reaction. One route pursued 
in this regard is the use of Ru-based catalysts, which are prepared by thermolysis of 
Ru carbonyls [1] or via colloidal preparation [2]. The nature of these catalysts is still 
under debate. One hypothesis is that the Ru nanoparticles are superficially modified; 
this modification leads to enhanced stability and activity [3]. However, other models 
are also under discussion [4].
Our approach to investigate oxygen reduction at Ru nanoparticles is to deposit these 
on highly ordered pyrolytic graphite (HOPG). Different ways for depositing Ru have 
been used, including electrodeposition, thermal decomposition of Ru carbonyls and 
deposition of preformed colloids. The oxygen reduction activity has been investigated 
using rotating disc electrode measurements. Characterisation has been carried out 
using XPS and STM. The oxygen reduction activity of the deposited nanoparticles 
is considerably lower than that of carbon-supported Ru nanoparticles, indicating that 
the nature of both maybe different. Preliminary results on the modification of the 
ruthenium nanoparticles with catalytically active centres based on iron phtalocyanines 
will also be presented. This approach has been chosen, since we have shown, that 
modification of carbon-supported Ru nanoparticles with active centres based on the 
FeN4Cx motif leads to enhanced oxygen reduction activity [5].
Similar investigations have also been carried out using Au nanoparticles. In this case, 
the oxygen reduction activity of nanoparticles deposited on HOPG is similar to that of 
carbon supported ones. However, interestingly, the oxygen reduction activity (in terms 
of peak potential in cyclic voltammograms) on carbon-supported Au nanoparticles 
strongly depends on the potential applied to the electrode before the oxygen reduction 
experiment. This is interpreted in terms of slow gold oxide reduction on the carbon-
supported Au nanoparticles.

[1] H. Tributsch, M. Bron, M. Hilgendorff, H. Schulenburg, I. Dorbandt, V. Eyert, P. 
Bogdanoff, S. Fiechter, J. Appl. Electrochem. 31 (2001) 739.

[2] M. Hilgendorff, K. Diesner, H. Schulenburg, P. Bogdanoff, M. Bron, S. Fiechter, 
J. New Mat. Electrochem. Systems 5 (2002) 71.

[3] M. Bron, P. Bogdanoff, S. Fiechter, M. Hilgendorff, J. Radnik, I. Dorbandt, H. 
Schulenburg, H. Tributsch, J. Electroanal. Chem. 517 (2001) 85.

[4] W. Vogel, V. Le Rhun, E. Garnier, N. Alonso-Vante, J. Phys. Chem. B 105 (2001) 
5238.

[5] M. Bron, P.Bogdanoff, S. Fiechter, H. Tributsch, J. Electroanal. Chem. 578 (2005) 
339.
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Composite Catalysts with Organic Metal Complexes
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Platinized Carbon Nanotube-Modified Carbon Material 
for Fuel Cell Applications

Xingxing Chen1, Nan Li2, Kathrin Eckhard1, Jens Assmann2, Leonard Stoica1, 
Martin Muhler2, Wolfgang Schuhmann1*

1Anal.Chem. - Elektroanalytik & Sensorik, 2Lehrstuhl für Technische Chemie, 
Ruhr-Universität Bochum, Universitätstr. 150, D-44780 Bochum, Germany 

* wolfgang.schuhmann@rub.de



S
y
m

p
o
s
iu

m
 1

0
 -
 O

ra
l

Highly-Active Non-Platinum Electrocatalysts for Oxygen 
Reduction Reaction
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Co-sputtering: a novel approach for low pt loading fuel 
cell electrodes 
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Interaction of methanol and formic acid with 
preliminarily adsorbed oxygen on polycrystalline 

platinum electrode at open-circuit conditions
B. I. Podlovchenko*, R. A. Manzhos, Yu. M. Maksimov

Department of Chemistry, Moscow State University, Moscow 119899, Leninskie Gory, Russia
*podlov@elch.chem.msu.ru

Investigations on the kinetics and mechanism of the interaction of HCO-substances 
with adsorbed oxygen (Oads) are not only of scientific but also practical interest in 
connection with the problem of fuel crossover in fuel cells.
In this work, a monolayer (ML) of Oads was formed on smooth polycrystalline Pt-
electrode (pc Pt) in 0.5M H2SO4 by varying the electrode potential (E) under a certain 
program. To investigate the interaction of CH3OH and HCOOH with Oads ML, the 
method of open-circuit potential transients coupled with cathodic potentiodynamic 
pulses [1] was used. The latter made it possible to determine the shift of the surface 
coverage of Oads (θO) and chemisorption products of investigated HCO-substances in 
the course of potential transient. The region of high θO (~1.0–0.8) was determined 
to account for the major part of time necessary to completely remove Oads ML both 
in HCOOH and CH3OH solutions. In this θO region, the process was suggested to 
be limited by direct interaction of HCOOH and CH3OH molecules from the bulk 
with Oads (Eley-Rideal mechanism). At the same time, the rates of  Oads interaction 
with HCOOH appeared to be ~5–6 times greater than with CH3OH (at the same 
concentrations).
Cathodic potentiodynamic pulses showed that the chemisorption products of HCOOH 
and CH3OH were not accumulated in substantial amounts on the sites that get free of 
Oads (up to θO~0.2) in the course of potential decay. In the region of medium θO (~0.8–
0.2), the interaction of CH3OH and HCOOH with Oads corresponds to the “conjugated 
reactions” mechanism [1]. However, good agreement of experimental and calculated 
E,t-dependencies (E – potential, t – time) was obtained only after introducing the 
corrections that taken into consideration the dissociative character of HCO-substances 
adsorption [2] into the equation used earlier (equation (4) in [1]). The optimal n value 
(the amount of particles into which the organic molecule splits) for CH3OH appeared 
to be greater than for HCOOH (4 and 2, respectively), which agrees with the literature 
data for the chemisorption of these substances on Pt.
Thus, the mechanisms of CH3OH and HCOOH interaction with Oads on pc Pt at open-
circuit conditions were determined to be analogous; however, substantial differences 
in kinetic parameters were observed.

1. B.I. Podlovchenko, R.A. Manzhos, Yu.M. Maksimov, Electrochim. Acta. 50 (2005) 4807.
2. R.A. Manzhos, B.I. Podlovchenko, Yu.M. Maksimov, J. Russ.Electrochem. 42 (2006) in 

press.
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Enhancement of the oxidation of methyl formate at 
multifunctional electrocatalyst composed Pt/Pd and Pt/

Ru nanoparticles
Pawel J. Kulesza*, Piotr J. Barczuk, Krzysztof Miecznikowski

Department of Chemistry, University of Warsaw, Pasteura 1, PL-02-093 Warsaw, Poland
*pkulesza@chem.uw.edu.pl

Among organic compounds for anodic reactions in fuel cells, methanol has been most 
extensively studied. It is commonly accepted that binary Pt-Ru metallic centers are 
practically the most effective electrocatalysts for methanol oxidation. The ruthenium 
addition is expected to activate more readily water molecules on the metal surface 
and to produce Ru oxo species capable of interacting with the poisoning chemisorbed 
CO intermediate to yield CO2 . Also the electrooxidation of formic acid at Pt/Pd 
nanoparticle catalyst has also been demonstrated to be a promising anodic process 
for fuel cell technology. The formic acid oxidation proceeds via so-called dual path 
mechanism comprising direct fast formation of CO2 in addition to the generation of 
CO intermediate. Thus, when compared to methanol, the extent of CO-poisoning is 
less pronounced and the anodic current densities are higher in the case of formic acid. 
Electrooxidation of methyl formate (CH3OCOH), a volatile ester with low boiling 
temperature (31.5 oC), involves ideally eight electrons per molecule to produce carbon 
dioxide. The ester molecule consists of two (methanolic and formate) components, 
and the overall oxidation mechanism requires breaking of different bonds around two 
carbon atoms. The formate component of the ester is expected to be oxidized more 
rapidly than methanolic component. In the present work, we propose a multifunctional 
electrocatalytic system in which both Pt/Ru and Pt/Pd nanoparticles are assembled 
within tungsten oxide support. While Pt/Ru is expected to induce oxidation of primarily 
the methanolic part and secondary of the formate part of the ester, the Pt/Pd binary 
system should be particularly effective during electrooxidation of formate or formic 
acid. The ultra-thin layers of ruthenium oxo-species should also have some activating 
properties on noble metals nanoparticles during electrooxidation of methyl formate in 
2 mol dm-3 H2SO4.. Comparison is made to the electrochemical behavior of methanol 
and formic acid under analogous conditions. It is rationalized that not only Pt/Ru is 
catalytic towards oxidation of methyl formate (or products of its hydrolysis) but also 
Pt/Pd is capable of promoting effectively the oxidation of formic acid or formate 
component of the ester. This multifunctional activity of co-deposited Pt/Ru and Pt/
Pd centers is supported by good electronic and protonic conductivities of hydrated 
tungsten oxide matrix.
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Particle size and particle size distribution effect on the 
metanol and ethanol oxidation.

Francisco C. Nart*, Alexei L.N. Pinheiro, K. Bergamaski, Janaina F. Gomes,  
Erico Teixeira Neto

Instituto de Química de São Carlos, Universidade de São Paulo, C.P. 780 13560-970 São Carlos, 
SP, Brazil.

nart@iqsc.usp.br

Oxidation of methanol and ethanol has been studied on gas diffusion electrodes using 
DEMS to follow the oxidation products. In this work we report the results of the 
oxidation of methanol and ethanol on Pt and Pt-Rh nanoparticles dispersed on high 
area carbon (Vulcan XC-72). The nanoparticles were characterized by HRTEM. For 
the low metal loading, the particles present a relatively sharp distribution, but for high 
metal loading the size dispersion increases. Increasing the metal loading very large 
particles surrounded by very small particles was observed. We show that this kind of 
distribution has an important effect on the product distribution, mainly for methanol 
oxidation. 
As a general trend, it is observed that the particle size has an effect on the reaction 
selectivity. It was found that partitioning of methanol products depends on the platinum 
nanoparticles. The intermediate size particles (3 to 10 nm) are more effective for the 
full oxidation to CO2. It can be also postulated that coupling among the particles 
of different size in the same catalyst by the soluble products must be considered to 
understand the particle size effect on selectivity. The loss in CO2 efficiency is due 
mainly to the formaldehyde production. 
For ethanol oxidation the smaller particles are the most effective for the full oxidation 
to CO2. It must be considered that ethanol oxidation to CO2 entails the C-C bond 
scission and the smaller platinum particles are more effective to carry out this step with 
high efficiency. The thickness of the catalyst layer affects both the current density and 
the product distribution, again showing that connection between the particles inside 
the catalyst layer is important for the ethanol oxidation. 
Pt-Rh bimetallic nanoparticles present a poor current density, compared to bulk Pt-
Rh bimetallic electrodes for ethanol oxidation. This effect can be ascribed to the 
rhodium segregation to the particle surface. In spite of the low current density the 
Pt-Rh bimetallic nanoparticles present a good CO2 efficiency, as observed for pure 
rhodium electrodes. 

Acknowledgments: FAPESP and CNPq are grateful acknowledged for financing this 
work.  



S
y
m

p
o
s
iu

m
 1

0
 -
 O

ra
l

Structure-Reactivity Relationship of Metallic 
Nanoparticles 

Franziska Jäger*, Petra Bele, Ulrich Stimming 
TU München, Dept. of Physics E19, James-Franck-Str. 1, 85748 Garching, Germany

*fjaeger@ph.tum.de

We will present a novel approach to vary the size of supported platinum nanoparticles. 
Our new method enables the preparation of particles in the interval of 1 – 5 nm. Due to 
the combination of two preparation paths we can prepare particles with a very narrow 
size distribution. Furthermore we will discuss the structure-reactivity relationship.
A vast number of works try to understand the relationship between size, morphology and 
structure of nanostructured noble metal particles and their associated electrocatalytic 
activity.
For that purpose a preparation method which achieves two requirements is 
necessary. 
(1) Nanoparticles with the particle size above 4 nm do not show significant size effects 
[1]. Therefore it is essential to prepare particles smaller than 4 to 5 nm. 
(2) The thorough investigation of model catalyst systems demands supplementary a 
very narrow size distribution.
With the combination of the electrochemical and the chemical deposition we are now 
able to accomplish both of these requirements. We generate very small nuclei in the 
range of 0.7 to 1.2 nm by chemical deposition on glassy carbon. In a following step 
we use a low overpotential (η

dep
 = 14 mV) to grow the particle very slow and even 

up to 5 nm. TEM investigations allow the precise determination of the particle size 
and size distribution. The high resolution mode offers the possibility to get structural 
information of single particles. For the investigation of the reactivity we have chosen 
the CO monolayer oxidation because of its surface sensitivity and its relevance for 
fuel cell applications. We found a linear correlation between the particle size and the 
CO oxidation potential.

References
[1] F. Maillard, M. Eikerling, O. V. Cherstiouk, S. Schreier, E. Savinova, U. Stimming, 

Faraday Discuss. 125 (2004) 357
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PBI-based Membrane as Proton Conductor in HT-
PEMFC. Synthesis, Physico-Chemical Characterisation, 

and Performance
J. Lobato*, P. Cañizares, M.A. Rodrigo, J.A. Aguilar, J.J. Linares

Chemical Engineering Department. University of Castilla La Mancha
 Avda. Camilo José Cela s/n, E-13071 Ciudad Real (Spain)

*Corresponding author: justo.lobato@uclm.es

During the recent years, great efforts have been made to develop high-temperature 
(T>100ºC) proton exchange membrane fuel cells (HT-PEMFCs). These cells show 
an enhanced CO tolerance and the high operation-temperature also enables a better 
connection between the hydrogen storage and the fuel cell systems. Literature shows 
that polybenzimidazole (PBI) based membranes are one of the best candidates for its 
use in HT-PEMFCs1.
The authors have proposed recently a new method to synthesise PBI2. This method 
allows synthesising reproducible polymer batches, reducing the reaction times and 
avoiding the appearance of polluting reaction by-products. In this work, the method 
has been improved in order to obtain polymer batches with intrinsic viscosities about 
1.5. This polymer can be efficiently used to make a direct casting of the membrane 
so as to enhance the properties of the membrane. The influence of the ratios of the 
different raw materials (monomers, catalysts, polycondensating agents), the media, 
the temperature and reaction times on the synthesis of the PBI has been evaluated. 
It has been observed, that the temperature is the most significant parameter in the 
synthesis process. Once the synthesis procedure was optimized, membranes have been 
cast and then they have been characterised. It has been measured the phosphoric acid 
uptake; the kinetic of absorption; X-ray pattern; FTIR spectra and thermal stability 
as a function of the doping level; methanol permeability; the proton conductivity at 
different temperatures, relative humidities, and doping levels, obtaining the parameters 
of Arrhenius’ law. Finally, doped membranes have been tested in a fuel cell set-up at 
temperatures between 100 and 175ºC, confirming their good predisposition for being 
a high temperature polymer electrolyte.

Acknowledgement. The authors thank the MCT (Ministerio de Ciencia y Tecnología, 
Spain) and to the EU (European Union) for the project CTM2004-03817/TECNO.
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Composites of functionalized polysiloxanes and 
nanostructured porous silicas as novel fuel cell 

membranes 
Michael Wark1,*, Roland Marschall1, Stefan Frisch1, Jürgen Caro1,  

Michael Jeske2, Georg Grathwohl2 

1 Universität Hannover, Institut für Physikalische Chemie und Elektrochemie,  
Callin Str. 3-3A, 30167 Hannover, Germany

2 Universität Bremen, Fachbereich Produktionstechnik, Keramische Werkstoffe und Bauteile, Am 
Biologischen Garten 2 / IW 3, 28359 Bremen, Germany

*michael.wark@pci.uni-hannover.de

Hybrid materials based on functionalized polysiloxanes and highly ordered mesoporous 
host systems are developed as novel highly proton conducting fuel cell membranes 
operating at temperatures of 120-150°C. Compared to Nafion based membranes this 
class of hybrid materials promises improved thermal and mechanical stability and 
easier water management. 
As porous hosts SiO2-based mesoporous structures, called e.g. Si-MCM-41 or Si-
SBA-15, are highly suitable due to their highly ordered and uniform pore systems. 
The diameters of their pores can be tailored in the range of 3-20 nm. Such materials 
are well-known for practical applications in adsorption, catalysis and nanotechnology. 
A high number of OH groups on the inner surface of the pores enables the anchoring 
of functional groups and/or the cross-linking of modified polysiloxanes. 
After anchoring electrochemically active groups or ions on mesoporous silica layers 
via amino or ammonium functionalization in order to create as electrode layers or 
ion-permselective pH-switchable layers [1], we now expanded our method to the 
covalent anchoring of carboxylic acid groups (-COOH) or sulfonic acid groups (-
SO3H) on the inner walls of Si-MCM-41 or Si-SBA-15. Carboxylic acid groups were 
introduced with 2-cyanoethyltriethoxysilane, sulfonic acid groups via grafting with 
3-mercaptopropyl-trimethoxysilane. In both cases an oxidation with H2O2 is the final 
step. Depending on the content of sulfonic acid groups, different proton conductivities 
could be measured by impedance spectroscopy. Optimum proton conductivity along 
the channels is achieved for about 15 wt-% of SO3H groups. Fully hydrated Si-MCM-
41 materials with anchored sulfonic acid groups exhibited proton conductivities above 
0.01 S/cm placing them among the most promising solid electrolytes. The proton 
conductivity is strongly affected by the presence of water with the porous host matrix 
helping to store water at temperatures above 100°C. 
By effective coupling and cross-linking with functionalized polysiloxanes, which by 
their own achieve proton conductivities of about 0.01 S/cm a further improvement in 
the proton transport is expected, measurements are currently under way. 
In a second approach functionalized polysiloxanes are linked together with nanocrystals 
of Al-rich zeolites. In the pores of the latter proton hopping between the Al centers 
is easily possible. In the composites the zeolite nanoparticles help to improve the 
mechanical stability without loosing significantly proton conductivity. 
[1] D. Fattakhova Rohlfing, J. Rathousky, Y. Rohlfing, O. Bartels, M. Wark, Langmuir 

21, 2005, 11320.
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First principles computation of the conductivity of 
hydrated Nafion membranes

C.G. Vayenas*, M.N. Tsampas and A. Katsaounis
LCEP, Department of Chemical Engineering, Caratheodory 1, St., 

University of Patras, GR-26504 Patras, Greece
*cat@chemeng.upatras.gr

A first principles model is developed to describe analytically the protonic conductivity 
of fully hydrated Nafion membranes and its peculiar non-linear dependence1,2 on 
membrane thickness, potential and  The model focuses on the surface migration 
of protons between adjacent sulfonate groups and utilizes the Poisson-Boltzmann 
charge distribution around each proton combined with the basic Gamow equation 
of quantum mechanics for proton tunneling. It is shown that the proton tunneling 
distance equals the proton wavelength2 and that each proton surrounded by its Debye-
Hückel cloud behaves as a leaking nanobattery.2 
The model, which contains no adjustable parameters, is solved analytically and 
its predictions are in semiquantitative agreement with experiment, including the 
magnitude of the conductivity, its linear increase with membrane thickness, its 
exponential increase with potential and its strong dependence on .

References
1.  M.N. Tsampas, A. Pikos, S. Brosda, A. Katsaounis, C.G. Vayenas, Electrochim. 

Acta 51(2006) 2743.
2.  A. Katsaounis, S.P. Balomenou, D. Tsiplakides, M. Tsampas, C.G. Vayenas, 

Electrochim. Acta 50 (2005) 5132.
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New polymeric proton conductors for water-free and 
high temperature fuel cells.
Xiao-Guang Sun, John B. Kerr*, Gao Liu
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*jbkerr@lbl.gov

Due to the considerable interest in PEM fuel cells for transportation purposes there 
has arisen a need to examine the feasibility of proton conducting membranes that do 
not depend on the presence of water for their performance. The most attractive option 
would involve a true solid-state material that contains no free solvent, can tolerate the 
presence of water, is conductive at low temperatures as well as high temperatures and 
can be tailored to provide desired gas permeabilities for both the separator and the 
membrane-electrode assembly. 
The object of this work is to devise an easily modified polymer structure that will allow 
rapid elucidation of the role of the polymer structural features in the determination of 
the properties of the membrane, bearing in mind that the needs are different in the 
separator and the MEA. We have chosen to study imidazole as the proton solvating 
group due to the successful development of the Polybenzimidazole-phosphoric acid 
system, the recent advances reported by Kreuer et al. and reports of remarkable 
stability of imidazole-containing polymer membranes that have been used for oxygen 
separation. The base polymer structure has been under development for use in lithium 
polymer batteries and uses a grafting chemistry that allows easy modification of 
the nature and length of the side chains, the nature of the backbone, the nature and 
concentration of the anions and the nature and density of cross-links.  This chemistry 
has been recently reported and the strategy is extended to include proton conducting 
units in this work.  The concentration of imidazole groups relative to that of the acid 
groups is critical not only for the possible operation of a Grotthuss-type mechanism 
but also to control possible poisoning interactions with the platinum electrocatalysts. 
Conductivities of imidazole-containing polyelectrolyte membranes are sufficiently 
high to be of interest for fuel cell operation. The conductivity of membranes swollen 
with unsubstituted imidazole  is higher than that of the N-methyl imidazole which may 
provide support for the participation of a Grotthuss mechanism of proton transport.  
Tethering of the imidazoles to the polymer matrix results in a solid state membrane 
with no mobile solvent that have the same conductivity as the the solvent swollen 
systems. The polyelectrolyte structures are presently under construction and their 
conductivities will be reported on. The preliminary indications are that the stronger 
imide acid will provide higher conductivities and that optimization of the imidazole:
acid ratio and the morphology of the polymer will provide conductivities that are of 
interest to fuel cell engineers.

