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PLenary Lectures



Opening Honorary Lecture

From Electrochemistry to Nanochemistry: my First 38 Years of Research

Isra®l Rubinstein

Weizmann Institute of Science, Rehovot, Israel

The conference is organised by the Ecole Normale Sup@ieure de Paris (ENS) in
collaboration with the Laboratoire de Chimie et dElectrochimie des Surfaces
(University of Namur, FUNDP) in honour of Professor Isra® RUBINSTEIN on the
occasion of his 60" birthday. This event is a special opportunity to acknowledge Isr&f!
RUBINSTEIN s scientific achievements in the fields of electrochemistry and self-
assembly which he pioneered.




Electrochemistry of single molecules - Single molecule
spectroelectrochemistry and other approaches

Allen J. Bard, Xiaoyin Xiao, Fu-Ren Fan, Rodrigo Palacios, and Paul F. Barbara

Department of Chemistry and Biochemistry, Center for Electrochemistry and Center for Nano- and Molecular
Science and Technology
The University of Texas at Austin
Austin, Texas 78712

Much recent research has involved studies of single molecules or nanoparticles (NPs),
because these can provide information that is not readily available from the more usual
investigations of large ensembles.  While most of these studies have dealt with the
spectroscopic properties of molecules, we have been interested in the possibility of single
molecule and particle electrochemical studies and will describe an overview of this
research and recent results.

One new approach to the determination of the thermodynamics and kinetics of electron
transfer (et) to single immobilized polymer molecules is based on single molecule
spectroelectrochemistry (SMS-EC). SMS-EC measures electrochemical behavior one
molecule at a time, offering for the first time the distribution of key electrochemical
variables, e.g. the half-wave potential, Ei», not just the ensemble average. The
experiments employ an electrochemical cell with a transparent (ITO) working electrode on
which is immobilized, e.g. in a polymer film, the molecules of interest, a gold counter
electrode, and a silver wire quasireference electrode (QRE) within a SMS apparatus. The
fluorescence of the immobilized single molecules is monitored as a function of the working
electrode potential, where et events cause a decrease in the emission of the molecule.

Experiments of single molecules and NP aggregates of the organic conjugated polymer
poly(9,9-dioctylfluorene-co-benzothiadiazole) (F8BT) and other molecules used in solid
state electrochemical cells (OLEDs) will be described. The application of the technique to
observation of single et events of ground state molecules and to studies of et to excited
states will be discussed.

A different direct electrochemical approach involves observing collisions of metal NPs with
the electrode by using a novel current amplification scheme. This has the potential to
study single particle events and probe details of the nature of the charge transfer process
at the electrode surface.



Electrochemistry within molecules:

seeing intramolecular electronic communication

Christian Amatore

Ecole Normale Sup@rieure. D@partement de Chimie. UNR CNRS 8640
24 rue Lhomond. F-75231 Paris Cedex 05. France
http://www.chimie.ens.fr/iw3amatore/
e-mail: christian.amatore@ens.fr; Ph: int+33-1-4432-3388; Fax: int+33-1-4432-3863

The concept of electronic communication (as opposed to electronic delocalization) is
discussed and established on the basis of direct and in-time monitoring of electron hoping
within molecules. This concept is then shown to be useful for the design of a new class of
bio-organometallic drugs.

The basic principles allowing undistorted cyclic voltammetry up to 2.5 MV.s* to be
performed at ultramicroelectrodes are recalled. Access to this range of ultrahigh scan rates
allows nanosecond-time scale to be explored voltammetrically which offers obvious kinetic
advantages by widening the mechanistic scope of voltammetry so that it encompasses
now more than nine orders of magnitude.

In this paper, we are interested in discussing a remarkabled but less
promoted [J advantage of ultrafast voltammetry. Indeed, scan rates in the megavolts-per-
second range allow the creation of diffusion layers with a maximal extension of a few
nanometers, viz., which are comparable to the size of chemical and biological molecules.
In other words, this allows the in-situ and direct monitoring of redox communication within
molecules.

The experimental validity and the interest of this concept are presented on the basis of two
typical examples. One deals with the rate of redox commutation within self-assembled
monolayers of diluted organic and organometallic molecules bearing a redox terminal
group. This will exemplified that under some circumstances the electron transfer is
controlled by the movement of an ion which is required to counterbalance the charge. This
movement may be slowed down when the redox center is immersed within the diluent
lipophilic chains.

The second application concerns the monitoring of the time-progression of electron-
hopping diffusion through electron exchange between 64 Ru"(tpy), redox groups
distributed on a fourth generation PAMAM dendrimer molecule adsorbed onto an
ultramicroelectrode. Besides the measurement of the rate of communication between
adjacent ruthenium centers within one dendrimer, the method is extremely informative
about the topology of the spatial arrangement of the 64 redox centers, so that it can be
used as a molecular microtome with a resolution better than that of STM. Taking
advantage of this system we investigate theoretically the frontier between stochastic and
statistical behavior. Indeed, the size of these dendrimers (ca. 10 nm) is close from the
smallest sizes of nanoelectrodes which can be built reliably today. Therefore, today one
may ask the following question: How many molecules do we need to observe an average
molecular behavior?



Molecular printboards

David N. Reinhoudt

Laboratory of Supramolecular Chemistry and Technology
MESA" Research Institute for Nanotechnology
University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands

Nanotechnology is a part of the chemical domain, because the ultimate goal is to build
nanostructures with precision at the molecular level. This requires the ability to manipulate
and modify molecules individually level rather than in the bulk. There are many challenges
for chemists and in particular for supramolecular chemistry. In our group we are studying
several aspects that may contribute to the bottom-up approach to nanostructures. Firstly,
molecular printboards will be discussed that can be used to confine molecules in time and
space. These printboards are self-assembled monolayers of receptor molecules on flat
services. The regular molecular assemblies offer anchoring points for (individual)
molecules that can be immobilized (and erased) by supramolecular host-guest
interactions. Suitable printboards are composed of cyclodextrine derivatives, immobilized
on gold or glass surfaces. By force-distance spectrocopy we can analyse the forces
involved between individual guest molecules and these receptors. Subsequently we can
write or print guest molecules like dendrimers on these printboards by softlithographic
techniques (microcontact printing and dip pen or nano-imprint lithography). We can also
use layer-by-layer assembly processes and metal deposition in order to extend 2D-
patterns to 3D-objects. By using these assembly processes we are able to fabricate
electronic devices.

Finally, covalent chemistry has been recently developed for similar purposes. Both imine
and click chemistry on SAMs will be discussed.

1) J. Am. Chem. Soc., 2005, 127, 7594-7600

2) J. Am. Chem. Soc., 2004, 126, 17050-17058
3) J. Am. Chem. Soc., 2004, 126, 12266-12267
4) Angew. Chem. Int. Ed., 2006, 45, 5292-5296



Applications of localized surface plasmon resonance (LSPR) spectroscopy

Alexander Vaskevich

Department of Materials and Interfaces, Weizmann Institute of Science, Rehovot 76100, Israel
alexander.vaskevich@weizmann.ac.il

Nanostructured gold and silver films show a localized surface plasmon (SP) resonance,
resulting in enhanced light scattering, the appearance of a SP absorption band, and
enhancement of local electromagnetic fields. These unique properties have been used in
various applications, including chemical and biological sensing as well as enhanced
surface spectroscopies.

One of the problems in the development of practical devices based on localized surface
plasmon resonance (LSPR) spectroscopy is preparation of stable and sensitive
transducers using a simple and reproducible technology.! Our group has developed
transmission LSPR (T-LSPR) transducers prepared by evaporation of discontinuous metal
films onto transparent substrates.>® We have carried out a detailed study of Au and Ag
island films, characterized using AFM, high-resolution SEM and cross-sectional TEM.
Structural reshaping of metal island films, enabling tuning and optimization of their optical
properties, was attained by thermal, chemical and electrochemical treatments.

The refractive index sensitivity and distance dependence of the T-LSPR response of Au
island films were studied using different liguid media and a coordination-based self-
assembled multilayer of a variable thickness, respectively. The sensitivity of an optimized
Au island film remained nearly constant at distances of >15 nm from the Au island surface,
providing flexibility in the design of T-LSPR based sensing interfaces. Tuning of the island
size and shape allowed us to reach the highest LSPR refractive index sensitivity reported
to date, i.e., 500 nm/refractive index unit (RIU). Encapsulation of Au island films in a 1.5
nm silica shell stabilizes the islands, such that the optical response is sensitive only to
changes in the effective refractive index of the immediate environment.”

T-LSPR transducers based on evaporated metal island films present a general platform for
research and practical applications. Its use in studies of the kinetics of surface processes
as well as in gas sensing, DNA hybridization and specific protein recognition, will be
demonstrated.

1. A. Vaskevich and |. Rubinstein, Localized Surface Plasmon Resonance (LSPR) Spectroscopy in Biosensing, in Handbook of
Biosensors and Biochips, R. Marks, D. Cullen, C. Lowe, H. H. Weetall, I. Karube (Eds.), Wiley-VCH, in press.