Acknowledgement.  This work was supported by the US DOE Office of Hydrogen, 
Fuel Cells and Infrastructure and by NASA Glenn PERS program.
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Humidity dependent surface diffusion on Pt and its 
implication to PEMFC electrodes 
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PEDOT as catalyst support and methanol barrier for 
DMFC applications

J.-F. Drillet*, L. Li, R. Dittmeyer, K. Jüttner 
DECHEMA e.V., Karl-Winnacker Institute, Theodor-Heuss-Allee 25, 60486 Frankfort, Germany

*email address: drillet@dechema.de

The direct methanol fuel cell (DMFC) is a promising candidate for energy supply of 
mobile, stationary and portable applications. However, its performances are limited 
by low kinetics of the methanol oxidation at Pt compared to that of hydrogen and high 
methanol crossover rate that induces a mixed potential and a fuel loss at the cathode. 
In the last decade, conjugated conducting polymers such as polyaniline, polypyrrole 
and poly(3-4ethylenedioxithiophene)-polysterensulfonate (PEDOT-PSS) have been 
intensi-vely studied as anti-static, semi-conducting, conducting and catalyst support 
material,  as well. 
Since conducting polymers are ionic and electronic conductors, a priori only a 
two-phase boundary is needed for the electron and proton transfer during the 
electrochemical reaction, compared to the three-phase boundary when carbon is used 
as catalyst support. For this reason, better utilization of the noble metal catalyst is 
expected. Chemical polymerization of EDOT (Bayer AG) was carried out in Na2S2O8. 
After Pt catalyst deposition on PEDOT and PEDOT-PSS powder, ink preparation 
and deposition on Toray carbon paper, gas diffusion electrodes (GDE) were tested in 
half-cell by means of cyclic voltammetry and impedance spectroscopy. PEDOT-PSS 
systems exhibited higher impedance values than PEDOT alone. Preliminary results in 
half-cell showed similar activity for methanol oxidation at Pt-PEDOT/C and Pt-C/C 
while performances in fuel cell were about 10-20% lower for Pt-PEDOT/C.     
Conducting polymer-based membranes are used for ions and neutral species separation, 
as well. Their efficiency depends on adequate pore size, embedded counter-ion, tempe-
rature and degree of oxidation. In this work, Nafion117 membranes were modified 
by chemical diffusion-controlled polymerization of EDOT diluted in 0.1M NaPSS. 
FeCl3 and H2O2 were used as oxidizing agents. PEDOT modified membrane were 
character-rized regarding ionic conductivity, methanol permeability and impedance 
in a two-compartment diaphragm cell. Two different polymerization behaviours were 
observed: methanol permeation and ionic conductivity of membranes prepared with 
H2O2 decreased proportionally to reaction time, whereas membranes prepared with 
FeCl3 showed a t-1/2 dependence. First deposition method led to PEDOT deposition 
within the Nafion membrane while second one resulted in film growing. PEDOT 
modified membranes were tested with two commercial GDEs in DMFC. Comparable 
proton exchange properties by lower methanol permeation rate were registered at 
PEDOT-modified membranes for polymerisation time under 2h, compared to pure 
Nafion.    
In conclusion, the feasibility of PEDOT as catalyst support and methanol barrier for 
DMFC applications was demonstrated for the first time in this work.
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Cryogel carbon supports for DMFC-PtRu catalysts
C. Arbizzani, S. Beninati, E. Manferrari, F. Soavi and M.Mastragostino* 

UCI Scienze Chimiche, Radiochimiche e Metallurgiche, Via S. Donato 15 -  40127 Bologna, Italy 
*marina.mastragostino@unibo.it

Carbon supported PtRu is the catalyst of choice for the DMFC anode and, given the 
high cost of noble metals, much research effort is focusing on the development of high 
catalytic activity electrodes. One of the pursued strategies to provide high catalytic 
surface at low noble metal content is that of developing new carbon supports with high 
electric conductivity, high surface area and high mesoporosity in the 20-40 nm region 
for a high accessible surface area to catalyst and to monomeric units of Nafion and to 
favour the diffusion of chemical species involved in methanol oxidation [1]. Cryogel 
carbons which are high conducting carbon networks featuring a high surface area  
and a high tunable mesoporosity along with the advantage of a low-cost preparation 
procedure based on freeze drying and pyrolysis of resorcinol-formaldehyde gels, 
should be suitable supports [2, 3]. 
Thus, we pursued the strategy of developing PtRu catalysts supported on mesoporous 
cryogel carbons and we deposited PtRu on carbon-Nafion substrate electrochemically, 
which is a promising technique because it provides the catalyst at the electrode’s three-
phase boundary [4]. Here we present and discuss preparation and characterization 
data of different mesoporous cryogel carbons as well as we report the catalytic activity 
of PtRu catalyst electrodeposited on cryogel carbon-Nafion supports for methanol 
oxidation in DMFC. 
Acknowledgements
Research funded by MIUR (FISR Bando 2001) under the project  “Sviluppo di 
membrane protoniche composite e di  configurazioni elettrodiche innovative per  celle 
a combustibile con elettrolita  polimerico”.
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Cells 
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Up to now, the electrodes for direct methanol fuel cell (DMFC) have been developed 
mostly on the basis of the gas diffusion electrodes employed in proton exchange 
membrane fuel cells.  Typically, the structure of such electrodes comprises a catalyst 
layer and a diffusion layer, the latter being carbon cloth or carbon paper. However, 
unlike other fuel cells, the liquid feed DMFC suffers from mass transport limitations 
predominantly at the anode due to the low diffusion coefficient of methanol in water. 
In addition, carbon paper is fragile and expensive and carbon cloth is soft compared 
with metal material, such materials are not as versatile as metals. 

In our present work, new structures based on metal meshes for both the anode and 
the cathode of DMFC have been developed. The preparation procedures and the main 
characteristics of the anodes and cathodes studied by SEM, EDAX, in-situ FTIR 
spectroscopy, half cell and single cell tests will be reported. 
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Measuring the Current Density in PEFCs with Sub-
Millimetre Resolution – Fundamental Insights
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Dissolution of Pt under stationary and accelerated 
conditions
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The development of a direct formic acid fuel cell power 
system for lap-top computer operation

Jaeyoung Lee*, Craig M. Miesse, Jae Kwang Lee, Won Suk Jung, Kyungjin Jung, 
Jonghee Han*, Tae-Hoon, Sung-Ahn Hong 

Fuel Cell Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea
*jaeyoung@kist.re.kr, jhan@kist.re.kr

In the last ten years there has been a resurgence of interest in the development of direct 
fuel cell power system for the portable application. Of late, LG Chem, NEC, Toshiba 
and Samsung SDI have reported a direct methanol fuel cell (DMFC) system to operate 
lap-top computer and showed the possiblity of the commericalization of DMFC 
system.. We first present here the development of a direct formic acid fuel cell (DF2C) 
power system for a lap-top computer operation. The system consists of a 15 MEA 
stack capable of 30 W at 60 ~ 70 mW/cm2 and power management system (PMS) 
including high efficienct DC-DC converter. The initial start-up, dynamic response and 
long-term performance of the DF2C system were extensively investigated. In addition, 
further developments needed for the miniaturization of DF2C will be introduced. 
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 Performance of Direct Ethanol Fuel Cells
A.S. Arico’*, V. Baglio, A. Stassi, C. D’Urso, A. Di Blasi,  V. Antonucci 

CNR-ITAE Institute, via Salita S. Lucia sopra Contesse 98126 Messina, Italy 
*arico@itae.cnr.it

The main prerequisite of a liquid fuel for polymer electrolyte fuel cell applications 
is a high electrochemical reactivity at relatively low temperatures. Furthermore, the 
fuel should be reasonably cheap, non-toxic and largely available. At present, mainly 
methanol  and natural gas are actively investigated as a  alternative to hydrogen in fuel 
cells. Among other  possible candidates, ethanol appears to fulfill many of the above 
requirements. Although the oxidation of ethanol to carbon dioxide requires the cleavage 
of the C-C bond, previous studies have shown interesting  electrochemical reactivity 
at temperatures above 100 °C [1]. The main bulk products in the electrochemical 
oxidation of ethanol are CO2, acetaldehyde and  acetic acid.  The latter determine low 
electrical energy yield and environmental problems. Such  drawbacks are addressed 
by increasing  fuel cell operating temperature and/or developing  highly selective 
catalysts. Nanostructured materials  such as nanosized catalysts and nanocomposite 

membranes offer unique properties  for enhancing the performance   of PEMFCs 
[2]. Since the state-of-the-art membranes dehydrate at temperatures above 100oC, 
new membranes, capable of sustaining higher temperatures (150 oC), need to be  
developed. There are evidences that this drawback can be overcome by composite 
membranes including nanosized hygroscopic oxides dispersed in the polymeric matrix. 
An operating range  for direct ethanol fuel cells (DEFC) between 110°C and 150°C 
appears suitable for distributed generation, whereas, for portable uses the maximum 
temperature should be not higher than 60 °C.  A  further severe problem for  DEFCs 
is the fuel crossover through the membrane. This effect lowers the FC efficiency 
markedly.   In the present work,  an investigation of direct ethanol fuel cells based 
on composite polymer electrolytes for both low and high temperature applications is 
presented. The fuel cell systems have been studied in terms of performance,  efficiency, 
cross-over and CO2 yield. A significant increase of performance and electrical yield is 
achieved by operating the DEFC in the presence of composite membranes containing 
appropriate ceramic fillers.  Furthermore,  ethanol cross-over  through the membrane 
is reduced by effect of  an  increase in tortuosity factor caused by the filler and  ethanol 
consumption due to enhanced reaction kinetics at the anode-electrolyte interface.

References
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A “proton pump” concept for the evaluation of proton 
transport and electrode kinetics in PEM fuel cells

Andreas Huth 1, Torsten Oekermann *2
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2 Institute of Physical Chemistry and Electrochemistry, University of Hannover, Germany

*E-mail: torsten.oekermann@pci.uni-hannover.de

A novel concept for the measurement of proton transport properties and electrode 
kinetics in PEM fuel cells is presented. The concept makes it possible to distinguish 
between the kinetics of proton transport in the membrane, anode reaction and cathode 
reaction under realistic conditions.
Base of the concept is a “proton pump” setup, which is essentially a fuel cell with N

2
 

instead of O
2
 gas on the cathode side. If negative potentials are applied to the cathode 

with respect to the anode, ohmic behaviour, i.e. a linear relationship between current 
and voltage, is observed. Since it was found that I –  log p(H

2
), which can be attributed 

to the Nernst equation, it is proven that the current is determined by the proton transport 
in the membrane. The setup therefore allows the measurement of the conductivity of 
the proton exchange membrane (PEM) under realistic working conditions, which is in 
most cases not possible in a fuel cell setup with O

2
 at the cathode, where the current 

is often limited by the oxygen reduction reaction. The ohmic behaviour was found 
over a wide range of temperatures, showing that even at high temperatures, where the 
conductivity of the membranes increased, hydrogen oxidation at the anode as well as 
the back reaction at the cathode are not limiting the current.
The oxidation of H

2
 at the anode has been studied in detail in the “proton pump” setup 

by impedance measurements under variation of parameters such as p(H
2
), temperature 

and potential. The semicircles caused by hydrogen oxidation and back reaction can be 
easily distinguished in the Nyquist plots, since the resistance attributable to hydrogen 
becomes lower with increasing p(H

2
), while the semicircle caused by the back reaction 

totally disappears towards negative potentials of the cathode due to the high electron 
concentration and the high proton flux towards this electrode.
Having investigated the anode reaction and the proton transport in the PEM in detail, 
oxygen reduction is added to the investigation by returning to the normal fuel cell 
setup with O

2
 at the cathode under otherwise unchanged conditions. In I-V-curves 

the current was found to follow a law with I – p(O
2
)m, proving that oxygen reduction 

has become the limiting step. Knowing the impedance of the hydrogen oxidation, 
semicircles caused by the oxygen reduction in the Nyquist plots can be easily identified. 
In accordance and conjunction with the results from the I-V-curves, it has been found 
that, while a low resistance attributable to the membrane is a sine qua non condition 
for a high fuel cell power, the sufficient condition is a low resistance attributable to 
the oxygen reduction.
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Analysis of membraneless micro fuel cell using 
decomposition of hydrogen peroxide in a Y-shaped 

microchannel
Min-Hsing Chang1,*, Falin Chen2, Chia-Wei Hsu2

1Department of Mechanical Engineering, Yung-Ta Institute of Technology and Commerce, 
PingTung 909, Taiwan, Republic of China

2Institute of Applied Mechanics, National Taiwan University, Taipei 107, Taiwan, Republic of 
China

*Corresponding author’s email address: mhchang@mail.ytit.edu.tw

A novel design of fuel cell technology based on microfluidic devices has received 
much attention recently due to its promising applications in portable power sources and 
MEMs related devices such as “Lab-on-a-chip” systems. This microfuel cell utilizes 
the occurrence of laminar flow in a Y-shaped microchannel at low Reynolds number. 
Both anodic and cathodic liquid streams flow in parallel through the microchannel 
without turbulent mixing. Such a novel design removes the membrane used in 
conventional proton exchange membrane fuel cells (PEMFCs) and possesses many 
merits: the ohmic losses and fouling problems due to the membrane are eliminated, 
the fabrication and water management are simpler, the size of fuel cell can be greatly 
reduced, and the liquid fuels have higher energy densities.
Many experimental studies had been performed in developing membraneless 
microchannel fuel cells. Several kinds of fuel were used in these investigations such 
as formic acid, methanol, and hydrogen solutions. However, since they all used 
oxygen solution as the oxidant stream, it had been found that the performance of 
these micro fuel cells is restricted severely by the low transport efficiency of oxygen 
in the cathode electrolyte. Recently, an experimental study using hydrogen peroxide 
has been proposed for a Y-shaped microchannel fuel cell. The hydrogen peroxide 
is used not only as a reductant but also an oxidant. The decomposition of hydrogen 
peroxide in both anode and cathode streams can generate electric power comparable 
to a typical air breathing direct methanol fuel cell (DMFC) at room temperature 
and produce no carbon dioxide. Therefore, it is quite important to understand the 
characteristics of this kind of membraneless micro fuel cell using hydrogen peroxide 
in both fuel and oxidant streams. In this study, we develop a theoretical model to 
simulate this membraneless Y-shaped microchannel fuel cell and perform a numerical 
study to investigate the species transport in both streams and their influences on cell 
performance. The effects of geometrical factors of microchannel and electrodes are 
also examined in detail. Results provide physical insights for transport phenomena 
and electrochemistry reactions in this system, and benefit the optimal design of this 
membraneless micro fuel cell for the fulfillment of practical application in portable 
sources.
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Miniature, Potentially Implantable, Batteries and 
Glucose-O2 Fuel Cells

Adam Heller
Department of Chemical Engineering, The University of Texas at Austin, Austin, TX 78712 

USA, heller@che.utexas.edu 

All presently used batteries contain reactive, corrosive, or toxic components and 
require strong cases, usually made of steel. As a battery is miniaturized, the required 
case dominates its size. Hence, the smallest manufactured batteries are of about 20 
mm3, much larger then the integrated circuits or sensors of functional analytical 
packages, exemplified by implantable glucose sensors for diabetes management.  
Progress made in the 2004-2006 period in the miniaturization of the power sources of 
such packages will be reviewed. In one route to miniature batteries, all components 
would be made harmless,[1] enabling their packaging in thin plastic films, metallized 
to prevent the drying of the electrolyte.  In a second, the case and the electrolyte would 
be eliminated through forming the battery of a harmless, implantable, miniature Zn 
anode and an also harmless and also implantable, biocompatible hydrogel-shielded, 
Ag/AgCl  cathode, with the subcutaneous interstitial fluid serving as the electrolyte.[1] 
In the third, the power source would be a miniature glucose-O2 biofuel cell. Glucose 
of the subcutaneous interstitial fluid would be electrooxidized on a miniature glucose 
oxidase microanode and O2 would be electroreduced on an also implanted wired 
bilirubin oxidase microcathode. [2, 3]

1. Shin, W., et al., Ionic Conduction in Zn3(PO4)2.4H2O Enables Efficient Discharge 
of the Zinc Anode in Serum. Journal of the American Chemical Society, 2005. 
127(42): p. 14590-14591.

2. Mano, N., F. Mao, and A. Heller, A miniature membrane-less biofuel cell operating 
at +0.60 V under physiological conditions. ChemBioChem, 2004. 5(12): p. 1703-
1705.

3. Kang, C., H. Shin, and A. Heller, On the stability of the “wired” bilirubin oxidase 
cathode in serum. Bioelectrochemistry, 2005. 68: p. 22-26.
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Co-generation of hydrogen peroxide and energy in fuel 
cells

D.J. Schiffrin1, E. Ahlberg2 , J. Feliu3 , J.R.T. Johnson Wass2 , K. Kontturi4,  
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Development of a Three-Dimensional Porous Structure 
Simulator and Its Application to Fuel Cells
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Distribution of the active sites for oxygen reduction in 
composite electrodes for IT-SOFC

A. Barbucci*, P. Carpanese, G. Cerisola, A.P. Reverberi, C. Nicolella and  
M. Viviani, 

1DICheP, Università di Genova, P.le Kennedy 1, 16129 Genova, Italy
2Dipartimento di Ingegneria Chimica, Università di Pisa, V. Diotisalvi 2, 56126 Pisa Italy

3CNR, IENI, V. De Marini 6, 16149 Genova, Italy
*barbucci@unige.it

Half-cells consisting of YSZ electrolyte pellets and slurry-coated cathodes were tested 
with a three- electrode configuration. The composite cathodes considered in this study 
had a fixed LSM/YSZ volume ratio equal to 1 and variable apparent surfaces, ranging 
from 0.05 to 0.25 cm2. Electrochemical Impedance Spectroscopy and potentiodynamic 
polarisations were used to evaluate the main electrochemical parameters. The results 
obtained with the two techniques showed a good agreement. The slope of the lnRp/lnd 
lines moves monotonically from 2.3 at 700°C to 3.3 at 900°C (Fig. 2). These values 
suggest that at lower temperatures increases in the cathode diameter produce an active 
surface that has some dependence on the cathode volume. As the temperature increases 
and the slope approaches 3 the entire volume of the cathode is involved in the oxygen 
reduction. The composite cathode has a preferential ionic path for oxygen ions through 
the YSZ particles dispersed in the LSM/YSZ mixture. The sintering temperature of 
the cathode was 1100°C and measurements performed on porous LSM cathodes with 
a YSZ electrolyte pellet sintered at 1100°C showed an electrolyte ohmic resistance 
about ten times higher than that obtained when porous LSM cathodes were applied to a 
YSZ electrolyte sintered at 1500°C. When the oxygen reduction proceeds at a low rate 
(low T) the active area is mainly concentrated at the cathode/electrolyte interface. As 
the charge transfer reaction rate increases (high T) the cathodic polarisations and the 
faster ionic transport, even in partially sintered YSZ, within the cathode involves the 
entire cathode volume in the electrodic reaction.A theoretical model that describe the 
behaviour of the composite cathode as a function of temperature has been developed 
The model simulations compared satisfactorily with the experimental data, and also 
they show that, at low temperatures, the reaction zone in the cathode is confined to the 
electrolyte interface. When the temperature is increased, the retarding effects of mass 
transfer and conduction in the electrolyte become negligible, and the reaction zone 
progressively extends through the electrode. 
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Investigations on the electronic, ionic, and thermal 
conductivity of nickel and cobalt substituted lathanum 

strontium ferrous oxides
Artur Braun*, Peter Holtappels, Ulrich Vogt, Christian Soltmann 

EMPA – Swiss Federal Laboratories for Materials Testing and Research
Laboratory for High Performance Ceramics

Überlandstrasse 129
CH – 8600 Dübendorf, Switzerland

*artur.braun@alumni.ethz.ch

The electrochemical processes that take place in solid oxide electrochemical cells, 
such as in solid oxide fuel cells, involve electrons, oxygen ions and the gas phase. 
Therefore, mixed electronically and ionically conductive materials such as perovskites 
are used to form porous electrode layers as air electrode (cathode) and fuel electrode 
(anode) materials, respectively. In view operating temperatures as high as 750°C, La-Sr 
cobaltates and ferrites have become interesting materials for the air electrode for they 
exhibit a higher electrochemical activity then the well established La-Sr-manganates. 
We now present some results from our recent activities, including structural and 
electrochemical data on the aforementioned materials systems. Perovskite powders 
were prepared by spray pyrolysis and investigated by X-ray diffraction. Impact of 
substitution of La-Sr-ferrites (LSF) with 3d Elements such as Co, Ni and Cu was 
investigated with respect to their crystallographic structure and the electrical properties 
and also their thermal properties. The solubility limit of Ni and Cu was found to be 
below 20mol% indicating the limited tolerance of the perovskite B-site for 2 valance 
cations such as Ni2+ and Cu2+. From their positions in a simplified structural field 
map, the substitution of Fe by the 2-valent cations should change the conductivity 
from semi conducting to metallic, which may have an impact on the oxygen exchange 
properties. The temperature dependence of LSF substituted by Ni and Cu will be 
presented and discussed with respect to the crystal structure and the materials position 
in the structural field map. The thermal and electric conductivity are discussed in 
terms of Wiedemann-Frans’ Law.
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Direct Electrochemical Oxidation of Propane in Solid 
Oxide Fuel Cells

Daniela La Rosa* , Massimiliano Lo Faro, Giuseppe Monforte, G. Brunaccini,  
V. Antonucci,  Antonino Salvatore Arico’

CNR-ITAE Institute Via Salita S. Lucia sopra Contesse 5, 98126 Messina Italy,
larosa@itae.cnr.it

Solid oxide fuel cells have attracted significant interest in the last decades due to their 
high efficiency and performance to convert chemical into electrical energy. Generally, 
these systems operate at temperatures higher than 800°C. Recently, the development 
of electrolytes alternative to stabilised-zirconia have opened new perspectives for  
operating these devices at lower temperatures. This allows to increase SOFC life-
time, reduce the occurrence of cracking processes in the presence of hydrocarbon-
based fuels and the use of cheap metallic interconnectors.  The direct oxidation of 
hydrocarbons in intermediate temperature solid oxide fuel cells (IT-SOFCs ) has been 
intensively investigated in the last years due to the high intrinsic efficiency of the direct 
electrochemical oxidation process. In the present work, a Ru/CGO electrocatalyst was 
investigated in combination with a Cu current collector for the direct electro-oxidation 
of propane in a solid oxide fuel cell. Comparable electrochemical power densities 
for both direct oxidation and internal reforming have been measured at 750°C. The 
electrochemical performance in the presence of propane was significantly affected 
by the polarization resistance. The charge transfer resistance for  a SOFC based on 
the direct propane oxidation was about four times larger than that obtained for the 
SOFC fed with hydrogen. Out-of-cell steam reforming experiments  showed a C3H8 
conversion to syngas approaching 90% at 750-800°C. Accordingly,  significant efforts 
have been addressed to the anode structure optimization to achieve suitable catalytic 
conversion efficiency. No formation of carbon deposits was observed  upon operation 
of the anode in the direct oxidation mode at 750°C. 
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Relationship between the overpotential and the structure 
of ni-sdc anode for solid oxide fuel cell
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The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8654 JAPAN

*fuku@giptc.shinshu-u.ac.jp
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Electrocatalytic behaviour of molybdenum modified 
platinum electrodes for electrooxidation of ethanol in 

acid medium
D. M. dos Anjosa, J. M. Légera, A. R. de Andradeb, P. Olivib, F. Carmonab,  

G. Tremiliosi-Filhoc, K. B. Kokoha*.
(a) Equipe Electrocatalyse, UMR 6503, CNRS - Université de Poitiers - 40, Avenue du Recteur 

Pineau, 86022 Poitiers Cedex, France
(b) Departamento de Quimica da Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, 

Universidade de São Paulo, 14040-901 Ribeirão Preto, SP, Brazil
(c) Instituto de Química de São Carlos, Universidade de São Paulo, 13560-970 São Carlos, SP, 

Brazil
*boniface.kokoh@univ-poitiers.fr

In this work we investigated the electrooxidation of ethanol on various Pt based 
electrodes, prepared by two methods: 
Pt-Mo alloy electrocatalysts were prepared by arc-melting furnace. Compositions such 
as (50:50) and (80:20) were chosen in two different zones of a binary phase diagram 
where they are supposed to form a pure alloy mixture either a solid solution. 
Elsewhere, we prepared electrodes containing Pt and Mo oxides with different 
compositions by thermal decomposition of polymeric precursors. The precursor 
solutions were prepared by dissolving H2PtCl6.6H2O and MoCl5 in a solution of citric 
acid and ethylene glycol. The final solution was obtained by mixing appropriate mass 
of the precursor solutions in order to obtain the desired composition of Pt(1-x)MoxO2, 
where 0.50<x<0.8. The oxide layers were obtained after calcination at 400 oC.
The atomic composition of the catalysts by EDX analysis performed on different 
zones of samples was close to the target. Pt-Mo alloy catalysts showed higher activity 
than Pt-alone. Gradual dissolution of Mo at the electrode surface was observed after 
voltammetry and chronoamperometry measurements. This dissolved Mo could keep 
its catalytic effect in the bulk solution by its behaviour as underpotentially deposited 
(upd) adatoms. Another assumption which is highly likely is that this dissolution 
involves an increase of the roughness of the electrode surface. When increasing 
molybdenum content in the catalyst composition, a pure Pt-Mo alloy formation 
stabilizes the catalyst and the activity for ethanol oxidation was better in terms of 
performance with time.
During chronoamperometry measurements at 0.6V vs. RHE for electrocatalysts 
prepared by thermal decomposition, the reaction products were analyzed by liquid 
chromatography. Acetaldehyde and acetic acid were successively formed. Carbon 
dioxide was also determined showing Pt-Mo catalysts are active for breaking the C-C 
bond.
FTIR spectroscopy results showed that Pt-Mo (50:50) electrocatalyst was an attractive 
way to modify the kinetics of specific steps of a reaction mechanism for CO pre-
adsorbed oxidation.
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Diamond-supported binary and ternary nano-sized 
catalysts for advanced direct-alcohol PEM fuel cells

Giancarlo R. Salazar-Banda, Hugo B. Suffredini, Marcelo L. Calegaro, Sônia T. 
Tanimoto, Luis A. Avaca*

Instituto de Química de São Carlos, USP, São Carlos – SP, Brazil.
*avaca@iqsc.usp.br

Typical sp2-bonded carbon support materials, such as activated carbon and carbon 
black, are susceptible to micro structural and morphological degradation and loss of 
catalytic activity under oxidizing conditions. Moreover, this carbon support leads to a 
reduction of the metallic oxides prepared by Sol-gel techniques, an undesirable fact due 
to the high electrocatalytic activity shown by hydrous ruthenium oxides for methanol 
oxidation [1]. Advances in the chemical vapour deposition (CVD) technology have 
made conductive boron-doped diamond (BDD) materials (mainly composed of sp3 
type carbon) a feasible alternative as support material. This is due to its chemical 
inertness and excellent physical stability even under demanding electrochemical 
conditions. Moreover, the use of BDD as substrate allows the production of metallic 
oxides by the Sol-gel method. Recently, Fischer et al. [2] reported the production of 
conducting diamond powder (φ = 8-12 µm) using microwave plasma-assisted CVD. 
In fact, the future of advanced anodes for direct-alcohol fuel cell systems is focused on 
the use of this advanced carbon powder as a new dimensionally stable support material 
for electrocatalyst. Thus, studies of the methanol and ethanol oxidation reactions on 
Sol-gel modified BDD electrode surfaces using Pt, Pt-RuO2 and Pt-RuO2-RhO2 are 
reported here. XRD analyses show that the proposed method produces nano-sized (4-
6 nm) particles. These deposits also form nano-clusters with a size of ca. 100 nm as 
observed by SEM and AFM. EDX maps revealed that the metals are homogeneously 
distributed on the BDD surface and have a composition close to the expected one thus 
confirming the effectiveness of the preparation method. Cyclic voltammetry revealed 
that the CO poisoning response for the methanol and ethanol oxidation reactions in 
acid media is largely inhibited on the Pt-RuO2-RhO2/BDD electrode. This shows the 
good performance of the RhO2 to either promote the oxidation to CO2 or to produce 
a weakening of the CO adsorption on the neighbouring Pt atoms in the composite. 
Steady-state polarization curves showed that the addition of RuO2-RhO2 to Pt/
BDD produces a more reactive electrocatalyst for methanol and ethanol oxidation 
reactions that changes the reaction onsets by 120 mV or 180 mV towards less positive 
potentials, respectively. As a consequence, the stationary current density determined 
at a fixed potential of 0.57 V vs. HESS to the ethanol oxidation reaction is over 12 
times higher on Pt-RuO2-RhO2 /BDD electrodes than on Pt/BDD. Consequently, this 
ternary catalyst containing Pt-RuO2-RhO2 is a very promising material to be used in 
fuel cell anodes.