2. G. Kalyuzhny, M. A. Schneeweiss, A. Shanzer, A. Vaskevich and I. Rubinstein, J. Am. Chem. Soc. 123 (2001) 3177.

3. G. Kalyuzhny, A. Vaskevich, M. A. Schneeweiss and |. Rubinstein, Chem. Eur. J. 8 (2002) 3850.

4 I. Doron-Mor, H. Cohen, Z. Barkay, A. Shanzer, A. Vaskevich and |. Rubinstein, Chem. Eur. J. 11 (2005) 5555.

5 I. Ruach-Nir, T. A. Bendikov, I. Doron-Mor, Z. Barkay, A. Vaskevich and I. Rubinstein, J. Am. Chem. Soc 129 (2007) 84.



Sum Frequency Generation as a vi]plrational probe of the interface and thin
iims

A.Tadjeddine, B. Busson® and C. Humbert?

'UDIL-CNRS, Centre Universitaire Paris-Sud, B t. 201 /P1, B.P.34, 91898 Orsay cedex, France
abderrahmane.tadjeddine@udil.u-psud.fr
LCP/CLIO, CNRS-Universitd Paris-Sud, Orsay (France)

Understanding the nature and structure of surfaces and interfaces at a molecular level is
of primary interest in a wide range of domains such as polymer adhesion, membrane
biochemistry, catalysis...

Among the surface analysis tools available, infrared-visible sum-frequency generation
(SFG) vibrational spectroscopy is of unique interest especially in the case of buried
interfaces. SFG spectroscopy is based on the fact that second order non-linear optical
processes are forbidden in the bulk of centrosymmetric media. At the interface between
such media the centrosymmetry is broken and second order processes such as SFG are
allowed. Therefore this technique is inherently surface (or interface) specific. Moreover
the signal is enhanced when the frequency of the photons of one of the two pump laser
beams matches the frequency of an allowed transition (vibrational or electronic) at the
interface. Using a tunable infrared laser beam as one of the two pump beams, one can
have access to the vibrational properties of the interface and to identify adsorbed species
or to gain insight into the interfacial structure or charge transfer. Using short laser pulses
and pump-probe schemes allows to study vibrational relaxation at interfaces and to
explore the couplings between vibrational and electronic degrees of freedom in the case of
adsorbates on a metallic substrate for example. Finally, recording the SFG response at
different visible wavelengths yields unique information on the electronic and the
vibrational properties of the interface..

After a brief description of the new developed set-up we have developed at the CLIO-Free
Electron Facilty (Orsay), we shall present and discuss some selected results recently
obtained on the following topics:

- dissociative adsorption of methanol and ethanol at the platinum single crystal electrode-
acidic solution: attention will be focused on the effects of the electrode surface orientation
and the alcohol concentration on the structure of the interface and its evolution with the
applied potential.

- the study of copper electrodes in contact with aqueous solutions containing 4-{2-[1-(2-
cyanoethyl)-1,2,3,4-tetrahydroquinolin-6-ylldiazenyl} benzonitrile (CTDB) combining 2C-
SFG, SERS and DFT calculations.

- the evolution of electronic and vibrational properties the Thiophenol/Ag(111) interface
from the single monolayer to a thin multilayer, and the different vibronic coupling of the
vibration modes in the 1000 cm™ spectral range.

- the behaviour of thin films of twelve molecular layers of chiral helicenebisquinone
molecules in the energy range of phenyl ring vibrations (around 1600cm™) which show a
measurable absorption in the visible range related to their supramolecular organization.



Nanoscience in bioanalytical chemistry - nanopore and nanotube resistive-
pulse sensors

Charles R. Martin

Department of Chemistry
Center for Research at the Bio/Nano Interface
University of Florida
Gainesville, FL 32611

There is increasing interest in the concept of using nanopores as the sensing elements
in resistive-pulse-based biosensors. The nanopore most often used is the a-hemolysin
protein channel, and the sensor consists of a single channel embedded within a lipid
bilayer membrane. An ionic current is passed through the channel, and analyte species
are detected as transient blocks in this current associated with translocation of the analyte
through the channel resistive-pulse or stochastic sensing. While this is a promising
sensing paradigm, it would be advantageous to eliminate the very fragile lipid bilayer
membrane, and perhaps to replace the biological nanopore with an abiotic equivalent. We
will describe biosensors based on conically shaped synthetic nhanopores and nanotubes
prepared by the track-etch method.

In one approach, gold nanotubes are deposited within the nanopore, which allows for
easy biofunctionalization of the nanotube surfaces with small molecules, proteins, DNA,
and other biomolecules. Such surface-bound biomolecules can act as molecular-
recognition agents for binding analyte molecules to the tube walls, and this has allowed us
to develop a new paradigm for protein biosensing. Three different molecular-recognition
agents, and correspondingly three different protein analytes, have been investigated (i)
biotin/streptavidin, (ii) protein-G/immunoglobulin, and (iii) an antibody to the protein ricin
with ricin as the analyte. In all three cases, the molecular-recognition agent binds the
analyte essentially irreversibly, and the analyte is detected as a permanent blockage of the
ion current flowing through the nanotube. Alternatively analyte species can be driven
electrophoretically through the unmodified conical nanopore and detected via the
conventional resistive-pulse sensing paradigm. We have detected small molecules, DNA
and proteins this way. Finally, the middle ground can be exploited; i.e., the nanotube can
be functionalized with a selective but relatively weak-bind molecular-recognition agent.
This leads to resistive-pulse sensing data where the current-pulse magnitude is related to
the kinetics of release of the analyte from the molecular-recognition agent. We will discuss
an example where the molecular-recognition agent is folate-binding protein and the
analyte is folic acid.



Nanoparticle assembly and reactivity at polarised liquid|liquid interfaces

Mohamad Hojeij, Bin Su and Hubert H. Girault

Laboratoire d Electrochimie Physique et Analytique, Station 6,
Ecole Polytechnique F@ddrale de Lausanne, CH-1015 busanne
*Hubert.Girault @epfl.ch

Since the early work of Nernst more than a century ago, electrochemistry at the Interface
between Two Electrolyte Solutions (ITIES) has developed into a rather mature area of
research with many groups active in the field. From a structural viewpoint, a liquid|liquid
interface is by definition a dynamic one, and hence a highly reproducible interface to study.
Electrocapillary and capacitance measurements can be used to characterise the potential
distribution in the absence or in the presence of specific adsorption.

Here, we shall present the functionalisation of polarised liquid/liquid interfaces by nano-
objects such as metallic, semiconductor or organic nanoparticles. We shall for example
show how the adsorption of these nano-objects can be potentiostatically controlled. The
main reactivity we shall address is oxygen reduction and photo-energy conversion using
either porphyrin assemblies or quantum dots as sensitisers. In particular, we shall present
oxygen reduction data obtained in the presence of cobalt tetraphenylporphyrin, and photo-
currrents data obtained with CdSe nanoparticles.

Also, we shall show that it is possible to form thin liquid films on a solid support so as to
obtain liquid|liquid interfaces supported on a solid electrode. Different strategies can be
used including the layer-by-layer deposition of thin agqueous polyelectrolyte layers, or the
sol-gel deposition of aqueous gels. When using a porous solid support, we can obtain
pseudo-3D liquid-liquid interfaces.



From Model to Complex Self-Assembled Monolayer for Supramolecular
Chemistry at Electrodes

Claudine Buess-Herman, Thomas Doneux*, Marc Steichen,

Chimie Analytique et Chimie des Interfaces, Universit@ Libre de Bruxelles, Facultd des Sciences, Bouleard
du Triomphe, 2 CP 255, B-1050 Bruxelles, BELGIUM
E-mail: cbuess@ulb.ac.be

The formation of Self-Assembled Monolayers (SAMs) has become a very popular
method to modify metallic surfaces. For many applications, monolayers have to be
composed of the surfactant of interest mixed with a spacer in order to confer specific
properties to the electrode. The variation and control of the relative quantities of different
surfactants enabling the preparation of complex structures are therefore presently a
subject of growing interest.

In our group we have considered first a model system composed of mixed self-
assembled monolayers containing 2-mercaptobenzimidazole (MBI) and a negatively
charged derivate 2-mercaptobenzimidazole-5-sulfonate (MBIS). The behaviour towards
electron transfer of self-assembled monolayers of MBI or MBIS was first examined by
cyclic voltammetry. The influence of the monolayers was drastically dependent on the
charge of the redox probe used. On the MBI modified electrode, no inhibition is observed
for [Fe(CN)e]® probe, while it is markedly inhibited on the MBIS modified surface. When
[Ru(NH3)s]®" is used, a post-adsorption peak characteristic of the adsorption of the redox
probe is detected only in at the MBIS modified electrode. Taking advantage of this
difference, AC voltammetry has been used to determine the surface composition when
mixed monolayers are formed by immersion of the gold substrate in mixtures of different
molar fractions of MBI and MBIS.