[1] (a) W. Dmowski, T. Egami, K.E. Swider-Lyons, C. T. Love, and D.R. Rolison, 
J. Phys. Chem. B, 106 (2002) 12677-12683; (b) J.W. Long, R.M. Stroud, K.E. 
Swider-Lyons, and D.R. Rolison, J. Phys. Chem. B, 104 (2000) 9772-9776.

[2] A.E. Fischer, G.M. Swain, J Electrochem. Soc., 152 (2005) B369-B375.
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Solid Oxide Fuel Cells:  Enhancing Their Performance 
and Lifetime

Dr. Viola Birss
Canada Research Chair 

(Electrochemistry of Materials for Fuel Cells and Related Energy Applications)
Department of Chemistry

University of Calgary
Calgary, Alberta Canada

Fuel cells are highly efficient devices that cleanly and quietly convert chemical energy 
into electricity.  Indeed, certain types of fuel cells have theoretical fuel-to-electricity 
conversion efficiencies close to 100% and have realizable efficiencies approaching 
50%. There are a number of types of fuel cells that are currently in various stages of 
development, but it is generally accepted that proton exchange membrane fuel cells 
(PEMFCs) and solid oxide fuel cells (SOFCs) offer the most promise of flexibility of 
application, fuel options, and the potential to realize high fuel conversion efficiencies.  
However, PEMFCs are hindered by their need for high purity H2, while SOFCs are 
significantly more flexible in terms of fuels.  Also, as they can co-generate both electricity 
and heat, SOFCs are ideally suited for a wide range of stationary applications. 
At the same time, there are still a number of key factors that are holding back the 
commercial implementation of SOFCs.  For example, the anode performance can be 
compromised by such factors as sulfur poisoning, the deposition of coke, and other 
problematic morphological changes.  The cathode performance is limited by the slow 
kinetics of the oxygen reduction reaction, while its lifetime can be negatively affected 
by factors related to the corrosion of stainless steel interconnect materials, currently 
used in planar SOFC designs. This talk will present an overview of these challenges 
and some possible solutions to these problems. In addition, recent promising research 
efforts directed towards performance enhancement (cost reduction) of SOFCs through 
the use of nanoscale electrocatalyst fabrication will be discussed.
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Thermal Imaging and Stress Analysis Modeling of Solid 
Oxide Fuel Cells
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Solid oxide fuel cells (SOFCs) are highly efficient devices for converting

chemical energy directly into electrical energy. The SOFC is particularly attractive for

combined heat and power (CHP) applications. The high temperature operation of

SOFCs (500-1000ºC) allows high grade heat to be generated and also facilitates

operation on hydrocarbon fuel where internal reforming or simplified external

reforming can be used.

Temperature gradients within SOFCs are a major cause of failure both during

production and use. One of the main design considerations for SOFC developers is the

minimisation of thermal gradients within the cell and stack structures. Excessive

temperature gradients can result in cracking or delamination of electrodes and

electrolyte, sealing material integrity can become compromised and non-uniform

current distribution can result.

This study uses an infrared camera operating at a wavelength of 4 �m to

determine the temperature distribution of SOFC systems. Figure 1 shows the

temperature distribution across a 5 cm wide electrolyte supported SOFC when exposed

to a cold stream of nitrogen at the centre of the component. Results show that

temperature gradients of over 25ºC cm-1 can easily be tolerated without breakage.

Empirical measurements are compared with a finite element stress analysis

model to predict the failure point of selected SOFC samples. Results of temperature

distribution across the cathode of an operational ‘pellet’ SOFC are presented along

with recommendations for ensuring uniform and accurate temperature control of

SOFCs under test.

Figure 1. Temperature distribution

across the surface of an electrolyte

supported SOFC when subjected to a

‘cold’ stream of nitrogen in the centre

of the plate.
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PBI fuel cell catalysts prepared by colloidal routes
Stein Trygve Briskeby*, Mikhail Tsypkin, Svein Sunde and Reidar Tunold,

Dept of Materials Science and Engineering, NTNU, NO 7491 Trondheim Norway
*Stein.Trygve.Briskeby@material.ntnu.no

A new generation of polymer electrolyte fuel cells, operating at elevated temperatures, 
are very promising energy conversion systems for future clean energy plants. 
Such systems utilize polymeric membranes (e.g. polybenzimidazole, PBI), which 
in comparison with perfluorosulphonic acid ones (e.g. Nafion), can be operated at 
temperatures up to 200 °C. An increased operating temperature significantly increases 
the catalysts’ tolerance towards contaminations in the fuel cell feed, especially CO 
[1], thus reducing the extensive and expensive pre-treatment of the fuel as required in 
low-temperature PEM fuel cells. 
Highly effective carbon nanofibre supported catalytic powders were prepared by a 
modified polyol method [2]. The platinum loading was in the range 5-55w% (with 
control of the platinum particle size) and the active surface area of platinum was 
50-140 m2/g. The catalysts exhibit good electrocatalytic properties as part of PBI-
containing electrodes tested in a half cell with phosphoric and sulfuric acid electrolytes. 
Modeling of XRD data shows that the distribution of primary crystals is narrow, with 
a maximum size of about 2-4 nm. These data correlate well with results from TEM 
investigations, which show particles with a size less than 5 nm. The stability of the 
prepared catalyst was investigated by temperature programmed oxidation. The results 
show higher stability compared to commercially available catalyst on Vulcan XC-
72.
For comparison of catalyst preparation and properties, other methods involving 
deposition of preformed colloids onto carbon supports were investigated. Citric acid 
is well known for its dual function as a reducing and stabilizing agent in nanocolloidal 
chemistry [3]. In the citric acid method, a Pt precursor, H2PtCl6, is reduced in an aqueous 
solution of sodium citrate at elevated temperature and a suitable pH. Deposition of 
Pt onto carbon supports was attempted, giving catalysts with low loading 1.6 wt% 
Pt (nominal 20 wt. %). The difficulties in platinum deposition are believed to be 
caused by incomplete reduction of Pt+4, as reported by Gou et al.[3] They claim that 
additional reducing agents like NaBH4 is needed for full reduction. By optimization 
of preparation parameters we are now able to produce Pt/C electrocatalysts with 
36 wt% Pt by the citric acid method without any additional reducing agents. XRD 
measurements show a narrow particle size distribution centered around 4 nm.

References
[1] Li, Q.; He, R.; Jensen, J. O.; Bjerrum, N. J., Fuel Cells 4(3) (2004) 147-159
[2] Tsypkin, M.; Briskeby, S. T.; Kongstein, O. E.; Børresen, B.; Tunold, R., The 

8th Frumkin Symposium: “Kinetics of Electrode Processes” Russian Academy of 
Science, Moscow; 18.10.2005 - 22.10.2005, p. 165

[3]  Guo, J.W., Zhao, T.S., Prabhuram, J., Wong, C.W., Electrochim. Acta 50 (2005) 
1973-1983
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Electrochemical characterisation of LSM/YSZ cathode 
in an anode supported cell configuration: considerations 

on the mechanism of oxigen reduction.
P. Carpanese*1, A. Barbucci1, R. Ricotti1, G. Cerisola1, M. Blames Guardia2,  

C. Nicolella3 and M. Viviani4

1DICheP, Università di Genova, P.le Kennedy 1, 16129 Genova, Italy
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3Dipartimento di Ingegneria Chimica, Università di Pisa, V. Diotisalvi 2, 56126 Pisa Italy
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Sr-doped LaMnO3 (LSM) and yttria stabilized zirconia (YSZ) composites are 
widely studied as cathodic materials for high temperature solid oxide fuel cells. The 
oxygen reduction (O.R.) mechanism of these electrodes is still uncertain. In previous 
works we suggested the existence of a “critical” temperature for the activation of 
the entire composite cathode volume close to 750°C and the presence of transport 
limitations. The LSM/YSZ composite cathode is screen printed on a Ni/YSZ cermet 
anode-supported half-cell with yttria stabilized zirconia (8YSZ) electrolyte. The cell 
is characterized by Electrochemical Impedance Spectroscopy in different fuel and 
oxygen partial pressure conditions in the temperature range between 650 and 850°C 
using a two-electrode configuration. The results confirm that between 700 and 800°C 
the rate determining step of the oxygen reduction reaction changes. In this paper, the 
behaviour of the system in a two-electrode configuration is analyzed, with the aim to 
individuate and extract the cathodic contribute from the overall impedance response 
of the anode-supported cell, varying the partial pressure of the reactant gases. Finally, 
the main features to interprete the kinetic mechanisms which control the O.R. process 
in the different temperature ranges are presented and discussed.
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john.cassidy@dit.ie

Environmental remediation of wastewater streams has been reported using  TiO2 
suspensions in the presence of UV light. Similarly organic components in wastewater 
streams have been mineralised using microbial fuel cells where the organics are 
oxidised at an anode while oxygen is  reduced at typically a precious metal based 
cathode. In this work we report the synergy of the above two systems in order to 
improve efficiency of mineralization of organic compounds. 
We report on two systems. The first system was based on a glassy carbon electrode 
coated with a TiO2/PVC composite in a two compartment cell with a Pt foil as cathode. 
The light source was a  150 W xenon arc lamp. Using this configuration it was possible 
to mineralise ethanol and isopropanol. Furthermore, it was also possible to degrade  
acetone and starch which cannot be degraded  by using TiO2 with UV light alone.  In 
this way we  show that the combination of the photo and electrochemical processes 
result in a greater mineralization efficiency. Such a cell has also been used with a 60 W 
tungsten lamp to show that  mineralization can be carried out with visible light. 
The second system is based on carbon ink electrodes; the anode was a carbon ink 
electrode with a surface deposit  of TiO2 and the cathode was carbon ink combined 
with cobalt phthalocyanine. Both of these were placed in a one compartment cell  in 
a Q sun chamber and the effect of exposure of the resulting model sunlight on the 
current was  monitored. 
Optimised systems based on the Photoelectrochemical Fuel Cells, ( PEFC), mentioned 
above will simultaneously reduce the COD of wastewaters while yielding a useful 
current. 
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Electrochemical characterisation of ruthenium 
chalcogenides for direct methanol fuel cells 

K. Scott, W. Yuan, H. Cheng*
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University of Newcastle upon Tyne, NE1 7RU, United Kingdom
*Corresponding author’s email: hua.cheng@ncl.ac.uk

Carbon-supported ruthenium-based chalcogenide materials were prepared and 
characterised using cyclic voltammetry, steady-state polarisation and rotating disk 
electrode techniques (Figs. 1 and 2). Kinetic parameters of the reaction and the 
dependence of the activity for oxygen reduction and methanol tolerance on the 
material composition were established in acid media. The materials were compared 
to Pt cathodes. 
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Novel anode structure for direct ethanol fuel cells
Raghuram Chetty and Keith Scott* 
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Direct methanol fuel cells are projected as potential power source for portable and 
static power applications. Methanol as a liquid fuel has been receiving increased 
attention due to its advantages of easy transportation, storage, high energy efficiency. 
Nevertheless, methanol has the disadvantages of toxicity, low boiling point, and 
is not a primary fuel. Therefore, other alcohols are being considered as alternative 
fuels. Ethanol is an interesting and attractive fuel for portable application. Ethanol 
is non toxic, less volatile, inexpensive and also renewable. However, the oxidation 
of ethanol is more difficult than that of methanol with the necessity of breaking the 
C–C bond for complete oxidation. To increase the electroactivity of ethanol together 
with its complete oxidation to carbon dioxide is a challenging area. In addition, the 
liquid feed alcohol fuel cell suffers from mass transport limitation predominantly at 
the anode due to the low diffusion coefficient of alcohol in water and the formation 
of CO2 bubbles. 
In Newcastle, we have developed a novel electrode; a hydrophilic anode coated with 
platinum based catalyst on to a mesh electrode structure.  Titanium mesh was selected 
as the substrate due to its chemical stability, and can support diverse electrocatalyst 
deposit.  The advantage of the mesh based support includes versatile cell design, and 
low cost anode fabrication. The hydrophilic nature of the anode facilitates alcohol 
transport throughout the electrode and enables efficient gas release from the electrode 
structure. Thermal decomposition and electrodeposition were used to deposit platinum 
based catalysts onto the mesh substrate. The development of anode electrocatalysts 
was associated with the introduction of a more oxidisable metal, such as W, Sn, Pd, 
Ir etc. to Pt and PtRu involving binary and ternary electrocatalyst system. Cyclic 
voltammetry and single direct ethanol fuel cell tests indicate that the novel anodes 
prepared with platinum based catalyst show a competitive performance in comparison 
with the conventional ethanol fuel cells.
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High Temperature PEMFC
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New High Temperature Polymer Electrolyte Membranes 
and their Fuel Cell Performance

M. K. Daletou1,2, N. Gourdoupi1,2,  J. K. Kallitsis1,2 and S. G. Neophytides1*
1Institute of Chemical Engineering & High Temperature Processes, P.O.Box 1414, GR-26500 

Patras, Greece
2 Department of Chemistry, University of Patras, University Campus, GR-26500 Rio-Patras, 

Greece
*neoph@iceht.forth.gr

Polymer electrolyte membrane fuel cells are the most promising renewable power 
generators for zero-emission vehicles and portable applications. High-temperature 
(>120ºC) PEMFCs have recently drawn attention due to their certain advantages. 
Increased tolerance of the anode to carbon monoxide (>0.1 CO at 150ºC), enhancement 
of reaction’s rate, electrochemical performance relatively independent of humidity are 
some of them.
At the heart of the PEM fuel cell is the membrane electrode assembly (MEA). MEA 
consists of a proton exchange membrane, catalyst layers and gas diffusion layers 
(GDL). Starting with the membrane, the requirements that should be met concerning 
its properties are the following: (1) high doping ability with strong acids, (2) high ionic 
conductivity, (3) low electronic conductivity, (4) low gas permeability, (5) chemical 
and oxidative stability, (6) thermal stability, (7) good mechanical properties and (8) 
low cost.
Polybenzimidazole, PBI, has been studied by several research groups and seems to 
be the most promising electrolyte for high temperature PEMFCs. Our approaches to 
the development of new polymer membranes include the synthesis of new aromatic 
polyethers containing polar units in the main chain and the preparation of PBI based as 
well as PBI free blends. Aromatic polyethers were chosen due to their good mechanic 
properties and high thermal stability. The insertion of polar pyridine units was done 
with the view of having sites that could interact with phosphoric acid giving thus good 
doping ability. Characterization of the prepared materials showed that in most cases 
they fulfilled the prerequisites of a polymer electrolyte.  
Further more, different MEAs were constructed and tested in a single 2x2 cm2 fuel 
cell. There are many parameters involved in the construction of the MEAs. The Pt 
loading, the ionomer type, the ratio Pt/ionomer, the doping level and the thickness of 
the membrane, the temperature and pressure of the hot pressing surely affect the final 
fuel cell performance. 
The conductivity of the polymer membrane as well as the different electrode’s 
and MEA’s performance were tested by means of A.C. impedance and Tafel plots 
measurements at various temperatures. Conductivities in the range of 10-2 s/cm were 
obtained while the single cell performance is slightly lower than the one reported for  
the PBI membranes since the system is not yet optimized. 
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Electrocatalysts for Solid Alkaline fuel Cells (SAFC): 
beneficial effect of adding bismuth to Pt/C and PtPd/C 

based catalysts
Laurent Demarconnay, Christophe Coutanceau*, Claude Lamy, Jean-Michel Léger
Laboratory of Electrocatalysis, UMR 6503, CNRS-University of Poitiers, 40 Avenue du Recteur 

Pineau, 86022 Poitiers Cedex, France
Laurent_demarconnay@yahoo.fr

*christophe.coutanceau@univ-poitiers.fr

Solid Alkaline Fuel Cells (SAFC) are promising devices for power generation for small 
power units working under ambient conditions, such as electronic portable devices. 
Comparing SAFC with PEMFC (Proton Exchange Membrane Fuel Cell), the kinetics 
of the ORR (Oxygen Reduction Reaction) is easier in alkaline medium than in acidic 
medium1: thus using non-noble metals as electrocatalysts is possible2. Furthermore, 
the crossover of fuels1 (alcohols, such as methanol, ethanol and ethylene glycol) 
by the electro-osmotic effect will be limited, as a consequence of the hydroxyl ion 
conductivity across the membrane. Moreover, the highest activity of electrocatalysts 
in alkaline medium for alcohol oxidation will allow us to build anodes with low level 
of platinum. These facts may reduce the cost of the fuel cell, particularly that using 
ethylene glycol (EG) as a fuel.
Production units of EG already exist. This product is used in resins, polyester fibers, 
anti-freeze, heat transfer fluid, hydraulic fluid, …3 Ethylene glycol is less toxic than 
methanol and their volumetric energy densities are close (3840 Ah dm-3 for EG 
oxidation to oxalic acid and 3960 Ah dm-3 for methanol oxidation to CO2). Then EG 
seems to be a good candidate as a fuel for a SAFC. 
The aim of this work is to prepare and to characterize the activity of Pt/C and PtPd/C 
based catalysts, modified by bismuth, for the oxidation of EG in alkaline medium. 
Moreover, PtBi/C catalysts have shown a good activity for oxygen reduction in 
alkaline medium and a good EG tolerance. Results concerning the composition, the 
preparation route and tests in a single fuel cell will be discussed.

Acknowledgment: Part of this work was done under the framework of a French PACo 
network project, “ALCAPAC”, coordinated by the CEA Grenoble.
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2  L. Demarconnay, C. Coutanceau, J.-M. Léger, Electrochim. Acta 49 (2004) 4513.
3  Centre for the evaluation of Risks to human reproduction, Reproductive Toxicology 
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Removal of liquid water from PEMFC structure: effect 
of the bipolar plate design
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The pattern of bipolar plates consists often of series of sets of parallel channels 
grooved in the plate. However other distributor designs have been suggested, in 
particular for liquid fuel injected into the cell. The effect of the design on the two-
dimensional gas distribution in the diffusion layers and in the electrode structure, have 
been investigated through CFD modelling. However the issue of liquid water formed 
in the fuel cell structure, and its possible blocking in the grooved pattern of the plate 
has been scarcely investigated, and is discussed in the present paper.
Two 25 cm2 bipolar plates (Electrochem ™) have been considered here: in addition to 
the usual “serpentine” design with 0.8 mm channels, the other design called column-
flow pattern, consists in 2 mm cubic plots placed regularly on the plate surface, with 
two rows of squared orifices at the inlet and outlet. Experiments were conducted in 
the cell fed with hydrogen and air at ambient pressure, with various humidification 
conditions. 112 and 115 Nafion ™ membranes were used. With the thicker membrane, 
liquid water could be formed in the cathodic compartment for high humidification 
of the air injected, as confirmed by mass balances: experiments showed the slow, 
regular decrease of the cell voltage with the current for the column-flow pattern; in 
contrast, the voltage recorded with the other design decreased far more rapidly for 
current densities over 0.1 – 0.2 A cm-2, probably due to flooding phenomena. Use 
of thinner membranes favoured the diffusion of vapour from the cathode side to the 
anode compartment, as expected: the performance afforded by the two plate patterns 
differed to a lower extent.
Visualisation experiments of gas-liquid flow in bipolar plates have been carried out 
with condensation of vapour injected in the feeding gas. High-speed camera has been 
used for observation of the liquid flow through the Perspex layer of the modified cell: 
the column-flow pattern allows more regular removal of the liquid, whereas plug flow 
of water was observed in the serpentine pattern. Interpretation of the data collected, 
sare discussed in the paper.
This conclusions obtained in the investigation are essential in the design of bipolar 
plates, with respect to both the circuit design and the material of the plate.
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Preparation and activity of Pt-TiO2/C composite catalyst 
for electrooxidation of methanol

Duwei, Wang-meili, Huang-chengde*
Department of applied chemistry ,Tianjin university, tianjin 30007

,cdhuang@public.tpt.tj.cn

The direct electro-catalytic oxidation of small organic molecules (SOMs) for 
potential use as fuels in so-called direct fuel cells has been studied in recent years. 
Electrocatalysts having higher activity for methanol, ethanol and fomic acid oxidation 
are critically needed to achieve enhanced fuel cell performance. Poisons such as COads,  
which is often an intermediate on Pt surface of such SOMs electrooxidation reactions, 
resulting in a dramatic decrease in efficiency. Recent studies of developing catalysts 
with transition metal oxides such as SnO2, WO3, TiO2 have shown improvement 
electrocatalytic properties in SOMs electrooxidation. Thus, the purpose of this work 
is to study the influence of some parameters in the preparation of Pt-TiO2/C composite 
catalyst to methanol electrooxidation.
Effects of different aging temperature, aging time and t Ti/Pt molar ratio are researched 
in our experiment. Through the comparison of current by CV, we found the sample 
prepared by higher aging temperature (353K) and longer aging time (24h) shows 
better electro-performance proving its influence in the process of this sol-gel reaction. 
Also there exists an optimal molar ratio of Ti:Pt at 1:2.
Catalyst sintered at different temperature, comparing with commercial Pt/C have been 
tested in our work using CV. With the increase of scan cycles, the current of catalyst 
increase ring-by-ring which differ from commercial Pt/C whose current reduce with 
the increase of scan cycles.[1] At the same time, the current changing with different 
temperature shows an apparent formula which consistent with the ratio the forward 
anodic peak current (If) to the reverse anodic peak current (Ib) which is used to 
describe the catalyst tolerance to accumulation of carbonaceous species. 
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Biocathodes for Biofuel Cells
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Biofuel cells utilise biocatalysts, electrically “wired” to the electrodes, for the 
conversion of raw materials such as methanol or glucose to electrical energy using 
O2 or H2O2 as an oxidiser, thus offering a reasonable energy alternative for e.g. in 
vivo medical applications. Enzymes accelerate the equilibrium formation of chemical 
reactions by a factor of 108-1020 compared to un-catalysed reactions, thus enhancing 
the transformation of traditionally used “fuel” compounds. Hitherto, the glucose-
oxidase-based glucose/O2 and glucose/H2O2 redox systems were mostly used to 
convert glucose to electricity; at present whole organism-based fuel cells are proposed 
to convert sugars to electricity.
For the development of biofuel cells, biocathodes providing the 4e- electroreduction 
of oxygen to water are essential (for more than a century the reference catalyst of 
this reaction has been Pt in 0.5 M H2SO4).  In addition to intensively studied copper 
enzymes, heme enzymes and proteins enabling both O2 and H2O2 bioelectrocatalytic 
reductions are of evident interest. By itself heme demonstrates strong electrocatalytic 
properties, e.g. in the reaction of O2 and H2O2 reductions at potentials of its Fe3+/2+ 
redox conversion close to 0 V (NHE) pH 7. In a polypeptide environment and upon 
interactions with various ligands, the heme active site in proteins can exhibit a wide 
800-mV range of the redox potentials due to its Fe2+/Fe3+- redox couple (from 0.4 
V to -0.4 V), and the redox potentials exceeding 1.4 V for higher oxidation states 
of heme in a number of peroxidases. Bioelectrocatalytic activity of heme promotes 
bioelectrochemical applications of heme proteins and enzymes as biocathodes in 
biofuel cells. Principal applicability of cyt c-cytochrome c oxidase complex and 
microperoxidase in biocatalytic cathodes has already been demonstrated (Katz et al., 
J. Electroanal. Chem. 479 (1999) 64; Wilner et al., J. Chem. Soc., Perkin Trans. 2 
(1998) 1817).  The question is how efficiently heme proteins and enzymes can be 
used in biofuel cells, where electrically “wired” heme will work as a biocathode, 
transforming oxidising energy of O2 and H2O2 in electricity? 
In this paper the bioelectrocatalytic properties of the other heme proteins and 
enzymes that are necessary for constructing biocathodes are discussed. Possibility 
and prerequisites for application of peroxidases, catalases, some multi-cofactor 
heme enzymes, as well as heme-containing globins, which, being not catalysts under 
biological conditions, exhibit pseudo-enzymatic activity under conditions of electrode 
reactions, are analysed.
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Novel supporting materials for Pt nanoparticles in 
electrooxidation of alcohols
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For applications in PEMFCs, high area carbons are usually employed as the supporting

materials. Their alternative are titanium suboxide ceramics having formula TinO2-n

(4�n�10). The composite consisting mainly of Ti4O7 and Ti5O9 is registered as

Ebonex
®
. Ebonex posses metallic conductivity and corrosion resistance superior to

carbon. Additionally, owing to its hypo-d-electron character, Ebonex is capable to

interact with metallic particles. The goal of this work was to investigate the activity of

Pt nanoparticles supported on Ebonex for the electrooxidation of lower alcohols.

BET surface of �������� ������ ������ ��� ����� �� �� ��� �
�
�
��
� The impregnation

method has been applied to synthesize platinum nanoparticles on it. Rather uniformly

dispersed Pt particles of 5�3�nm were obtained. Pt/Ebonex catalyst was dispersed in

mixture of water and Nafion (v/v 20:1). A drop of the suspension was placed on Au

disk electrode. Electrooxidation of methanol, ethanol and 2-propanol was investigated

in acid media by slow sweep polarization of 1�mV�s
-1

.

Onset potential of electrooxidation of alcohols shifts in negative direction with the

increase in the chain length. In the entire potential region up to the maximum on the

polarization curve current densities for oxidation of 2-propanol are the highest and for

oxidation of methanol are the lowest. The current densities (calculated with respect to

the real surface area determined from cyclic voltammetry) were compared to those on

the smooth Pt electrode and no substantial synergetic effect of the Pt particles and

Ebonex support was found.
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Nanostructured bimetallic CATHODIC catalysts 
for pemfc
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Fig.1 Polarization curves for

electrodes with Pt (1), Pt-Co (2),

Pt-Cr (3) and Pt-W (4).
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The performance of hydrogen-air fuel cells are known to be limited by slowness of

cathodic oxygen reduction reaction (ORR). It’s common accepted now that the best

electrocatalysts are multi-component, in particular binary, especially nanosized

metallic systems [1]. Of late fundamental problems concerning size effects in ORR at

Pt-alloys nanoparticles deposited onto carbon supports are still very much in vogue.

Modern methods of mutual reduction of metals from mixed solutions fail to obtain

proper binary systems due to difference in reduction rates for different metals. It stands

to logic to prepare some precursors in which atoms of Pt and another metal (M) being

in stoichiometric relation have direct bonds Pt–M and are surrounded by organic

groups. This approach gives a possibility to impregnate a support, e.g. carbon black by

solution of such a precursor, and then to extract organic constituents by heat treatment

at 350–500
o
C. In result, very even heterometallic coating will be applied onto the

support surface. It must be stressed that the relation Pt:M can be varied in a wide range.

The thermodestruction process can be controlled with DTA, TGA and DSC.

As initial substance for precursor synthesis, ethoxydicyclopentenyle-platinum-ethoxide

(C10H12OC2H5)2Pt3(OC2H5)4 was used. Binuclear complex of cobalt

__2(__)6(____2____2__) and cyclopentadienyltricarbonyls of chromium and tungsten

[C5H5M(CO)3]2 (M = Cr, W) were used as heterometallic counterparts. Three versions

of bimetallic catalysts, specifically of Pt–Co, Pt–Cr and Pt–W systems supported at

carbon black with surface area ca. 600 m
2
/g were synthesized. Atomic relation Pt:M

was equal to unity in all cases. It came to pass that the performances of all catalysts are

barely differ. Open circuit potential at all catalysts studied was close to +0.36 V vs.

Hg/HgSO4, that points to their high catalytic activity in ORR.

Fig. 1 shows polarization curves for ORR at gas-

diffusion electrodes with catalysts of the systems

Pt–Co, Pt–Cr and Pt–W. Current density at potentials

+0,2, +0,1 and 0,0 V amounted, correspondingly to

35, 350 and 1500 mA/cm
2

for electrodes with Pt–Co

and Pt–Cr catalysts. Some fading of catalytic activity

of Pt–Co system was found in the course of

prolonged testing. This phenomenon could be

explained by selective Co leaching. Other systems

have much more stability. The specific activity of

catalysts was close to 1500 A/g at the

potential of 0.0 V.

���������

[1] R.C. Koffi, C. Coutanceau, E.Garnier, et

al.,  Electrochimica Acta ��, 4117 (2005).
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Comparision of different ternary pt-ru-x catalysts 
dispersed on poly(3-methyl) thiophene conducting 
polymer  towards the electrooxidation of methanol

S. Güney,  I. Becerik*
           Istanbul Technical University, Faculty of Science and Letter, Department of Chemistry,

34469 Maslak, Istanbul-TURKEY
* becerik@itu.edu.tr

Direct Methanol Fuel Cell (DMFC) is an ideal power source for electric vehicles 
because of favourable properties of methanol as a fuel. Methanol is a liquid which can 
be easily stored, handled and produced from oil,natural gas,coal or biomass. Thus,it 
should be widely available and cheap. Morever,the DMFC can run at low temperatures 
(around 1000C) and does not require fuell processing.
For a long time, platinum was considered as the best electrocatalyst in acidic medium 
for methanol oxidation in terms of fuel cell application. However, the methanol 
oxidation at a platinum electrode is a self-poisoning reaction, owing to strongly 
adsorbed COads or COHads by chemisorption of methanol. In order to enhance the 
performance of the platinum electrode, one way is to increase the active surface area 
by dispersion of the catalyst as small particles on a convenient conducting support.  
This can be achieved by the use of a conducting polymer such as  polythiophene, 
polypyrrole or poly aniline.
The use of bimetallic catalysts such as Pt-Ru improves the performance of practical 
electrodes and decrease poisoning. Moreover, the preliminary experiments have shown 
that the incorporation of a third metal to the binary catalyst enhanced the performance 
of methanol oxidation compared to Pt-Ru, at low potentials. 
In this study, the electrochemical oxidation of methanol was investigated on Pt-Ru-
X ternary metallic catalysts (with X= Mo, Cr or V). The catalysts were prepared by 
electrochemical deposition and dispersed in a conductive three-dimensional matrix, an 
electronic conducting polymer, poly 3-methyl thiophene (P-3MeT). The performance 
of ternary catalyst on methanol oxidation was compared to that of binary catalyst 
under the same experimental conditions. The anode compositions were verified using 
XRD and  XPS technique.
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“Cross-Talk” in Carbon Corrosion of PEMFC/DMFC 
Wendy Haglund*, Madeleine Odgaard, Kristina Edström & Josh Thomas 
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*wendy.haglund@mkem.uu.se

Carbon corrosion is a fundamental issue in PEMFC/DMFC fuel cells. Carbon is 
currently the major material component in the electrodes and flow-plates; degradation 
of these components will seriously influence the performance and lifetime of the 
fuel cell.  In the course of our work, we have found that corrosion occurs in both 
components, resulting in material degradation. 
Indeed, corrosion of the carbon in the electrodes influences the performance of the 
flow plates and vice versa. Such “cross-talk” will be discussed in detail on the basis 
of results obtained using a DMFC test set-up. The effect of the corrosion products on 
the proton-conducting membrane will also be discussed. Corrosion products from the 
carbon components in the electrodes and flow-plates can perturb ion transport through 
the membrane. The effect of this on fuel-cell performance and lifetime will also be 
discussed. 
All flow-plate and Membrane Electrode Assembly (MEA) examinations were made 
using SEM, EDS and XPS.
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Validation of a 2D-MCFC model to an industrial plant
Matthias Gundermann1, Peter Heidebrecht2, Kai Sundmacher1,2* 

1Otto-von-Guericke-University Magdeburg, Universitätsplatz 2, 39106 Magdeburg, Germany
2Max-Planck-Institute Magdeburg, Sandtorstraße 1, 39106 Magdeburg, Germany

*Sundmacher@mpi-magdeburg.mpg.de

High temperature fuel cells such as MCFC and SOFC are devices for combined 
stationary power and heat supply. Although several industrial companies have 
successfully operated field trial plants based on these concepts and have thereby proven 
their technical feasibility, there are still some issues that need to be dealt with on the 
way to commercialisation. Many of these issues are closely correlated to the spatially 
distributed temperature profile in the cells. Thus, knowledge and understanding of this 
state is important for the further development of these systems.
Unfortunately, temperature measurement inside high temperature fuel cells is difficult, 
so sufficient direct information on the actual temperature field is not available. In order 
to reproduce actual temperature profiles and predict them under arbitrary operating 
conditions and varying design parameters, a spatially distributed model for a cross-
flow MCFC has been developed. This model consists of highly linear, coupled partial 
differential equations of hyperbolic and parabolic type and an integral equation. The 
complexity of the model leads to a high effort for its numerical solution. To ensure 
good quantitative agreement of the model with measurement data, an extensive model 
validation is carried out using a 250 kW industrial MCFC plant.
This validation process requires an elaborate strategy for several reasons. Firstly, 
although the plant is equipped with a large array of sensors, measurement information 
is incomplete and not always reliable. Secondly, with more than 20 unknown 
parameters, the number of fitting parameters is rather high. Thirdly, the parameters 
must not only be fitted to a single operating point, but to a whole range of load cases. 
The last reason is the complexity of the model, which impedes the simultaneous 
adaptation of all parameters with a least squares method.
To handle this challenge, a threefold strategy is applied. First, a black box modelling of 
several compartments of the system is used to complete and correct the measurement 
data obtained from several load cases covering a whole operating range. In this step, 
compliance of the measurement data with the conservation laws of mass and energy 
is established and the reliability and uncertainty of each single measurement source 
is taken into account. The second aspect is a parameter sensitivity analysis, which 
has to be performed repeatedly as parameter values are changed during the validation 
process. This analysis helps to eliminate insensitive parameters which can be set 
to arbitrary high or low values, depending on the parameter. The third aspect is a 
separation approach, where parts of the model containing single parameters or small 
parameter groups are isolated and fitted independently from the rest of the model. 
Even in those cases where a total isolation of a part of the model is not possible, this 
approach helps to identify parameter groups that can be fitted alternately.
In this contribution, after a short overview over the mathematical model, the authors 
focus on the various aspects of the validation strategy and finally demonstrate a 
comparison of the validated model with measurement data.
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Characterization of Proton Selectivity through 
Poly(vinyl alcohol) Based Polymer Electrolyte 

Membranes for Direct Methanol Fuel Cell
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Characterization of Proton Selectivity through Poly(vinyl alcohol) Based Polymer

Electrolyte Membranes for Direct Methanol Fuel Cell
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A direct methanol fuel cell (DMFC) using polymer electrolyte membranes (PEMs)

are one of the most attractive power sources due to the stable operation at a low

temperature, the high energy generation yield and energy density, the simplicity of

system. PEMs for DMFC have been developed in order to reduce methanol crossover as

well as to reach high proton conductivity. In this study, PEMs were prepared by casting

mixed solution of poly(vinyl alcohol) and poly(vinyl alcohol-co-2-acrylamido-2-

methylpropane sulfonic acid) (AP-2) on a glass plate and drying it at 50
o
C. The PEMs

obtained were annealed at various

temperatures for 20 min and then were cross-

linked chemically by immersing them in a

glutaraldehyde solution at 25
o
C for 24h to

control their water content. The ionic

conductivity, mechanical strength and

methanol permeability of the membranes have

been measured as a function of the AP-2

content.

The water content of the PEMs increases

with AP-2 content because osmotic pressure in

the PEMs increases with increasing the

number of the charged groups. The water

content decreases with increasing annealing

temperature because the degree of

crystalinity in the PVA matrix increases

with increasing annealing temperature.

The proton conductivity (� ) and

methanol permeability (�) of the PEMs

increase with increasing AP-2 content

because the water content of the PEMs

increases with increasing AP-2 content.

Fig. 2 shows the proton permselectivity (� �

of the PEMs, which is defined as � = � /�,

as a function of AP-2 content. The proton

prmselectivity increases with increasing

AP-2 content. The PEMs annealed at

170
o
C have higher proton permselectivity

than Nafion®117.
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����� Chemical structure of AP-2.

����� The proton permselectivity, �, as a

function of AP-2 content, �����. Temp.: 25
o
C

MeOH: 10M.

Annealing temperature��,170
o
C��,160

o
C

Dotted line: � of Nafion®117 under the same

conditions.
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Anhydrous Nafion-Bz Proton Conducting Membranes 
for High Temperature PEFCs

Je-Deok Kim1,*, Toshiyuki Mori1 and Itaru Honma2

1National Institute for Materials Science (NIMS), 1-1 Namiki, Tsukuba, Ibaraki, 305-0044, Japan
2Nano-energy Materials Group, National Institute of Advanced Industrial Science and Technology 

(AIST), Tsukuba, Ibaraki, 305-8568, Japan
*Kim.jedeok@nims.go.jp

Currently, PEFCs (polymer electrolyte fuel cells) are expected that energy conversion 
devices in the future that have higher energy efficiency than membrane fuel cells 
will become a leading alternative to internal combustion engines. However, the high 
materials cost and complicated water management are major obstacles for PEMFCs. 
Moreover, CO, which is contained in the hydrogen gas reformed by hydrocarbons 
at the ppm level, can severely poison the anode catalyst of membrane electrolyte 
assemblies (MEAs) and can cause significant loss in energy efficiency. On the other 
hand, the operation of PEMFCs at intermediate temperatures (100-200oC) has been 
considered to provide many advantages such as improved CO tolerance of the Pt 
electrode, reduction of the amount of Pt electrode materials, higher energy efficiency, 
better heat management, and co-generation. Many temperature tolerant polymer 
materials have been synthesized, and protonic conductivity and cell performance at 
elevated temperature ranges have been investigated intensively.
Here we synthesized anhydrous Nafion-Benzimidazole (Bz) composite proton 
conducting membrane. The thermal stability and chemical structures of these composite 
membranes are investigated by thermogravimethric analysis (TG) and FTIR. The 
proton conducting membrane showed the excellent proton conductivity of 10-3 – 10-2 
S/cm at the high temperature of 140 – 200oC under anhydrous conditions. The proton 
in the acid-base membrane can transfer from deprotonated anions to protonated cation 
with proton hopping mechanism. The cell performance of the membrane is on going.
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Characteristics of Al-reinforced γ-LiAlO2 matrices for 
molten carbonate fuel cells

Jong Jin Leea, Sang Hoon Hyuna*, and Hee Chun Imb

a School of Advanced Materials Science and Engineering, Yonsei Univ., Seoul 120-749, Korea
 b Korea Electric Power Research Institute, Daejeon 305-380, Korea

*E-mail: prohsh@yonsei.ac.kr

Ȗ

Ȗ
Ȗ

ྫ ྫ

ྫ

೗

Ȗ ೗ ˧

Ȗ

Ȗ



S
y
m

p
o
s
iu

m
 1

0
 -
 P

o
s
te

r

Formic acid oxidation on glassy carbon supported 
platinum nanoparticles – strustural effect
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ICTM-Institute of Electrochemistry, University of Belgrade, Njegoševa 12

P.O.Box 473, 11 000 Belgrade, Serbia and Montenegro
Vlad@tmf.bg.ac.yu

Formic acid oxidation on glassy carbon supported
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Prepration and characterization of ternary carbon-
supported platinum-tin based nanosized electrocatalysts 

for direct ethanol fuel cell
S. Beyhan, F. Kadırgan

Chemistry Department, Istanbul Technical University, 34469, Maslak-Istanbul
kadirgan@itu.edu.tr

As an alternative fuel, ethanol is safer and exhibits higher energy density than methanol. 
As well known, ethanol electrooxidation is more difficult than that of methanol. So 
far, it is difficult for the state of the art PtRu catalyst to oxidize ethanol completely, 
with many intermediates produced which lead to electrocatalyst poisoning [1-4]. The 
electrocatalytic activity of Pt can be greatly enhanced by using Pt-Sn/C for ethanol 
oxidation (5-7). In the present work, several carbon supported nanosized PtSnMn and 
PtSnCu catalysts were synthesized and characterized by X-ray diffraction (XRD). 
Their electrocatalytic activities toward ethanol were also investigated in function of 
working temperature.
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Preparation and characterization of bimetallic carbon-
supported platinum-palladium based nanosized 

electrocatalysts for direct methanol fuel cell
T. Atılan Arıkan, S.Beyhan, F. Kadırgan

Chemistry Department, Istanbul Technical University, 34469, Maslak-Istanbul
kadirgan@itu.edu.tr

DMFCs have been studied and considered as possible power sources for the portable 
electric apparatus and electric vehicles and it has benefits such as high energy density 
of methanol, availability and portability (1,2). Poor efficiency of platinum at the 
anode was observed due to the slow kinetics methanol oxidation. Pt-Pd system have 
been reported to be promising catalysts and tolerant toward CO formation during the 
electro-oxidation of methanol in direct methanol fuel cells (3). In this work, typical 
catalyst metals are platinum, palladium and typical support particles are Vulcan XC-
72. The method of making carbon supported Pt-Pd  catalyst is provided comprising the 
steps of providing the solution of metal chlorides of catalyst metals in solvent system 
containing at least one polyalcohol(ethylene glycol), forming a colloidal suspension 
of  catalyst metal nanoparticles by raising the pH of the solution and heating the 
solution, adding support particles to the colloidal suspension, depositing the catalyst 
metal nanoparticles on the support particles by lowering the pH of the suspension 
(4).
Methanol electrooxidation was investigated using this catalyst. The results were 
compared to commercially use Pt-based E-TEK catalysts. The surface characterization 
was made by XRD.
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 Comparison of electrocatalytic activity towards oxygen 
reduction of some metallophthalocyanines incorporated 

carbon and ultra dispersed diamond electrodes
S. Sari Ozenler, A.Yorur, A. Kalkan, Z. A. Bayir,  F. Kadirgan 

Chemistry Department, Istanbul Technical University, 34469, Maslak-Istanbul
kadirgan@itu.edu.tr

Stability, oxygen reduction reaction activity and methanol resistivity of some different 
transition metals ( Co, Fe, Cu....) based 2,916,23 - Tetrakis (4’-carbohexyloxybiph
enyloxy) phthalocyanines were investigated. Transition metal based catalysts were 
prepared either on carbon (Vulcan XC-72) supported or diamond (Alit Co.) supported 
carbon papers using potentiometric methods. The effect of heat treatment was 
investigated. Their catalytic activities were tested for oxygen reduction reaction as 
a function of working temperature. The results were compared to commercially use 
Pt-based E-TEK catalysts. The methanol tolerance of catalysts was also tested under 
the same experimental conditions.  The surface characterization was made by XRD. 
Complex structure has been characterized by FTIR, NMR, UV-visible spectroscopy. 
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Thin film electrodes and PVDF-g-PSSA membrane for 
direct methanol fuel cell

Petri Kanninen, Kyosti Kontturi*
Helsinki University of Technology, Laboratory of Physical Chemistry and Electrochemistry,  

P.O. Box 6100, FI-02015 TKK, Finland.
*kontturi@cc.hut.fi

In this work, the applicability of manufacturing membrane-electrode assemblys (MEA) 
by painting the electrode on an experimental poly(vinylidene fluoride) membrane 
grafted with polystyrene sulfonic acid (PVDF-g-PSSA) is investigated. The price of 
PVDF-g-PSSA is significantly lower than that of commonly used Nafion® because of 
its simple manufacture process by radiation grafting [1]. The goal of the experiments 
is to find the best method to prepare MEAs for the direct methanol fuel cell (DMFC) 
by changing the composition of the electrode layer and hot-press conditions.
The results show that even during a short test period the electrode layer with Nafion 
matrix breaks off from the PVDF-g-PSSA membrane. This decreases the performance 
of the fuel cell radically, e.g. at 60°C 90% decrease in performance after 5 days. 
This is quite the opposite, when compared to electrodes painted on Nafion. The 
performance of the Nafion MEA actually improved during the first days of testing by 
10% at 60°C. The electrode remained firmly on the membrane. However, when each 
test was started, the performance of the PVDF-g-PSSA MEA was 5% better than the 
Nafion MEA showing it has good potential to replace Nafion, if durability is improved. 
When the hot-pressing temperature of the PVDF-g-PSSA MEA was increased, its 
performance generally improved but the decay over time was only slightly affected. 
The optimum value of the anode’s Nafion content was determined to be 60% of the 
amount of the metal catalyst. Lowering the temperature of the fuel cell to 30°C slowed 
the degradation so that the decrease of performance was 10% after 5 days.
According the measurements it can be concluded that the decline of performance 
has two stages: first a quick and steep decrease over a couple of days and after that 
a slow decay. The former can be attributed to the failing of the electrode structure. 
This causes proton and electron conductive channels and diffusion routes to be cut 
off or blocked. The active amount of catalyst decreases strongly. The latter can be 
attributed to the solvent action of methanol that slowly removes both Nafion and 
catalyst from the electrodes. The cause of decomposition is probably the mechanical 
incompatibility between the membrane (PVDF-g-PSSA) and the matrix material of 
the electrode (Nafion). The membrane also curls up when wetted so that it may have 
strong tension when it is spread out and put in the fuel cell.
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Dimethoxymethane (DMM) as an alternative fuel for  
direct oxidation fuel cells
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The influence of pt-ru catalysts structure on their 
activity in dmfc

O. A. Khazova*, V. A. Grinberg, A. A. Pasynskii1, E. K. Tusseeva, A. A. Mikhaylova
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry Russian Academy of Sciences, 

119991 Moscow, Leninskii Prospect 31, Russia, *e-mail address: okhazova@mail.ru
1N.S. Kurnakov Institute of General and Inorganic Chemistry Russian Academy of Sciences

The influence of binary catalyst structure on its electrocatalytic activity is widely 
discussed in literature. A high activity of Pt-Ru/C E-TEK catalyst is usually accounted 
for by the uniform distribution of Pt and Ru atoms on the surface of carbon nanoparticles. 
Pt and Ru form an alloy that has fcc lattice of Pt, Ru being dissolved in the alloy 
solid solution. Pt-Ru electrodeposited catalysts developed earlier in our laboratory 
had as high electrocatalytic activity as conventional Pt-Ru/C E-TEK catalyst. The 
EXAFTS data for electrodeposited Pt-Ru electrodes indicated the presence of Pt-Ru 
alloy structure. The catalyst consisted of small (1-2 nm in diameter) particles, Ru 
atoms being present mainly on the particle surface. At the same time the promising 
results for decorated Pt/Ru and Ru/Pt catalysts show that alloy formation is not the 
only factor that provides high catalytic activity.
In this research nanostructured carbon supported Pt-Ru catalyst was prepared from 
Pt ethoxy-complex and tetracarbonyl of Ru by thermal destruction at 500o C in Ar 
atmosphere. The real surface area was measured   by oxidative stripping of preadsorbed 
CO in 0.5 M H2SO4. The kinetics of methanol oxidation was investigated by steady 
state polarization curve measurements in 1 M CH3OH + 0.5 M H2SO4 at 60o C. Bulk 
and surface ratio of Pt and Ru was determined using EDX and XPS analyses. Phase 
composition and lattice parameters were characterized by XRD.
The data obtained in this research show that Pt-Ru/C catalyst as prepared is so 
highly active as conventional E-TEK catalyst but loses its activity during storage. 
The total currents of methanol oxidation decreased by 7-8 times during storage, the 
real surface area of the catalyst decreasing only by two times. That means that the 
catalyst gradually loses its intrinsic activity. The current maxima and the region of 
COads stripping shifted to more positive potentials testifing to the loss of the catalyst 
activity in CO oxidation reaction.
 XRD analyses of the catalyst samples have shown the absence of Pt-Ru alloy structure. 
XPS analysis of Pt-Ru/C electrode manufactured with this catalyst has shown the 
decrease in Ru content on the surface after electrochemical testing. The preliminary 
conclusion can be drawn that the alloy formation does not considerably influence the 
initial activity of binary catalyst but is important for its stability during storage and 
electrochemical testing.
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Structure of diffusion electrode for air breathing 
operation in direct methanol fuel cells
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Direct methanol fuel cells (DMFC) are attractive power for the portable electronic

devices. However, using the pump or fan for supplying the air and liquid methanol was

improved [1-4].