Cationic [Ru(NHs)s]** complexes are also known to bind electrostatically to the
anionic DNA backbone. As a result, chronocoulometry can also be used to determine the
amount of linear and hairpin DNA immobilized on polycrystalline gold electrodes in mixed
SAMs of thiolated single-stranded oligonucleotides (HS-ssDNA) and a spacer (4-
mercaptobutan-1-ol).

To obtain a clearly detectable label free hybridization signal, cysteine-SH modified
PNA probes were immobilized in a mixed monolayer self-assembled together with 4-
mercaptobutan-1-ol on the gold electrode. Peptide nucleic acids (PNA) are structural DNA
analogues containing a neutral N-(2-aminoethyl)-glycine pseudopeptide backbone and
show higher specificity in DNA recognition. Results show that the binding isotherm of the
cationic metal complex to the surface-confined PNA-DNA duplex fits the Langmuir
adsorption model. As a result, the binding constants of [Ru(NH3)s]** to immobilized PNA-
DNA are derived from the experimental isotherm. The electron transfer kinetics of the
[Ru(NH3)s]** complex on the PNA modified electrode after DNA hybridization have also
been investigated on the basis of the Laviron theory.

Finally, we will discuss the potentialities of a simple label free DNA hybridization
detection method based on the specific ac voltammetric response of adsorbed cationic
metal complex on the PNA DNA duplex after hybridiza tion by resorting to the analysis of
the 23S rRNA gene of Helicobacter pylori..

"Present address : Department of Chemistry, University of Liverpool, Crown Street, Liverpool L69 7ZD, UNITED KINGDOM



Nanomaterials at interfaces an 18-year long journ ey

Yuval Golan

Department of Materials Engineering and
llse Katz Institute for Nanoscale Science and Technology,
Ben-Gurion University, Beer-Sheva, Israel 84105

Semiconductor nanostructures have attracted interest for reasons such as anisotropy of
material properties via shape control, size-dependent quantum confinement effects, and
as building blocks in nanoscale devices. "Wet" chemical routes for synthesis of
semiconductor nanostructures are straightforward and cost-effective and can result in
highly uniform nanomaterials with precise size and shape control. Three synthesis
methods will be presented, all in which interfacial processes play a major role. The first
method takes advantage of the air-water interface in the presence of ultrathin
polyconjugated organic films as a unique medium for synthesizing highly aligned
nanoparticles of, e.g., PbS and CdS, and their assembly into ordered structures. The
second technique will highlight highly uniform nanorods and nanowires of ZnS, CdS and
ZnSe capped with alkylamine surfactants, and will focus on the role of the organic
surfactants in controlling their structure and assembly into 2D and 3D super-structures.
Finally, chemical bath deposition also offers a simple and versatile route for producing high
quality PbSe and PbS thin films directly onto GaAs single crystal substrates without the
use of organic ligand molecules. A wide range of microstructures is obtained, from
nanocrystalline films to epitaxial single crystal films. Along with conventional in-house
characterization techniques, in-situ techniques such as laser light scattering and small
angle synchrotron x-ray diffraction are employed for monitoring growth and ordering in real
time.



Conducting-Polymer/Metal Nano-Composites

J. Janata , A. Saheb, J. A. Smith and M. Josowicz

’ corresponding authors : School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta,
GA 30332-0400

Electrochemical preparation of uncapped metal nanoclusters (d<1-20 nm) is interesting
from the point of view of design of electrocatalytic materials and of new selective sensing
layers. In case of Au the elementary process is a 3e reduction of AuCl, resulting in one
atom of Au. The top-down approach leads to self-assembly of Au clusters to form multi-
atom aggregates. The reasons for this clustering have been examined and a working
hypothesis how to prevent it has been formulated. The genuine nano-effect has been
observed for clusters smaller than 5 nm by measuring shift of binding energy of Aug line in
XPS spectra. This shift is attributed to coulombically limited formation of the contact
potential between Au and electronically conducting polyaniline matrix. Similar effect has
been reported for Au nanoclusters deposited on TiO, , on MgO and on clusters formed in
molecular beams. We have attempted to assemble gold clusters from the bottom-up , by
precisely controlled atom-by-atom, deposition into the conducting polymer matrix. Both
spectroscopic and electrochemical supporting evidence has been obtained for existence of
such atomic nano-composites. This approach complements formation of Au clusters from
the top-down approach, in which clusters of gold are formed under purely electrochemical
control.