In this study, structure of diffusion electrode for air breathing condition without pump

or fan was developed. To operate of air breathing conditions for DMFC, cathode

electrode has two functions. One is supplying the air in the catalyst active site and the

other is exhausting the water that was produced by electrochemical reaction. Size and

surface area of the pore of catalyst layer was controlled in the range of 10-50 nm and

below 10 m2/g because big pore was advantage of supplying air in the catalyst don’t

prevent from the produced water. On the other hand, anode electrode has 3-6 nm pore

size for control the amount of liquid methanol in order to prevent from methanol

crossover to cathode electrode.

MEA was prepared by this electrode using the hot press and performance was tested.

Fig.2. shows current density profile and performance achieved above the 150

mA/cm2 at 0.4V operation.
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Electrochemical Behavior of Co/Ce Coated Ni cathode 
for Molten Carbonate Fuel Cells (MCFCs)
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Ni/YSZ composite electrodes for high performance and 
durability of solid oxide fuel cells

Sun-Dong Kima, Hwan Moona, Sang-Hoon Hyuna*, Jooho Moona, Joosun Kimb, and 
Hae-Weon Leeb

aSchool of Advanced Materials Science and Engineering, Yonsei Univ., Seoul 120-749, Korea
bNMRC, Korea Institute of Science and Technology, Seoul 136-791, Korea

*E-mail: prohsh@yonsei.ac.kr

NiO-YSZ composite powders, which composed of nano-sized NiO and YSZ coated on 
YSZ particle, were synthesized by the Pechini process for improving the performance 
and durability of solid oxide fuel cell (SOFC) anodes, and their microstructures and 
electrical properties have been investigated.  Ni-YSZ electrodes were manufactured 
by sintering the die-pressed NiO-YSZ pellet at 1400℃ for 3 h, followed by reducing 
it at 800℃ under hydrogen atmosphere.  The NiO/YSZ composite anode with high 
homogeneity and large three phase boundaries (TPBs) showed an excellent tolerance 
against the redox cycling and the thermal aging.  The maximum power density of 
a single cell using this NiO/YSZ anode was found to be over 1 W/cm2 at 800℃ 
in reactive gases of humidified hydrogen and air.  The cell shows also excellent 
initial (<12 h) stability of 0.905~0.907 V at 0.3 A/cm2 under galvanostatic tests.  It 
can be concluded that the functional NiO/YSZ composite powder will suppress the 
degradation of anodes and enhance the long-term and redox stability of the unit cell 
at elevated temperatures.  Further, functional electrodes composed of active thin layer 
between large porous Ni-YSZ support and YSZ electrolyte layer using composite 
powder is being investigated for improving the performance of the IT-SOFCs.
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Electrochemical Conducting of PVDF/SPEEK 
Composite Membrane with Surface Treated for DMFC
Han-Joo Kim,  Sun-Kyung You,  Jong-Eun Park1, Tetsuya Osaka1, Soo-Gil Park* 

Reserch Center of Energy Storage, Chungbuk National University,
12, Kaeshin, Heungduk, Cheongju, Chungbuk, 361-763, Korea

1Graduate School of Science and Engineering, Waseda University,
 Shinjuku, Tokyo 169-8555, Japan

*sgpark@cbnu.ac.kr

In the last decade, the development of the direct methanol fuel cell (DMFC) had 
gained much interest mainly for portable power application. A key component of 
(DMFC) is the proton exchange membrane, which is required to have low liquid 
uptake at water and methanol. The SPEEK is typically obtained by either directly 
introducing sulfonic acid groups onto the polymer backbone or direct polymerizing 
sulfonated monomers. 
In this study, poly(vinylidiene difluoride)/Sulfonated poly(ether ether Ketone) hybrid 
membranes were prepared to evaluate the possibility of use as a proton exchange 
membrane for direct methanol fuel cell (DMFC). PVdF and Sulfonated poly(ether 
ether ketone) was use to increase proton conductivity, and simultaneously to prevent 
methanol transport through the cross linked membrane. The Nafion-PVDF/SPEEK-
Nafion(NPSN) composite membrane was prepared by immersing the SPEEK in the 
Nafion-containing casting solution. 
  Furthermore, in order to improve the composite properties for DMFC applications, 
the single phase pure polymer method was discussed. 
SPEEK/ TiO2 10.0% membrane with exhibit performances comparable to that of  
SPEEK/ TiO2 2.5% membrane due to lower methanol crossover, and the performance 
of SPEEK/ TiO2 10.0% membrane at high current densities with methanol (2M) high 
than SPEEK/ TiO2 2.5% membrane due to lower methanol permeability. Increasing 
the titanium oxide content in the SPEEK composite membranes leads to a decrease 
of the MeOH permeability. The reason for these results is related with the increasing 
amount of inorganic filler in the membranes, which increases the membranes barrier 
properties in terms of mass transport.
  However, separations of the electrodes from the SPEEK membrane were observed 
after 2 hour of operation in DMFC due to the poor adhesion and bonding properties. 
Further work is needed to overcome this problem and fully assess the long term 
stability. Nevertheless, the lower cost and methanol crossover compared to that of 
Nafion make the SPEEK membranes promising alternatives for DMFC.
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Nanoporous materials growth and transport
Ramkumar Krishnan, John D’Urso, Jeff Baker, Timothy Tighe, Ramesh Koripella*

* Motorola, 2100 E. Elliott Rd, MD: EL 325, Tempe, AZ 85284
r.koripella@motorola.com

Nanoporous materials have wide applications in the energy research.  For example, in 
the processing of micro fuel cells, the gas diffusion layers and the current collectors 
can be fabricated using the nanoporous conductive layers.  Gold nanoporous layers 
on porous alumina substrates were prepared by co-evaporating silver/gold metals and 
subsequently dealloying the composition by selectively removing the silver metal 
leaving a nanoporous gold film.  Using a similar process, patterned gold nanoporous 
layers were also prepared on a silicon substrate with prefabricated micro holes.  XPS 
analysis was performed to analyze the deposited alloy composition as well as the 
dealloyed film compositions.  Pressure drop across the membrane and gas permeability 
were measured for the nanoporous gold films.  The influence of alloy composition 
(Ag/Au ratio), dealloying etch times and the influence of thermal annealing on the 
structure of the porous film were studied.  Application of these nonporous films for 
the fabrication of micro fuel cells will be discussed.
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Utilising Impinging Jet measurements to characterize 
oxidation of small organic molecules on platinum

Gregory Offer, Anthony Kucernak* 
Department of Chemistry, Imperial College London, London SW7 2AZ, United Kingdom

*a.kucernak@imperial.ac.uk

Platinum based catalysts for the electrooxidation of hydrogen and small organic 
molecules are very important for fuel cell applications. Carbonaceous intermediates 
(for instance CO) are potent poisons in hydrogen fuel cell, or poisoning reaction 
intermediates within the direct methanol fuel cell, requiring the anode catalyst to 
operate at high over potential, reducing the efficiency of the cell. Therefore, the ability 
of a fuel cell catalyst to promote the oxidation of such intermediates at lower over 
potentials has always been seen as a significant step towards commercialising fuel 
cells. In order to design better catalysts a complete understanding of these intermediates 
we have developed approaches utilising an impinging jet to characterise the surface 
coverage and composition of species adsorbed on the electrode surface.
The impinging jet approach is useful as it allows rapid variation of electrolyte 
composition whilst maintaining full electrochemical control of the system and is 
thus ideally suited to studying electrochemical surface modification and the resultant 
effects on reactions or processes1. The main issue with the impinging jet approach 
is associated with the non-uniform access of wall-jet type cell configurations2. We 
have developed a critical improvement to this technique which allows us to attain 
uniform access across the entire electrode surface. This is accomplished by utilising a 
sufficiently small electrode (Ø≈100μm), and position that electrode above the point at 
which the boundary layer is thinnest.
We have used the impinging jet approach to measure the electrooxidation of hydrogen 
on a platinum surface with different coverages of CO and other carbonaceous species. 
Specifically, we find that the hydrogen oxidation reaction (hor) is very sensitive to CO 
coverage, and we can use the hor to study the early stages of CO oxidation.
Results showed significant differences in the structure of CO admitted at potentials 
within the hydrogen region and the double layer region, consistent with the literature. 
Significant differences in the structure of CO monolayers prepared by incomplete 
dosing compared to complete dosing followed by partial stripping, were also seen, 
again consistent with the literature. The different CO submonolayer structures 
influenced the hydrogen electrooxidation reaction in different ways, from which it 
is possible to extract insight into the mechanism and kinetic data for the hydrogen 
electrooxidation reaction. 
The impinging jet system has also been used to examine the electrooxidation of 
methanol, formaldehyde and formic acid, and allows the determination of the reaction 
intermediates for those oxidation processes.

References
1. Bergelin, M.; Wasberg, M. Journal of Electroanalytical Chemistry 1998, 449, 

181.
2. Melville, J. L.; Coles, B. A.; Compton, R. G.; Simjee, N.; Macpherson, J. V.; Unwin, 

P. R. Journal of Physical Chemistry B 2003, 107, 379.
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Sulfonated poly(arylene ether)s/poly(1-vinylimidazole) 
for high temperature pemfc applications
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Acid-doped poly[2,2_-(�-phenylene)-5,5_-bibenzimidazole] (polybenzimidazole,

PBI) and poly(2,5-benzimidazole) (ABPBI) have been studied to substitute for Nafion-

type polymers [1,2]. They show high proton conductivity and high CO tolerance at high

temperature and under low relative humidity conditions

In this study, novel membrane was prepared by blending ionically two different type

of polymers based on the sulfonated poly(arylene ether)s and poly(1-vinylimidazole) in

order to operate PEMFC at high temperature above 150°C without humidification. The

acid/base blend membrane was impregnated in phosphoric acid with excess P2O5 to

transfer protons. This membrane was characterized by FT-IR, SEM/EDX, and XPS.

Line scanning of cross-section of the membranes showed uniform distribution of

phosphoric acid. XPS data confirmed that the nitrogen atom of imidazole was involved

in the ionic interaction in the blend membrane [3]. The blend membrane had the high

proton conductivity and good cell performance being suitable for high temperature

PEMFC.
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Fuel-cell Electrodes based on PAMAM-Dendrimer-
encapsulated Platinum Nanoparticles Immobilized on a 

Carbon-paper Support
J. Ledesma-García, Thomas W. Chapman, Luis A. Godínez*

Electrochemistry Department, Centro de Investigación y Desarrollo Tecnológico en 
Electroquímica, Parque Tecnológico Querétaro, Sanfandila, Pedro Escobedo, C. P. 76700, 
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*lgodinez@cideteq.mx

The development of new nanostructured materials with high surface area represents 
one of the most important and active research topics in the world today. Their 
importance derives from the large number of potential applications, as in catalysis, 
chemical sensors, and others1-2.  Dendrimer-metal nanocomposites have been widely 
studied from the point of view of their catalytic properties. These materials are prepared 
by sorbing metallic ions into hydroxyl- and amine-terminated poly(amidoamine) 
dendrimers where they complex with interior amine groups. After that, chemical 
reduction of the metal ions yields dendrimer-encapsulated metal nanoparticles3-4. 
These structures have been immobilized on various supports. A strategy was recently 
reported for grafting dendrimer-encapsulated platinum nanoparticles to glassy carbon 
electrodes by cycling the potential, which resulted in very stable films5. 
In this work, we report preliminary studies on the construction and evaluation 
of a fuel cell based on porous-carbon substrates modified with PAMAM G4-OH-
dendrimer-encapsulated platinum nanoparticles. The porous-carbon surface was first 
functionalized with anhydride-like species by means of electrochemical treatment6, 
and then platinum-encapsulating dendritic material was incorporated following 
the literature report5. Electrochemical studies revealed the presence of platinum 
nanoparticles on the porous carbon surface as well as their catalytic activity for the 
oxygen reduction reaction. Finally, a hydrogen-oxygen fuel cell was constructed from 
two plates of the previously modified commercial carbon paper separated by a Nafion 
115® proton-exchange membrane. The fuel cell was evaluated by means of voltage-
current profiles and power-density plots. Preliminary results indicate that this new 
fuel-cell-electrode concept offers the potential for efficient energy generation.

[1] H-F. Cui et al., J. Electroanal. Chem. 577 (2005) 295. 
[2] K. Esumi, R. Isono, T. Yoshimura, Langmuir 20 (2004) 237.
[3] M. Zhao, L. Sun, R. M. Crooks, J. Am. Chem. Soc. 120 (1998) 4877.
[4] L. Balogh, D. A. Tomalia, J. Am. Chem. Soc. 120 (1998) 7355.
[5] H. Ye, R.M. Crooks, J. Am. Chem. Soc. 127 (2005) 4930.
[6] Y. Yang, G. Lin, J. Appl. Electrochem. 25 (1995) 259.
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Development of anode catalyst in HCOOH oxidation: 
Electrochemical characteristics and fuel cell operation 
Jae Kwang Leea, b, Jaeyoung Lee*, a, Jonghee Hana, Tae-Hoon Lima, Yongsug Takb 

aKorea Institute of Science and Technology, Seoul 136-791, Korea
bDepartment of Chemical Engineering, Inha University, Incheon 402-751, Korea

*jaeyoung@kist.re.kr

Platinum nanoparticles are usually used as the base anode catalyst in fuel cells. However, 
platinum is easily poisoned by carbon monoxide (CO), a reaction intermediate, and 
the poisoned surface is no longer active. Therefore, various Pt-based binary catalysts 
have been investigated with the view of enhancing the catalytic activity by eliminating 
or inhibiting the CO poisoning effect on the basis of a bifunctional mechanism, an 
electronic effect, or third-body effect [1]. Whereas many kinds of metals such as 
ruthenium, tin, palladium, tungsten etc. are widely researched as additive metals to 
platinum for the oxidation of methanol, appropriate materials to be added to the anode 
for the oxidation of formic acid has not yet been examined sufficiently. Especially, 
as gold has not been examined fairly as the anode of direct formic acid fuel cell, this 
investigation would prepare and compare the behavior of platinum black, gold, and 
platinum-gold nanoparticles as the anode.
In this work, we investigated electrochemical characterization of Pt-based 
catalyst were synthesized by conventional impregnation reduction method. for the 
electrocatalytic HCOOH oxidation. Enhanced electrooxidation was observed in the 
cyclic voltammetry and current-potential polarization curve was showed possibility 
as anode catalyst for direct formic acid fuel cell (DFAFC). In order to identify the 
structural characteristics and the alloy formation of nanoparticles, X-ray diffraction 
(XRD) analyses were carried  out.

 
Reference
[1] E. Rach, J. Heitbaum, Electrochimica Acta 32 (1987). 



S
y
m

p
o
s
iu

m
 1

0
 -
 P

o
s
te

r

A structured Co-B catalyst for H2 extraction from 
NaBH4 
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Lima, Suk Woo Nama 

aKorea Institute of Science and Technology, Seoul 136-791, Korea
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Of late, the occurrence of increasing demand of portable electronic devices with 
high power density immediately raises the intention of low temperature fuel cells as 
an alternative power source of lithium ion batteries. Obviously, among the various 
types of fuel cell, direct liquid fuel cell (DLFC) using methanol, formic acid, methyl 
formate, dimethyl ether etc., has been developed as a strong candidate mainly due to 
availability of fuel supply and easy handling. Even though the PEMFC using hydrogen 
as a fuel has a higher efficiency and power density than DLFC, H2 supply has been 
an obstacle to the application of PEMFC to portable power sources. Therefore the 
hydrogen storage and generation systems are important for the application of PEMFC. 
Hydrogen has been stored in tanks of compressed or liquefied H2, in hydrogen-storing 
alloys, and on activated carbon or carbon nanotubes or graphite nanofiber, or in a 
hydrogen-adsorbing alloy. However, all the methods are not appropriate for portable 
applications due to its low volumetric and gravimetric efficiency of hydrogen storage 
and the safety issue should be also considered. Instead of those hydrogen storage 
methods, liquid hydrocarbons (propane, methanol, gasoline, etc.) and chemical 
hydrides (NaBH4, KBH4, LiBH4, etc.) could be employed as hydrogen sources for 
portable PEMFC. In the case of the liquid hydrocarbons, high-temperature reforming 
processes are complex in PEMFC operation. On the other hand, simple hydrolysis of 
hydrogen complex compounds represented by the general formula was suggested by 
Suda. Among the chemical hydrogen complexes, the hydrolysis of a sodium borohydride 
(NaBH4) has been of great interest in terms of various advantages: nonflammable and 
stable in air, easy control of hydrogen generation rate, the possible recycling of the 
side products and large theoretical hydrogen content of 10.9 wt% (NaBH4 30% ~ 2500 
Wh/L). A base-stabilized NaBH4 solution hydrolyzes to hydrogen and water soluble 
sodium metaborate (NaBO2) only when in contact with selected catalysts. 
During the reaction time, the outlet of the flow reactor contains both the solution 
with trace amount of Co-B catalyst powder. Co-B catalyst powder in the flow reactor 
would not give the constant H2 generation due to the continuous loss of Co-B powder. 
In order to avoid this problem as well as the efficient utilization of Co-B catalyst, we 
used dipping method to make Co-B catalyst coated Ni-foam support because of its 
porous nature, better thermal and chemical stability. In addition, we tried to find stable 
structure of Co-B/Ni support with different heat treatment and calcination temperature 
and the amount of cobalt precursor were parameters of choice. 
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Manufacture of Phosphated Polymer Electrolyte 
Membrane for High Temperature PEMFC

Myung-Jin Lee*, Hee-Young Sun, Myung-Dong Cho
Energy Lab, Samsung Advanced Institute of Technology,

San 14-1, Nongseo-Dong, Giheung-Gu, Youngin-si, Gyeonggi-do, 449-712, South Korea

Perfluorinated copolymers such as Dupont Nafion are the most commonly utilized PEM 
materials. Although these materials possess excellent mechanical properties, chemical 
stability and high proton conductivity, the loss of proton conductivity at temperatures 
80 and high cost inherent in fluorinated polymers, limit their application in fuel cells 
operated at elevated temperatures. The hydrocarbon PEM materials, especially the 
H

3
PO

4
-doped PBI exhibits excellent thermal stability, good conductivity, even in the 

anhydrous state. However, its relatively weak chemical resistance at high temperature 
in acid doping system raised a pinhole trace problem which resulted in gas crossover. 
In order to this drawback, hydrophilic porous polytetrafluoroethylene (PTFE) was 
selected as a substrate.
In acid-doped system, the compatibility of acid is the most important thing to 
improve the proton conductivity and cell performance. So, polymeric blending with 
the phosphate-containing monomer, ethylene glycol methacrylate monophosphate 
(EGMP) has been carried out. The effect of blending phosphate monomer into the 
substrate has been attributed to improve the capability of holding phosphoric acid. 
Monomer EGMP has been in-situ polymerized via free radical solution polymerization 
by UV and heat into porous substrate. In this study, we used hydrophilic porous PTFE 
membrane as substrate with phosphated polymer electrolyte, being chosen to hold and 
prevent the leakage of acid. To increase the holding capacity of acid, novel research 
with pores are coated with phosphate or sulfate functional groups by using flash 
evaporation coating method has been in progress.
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H3PO4 doped Polybenzimidazole based High 
Temperature PEMFC – Temperature Effects on Cell 

Performance and Catalytic Stability.
Justo Lobato*, M. A. Rodrigo, P. Cañizares, José J. Linares

Department of Chemical Engineering, Faculty of Chemistry, Universidad de Castilla-La Mancha, 
Avda. Camilo José Cela s/n, E13071-Ciudad Real (Spain)

*Corresponding author: justo.lobato@uclm.es

The challenge of increasing the polymer electrolyte membrane fuel cell operating 
temperature is very interesting for several reasons, such as reduction of the impact of 
fuel impurities on cell performance, improvement of the electrode kinetic, easier water 
management, faster heat rejection rates and better system integration [1]. However, this 
implies the use of a suitable polymeric electrolyte, capable of withstanding temperatures 
higher than 100ºC without losing mechanical and chemical stability, and having high 
enough conductivity. Among the proposed materials, one of the most interesting ones is 
H3PO4 doped polybenzimidazole (PBI), firstly proposed as polymer electrolyte membrane 
by Savinell et al. [2], since it fully fulfils the previous mentioned conditions. Previous 
work of this research group showed a synthetic route to produce PBI, and subsequently, 
membranes were cast and characterised [3]. Therefore, the next step is to test the membranes 
in an actual fuel cell setup, analysing the influence of some operating parameters.
In this line, this work studies the effect of the temperature (100, 125, 150 and 175ºC) on 
PBI based PEMFC system. For that, authors have set a protocol to collect data consisting 
of keeping the cell at a constant potential (0.5 V) for 24 hours at one of the temperatures, 
recording the evolution of the current vs. time. Afterwards, polarization curves and 
impedance spectra (at 0.5 V) were recorded at the four temperatures. It was observed that 
working above 150ºC had no beneficial effect on cell performance. The behaviour of the 
conditioning curves (current vs. time), polarization curves, impedance spectra (Nyquist 
and Bode plots) and thermogravimetric analyses performed on the acid doped membrane 
seem to indicate that a severe acid dehydration within the electrolyte was responsible for 
the performance decay at 150 and 175ºC. Possible reasons have been proposed in order 
to explain these results. It is believed that since lower current densities were drawn from 
the cell when compared to literature, lower amounts of water was produced in the cathode 
which were not able to counteract the electrolyte dehydration, with the consequent drop 
in the electrolyte conductivity and global cell performance. Also, it has been evaluated the 
stability of the catalyst by mean of cyclic voltammetry (CV) studies, revealing a loss of 
activity as consecutive cycles went by. X-Ray diffraction patterns showed an agglomeration 
and migration phenomenon taking place in the system, which may explain the activity 
drop. In consequence, this fact must not be rejected in order to explain the performance 
losses, since higher temperatures will promote the agglomeration/promotion process in 
a harsh environment such as highly phosphoric acid doped membrane (similar to that of 
phosphoric acid fuel cells).
Acknowledgement. The authors thank the MCT (Ministerio de Ciencia y Tecnología, 
Spain) and to the EU (European Union) for the project CTM2004-03817/TECNO.
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Modification of carbon substrate
Leonardo Formaro*, Mariangela Longhi*, Ivano Galbiati, Giuseppe Montano, 