1. J.A.Smith, M. Josowicz and J. Janata, J. Electrochem. Soc. , 150, (2003) E384-388 Polyaniline-Gold Nanocomposite
System

2. J. A. Smith, M. Josowicz, and J. Janata, Gold/Polyaniline Composite: Part | Moving Electrochemical Interface, Phys. Chem.
Chem. Phys., 2005, 7, 3614 3618

3. J. Anthony Smith, M. Josowicz, J. Janata, Mark Engelhard and Don R. Baer Gold/Polyaniline Composite: Part II Effect of

Nanometer Size Clusters , Phys. Chem. Chem. Phys., 2005, 7, 3619 3625

Support from NSF CHE--0137391



Self- and directed assembly of functional nanoscale structures

Paul S. Weiss

Departments of Chemistry and Physics, The Pennsylvania State University, University Park, PA 16802-6300,
USA
stm@psu.edu, http://www.nano.psu.edu/

We use molecular design, tailored syntheses, intermolecular interactions and selective
chemistry to direct molecules into desired positions to create nanostructures, to connect
functional molecules to the outside world, and to serve as test structures for
measurements of single or bundled molecules. Interactions within and between molecules
can be designed, directed, measured, understood and exploited at unprecedented scales.
We look at how these interactions influence the chemistry, dynamics, structure, electronic
function and other properties. Such interactions can be used to advantage to form precise
molecular assemblies, nanostructures, and patterns, and to control and to stabilize
function. These nanostructures can be taken all the way down to atomic-scale precision or
can be used at larger scales. We select and tailor molecules to choose the intermolecular
interaction strengths and the structures formed within the films. We employ some of these
approaches in directed assembly to enable bioselective and biospecific binding. We
develop hybrid strategies to create chemical patterns down to the single-molecule scale.



TiO, nanotubes: electrochemical formation, properties, applications

Patrik Schmuki

Department of Materials Science, WW4,
University of Erlangen-Nuremberg, LKO, Martenssstr.7, Erlangen, Germany;
*E-mail: schmuki@ww.uni-erlangen.de

The presentation will deal with self-organized, high aspect ratio titanium oxide nanotubes
grown by simple but optimized anodization. Key to obtain highly defined tubes controlled
electrochemical treatment of Ti in fluoride containing solutions. In general, the morphology
of porous TiO, and of the tubular layers is affected strongly by the electrochemical
parameters such as solution pH and anodization voltage. By optimizing the local
electrochemical conditions within the tubes, layers consisting of highly ordered TiO,
nanotubes with a length of several 100 micrometers can be grown on Ti surfaces. The
diameters that can be obtained range from 20 nm to 200nm - typical wall thicknesses are
in the range of 10-20 nm (1-3). Titanium dioxide is a highly functional material that has
numerous interesting properties, for example, in solar energy conversion, catalysis of the
decomposition of organic compounds (self-cleaning), wettability and biocompatibility.
Therefore this simple approach to produce this highly defined nanoscopic form of TiO,
bears a high potential for technological exploitation.

We have recently shown that the TiO, nanotubular structures show significant conversion
efficiencies, when dye-sensitized (4), can be used as a matrix for hydroxyapatite formation
to achieve osseointegration with bones (5), show extremely enhanced visible
photoresponse after N-doping (6), can be used as a highly efficient photocatalyst (7) as a
catalyst carrier for Pt/Ru nanoparticles for methanol electrooxidation (8) or as a template
for Cu deposition (9). Further, they show ability to change their hydrophobic/hydrophilic
behaviour (10) under illumination.

The presentation will address particularly the fabrication of free standing photoactive
nanotube membranes (11) and size sensitive interactions of biological cells with the
nanotubes surface (12).

Figure 1. Example of self-organized TiO, nanotbulr structure: SEM (a) and HRTEM (b). The insets in (a)
show the tube walls and the layer bottom in detail.
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Molecular self-assembly from active metals to carbon nanotubes surfaces
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Two directions of the CES research dealing with the grafting of molecular
connectors on surfaces will be presented. The first one focuses on the self-assembly of
organic molecules on oxidisable metals while the second highlights the chemical
functionalisation of carbon nanotubes (CNTS).

Although self-assemblies of organothiols on gold and copper have been extensively
studied over the past years®, less work has been reported on the more active metals such
as nickel and zinc. In the first part, we will present our achievement in molecular
functionalisation on copper, nickel and zinc by monolayer or multilayer assembly based on
organothiol and organoselenol derivatives®. Such systems are of particular interest since
complicated structures can be designed and prepared with molecular precision and could
offer new possibilities for technological applications using more common metals.We will
particularly underline the critical effect of the surface chemical state and the way to control
the interface favouring chemical and stable bond. Application of this research to electrical
connectors will be shown as illustration®.