Alessio Raimondi
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Activated carbons play a basic role in industrial and environmental applications. 
Reasons can be traced to structural and morphological features (high surface area 
and microporosity), high adsorption power and complex surface chemistry. Moreover, 
carbons can be used to support catalyst and electrocatalyst in many chemical and 
electrochemical processes. 
Improved performances of these materials are desirable and can be obtained by 
modifying the nature and number of the native functional groups of the carbon surface 
and by adding new surface species, as metallic centres, oxide particles, etc..
In this work we present some modifications of carbon that were adopted to obtain 
new materials of use as intermediates in the preparation of catalysts for oxygen 
reduction. A main attention is given to carbon characterization by physical, chemical 
and electrochemical methods.
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Use of Methanol Tolerant Cathode Materials in Direct 
Alcohol Fuel Cell Stack

K. Scott1, W. Yuan1, H. Cheng1, M. Mamlouk*1, N. Hidayati1, R. Chetty, C. Jackson
1 University of Newcastle upon Tyne, Dept. Chemical Engineering, NE1 7RU, UK

One of the major problems, limiting further improvements of direct alcohol fuel 
cells (DAFC), is the crossover of alcohol through the polymer electrolyte membrane 
to platinum based cathodes. Methanol crossover from anode to cathode in a direct 
methanol fuel cell (DMFC) causes a loss of fuel for the anode reaction, decreases the 
active area of the cathode catalysts and introduces parasitic currents. A potential loss of 
0.2-0.3 V and 25% of reduction in efficiency from the cathode loss is typically observed 
in a DMFC. The resulting oxidation of methanol can be alleviated by the use of Ru 
chalcogenide cathode materials. In this work, in-house made carbon-supported Ru 
materials were pre-treated at several temperatures and then characterised by scanning 
electron microscope, an energy-dispersive X-ray system and X-ray diffractometer and 
tested in half-cells and fuel cells. 
A direct methanol fuel cell stack has been designed and constructed based on coated 
metal mesh inter-cell connectors and carbon Graphoil seals. The effect of temperature 
and pressure were investigated and data compared with that obtained with Pt based 
catalysts. The performance achieved is inferior to that of Pt based catalysts. The cell 
stack has been operated with Ru based methanol tolerant cathode catalysts. The 5 
cell stack has demonstrated generated power at the level of approximately 2 W. The 
stability of the cell is good and with optimisation of catalyst synthesis and treatment 
for large scale cells it is expected that the stack will achieve power densities per cell of 
20 mW cm-2. A single cell therefore produces 1.0 W @ 50 cm2 area.  With the compact 
cell design this equates to a power production between 150-200 W/litre

Keywords: Direct methanol fuel cell, Ruthenium cathode, Methanol tolerance, 
Stack.
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Grätzel photoelectrochemical solar cells: an 
electrochemical education outreach project

Roger J. Mortimer*, Dimple Patel, David R. Worrall
Department of Chemistry, Loughborough University

Loughborough, Leicestershire LE11 3TU, UK
*R.J.Mortimer@lboro.ac.uk

The RSC Electrochemistry Group’s primary mission is to provide a central focus for 
the development of basic, strategic and applied electrochemistry. The Group realise 
that in order to ensure the future supply of enthusiastic electrochemical researchers 
and educators, it is essential to stimulate interest in the subject in schools. In 2002, the 
Group’s Executive Committee, through the Chairmanship of Professor Phil Bartlett, 
had a vision to supply schools with electrochemical educational demonstration kits, 
that could be used to both illustrate a wide range of scientific principles and to interest 
school students in contemporary research topics. We here describe the progress of an 
initial project that has focussed on the distribution of Grätzel photoelectrochemical 
solar cell kits.
Grätzel photoelectrochemical solar cells use dye-sensitised nanoparticulate titanium 
dioxide to directly convert sunlight energy into electrical energy. Distribution of ‘Man 
Solar’ (www.mansolar.com) educational kits has allowed school students to make their 
own Grätzel solar cells and to investigate the use of various organic dyes from, e.g., 
blackcurrants, cranberries and hybiscus tea. The assembled solar cells are then used 
to power small electronic devices. The original target was to reach 10 schools in each 
of the Loughborough/Leicester and Bristol regions. However, following successful 
publicity, the interest from school teachers has been substantial and educational 
kits have been placed in over 35 schools. Each school has been sent 5 kits, with 
support provided through presentations, practical demonstrations, workshops and 
an instruction manual. The scope for linking the UK national curriculum and GCE 
AS/A2 science specifications to Grätzel solar cells is extensive, and extends beyond 
electrochemistry to numerous scientific principles from chemistry, biology and physics, 
which can be illustrated by appropriate practical investigations. The anticipation is 
that through studying a real research topic and meeting actively involved researchers, 
the project will encourage school students to choose science in education options and 
as a career. 
Funding has been through the award of an EPSRC ‘Partnerships for Public Engagement’ 
grant, that has allowed a research associate to work full time for 18 months on this 
outreach project. The project team has included the RSC Electrochemistry Group (now 
under the Chairmanship of Professor Pat Unwin), which contributed towards the costs 
of the kits, Dr Jason Riley (University of Bristol) and Dr Nicola Shaw (Brimsham 
Green School, Bristol). The longer-term plan is to extend the Grätzel solar cell project 
to additional schools and to introduce other electrochemical education tools, such as 
fuel cell demonstration kits, for the further inspiration of school students.
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Ionic liquid-based proton membranes
A. Fernicola, M. A. Navarra*, S. Panero, B. Scrosati
Department of Chemistry, University of Rome “La Sapienza”

P.le Aldo Moro, 5 - 00185 Rome, Italy
*mariassunta.navarra@uniroma1.it

An increasing interest is being devoted to polymer electrolyte fuel cells (PEMFCs) 
for their role in the energy renewal and clean transportation areas. However, to be 
efficient, PEMFCs require the use of membrane electrolytes having properties which 
are not totally satisfied by the present technology based on perfluorosulfonic acid 
polymer membrane, e.g. Nafion. Although having good chemical stability, Nafion-type 
membranes suffer of fuel permeability (i.e. methanol) and experience a conductivity 
decay close to 100 °C, due to dehydration. Both these drawbacks limit the overall fuel 
cell efficiency and, thus, significant research efforts are currently directed either to 
improve the conventional membranes or to develop alternative systems.
In our laboratory, we have focused on a novel approach which consists of the 
development of composite gel-type membranes formed by trapping an acidic 
component into appropriate polymer matrices [1].
In this work we report on a new type of gel membrane designed for relatively high 
temperature operation [2]. The quoted membranes are formed  by the gelification 
of a poly(vinylidene)fluoride, PVdF polymer in a highly stable ionic liquid solvent, 
i.e. 1,2-dimethyl-3-n-propylimidazolium bis(trifluoromethylsulfonyl)imide (DMPI-
Im). The protonic transport is assured by the addition of a strong organic acid, i.e. 
trifluoromethanesulfonic acid (TFA), which is chemically compatible with the ionic 
liquid because of the equality between the anionic parts. 
The results of physico-chemical and electrochemical characterisations have highlighted 
the key role of the ionic liquid component, so far rarely used in fuel cell electrolytes,  
in providing highly favourable properties  to the membrane. A good thermal stability 
has been reached and all the samples have shown a total weight loss less than 5% 
at 200 °C. An excellent methanol crossover control can be realised in virtue of the 
hydrophobic properties of the matrix (i.e. ionic liquid and polymer), obtaining very 
low permeability values ranging from zero to 10-7 cm2s-1. In addition, a fast proton 
transfer, due to the confinement of a suitable acid, guarantees conductivity values in 
the order of 10-2 Scm-1 stable at 100 °C for prolonged time.
The results here described, together with a further investigation actually in progress 
(e.g. fuel cell tests), make the membranes under study of interest for practical 
applications.

[1] M.A. Navarra, S. Materazzi, S. Panero, B. Scrosati, J. Electrochem. Soc., 150 
(2003) A1528

[2] M.A. Navarra, S. Panero, B. Scrosati, Electrochem. & Sol. St. Letters, 8 (2005) 
A324
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EQCM and CFDE Study on Platinum Dissolution in 1N 
H2SO4 and HCl Solutions

A. Nishikata*, S. Baba, Yu. Sugawara, T. Tsuru
Department of Metallurgy and Ceramics Science

Graduate School of Science and Engineering
Tokyo Institute of Technology

2-12-1, O-okayama, Meguro-ku, Tokyo,152-8552, Japan
*atsushi@mtl.titech.ac.jp

Dissolution of platinum has been investigated in H2SO4 and HCl solutions using 
electrochemical quartz crystal microbalance (EQCM) and channel flow double 
electrode (CFDE) to clarify the degradation mechanism of platinum catalyst in 
PEMFC.
Both solutions of 1N HCl and 1N H2SO4 were used as electrolytes at 25 ºC for the 
EQCM study and at 25 and 80 ºC for the CFDE. A quartz crystal of 6 MHz with Au 
film electrode (6 mm diameter) was used for the EQCM. Platinum was electroplated 
in a 1.58 % H2PtCl6 solution on the Au film electrode surface before experiment. 
In the CFDE system, a Pt plate (1 x 4 mm2) for the working electrode (WE) and an 
Au plate (1 x 4 mm2) for the collector electrode (CE) were embedded in an acrylic 
block (155 x 40 x 15 mm3) in parallel with a gap distance of 0.5 mm. A 0.5-mm-
high channel was constructed on these electrodes by covering with another acrylic 
block. The test solution flowed on these electrodes through the channel at a rate of 
10 cm/s with a pump. Platinum ions dissolved into the flowing solution at the WE 
(upper stream electrode) were electrochemically detected on the CE (down stream 
electrode), the electrode potential of which was set at 0.6 V vs. SHE so that Pt (II) and 
Pt(IV) ions were reduced into Pt (0). The dissolved platinum ions were determined 
by ICP analyses of the test solutions after anodic polarization. The potentials were 
measured with respect to a saturated KCl-Ag/AgCl (SSE) at 25 ºC and are shown here 
vs. SHE.
The EQCM results showed that the mass loss due to anodic dissolution of Pt was 
observed at 0.85 V vs. SHE in 1N HCl solution and the rate was still higher at 0.9 V. 
A large mount of dissolved Pt ions was detected in 1N HCl solution at 80 ºC with the 
CFDE system. On the other hand, the mass gain due to formation of Pt oxide (PtO) 
was observed in the range of 0.9 - 1.1 V in 1N H2SO4 solution and a trace amount of 
platinum ions was detected with the CFDE system. The dissolution of platinum in 
both solutions was confirmed with ICP analyses. From the above results, it was found 
that platinum is oxidized to mainly PtO and slightly Pt2+ in more positive potential 
than 0.8 V in 1N H2SO4 solution, and the dissolution is strongly enhanced under the 
presence of chloride ions probably due to the formation of PtCl4

2-. 
The mass change of Pt electrode was also measured in 1N H2SO4 solution, carrying 
CV at the scan rate of 10 mV/s. The return potentials of the anodic and cathodic were 
varied, A:(0.6-1.2V), B:(0.9-1.2V), C:(1.0-1.2V) and D:(0.6-0.9V), and the potentials 
were cycled 50 times. The results indicated that the Pt dissolution is enhanced by the 
potential scan, except for the case of D. The acceleration was remarkable for the case 
A, where the formation of PtO in the anodic scan and the reduction of PtO to Pt in the 
cathodic scan took place.    
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Characteric Change of Water Molecules in PEFC 
Membranes on Increase of Temperatures

Atsuko Y. Nosaka*,1 Satoru Watanabe,2 Ichiro Toyoda,2 and Yoshio Nosaka1

1Department of Chemistry, Nagaoka University of Technology, Nagaoka,
 940-2188, Japan

2Advanced Technology Research Center, Mitsubishi Heavy Industries, LTD. Yokohama, 236-8515, 
Japan

nosaka@nagaokaut.ac.jp

Polymer electrolyte fuel cells (PEFC) are promising as a device for clean and efficient 
energy conversion. However, there are several problems to be surmounted for the 
development of PEFCs. Although the polymer electrolyte membranes employed for 
PEFCs show superior conductivity in the wet state, they deteriorate when they are 
dry or under low humidified conditions. Therefore, water managements to protect 
the membranes from drying is a major concern during fuel cell operations. For this 
purpose extensive efforts have been made in terms of modeling water transport and 
its management [1, 2]. In this study, in order to provide some insights into the various 
models proposed so far, we attempted to characterize the water molecules confined in 
the PEFC membranes by means of 1H-NMR spectroscopy. 
Commercially available Nafion 112, 115, and 1135 (DuPont; thickness: 50, 125 
and 88 μm) were used. The membranes are composed of poly(tetrafluoroethylene) 
main chain with sulfoperfluoroalkyleneether side chains. The 1H-NMR spectra of 
the membranes were measured in the form of a single sheet. The1H-NMR spectra of 
water molecules in the PEFC membranes presented broad resonance lines. From the 
spectral change of the samples measured under flowing dry air in a NMR probe and 
the field dependence of the resonance line, the resonance lines at room temperature 
were found to be composed of the signals of water molecules in different chemical 
enviroments in the membrane, reflecting the structural heterogeneity of the polymer 
membranes. By the analysis of the change of the spectral feature at various hydration 
states and temperatures, it was found that at a certain critical temperature, the structural 
conversion took place, so that the mobility of water molecules become higher and the 
chemical environments around the water become more homogeneous. The sturucture 
would be favored to realize the high ion conductivities because the water mobility 
is considerd to be highly promoted. The attained structure is considered to be highly 
stabilized by the interaction of water molecules with polymer, since the transition 
did not take place under less humidified conditions. In adddition, it must be stable at 
room temperature for fairly long time since the homogeneous spectral feature of water 
molecules remained more than 18 days at 297 K. 
Acknowledgement
 This work was supported by Research and Development of Polymer Electrolyte 
Fuel Cells from New Energy and Industrial Technology Development Organization 
(NEDO), Japan.
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polymer electrolyte membrane fuel cells
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Due to its high efficiency, fast start up and relatively low working temperature of 80 
ºC, the polymer electrode membrane fuel cell (PEMFC) is considered a promising 
power source for portable and transport applications.
While research is still being carried out trying to develop membrane technology and 
lower platinum catalyst loadings, special attention is given to the plates which count 
for 60% of the total cost and represent 88% of the bulk of the stack.
Graphite plates have been used in the past, however it is an expensive material and 
lacks mechanical strength increasing the size of the fuel cell and therefore limiting the 
volumetric power density.
Metals constitute an alternative to graphitic materials as they can be manufactured at 
a low cost, are easy to shape and thin plates can be machined offering low volume and 
weight. Unfortunately, most of these metals ie. stainless steel, aluminium and titanium 
tend to form a passive oxide layer which acts as an electrical insulator between the 
MEA and the substrate, reducing the total voltage output and consequently decreasing 
the fuel cell performance. To overcome this problem metallic and non-metallic low 
surface resistance coatings have been employed and selected according to their ability 
to be non permeable to the reactant gases, be chemically inert, provide low contact 
resistance and offer good corrosion resistance in order to stand the oxidising and 
reducing media. 
This paper reviews the different materials and coatings used in separator plates for 
PEMFC stacks outlining advantages, disadvantages and evaluating their suitability 
when working in the aggressive fuel cell environment.
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Electrochemical analysis of La0.6Sr0.4Coo3-δ  and 
Pr0.6Sr0.4CoO3-δ cathodes with different porosities 

supported on Ce0.2Gd0.8O1.9 Electrolyte.
Gunnar Nurk*, Indrek Kivi, Priit Möller , Enn Lust

Institute of Physical Chemistry,University of Tartu, 2 Jakobi Str., 51014 Tartu, Estonia
*Gunnar.Nurk@ut.ee

Solid oxide fuel cells (SOFC) as promising energy production systems for the 21st 
century with high total efficiency and environmental friendliness have been studied 
by many workgroups looking for different aspects [1]. Recently, the SOFC with a 
medium-temperature operation (600…700°C) have been focused on by several 
groups. Perspective cathode electrolyte systems for medium-temperature SOFC 
are La0.6Sr0.4CoO3-δ 

| Ce0.8Gd0.2O1.9  and  Pr0.6Sr0.4CoO3-δ 
| Ce0.8Gd0.2O1.9. As shown in 

previous works the mass transport limitations connected with porousity parameters of 
cathode increase significantly in medium and low temperatures [2]. Cathode structure 
– performance dependences has been studied in the case of  yttria stabilized zirconia | 
La (Sr)MnO3 systems [3] but not much in  Ce0.8Gd0.2O1.9 supported systems.  The main 
aim of this work is to synthesise porous cathode materials with different porousities 
and characterize these systems to clarify the porousity – performance dependences.
 The complex impedance plane (-Z’’,Z’) plots at different T and ΔE in the ac frequency 
range from 0.01 to 10000 Hz have been obtained. In the region of ac frequences 0.1≤ 
f ≤ 10000, the number and shape of arcs was dependent  on porosity characteristics 
as well as corresponding time constants characterizing limiting processes prevail 
in different frequencies. Analysis of  relaxation time constant dependencies on 
temperature, polarisation, chemical composition and porosity parameters has been 
carried out. The Nyquist plots were fitted using different equivalent circuits and the 
corresponding dependencies of the circuit parameters on potential and temperature. 
Significant dependencies of the polarisation resistance on ΔE and T as well as on the 
chemical composition and porosity of the cathode have been established. 
This work has been supported by AS Elcogen under the grant LFKFE03006 and 
Estonian Science Foundation grant GFKFE6467.
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Nanostructures composed of nanodimensional catalyst and support material particles 
are widely used as electrode materials for electrochemical energy sources, particularly 
fuel cells. Compositions based on catalysts and carbon nanotubes (CNT) are among 
the most efficient electrode materials. As is known, some metal containing compounds 
react with activated carbons to form metal particles supported on the carbons [1]. 
As well, redox reactions of metal compounds with carbon materials can result in 
formation of carbon-supported nanodimensional metal-oxide particles which possess 
high catalytic activity. 
We have synthesized and studied some composite metal-containing nanomaterials with 
use of CNT as a support. CNTs used in this work were obtained by CVD method as 
described in [2] and purified by treatment with acids. Surface area of the CNT samples 
used was 200-500 m2/g. Synthesis of the catalyst – nanocarbon compositions was 
performed with use of redox reaction of potassium permanganate solution with CNT. 
This reaction resulted in formation of manganese dioxide nanoparticles supported on 
CNT. As it was determined by transmission electron microscopy method the size of 
MnO2 particles formed was of the order of several nanometers. If other reducing agent 
(formic acid) was added to the reacting system much more large MnO2 particles were 
formed. 
Electrochemical characteristics of the composite electrode materials obtained were 
measured with use of model low-temperature hydrogen-oxygen fuel cell with alkaline 
electrolyte. The composite materials were studied as oxygen electrode. It was found 
that the most catalytically active are composite materials obtained by reduction of 
potassium permanganate by CNT containing 50% of MnO2. Increasing of MnO2 
content above 50% resulted in deterioration of electrochemical characteristics because 
of formation of large MnO2 particles. Decreasing of the MnO2 content below 50% 
also resulted in decrease of catalytic activity. 
Another composite material was obtained by reduction of palladium chloride on 
CNT. Size of palladium particles supported on CNT as estimated by XRD method 
was near 20 nm. This composite material appeared to by highly effective as hydrogen 
electrode. 
Thus, catalyst – nanocarbon compositions developed are highly efficient as electrode 
materials for electrochemical devices. 

1. V.S.Kublanovski, Yu.A.Tarasenko, M.O.Danilov, S.P.Antonov. Soviet progress in 
Chemistry (Ukr. Khim. Zhurn.) Allerton Press inc. N.Y. 10011, 1985, v. 51, № 9, 
p. 58-61

2. Melezhyk A.V., Sementsov Yu.I., Yanchenko V.V. Russian J. of Applied Chemistry, 
2005,   v. 78, issue 6, p. 938-944
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the study of thermal stresses within solid oxide fuel cells is an essential aspect in the 
development of the fuel cell systems. Various reactions occurring across the planar 
components of the fuel cell, thermal energy transport, heat exchange, electrocatalytic 
reactions, mass transport owing to the oxygen ionic conduction across the electrolyte 
and property involved in current generation are significantly temperature dependent. 
Therefore local temperature plays an important role in determining local current 
density, which, in turn, determines the local heat flux. Temperature distribution is 
modeled by formulating the energy balance equations which describe the heat transfer 
processes occurring in the local heat balance. 
Heat transfer occurs in the solid and fluid region of SOFC and between the fuel cell 
and its ambiance. Heat is generated at the electrolyte-electrode interface due to electro-
chemical reactions and ohmic heating occurs within the electrolyte.
These physiochemical processes constitute a mathematical model which can be used 
to predict the temperature distribution using numerical methods. 
We use the software (FORTRAN 90) to solve the equations system corresponding to 
the model developed.  Numerical methods are usually employed in such situations to 
solve the equations. 
The model calculate the distribution of temperature and species concentrations inside 
the SOFC.
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Modified IrO2 supported electrodes for regenerative fuel 
cells
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To improve the water electrolysis performance of unitized regenerative fuel cells, 

ultrafine IrO
2
 was deposited by sputtering on carbon paper. An active electrode 

support for oxygen evolution and reduction was prepared by modifying the IrO
2
 surface 

with a conductive polymer. IrO2 treated carbon paper electrodes are modified with 
polyaniline by electrochemical methods. Their ability to catalyze and the kinetics 
of oxygen evolution and reduction reaction in acid electrolyte with their stabilities 
were investigated. Active electrodes were prepared applying different transition 
metal complexes over these supporting materials. The results were compared to 
commercially use Pt-based E-TEK catalysts. The surface characterization was made 
by XRD. 

1. S. Sari Ozenler and F. Kadırgan, J. Power Sources, (2005) , article in press.
2 .   F. Ficicioglu, F. Kadirgan, J. Electroanal. 451, (1998), 95.
3.    T.Ioroi, N. Kitazawa, K.Yasuda, Y. Yamamoto, H. Takenaka, J. of Electrochem.  

               Soc. , 147 (2000), 2018.
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Influence of conducting polymer presence in MEA on 
PEM fuel cell performance

Martin Paidar*, Karel Bouzek, Sabina Moravcova 
Department of Inorganic Technology, Institute of Chemical Technology, 166 28 Prague 6, Czech 

Republic
*Martin.Paidar@vscht.cz

Fuel cells (FC) as a perspective source of electric energy are drawing an increasing 
attention of scientific community during the last two decades. With respect to the 
wide range of possible applications PEM fuel cells are expected to reach broad 
widespreading. However, there still exist serious drawbacks. One of most critical 
problem is low utilisation of catalyst together with its high sensitivity to poisoning 
by carbon monoxide. Second important problem represents the penetration of the fuel 
through membrane to cathode compartment causing decrease in a FC performance. 
The application of conducting polymers is expected to be a possible solution of both 
problems. These materials exhibit parallel electronic and ionic conductivity. Thus, 
theirs application as a catalyst support is supposed to increase probability of the 
three-phase contact occurrence.  Moreover, modification of the Nafion membrane 
by a thin conducting polymer layer was reported to reduce penetration of the fuel 
through membrane substantially [1]. Nevertheless, it is necessary to verify function 
of conducting polymers utilising MEA in real FC environment. Two methods 
of conducting polymer incorporation into the MEA were used.  The properties of 
prepared composites were tested in the laboratory hydrogen/oxygen fuel cell.
In the first instance Nafion/conducting polymer composite was prepared by the 
diffusion method [2]. Laboratory fuel cell based on this composite equipped with 
commercial ELAT (E-TEK, USA) electrodes was tested. As it was found, the 
presence of conducting polymer film on the membrane surface negatively influences 
the cell water management. As a consequence its performance decreases with time 
of operation under constant as well as cyclically changed current load was observed. 
From the two conducting polymers studied polypyrrole shows better performance and 
polyaniline higher stability.
The conducting polymers have been alternatively tested as a anode catalyst support. The 
polyaniline was anodicaly synthesised in the bulk of the gas difusion layer (GDL, E-
TEK, USA). Subsequently, platinum as catalyst was electrodeposited on this composite. 
Alternative approach was to cover by polyaniline platinum electrodeposited on GDL. 
Both polyaniline modified composites have shown in comparison to the GDL with the 
only electrodeposited platinum fast fuel cell performance decrease. Main reason is 
probably the conducting polymer drying out connected with ionic conductivity loss or 
its degradation connected with the loss of electronic conductivity. 