The second part will be devoted to CNTs functionalisation by chemical grafting of
organosilane molecules. The control of this step influences significantly the dispersion
process in liquids and in polymers matrices and furthermore the ultimate composite
properties (electrical conductivity, mechanical properties, flame fire retarding) * An
example of an applied achievement shall be briefly reported®.

[1] Encyclopedia of Electrochemistry, Volumel0, Modified Electrodes by Allen J. Bard, Martin Sratmann, Israel Rubinstein, and Masamich
Fujihira, James F. Ruding, Wiley, January 2007., Love J. C.r; Estroff L. A.; Kriebel J. K.; Nuzzo R..G.; Whitesides G.M. Chemical reviews (2005),
105(4), 1103-69.
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3240-3245.
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Controlling supramolecular assembly by scanning electrochemical
microscopy and surface coverage determination of functional molecules at
molecular printboard by potential step chronoamperometric technique at
SECM
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Molecular printboards were formed by self-assembled monolayers (SAM) terminated by -
cyclodextrin ( CD). These layers can bind generation 3 ferrocene-terminated dendrimers
and cytochrome c -streptavidin conjugates by multiple host-guest interaction. The system
can be seen as a model system for building functional surfaces based on multiple non-
covalent interactions. In this study we used scanning electrochemical microscopy (SECM)
in different arrangements in order to image the layout of patterned SAMs with this system
and to perform a local determination of the surface concentration.

The SECM investigation are based on oxidizing or reducing the redox-active surface-
bound guest. Due to the limited availability of the guest on the surface, the conditions have
to be tuned to be able to sense the guest by a "surface redox titration". This has been
accomplished by using relatively high scan rates in imaging experiments or performing
chronoamperometric pulse experiments at fixed position of the ultramicroelectrode (UME)
probe. Since the oxidized (ferrocenyl) form of the dendrimers is not bound efficiently by the

CD units, the dendrimers are released from the surface after UME-induced oxidation.
This process has been used for patterning molecular printboards in a sequential manner.
For this an UME-generated oxidant leads to a local oxidation of the bound Fc dendrimers
and their subsequent release from the surface. In a second experiment the
inhomogeneous distribution of Fc unit on the surface could be demonstrated. The surface
concentration determined in the pulse experiment correlate well with the determination by
UV/Vis spectrometry.

The contribution discusses the requirements and potentials of this approach for nano-sized
materials.



Structural analysis of lipid monolayers and bilayers on the surface of thin
silica and titania films deposited on gold by means of PM IRRAS
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Infrared reflection absorption spectroscopy (IRRAS) is wieldy used for studies of the
structure of thin organized organic layers on surfaces reflecting the IR radiation, such as
Au or Pt. Polarization modulation infrared reflection absorption spectroscopy (PM IRRAS)
provides the necessary sensitivity to obtain spectra even from surfaces covered by a thin
layer of aqueous electrolyte solutions and opens a route for obtaining structural
information on the molecular level of self-assembled organic layer at material surfaces.
However, the need for an IR-reflecting substrate has so far limited the applicability to noble
metal surfaces excluding technologically important oxide surfaces. These surfaces are of
large importance for implants materials, light conversion devices, sensors and posses a
large importance to understand geochemical and biogeochemical processes on a
molecular level. SiO, absorbs IR radiation below 1300 cm™ but otherwise SiO, and TiO,
are transparent. Calculations show that if they are deposited in the form of thin (up to 90
nm thick) films on IR reflecting material such as gold, the enhancement of the electric field
at the interface is comparable to that of Au alone, fulfilling the surface selection rules. This
prediction has been experimentally verified for the first time using PM IRRAS on thin
silicate oxide and TiO; films.

As a model application PM IRRAS is applied for structural analysis of mono- and bilayers
of 1,2dimyristoyl-sn-glycero-3-phosphocholine (DMPC) deposited using the Langmuir-
Blodgett and Langmuir-Schaeffer techniques on silicon oxide, titanium and gold surfaces.
The CH stretching modes show that the hydrocarbon chains exist in liquid and gel phase
depending on the surface pressure of the film transfer. The tilt of hydrocarbon chains, C=0
bond in the ester group and CN bond in choline group are provided quantitatively. In the
bottom leaflet of the lipid bilayer the dipole-dipole interaction between positively charged
choline and the negatively charged silica surface influences the arrangement of the polar
head groups of the lipid molecule at the interface. Lipid films formed on the Au|SiO,, Au|Ti
and Au surfaces show two-dimensional long range order. On the silicate and gold
substrates of the same roughness lipid films show similar arrangement.