Financial support of this research by the Grant Agency of the Czech Republic under 
project  No.: 104/05/P563 is gratefully acknowledged. 

1. S. Moravcová, K. Bouzek, J. Electrochem. Soc., 152 (2005) A2080-A2088.
2. S. Moravcová, Z. Cílová, K. Bouzek, J. Appl. Electrochem., 35 (2005) 991–997
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(NiNb)99(PtX)1 amorphous  alloy electrodes for fuel cells 
DMFC

    A. R. Pierna*+,  J. Barranco,  F. F. Marzo, G. Vara, A. Lorenzo, F. Lopez  
and A. Perez

Chemical Engineering and Environment Department, University of the Basque Country.
Plaza de Europa, 20018 San Sebastian, Spain

*iapropia@sp.ehu.es  + Members ISE

The presente work describes of modified carbon paste electrodes (MCPEs), working 
in percloric acid solutions, have been made by adding amorphous alloys powders with 
compositions (NiNb)99PtX(1) and obtained by mechanical alloying, to the mixture of 
powdered graphite and paraffin.
It was observed that both Ni59Nb40Pt0.6Ru0.4 and Ni59Nb40Pt0.6Sn0.4 containing MCPEs, 
shift the onset potential for CO (ca. 0.23 V) to lower potentials compared to Ni59Nb40Pt1 
electrodes. While ruthenium promoted the catalytic activity for methanol and CO 
electrooxidation, tin showed the same enhancing behaviour for a shorter period of 
time, probably due to the facile dissolution of tin from the surface1.
 The determination of the oxidation activity of methanol, the current density is drastically 
decreased with the presence of tin, susceptible to the potential range, followed by the 
Ni59Nb40Pt1  and Ni59Nb40Pt0.6Ru0.4 alloys. However, these new electrodes show a very 
interesting behaviour, taking into account their high tolerance to CO molecules, and 
the decrease of the onset potential for methanol electrooxidation, which are the main 
causes of poisoning  of  anode materials in fuel cells.

The authors gratefully acknowledge the financial support of the Excelentísima 
Diputación Foral de Guipúzcoa (project. 206/2005, fondos FEDER ) and Basque 
Govermment  (Saoitek 2004-2005 project. S-PE04UN26) 

1.- J.Barranco y A.R.Pierna.  Afinidad  62 (518)  (2005)  165-174
2.- M. Sistiaga and A. R. Pierna. J. Non-Cryst Solids 329 (2003) 184-189
3.- K.Brunell, M.Dabala and M.Magrini.  J. of Applied Electrochemistry 32: ( 2002) 
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Oxygen reduction electrocatalysts based on  
polynuclear aminoethylate complexes of 3D metals

Yu. K. Pirsky 1*, V. S. Kublanovsky 1, A. V. Berezovska 1, V. A. Potaskalov 2

1V.I. Vernadsky Institute of General & Inorganic Chemistry of the National Academy of Sciences of 
Ukraine, 32-34 prospekt Palladina, 03680 Kiev-142, Ukraine, e-mail: pirsky@ionc.kar.net

2National Technical University of Ukraine “Kiev Polytechnic Institute”, Chemical Engineering 
Faculty; 37, Prospect Peremohy, 03056, Kiev-56, Ukraine
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Ruthenium Selenide Catalysts for the Cathodic Oxygen 
Reduction Reaction in Direct Methanol Fuel Cells

Alexander Racz*1, Werner Seliger2, Carsten Cremers2, Ulrich Stimming1,2

1TU München, Dept. of Physics E19, James-Franck-Str.1, 85748 Garching, Germany
2ZAE Bayern, Division 1, Walther-Meißner Str.6, 85748 Garching, Germany

*aracz@ph.tum.de

Sluggish kinetics of the oxygen reduction reaction (ORR) is the major source of 
efficiency losses in low temperature proton exchange membrane (PEM) type fuel 
cells. The situation becomes even worse for direct methanol fuel cells (DMFC), where 
efficiency is further reduced due to the cross-over of methanol to the cathode and 
establishment of mixed potentials on Pt-based catalysts and the water transfer from 
anode to cathode. Further development of DMFCs and their introduction to the market 
requires highly catalytically active and methanol tolerant cathode materials. 
Ruthenium-based cluster catalysts containing selenium have been introduced by 
Alonso-Vante [1, 2] as methanol tolerant oxygen reduction catalysts. In this talk we 
report on different methods of preparation for carbon supported ruthenium selenide 
catalysts (RuSe/C), as well as structural and kinetic investigation of these materials. 
Structural characterisation was performed using TEM, TEM-EDX and XRD partly in 
cooperation with partners from the “O2RedNet”. In addition STEM EDX technique 
was used to characterise some single nanoparticles on the RuSe/C catalyst sample. 
ORR kinetics on RuSe/C and commercial Pt/C catalysts were investigated using thin-
film rotating (ring) disk electrode method. Still the overpotential is around 150mV 
higher compared to Pt/C catalysts. The electrochemical active surface areas of the 
catalysts were determined using Cu-UPD and CO-Stripping technique. 
Finally for further evaluation of the catalysts they were incorporated into a fuel cell. 
Results of the catalyst characterisation will be presented.

Financial support by the BMBF under contract 01SF0302, by the Sino-German 
Center for Science Promotion under contract GZ 211 (101/11) and by Deutsche 
Forschungsgemeinschaft (DFG) under contract Sti 74/14-1 is gratefully 
acknowledged.

[1] N. Alonso-Vante, M. Giersig, H. Tributsch, J. Electrochem. Soc. 138 (1991) 639;
[2] N. Alonso-Vante, H. Tributsch, O. Solarza-Feria, Electrochimica Acta. 40 (1995)     
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The Importance of Platinum Alloy Electrocatalysts to 
PEM Fuel Cells

Thomas R. Ralph1 and Frank C. Walsh2*
1. Johnson Matthey Fuel Cells, Lydiard Fields, Swindon SN5 8AT, UK

2. Electrochemical Engineering Group, School of Engineering Sciences, 
University of Southampton, Highfield, Southampton SO17 1BJ, UK

*Corresponding author; F.C.Walsh@soton.ac.uk

The rapid development of PEM fuel cells is making increasing demands on the 
performance of MEAs, including that of Pt alloy on carbon electrocatalysts.  Candidate 
electrode materials and their characteristics (obtained using a wide variety of physical 
and spectrosopic techniques) are concisely reviewed.  Binary alloys have become 
established as high performers and we consider examples used for oxygen reduction 
and methanol oxidation to illustrate successes yet continuing challenges.  
A series of binary Pt-M alloy catalysts (M = Ni, Cr, Fe, Ti) was prepared on PTFE-
treated porous carbon paper with a Pt content of 0.5 mg cm-2. The catalysts were 
characterised by cyclic voltammetry in 1 mol dm-3 H2SO4 at 25oC, TEM/EDS, XPS and 
EPMA. High utilisation, high specific surface area (30-96 m2 g-1) electrocatalysts were 
compared to a Pt single metal catalyst. Oxygen reduction kinetics were examined in 1 
mol dm-3 H2SO4 at 25oC.  Polarisation data were used to calculate kinetic parameters 
and the effect of potential cycling (<4000 cycles) was quantified. 
There is significant demand for anode catalysts that are more active for methanol 
electrooxidation. Even with Pt-Ru alloys there is an overpotential of ca. 300 mV before 
sufficient CO electrooxidation to CO2 occurs to provide ‘free’ Pt sites for methanol 
electrooxidation. A number of binary Pt-M alloy catalysts (M = Ir, Pd, Os, Rh, Ga, 
W) have been investigated for their ability to form OHads at lower cell potentials and 
to adsorb methanol. The ternary catalyst systems Pt-Ru-Sn and Pt-Ru-Rh have also 
been examined. The performance of the catalysts for methanol electrooxidation has 
been examined in a half-cell operating on 2 mol dm-3 CH3OH in 0.5 mol dm-3 H2SO4 
at 80oC.
Current challenges to the development of Pt-alloy catalysts for PEM fuel cells are 
considered and important approaches are highlighted.
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Electro oxidation of alcohols at gas diffusion electrodes: 
a DEMS study

V. Rao*1, C. Cremers2, U. Stimming1,2

1Technische Universität München (TUM) , Dept of Physics E19, James-Franck-Str.1, D-85748 
Garching, Germany

2Bavarian Center for Applied Energy Research (ZAE Bayern), Walther-Meissner-Str. 6, D-85748 
Garching, Germany
*vrao@ph.tum.de

The ethanol and ethylene glycol electro oxidation at gas diffusion electrodes (GDE) 
made of different catalysts, Pt/C, PtRu/C and PtSn/C, were both studied by on-line 
differential electrochemical mass spectrometry (DEMS) in a wide temperature range 
(30-90 °C) as a function of the anode potential, the fuel concentration and catalyst 
loading. Doubly ionized CO2

2+ molecular ion at m/z = 22 for CO2, CHO+ fragment 
at m/z = 29 for acetaldehyde, were used to monitor both products simultaneously 
as proposed in [1]. The CO2 current efficiency (CCE) for ethanol oxidation reaction 
(EOR) shows a strong dependence on the anode potential, decreasing rapidly with 
increasing potentials > 0.6V vs. RHE. But the CCE for ethylene glycol oxidation 
reaction (EGOR) is almost potential independent. The CCE for the EOR goes down 
with increase in concentration of ethanol. CCE for both reactions shows a strong 
dependence on the catalyst layer thickness or catalyst loading, respectively. It 
increases with increasing catalyst loading. The formation of CO2 in both reactions 
is a temperature-activated process with apparent activation energy of 21 kJ/mol. The 
apparent activation energy for ethanol oxidation is estimated to be 31 kJ/mol while 
25 kJ/mol for ethylene glycol oxidation, for Pt/C catalyst. The CCE increases with 
increasing temperature, exceeding 90% at 90 °C, 0.1 M fuel, ethanol or ethylene 
glycol, and 5 mg/cm2 Pt catalyst loading. PtSn/C, which has been reported to be the 
most active catalyst for ethanol oxidation in e.g. [2], also shows high CCE, like Pt/C. 
But PtRu/C shows very small CCE. The majority product in case of PtRu/C seems 
to be acetic acid, as the signal for acetaldehyde is also relatively small in comparison 
to Pt/C. Experimental tests on the electro oxidation of acetic acid revealed that acetic 
acid is fairly resistant to electro oxidation with all three of the tested catalysts (Pt, 
PtSn/C, PtRu/C), with almost zero oxidation current in relevant potential region. This 
has been found both for tests at gas diffusion electrodes and for catalysts applied 
to a planar gold electrode and immersed into sulfuric acid. Our results indicate that 
the C-C bond scission observed for the ethanol electro oxidation with CO2 current 
efficiencies in excess of 50% has to proceed in parallel with ethanol oxidation to either 
acetaldehyde or acetic acid, and not sequentially from acetic acid further on, as acetic 
acid can not be oxidized any further.

Financial support of this work in part by the Sino-German Center in Beijing, contract 
GZ 211 (101/11) and the Deutsche Forschungsgemeinschaft DFG, contract Sti 74/14-
1 is gratefully acknowledged.

[1]  Wang H, Jusys Z,Behm RJ, J.  Phy. Chem. B 108 (2004) 19413-19424.
[2] C. Lamy, E.M. Belgsir,J.-M. Léger, J. Appl. Electrochem. 31 (2001) 799.



S
y
m

p
o
s
iu

m
 1

0
 -
 P

o
s
te

r

ac
tiv

e 
la

ye
r [m

V]

0 1 2 3 5
0

 [mm]

lo
ca

l [A
/c

m
2 ]

b) c)

5

10

15

20

0

0.5

1.0

1.5

2.0

2.5

 [mm]

   channel       rib         rib (half)

0 1 2 3 5

a)

current collector

�ow �eld
plate

GDL

catalyst
layer

membrane
potential probes

potential vs. current collector    channel       rib         rib (half)

Impact of Flow Field Geometry on Local Current 
Distribution on the Sub-Millimeter Scale in PEFC

Mathias Reum*, Stefan A. Freunberger, Felix N. Büchi 
Electrochemistry Laboratory, Paul Scherrer Institute, CH-5232 Villigen-PSI
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Nafion - zeolite composite membranes for  
Direct Methanol Fuel Cells

X. Li, E. P. L. Roberts*, S. Holmes, G. Uctug 
University of Manchester, School of Chemical Engineering, Sackville St, PO Box 88, Manchester 

M60 1QD, UK
*edward.roberts@manchester.ac.uk

The challenge of reducing methanol crossover while maintaining proton conductivity 
is a major obstacle inhibiting the commercialization of direct methanol fuel cells 
(DMFCs). Composite membranes were fabricated using zeolites (such as zeolite A, 
Mordenite, zeolite X) as an inorganic filler, with the intention of reducing the transport 
of methanol and protons within the DMFC membrane.  The hydrophilic zeolite crystals 
allow solvated protons to pass but repel methanol, thus methanol crossover may be 
significantly reduced. However, as-synthesised Nafion-zeolite composite membranes 
often exhibit high methanol permeability, probably due to poor interfacial bonding 
between the fillers and Nafion matrix, creating new paths for methanol transport. In 
order to solve this problem, the surfaces of the zeolite crystals were functionalized to 
improve the adhesion between the zeolite and polymer phases.  A range of composite 
materials have been synthesised, varying the type of zeolites, the particle size, 
the zeolite loading and the degree of functionalisation. The fabricated composite 
membranes have been characterised by measurements of methanol crossover and 
proton conductivity. The performance of an operating fuel cell has been evaluated 
with different membrane materials.
In addition to the effect on methanol crossover, composite membranes can also offer 
improved proton conductivity at elevated temperatures. Nafion membranes lose their 
proton conductivity at high temperature due to severe water loss; while the water 
retention ability of these zeolites in composite membranes can maintain the proton 
conductivity of the membrane at high temperatures.  The proton conductivity of the 
composite membranes has been measured under a range of temperature and humidity 
conditions.
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Evaluation of membranes for direct methanol fuel cells
E. P. L. Roberts*, X. Li, S. Holmes

University of Manchester, School of Chemical Engineering, Sackville St, PO Box 88, Manchester 
M60 1QD, UK

*edward.roberts@manchester.ac.uk

The performance of direct methanol fuel cells (DMFCs) can be significantly affected 
by the transport of methanol through the membrane, depolarising the cathode.  A wide 
range of membrane materials have been developed which aim to address this problem.  
While these membranes can be effective in reducing methanol permeability, this has 
usually been combined with a reduction in proton conductivity.  Measurements of 
methanol permeability and proton conductivity are relatively straightforward, and 
these parameters (or a membrane ‘selectivity’ based on the ratio between them) 
are often used to characterise DMFC membranes.  However, we have carried out 
one-dimensional simulations of DMFC performance for a wide range of membrane 
properties, and the results indicate that DMFC performance is normally either limited 
by methanol permeability or proton conductivity.  Thus use of a ‘selectivity’ is not 
appropriate for comparison of membrane materials, and results from the model can 
be used to compare different membranes.  The results also show that Nafion 117 
has an optimum thickness, where DMFC performance is equally limited by both 
methanol permeability and proton conductivity.  The model indicates that new 
composite membranes based on Nafion can only offer significant improvement in 
DMFC performance by enabling operation with increased methanol concentration 
in the fuel.  A number of composite membrane materials that have been reported in 
the literature are shown to deliver significant reduction in DMFC performance due 
to reduced proton conductivity, although improved performance at high methanol 
concentration may be possible. 
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Production of electricity from a municipal wastewaster 
using a microbial fuel cell

P. Cañizares,  J. J. Linares, J. Lobato, R. Paz,  M. A. Rodrigo*, C. Sáez
Department of Chemical Engineering. Facultad de Ciencias Químicas. Universidad de Castilla-La 

Mancha. Campus Universitario s/n. 13071 Ciudad Real. Spain
*Corresponding author: Manuel.Rodrigo@uclm.es

Energy can be obtained from the pollutants contained in a wastewater by the anaerobic 
fermentation (biomethanization) of the organic matter, and the later incineration of the 
gases. An alternative to methane production is the direct generation of electricity in 
a microbial fuel cell. This is an emergent technology that in the present moment is 
far away from industrial application, but it could be very interesting in future.  In this 
work, a lab-scale two chamber microbial fuel cell has been used to treat a domestic 
wastewater. This wastewater came from the affluent to the municipal wastewater 
treatment facility of Ciudad Real (Spain) and it had a Chemical Oxygen Demand 
(COD) in the range 50-300 mg dm-3 and a conductivity around 120 µS cm-1. The 
two chambers in the experimental setup are separated by a salt bridge. The anode 
and the cathode were made of graphite. Air was supplied to the cathodic chamber 
by means of a small pump at a flowrate of 3 dm3 min. The influence of the organic 
load on the power density has been studied. It was found that a linear relationship 
exists between the influent COD and the power generation rate. The maximum power 
density obtained in this treatment is slightly over 20 mW m-2, which is similar to those 
reported in literature [1-3] for the same kind of wastewaters. Efficiencies in the COD 
removal are over those expected for a pure microbial fuel cell operation. This means 
that other microorganisms contributes to the COD removal and competes with those 
fixed on the anodic surface. A mathematical model is proposed to explain the obtained 
results. 

[1]  C.E. Reimers, L.M. Tender. S. Ferig and W. Wang, Env.Sci.Technol. 35 (2001) 
192.

[2]  H. Liu, R. Ramnarayanan and B., E. Logan, Env.Sci.Technol. 38 (2003) 2281
[3] H. Liu and B. E. Logan, Env.Sci.TEchnol. 38 (2004) 4040.
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A new PtCo/C electrocatalyst with highly crystalline 
graphite support

Victor Roev *,  Sanghyuk Suh, Duckyoung Yoo
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Measurement and interpretation of oxygen diffusion and 
surface exchange data for La1-xSrxCoO3-δ

Espen André Rudberg1*, Kjell Wiik1, Ann-Mari Svennsson2, Stefan Diethelm3,  
Jan Van herle3,  Tor Grande1 and Kemal Nisancioglu1 

1 Department of Materials Science and Engineering, NTNU, Trondheim
2 SINTEF Materials and Chemistry, Trondheim

3 Laboratoire d’Énergétique Industrielle, EPFL, Lausanne
*espen.rudberg@material.ntnu.no

Improved understanding of surface properties is crucial for the development and 
application of mixed ionic electronic conductors (MIEC) such as membranes, sensors, 
reactors and SOFC electrodes. Different measurement methods are used, data are 
evaluated by various numerical techniques, and these are finally correlated with one 
another to obtain reliable information about parameters determining oxygen surface 
exchange and bulk diffusion rates. The methods used were oxygen permeation, 
conductivity relaxation, electrochemical potential step technique and electrochemical 
impedance spectroscopy.  The data were evaluated by use of direct numerical fitting 
to solutions of Fick’s law and analysis of Fourier-transformed relaxation data in the 
complex plane, and consistency checks were performed by near-equilibrium asymptotic 
analyses and Kramers-Kronig transformation of impedance and Fourier-transformed 
data. Glass-sealed Belzner-type cell was used for the electrochemical measurements.  
The electrochemical measurements gave consistently lower first-order surface 
exchange kchem coefficients than the other methods used, and this was attributed to the 
contamination of the specimen surface in the Belzner cell. Furthermore, the Dchem and 
kchem coefficients assessed by conductivity relaxation varied significantly for oxidation 
and reduction processes at low oxygen partial pressures.  While it is possible that the 
oxidation and reduction kinetics of surface exchange can differ, bulk diffusion should, 
in principle, not be affected.  However, the calculated chemical diffusion coefficient 
Dchem can be in error if the model for surface exchange kinetics is oversimplified. The 
reason for the discrepancy as well as the advantage of using more advanced models 
are discussed.
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Unravelling the complexities of CO2 tolerance at PtRu/C 
and PtMo/C
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Combining extensive characterization data of membranes 
for fuel cell applications

V. Saarinen*, T. Kallio and K. Kontturi
Laboratory of Physical Chemistry and Electrochemistry

Helsinki University of Technology 
P.O. Box 6100, 02015 TKK / Finland

*vss@cc.hut.fi

The commercial Nafion® membranes and the recently developed ETFE-SA 
membranes (sulphonated poly(ethylene-alt-tetrafluoroethylene)) were investigated 
with  sophisticated characterization techniques. An extensive characterization enables 
fast feedback to the membrane and electrode development and the complicated 
connections between different manufacturing parameters can also be studied. The 
thermogravimetric analysis (TGA) and dynamic mechanical analysis (DMA) were 
used to find out the thermal behavior of the membranes and during those measurements 
the ETFE-SA membrane was observed to be suitable for the direct methanol fuel cell 
(DMFC) at low temperatures. In earlier research, the ETFE-SA membrane was already 
proved to be chemically stable during a continuous 2000 h test in the DMFC.
The electrochemical inhomogeneity of the membranes was investigated with the 
scanning electrochemical microscopy (SECM) by mapping proton distribution across 
the membrane surface. The atomic force microscopy (AFM) was used, when the 
surface morphology and morphology changes originating from swelling were studied, 
while with the (SEM), the composition and structure of the membranes was clarified in 
detail. Those measurements showed that the surface of ETFE-SA differs significantly 
from the surface of Nafion�. Surface roughness of the ETFE-SA membrane was higher, 
which originates from the manufacturing process and it also varied as a function of 
manufacturing parameters. The surface hydrophobicity properties were investigated 
by water contact angle (CA) measurements and the surface hydrophobicity of ETFE-
SA was observed to decrease as a function of sulphonation degree, resulting from the 
increasing amount of the hydrophilic sulphonic acid groups. 
The drawback of the membranes based on poly(perfluorosulphonicacid), e.g. 
the Nafion® membranes, is especially their high methanol permeability (MeOH 
crossover). The MeOH permeabilities through the ETFE-SA and different Nafion� 
membranes were measured in a diffusion cell and analyzed with a gas chromatograph 
(GC). According to those measurements, the MeOH permeability through ETFE-SA 
was less than 2% of the corresponding value of the Nafion� membranes. The sulphur 
profile along the membrane cross-section gives information about the distribution of 
sulphonic acid groups and it was detected with the SEM combined with an energy 
dispersive X-ray spectrometer (EDX). A smooth sulphur profile proved that the 
sulphonic acid groups were evenly distributed and the sulphonation process was 
succeeded. The homogeneous sulphur profile will lead further on to good proton 
conductivity and high performance in the DMFC.
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 Analysis of an alkaline fuel cell performance by using a modeling 
approach
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Exploring Single Electrode Reactions in  
Polymer Electrolyte Fuel Cells

Holger Kuhn*, Günther G. Scherer, Alexander Wokaun  
Paul Scherrer Istitut, Electrochemistry Laboratory, 5232 Villigen, Switzerland

holger.kuhn@psi.ch, guenther.scherer@psi.ch



S
y
m

p
o
s
iu

m
 1

0
 -
 P

o
s
te

r

·

·

Investigation of Pt/RuO2xH2O /CNT as Catalyst in 
DMFC Anodes 
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Electrolysis
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catalysts
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Modeling of Diffusion Electrodes and Fuel Cells
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Energy Efficient Direct Alkaline Fuel Cells for Liquid 
Organic Compounds 

Jukka-Pekka Spets*, Jyri Rantanen and Markku J. Lampinen
Helsinki University of Technology (TKK), Laboratory of Applied Thermodynamics, 

P.O. Box 4400, FI-02015 TKK, Finland. 
*jukka-pekka.spets@tkk.fi 

xThe low temperature alkaline fuel cells (LTAFC) have been found to be  promising 
for operating with liquid organic compounds  as a fuel, especially, when  compared 
to PEM fuel cells. Also, the use of the liquid organic compounds as a  fuel in 
alkaline fuel cells should avoid the problems in transport and storage, when the 
gaseous hydrogen is used as a fuel for LTAFC. This investigation with laboratory-
scale testings will concentrate in the liquid organic organic compounds as a fuel  for 
being used in LTAFC. The research includes the use of several liquid organic  fuels 
(i.e., glucose, ethanol, biodiesel and methanol), which are fed directly in alkaline 
electrolyte of LTAFC. The different anode-side catalyst materials are studied 
for finding the effective applications of LTAFCs with high current densities  enough 
together  with acceptaply high operation capacities for enabling the  use of LTAFCs  
as current sources.
 
Keywords: Glucose, ethanol, biodiesel, AFC, anode catalyst material, current 
density, power density, capacity and laboratory-scale testing.
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Anionic membranes based on poly(epichlorhydrin) 
matrix for alkaline fuel cells

Daniela Stoica1, Lionel Ogier2, Fannie Alloin1, *
1 Laboratoire d’Electrochimie et de Physico-Chimie des Matériaux et des Interfaces, UMR5631 

CNRS/UJF/INPG 5631, BP 75 F-38402 Saint Martin d’Hères
2 Eras Labo, 222, RN 90, 38330 St Nazaire-les-Eymes

* e-mail:Fannie.Alloin@.inpg.fr

Many researches are currently focused on electrochemical energy sources, in particular 
fuel cells, to find out an efficient alternative to the internal combustion engine. 
PEMFC are among the most promising systems. One of the major disadvantages of 
the PEMFC is the MEA cost, related (i) to an expensive polymeric membrane and (ii) 
to the use of platinum catalysts [1]. Alkaline Fuel Cells (AFC) might compete with 
the PEMFC, at least in some application domains. The main drawback of current 
AFC consisting of a liquid electrolyte (KOH) deals with their sensitivity to carbon 
dioxide pollution. Consequently the output of the fuel is drastically reduced. One 
attractive solution should be the replacement of KOH solution by an anion-conducting 
polymer electrolyte. The study of these promising electrolytes was initiated by the 
laboratory of industrial electrochemistry (CNAM) [2, 3]. Thus, a series of ionomers 
were prepared and characterised. A special attention was paid to the required chemical 
and electrochemical properties of the cationic function, i.e. a quaternary ammonium 
[4]. The polymer backbone was based on poly(epichlorhydrin) polymer. Quaternary 
amination processes were carried out using 1,4 Diazabicyclo [2.2.2] octane (Dabco) 
and 1-Azabicyclo[2.2.2]octane (Quinuclidine), two cyclic amines not very sensitive 
to Hofmann elimination. In order to avoid their dissolution in water or a too huge 
swelling, the membranes were cross-linked either by UV insolation or by heat 
treatment. To improve still more their thermomechanical properties, the membranes 
were reinforced by poly(propylene) or nylon supports. Exchange ionic capacity, 
swelling ratio, glass transition temperature, ionic conductivity, ageing stability, were 
evaluated. Moreover electrochemical characterizations were performed on these 
membranes. As a result these membranes appeared as promising candidates for AFC.

[1] G.F. Mc Lean, T. Niet, S. Prince-Richard, N. Djilali, Int. J. of Hydrogen Energy, 
27 (2002) 507

[2] E.Agel, J.Bouet, J.F.Fauvarque, H.Yassir, Ann. Chim. Sci. Mat 26 (2001) 59
[3] E. Agel, J. Bouet, J. F. Fauvarque, J. Power Sources 101 (2001) 267
[4] J.R. Varcoe, R.C.T.  Slade, Fuel Cells 5 (2005) 187 
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Methanol and CO Electro-oxidation on RuO2 Nanosheet 
Modified Pt/C
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Niw/tiox composite layers as cathode material for 
hydrogen evolution reaction 

R. Rashkov1, M. Arnaudova1, N. Atanassov1, A. Zielonka2, P. Jannakoudakis3, 
E. Theodoridou3*

1Institute of Physical Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria
2 Forschungsinstitut für Edelmetalle und Metallchemie, Schwäbisch Gmünd, Germany

3Institute of Physical Chemistry, Aristotle University, Thessaloniki, Greece
,e-mai theodori@chem.auth.grl

Composite NiW +TiOx layers were obtained by electrolyte containing nickel 
sulphamate with high concentration of W and nonstoichiometric Ti oxides particles.  
The codeposition of NiW layers with TiOx particles was carried out under potentiostatic 
conditions on pristine and oxidized carbon fibers at different rate stirring. Comparatively, 
NiW layers were obtained under the same experimental conditions. The morphology 
of the deposits was examined by means of scanning electron microscopy (SEM). 
Secondary crystallization of NiW layers on the surface of the embedded Ti oxides 
particles was observed. The electrochemical impedance spectroscopy (EIS) was 
used to study the electrocatalytic activity of these materials for hydrogen evolution 
reaction (HER) in acid solution. This reaction is very important in industrial hydrogen 
production for the fuel cell technology. The results showed that NiW +TiOx layers on 
oxidized carbon fiber electrodes possess the highest electrocatalytic activity for HER 
compared with NiW +TiOx layers on non-oxidized carbon fiber electrodes and NiW 
layers on oxidized carbon fiber electrodes. This behaviour may be attributed not only 
to the developed electrode surface from the presence of nonstoichiometric titanium 
oxides but also to the nature of the interaction between the composite and oxidized 
carbon fibers.  
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Electrochemical Impedance Spectroscopy Analysis for 
Catalyst Layers of DMFC Anode
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Preparation and characterization of Pt/CNF electrocatalysts 
for high temperature PEM fuel cells

M. Tsypkin*, S. T. Briskeby, I. A. Lervik, S. Sunde and R. Tunold 
Department of Material Science and Engineering, NTNU, Sem Saeladsvei, 12, Trondheim,

 NO-7491, Norway
*mikhail.tsypkin@material.ntnu.no

Fuel cells with high temperature polymer electrolytes, like phosphoric acid doped 
PBI are very promising energy conversion systems for future clean energy plants. 
In comparison with conventional polymer electrolyte (Nafion) fuel cells, they work 
at temperatures up to 200oC. At these conditions electrochemical processes are less 
dependent on mass-transport, and catalysts are more tolerant to contaminations in 
reagents. One problem is the stability of the catalyst, especially the catalyst support, 
at quite strong operation conditions [1].
Monodisperse platinum nanoparticles were prepared by reduction of H2PtCl6 in 
ethylene glycol [2]. The particle formation was controlled by precursor concentration 
and reduction reaction conditions (temperature and time). Solution changed color 
during the heat treatment from light yellow to dark brown usually attributed to 
platinum colloid formation. Kinetics of the platinum particle formation and prepared 
intermediates structure were investigated by XAS. The XANES spectra at Pt L3-edge 
of the nanoparticles were compared with initial precursor solution and bulk Pt standard 
(foil) as well as with PtO2 powder.
Prepared platinum colloidal nanoprecursor was deposited on a carbon nanofibre having 
a herringbone structure. Prepared electrocatalysts were characterized by ex-situ X-ray 
techniques, HR-TEM and by in-situ electrochemical XAS in H2SO4 and H3PO4. 
Analysis of the XANES spectra shows rapid exchange of the Cl- ligands of (PtCl6)2- 
precursors to oxygen bonds, formed during the interaction between OH- groups of the 
polyol and the precursor.  EXAFS region shows that Pt –Pt bonds start to form during 
refluxing. No significant changes in platinum colloidal particle structure were detected 
even after 5 minutes of heating. That indicates formation of Pt first shell structure; the 
further heating gives no significant rise of signals from higher Pt-Pt shells. 
Electrocatalysts on carbon nanofibres shows amorphous structure even after heat 
treatment with cluster sizes in a range 3-5 nm. High platinum loading in a range of 
40-55 wt% was achieved keeping the electrochemical active surface area in a range 
50-80 m2/g. The cluster formation conditions and structure changes at the annealing 
stage strongly affects the fuel cell electrode behaviour.

1. Q. Li, R. He, J. O. Jensen, N. Bjerrum, J. Fuel Cells (2004), 4(3),  147-159
2. M. Tsypkin, S.T. Briskeby, B. Børresen, I. Kvande, D. Chen, R. Tunold,  Proc. of  

the 56th Annual Meeting of the International Soc. of Electrochem.; Pusan, 25-30 
Sept., 2005, p.1073
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Electrochemical Conducting of PVDF/SPEEK 
Composite Membrane with Surface Treated for DMFC
Han-Joo Kim ,  Sun-Kyung You,  Jong-Eun Park1, Tetsuya Osaka1, Soo-Gil Park * 

Reserch Center of Energy Storage, Chungbuk National University,
12, Kaeshin, Heungduk, Cheongju, Chungbuk, 361-763, Korea

1Graduate School of Science and Engineering, Waseda University,
 Shinjuku, Tokyo 169-8555, Japan

*sgpark@cbnu.ac.kr

In the last decade, the development of the direct methanol fuel cell (DMFC) had 
gained much interest mainly for portable power application. A key component of 
(DMFC) is the proton exchange membrane, which is required to have low liquid 
uptake at water and methanol. The SPEEK is typically obtained by either directly 
introducing sulfonic acid groups onto the polymer backbone or direct polymerizing 
sulfonated monomers. 
In this study, poly(vinylidiene difluoride)/Sulfonated poly(ether ether Ketone) hybrid 
membranes were prepared to evaluate the possibility of use as a proton exchange 
membrane for direct methanol fuel cell (DMFC). PVdF and Sulfonated poly(ether 
ether ketone) was use to increase proton conductivity, and simultaneously to prevent 
methanol transport through the cross linked membrane. The Nafion-PVDF/SPEEK-
Nafion(NPSN) composite membrane was prepared by immersing the SPEEK in the 
Nafion-containing casting solution. 
  Furthermore, in order to improve the composite properties for DMFC applications, 
the single phase pure polymer method was discussed. 
SPEEK/ TiO2 10.0% membrane with exhibit performances comparable to that of  
SPEEK/ TiO2 2.5% membrane due to lower methanol crossover, and the performance 
of SPEEK/ TiO2 10.0% membrane at high current densities with methanol (2M) high 
than SPEEK/ TiO2 2.5% membrane due to lower methanol permeability. Increasing 
the titanium oxide content in the SPEEK composite membranes leads to a decrease 
of the MeOH permeability. The reason for these results is related with the increasing 
amount of inorganic filler in the membranes, which increases the membranes barrier 
properties in terms of mass transport.
  However, separations of the electrodes from the SPEEK membrane were observed 
after 2 hour of operation in DMFC due to the poor adhesion and bonding properties. 
Further work is needed to overcome this problem and fully assess the long term 
stability. Nevertheless, the lower cost and methanol crossover compared to that of 
Nafion make the SPEEK membranes promising alternatives for DMFC.
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Self-Discharge Mechanisms in the Vanadium Redox 
Flow Battery

Adam H. Whitehead*, Martin Harrer, Tomislav Balvanovic, Martha Schreiber 
Funktionswerkstoffe Forschungs- und Entwicklungs GmbH, Marktstraße 3, A-7000 Eisenstadt, 

Austria
*Adam.Whitehead@fwg.at

The vanadium redox flow battery (VRB) is one of the most promising energy storage 
systems for coupling with intermittent renewable energy supplies (photovoltaic, wind 
turbine and so on) and for load levelling [1, 2]. Flow batteries in general have several 
advantages over other storage systems, namely:
•Power and energy can be independently specified.
•Extra energy can be added by adding more electrolyte.
•The battery weight can be easily distributed in different ways, by choosing different 
tank designs.
•Very rapid electrical response.
•The battery can be recharged electrically or by refilling the electrolyte.
•Very low emissions (especially with respect to diesel generators).
•Accurate, simple state-of-charge measurement.
•Cells can be deep-discharged without damage.
•No memory effect.
•No need to perform ‘equalisation’ charging.
•Very high cycle life.
Another often quoted advantage is the low self-discharge rate. However, self-discharge 
may proceed by many mechanisms, especially with respect to discharge in the tanks 
and reactors. These have not been well documented in the literature. Therefore, this 
work aims to elucidate and quantify the self-discharge mechanisms in the VRB.
One unusual feature of our design of VRB is the use of an oil layer to protect the 
negative electrolyte from aerial oxidation and both electrolytes from evaporative 
water loss. In general an inert glass blanket over the electrolytes has been used in 
commercial systems. The efficacy of the oil layer was anticipated from laboratory 
measurements using a spectroscopic technique and validated after a 12 month field 
trial.
In contrast to aerial oxidation, which represents an ‘irreversible’ loss of capacity in the 
tanks, shunt currents represent a route to ‘reversible’ self-discharge in the reactor. Shunt 
currents arise through many electrodes at different potentials being in contact with a 
common electrolyte. All bipolar flow batteries exhibit shunt current losses to some 
extent, dependent on the design of flow frame and manifold. A simple mathematical 
model of the shunt currents in the VRB is compared with experimental measurements 
as determined by several different techniques.

[1] C. Fabjan, J. Garche, B. Harrer, L. Jörissen, C. Kolbeck, F. Philippi, G. Tomazic, 
F. Wagner, Electrochim. Acta 47, (2001) 825.

[2] J.M. Hawkins, T. Robbins, 21st International Telecommunications Energy 
Conference, INTELEC’99, Copenhagen, Denmark, 6 - 9 June, 1999.
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Photoelectrochemical kinetics of Eosin Y-sensitized zinc 
oxide films investigated by scanning electrochemical 

microscopy
Yan Shen,[a] Kazuteru Nonomura,[b] Derck Schlettwein,[b] Gunther Wittstock*[a]

[a] Institut für Reine und Angewandte Chemie und Institut für Chemie und Biologie des Meeres, 
Fakultät für Mathematik und Naturwissenschaften, Carl-von-Ossietzky University Oldenburg, 
D- 26111 Oldenburg (Germany), [b] Institut für Angewandte Physik, Justus-Liebig-University 

Gießen, Heinrich Buff- Ring 16, D- 35392 Gießen (Germany)
*gunther.wittstock@uni-oldenburg.de

Among the approaches towards inexpensive renewable energy sources dye-sensitized 
solar cells (DSSC) constitute a main effort that is based on a combination of a 
nanocrystalline wide-band gap semiconductor, an adsorbed dye with an absorption 
band in the visible region and an appropriate electrolyte system. Remarkable 
conversion efficiencies have been demonstrated while avoiding photocorrosion of the 
semiconductor material. While initial work was mainly performed on nanocrystalline 
titania in the anatase form and ruthenium coordination complexes as sensitizers, 
present experimental studies also include a range of other semiconducting metal 
oxides. Particular appealing are semiconductor systems that can be processed to 
functional films with very few processing steps or on a variety of substrates, preferably 
low- cost, light and mechanically flexible polymers. Zinc oxide is electrochemically 
deposited on a transparent electrode from an aqueous electrolyte in the presence of 
the dye Eosin Y. Eosin Y not only is an efficient sensitizer, it also acts as a structure-
directing agent (SDA) to shape the morphology of the deposited nanocrystalline 
ZnO [1]. Highly porous yet crystalline sensitized ZnO is obtained in one step and at 
temperatures below 70 °C. 

Eosin Y is used as a sensitizer for nanoporous zinc oxide films for prospective 
applications in photoelectrochemical solar cells. The kinetics for the reduction of the 
intermittently formed photooxidized dye molecules by iodide ions in the electrolyte 
phase was investigated using the feedback mode of a scanning electrochemical 
microscope (SECM). The bulk phase of the solution contained triiodide as mediator, 
from which the ultramicroelectrode generated iodide ions acting as electron donors 
for photooxidized Eosin Y molecules (D+

ads) at the zinc oxide sample. From SECM 
approach curves effective rate constants for the dye regeneration could be extracted. 
The effective rate constants at different triiodide concentrations could be related to 
the rate constant for the reaction of the dissolved donor with photooxidized Eosin Y 
bound to ZnO as well as to the overall rate of the photosensitization process. For the 
reaction D+

ads + 3/2 I- → Dads + 1/2 I3
- a rate constant of k

ox
 = (1.4 ± 0.8) 108 cm9/2 mol-3/2 

s-1 was determined.

[1] T. Yoshida, T. Oekermann, K. Okabe, D. Schlettwein, K. Funabiki, H. Minoura, 
Electrochemistry 2002, 70, 470-487.
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Microscale analysis of cathode electrocatalytic reaction 
on active MEA electrode surface of PEMFC
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Electrocatalytic Role of Eosin Y during 
Electrodeposition of ZnO/Eosin Y Hybrid Thin Films
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Direct fabrication of Pt-supported porous carbon 
catalyst for PEM fuel cell

Dong-Yun Zhanga,b, Zi-Feng Maa,*,  Guoxiu Wangb, K. Konstantinov b,  
Hua-Kun Liub 

a Department of Chemical Engineering, Shanghai Jiaotong University, Shanghai, 200240, China
 b ISEM, University of Wollongong, NSW, 2522, Australia,

* zfma@sjtu.edu.cn 

Pt-based electrocatalysts are usually employed in proton exchange membrane fuel 
cells (PEMFC) and direct alcohol fuel cells (DAFC) as electrocatalysts in relatively 
low temperature. Conventional preparation techniques based on wet impregnation and 
chemical reduction of the metal precursors. There conventional synthesis methods 
based on impregnation-reduction [1], microemulsions [2], sonochemistry [3, 4], and 
microwave irradiation [5–7]. However, it is rather tedious to prepare the Pt-supported 
carbon catalOxygen Reduction on Carbon Supported Iron Electrocatalysts: Effects of 
Iron Loading on the Activity

Peng Wang*, Zhichao Zhao, Lixin Jia, Zhenyu Ma, Xuehui Cao 
Department of Chemistry, Bohai University, Jinzhou, Liaoning, 121000, P.R.China

*E-mail: pwangcs@yahoo.com

The electrochemical reduction of oxygen is one of the most important reactions 
in various energy conversion systems. Platinum, as an active catalyst, is too expensive 
to be used widely for commercialization. Thus, non-noble metal electrocatalysts with 
high catalytic activity have received great concern in recent years [1, 2]. Although the 
work of G. Lalande, G. Faubert et. al. has demonstrated that a carbon black, a source 
of iron and nitrogen are necessary to obtain catalytic activity for oxygen reduction[3, 
4], the optimum loading of iron on the substrate hasn’t been studied in detail in the 
literatures. 

In this publication, the effects of iron loading on their activity for oxygen reduction 
are studied. Catalysts were prepared by heat-treating Turnbull’s Blue deposited on 
conducting carbon black at 800oC under nitrogen atmosphere. Before loading with the 
precursors, the carbon black was first treated by concentrated HNO3, filtered, washed 
with deionized water and then dried at 80oC for 3hs. The quantification of iron on 
the catalysts was performed by ICP. The catalysts were evaluated electrochemically 
in a three-electrode one-compartment cell, in which  0.5 mol/l H2SO4 was used as 
the electrolyte, saturated calomel electrode (SCE) and platinum foil were used as 
reference and counter electrode, respectively. The working electrodes were prepared 
by coating a glassy carbon disk (4 mm diameter) with a suspension containing the 
catalysts and Teflon. The measurements were performed at 25oC.

The cyclic voltammograms show that both the peak potential and peak current of 
oxygen reduction increase with iron loading on the carbon black and reach a maximum 
of ca. 0.4V at 23 wt% Fe then decrease. The higher peak potential is an indication of 



S
y
m

p
o
s
iu

m
 1

0
 -
 P

o
s
te

r

Oxygen Reduction on Carbon Supported Iron 
Electrocatalysts: Effects of Iron Loading on the Activity

Peng Wang*, Zhichao Zhao, Lixin Jia, Zhenyu Ma, Xuehui Cao 
Department of Chemistry, Bohai University, Jinzhou, Liaoning, 121000, P.R.China

*E-mail: pwangcs@yahoo.com

The electrochemical reduction of oxygen is one of the most important reactions in 
various energy conversion systems. Platinum, as an active catalyst, is too expensive 
to be used widely for commercialization. Thus, non-noble metal electrocatalysts with 
high catalytic activity have received great concern in recent years [1, 2]. Although the 
work of G. Lalande, G. Faubert et. al. has demonstrated that a carbon black, a source 
of iron and nitrogen are necessary to obtain catalytic activity for oxygen reduction[3, 
4], the optimum loading of iron on the substrate hasn’t been studied in detail in the 
literatures. 
In this publication, the effects of iron loading on their activity for oxygen reduction 
are studied. Catalysts were prepared by heat-treating Turnbull’s Blue deposited on 
conducting carbon black at 800oC under nitrogen atmosphere. Before loading with the 
precursors, the carbon black was first treated by concentrated HNO3, filtered, washed 
with deionized water and then dried at 80oC for 3hs. The quantification of iron on 
the catalysts was performed by ICP. The catalysts were evaluated electrochemically 
in a three-electrode one-compartment cell, in which  0.5 mol/l H2SO4 was used as 
the electrolyte, saturated calomel electrode (SCE) and platinum foil were used as 
reference and counter electrode, respectively. The working electrodes were prepared 
by coating a glassy carbon disk (4 mm diameter) with a suspension containing the 
catalysts and Teflon. The measurements were performed at 25oC.
The cyclic voltammograms show that both the peak potential and peak current of 
oxygen reduction increase with iron loading on the carbon black and reach a maximum 
of ca. 0.4V at 23 wt% Fe then decrease. The higher peak potential is an indication of 
a higher catalytic activity. In another experiment, the stead state polarization curves 
give the lowest Tafel slop of ca. 82 mV/dec at 23 wt% Fe loading. The change of 
Tafel slop means that the mechanism of oxygen reduction reaction changes with iron 
loading on the catalysts [5]. The results indicate that iron loading of ac. 23 wt% on 
the catalysts favours either the thermodynamics or the kinetics for electrochemical 
reduction of oxygen.

1. Frédéric Jaouen, Sébastien Marcotte, Jean-Pol Dodelet, and Göran Lindbergh, J. 
Phys. Chem. B 107,1376 (2003).

2. Keijiro Sawai, Nobuhisa Suzuki, J. Electrochem. Soc., 151(5), A682 (2004).
3. G. Lalande, R. Côté, D. Guay, J. P. Dodelet, L. T. Weng and P. Bertrand, Electrochim. 

Acta 42(9),1379 (1997).
4. G. Faubert, R. Côté, D. Guay, J. P. Dodelet,G. Dénès and P.Bertrand, Electrochim. 

Acta 43(3-4),341 (1998).
5. D. B. Sepa and M. V. Vojnovic, Electrochim. Acta 26(6),781 (1981).
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Spillover of primary oxides as a dynamic catalytic   
effect of interactive supports

J. M. Jaksic, C. M. Lacnjevac, Lj. Vracar and N. V. Krstajic
Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia & Montenegro 

e-mail: jelena@iceht.forth.gr

The reversible peaks of primary oxides (M-OH) usually appear on voltammograms of 
Pt, Au and some other metals at fixed potential and immediately merge into broader 
irreversible peaks of the stable surface oxide (M=O) growth. Primary oxides play 
a decisive catalytic role both in anodic CO oxidation (CO tolerance) and cathodic 
oxygen reduction (ORR). Hypo-d-electronic oxides, on the first place anatase titania, 
impose two catalytic effects on supported nanostructured electrocatalysts: (i) Strong 
Metal Support Interaction (SMSI) with hyper-d-electronic catalytic metal, and (ii) The 
spillover effect of the primary oxides. Hypo-d-oxides feature the exchange membrane 
properties, and the higher the altervalent capacity, the higher the spillover effect. 
Experiments have been carried out with: (a) Magneli phases as highly electronic 
conducting and rather stable Ti-suboxide support of developed surface area; (b) 
Submonolayer anatase titania sol-gel deposited on carbon carrier of surface area 
above 250 m2 g-1; (c) The latter with 3 – 7 mol.% of colloidal tungstenia ingredient; 
(d) Moderately developed Magneli phases with sol-gel deposited submonolayer of 
anatase titania to increase the overall surface area for metallic electrocatalyst SMSI 
deposition, and (e) As the reference state, Pt and Au upon plain, but highly developed 
carbon carrier. The reversible peak of the primary oxide growth on Pt and Au becomes 
shifted at remarkably more negative potential values and starts even within the range of 
H-adatoms desorption, while its reduction extends up to the UPD of hydrogen atoms. 
With wet titania supported Pt catalyst in membrane cells these peaks dramatically 
increase in their charge capacity and almost reversibly become shrunk with decreased 
moisture content in the feeding indifferent gas mixture. Such potentiodynamic scans 
are the best as comparable experimental evidence of the spillover effect for primary 
oxides, confirmed also by the formaldehyde oxidation. The latter is even more 
pronounced with the rather fast reaction of formaldehyde when its anodic oxidation 
approaches rather high limiting currents of concentrated solutions within a broader 
potential range practically between hydrogen and oxygen evolving limits.