Formation of nanotube films by self-assembly
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Formation of thin carbon nanotube (CNT) films was investigated on various surfaces. We
applied simple solution casting to develop CNT modified electrodes. Mixtures of solvents
(dimethyl formamide, ethanol, acetone, water) and different concentration of CNT were
used, and small drops of these solutions were allowed to dry onto the surface. It was
observed, that the film formation could proceed in two different ways. In the first one,
precipitation of CNT occurred as the drop dried, but the resulted film was very
heterogeneous, it did not cover the whole surface, only patches of CNT could be found.
Under suitable conditions, however, very even films could be formed. In this case, no
precipitation took place, instead, along the evaporation of the solvent, a thin films of CNT
appeared on the surface of the solution, i.e., at the solution air interface. They were
floating there as small islands. As the drop dried, the islands met, developing a contiguous
membrane on the surface. Actually this membrane shrunk to the substrate when the
solvent was gone. It seemed that CNT samples, having amphiphilic character could act as
surfactants forming membranes between polar and apolar phases. This membrane formed
by self-assembly, and it did not depend on the actual substrate on which the drop was. So
principally similar film could be made on any surface, it could be conductor, insulator,
hydrophobic, hydrophilic, etc. Practically, however, the stability of the film after shrinking
was determined by the adhesion to the substrate and the cohesion of the film. For
instance, on gold the film was very fragile. Putting a drop of solvent was enough to break
the films into flakes detached from the surface. On glassy carbon, or on Teflon the films
were stable, washing the surface could not break or remove the films. We measured the
resistance of the films formed from different mixtures, and followed the film formation on
guartz crystal microbalance, too.

Acknowledgement: This work was supported by the grant: OTKA T046232.



Visualization of local catalyst activity towards oxygen reduction in HCI
solution by means of RC-SECM
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In order to analyse local catalytic activity with high spatial resolution a transient redox
competition mode of scanning electrochemical microscopy (RC-SECM) has been
developed [1]. In a bi-potentiostatic experiment the SECM tip is positioned in close
proximity to the surface of the catalyst modified sample. Both electrodes are polarised to
reductively consume molecular oxygen. If the SECM tip is close enough to an active
catalyst site, it will start to compete with the sample for the very same analyte in the gap
between them. This leads to a noticeable tip current decrease over active sites of the
sample. In order to avoid complete O, depletion a potential pulse profile is used for
electrochemical oxygen generation prior to the competition detection. Highly dispersed
electro-deposited spots of gold and platinum on glassy carbon as catalysts for reduction of
molecular oxygen were investigated and successfully visualised in chloride free phosphate
buffer (pH =7) using RC-SECM [1]. However, visualisation of local catalytic activity of
catalysts for oxygen reduction in chloride containing solutions at low pH has not been
reported yet.

In chloride containing solutions the oxygen
generation pulse in RC-SECM leads to oxidation
of chloride to chlorine. Here, cyclic voltammetry
and chronoamperometry were used for
investigation of the chloride oxidation process at
Pt ultramicroelectrodes in HCI solution. To
overcome chlorine evolution during SECM
scanning for visualization of lateral catalyst
activity the potential pulse profile was modified.
However, simultaneously the oxygen evolution
was prevented. By improving the pulse sequence
the local catalytic activity of a model catalyst has

been studied and successfully visualized in HCI
solution (Fig. 1). Furthermore, a specifically
designed electrochemical cell allows the
investigation of powder catalysts. The
development of this approach and first results will be presented.

Figure 1. Local catalyst activity visualized
by means of RC-SECM

W K. Eckhard, X. Chen, F. Turcu, W. Schuhmann, PCCP 2006, 8, 5359-5365



Comparison of The Protective Properties 4-Nitrothiophenol and 4-
Nitrobenzenediazonium Films Grafted on a ZnNi Coating Electrodeposited On Steel
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Sacrificial electrodeposited ZnNi is currently studied for replacing chromate conversion
coatings (CCC) in anticorrosion applications. The present-day performances of ZnNi are
still away from those of CCCs [1,2] and the additional organic layers cannot prevent the
corrosive species to reach a metal surface completely. Suitable adhesion primers could
improve the situation by minimizing the access of the corrosive species to the
polymer/metal interface.

As a contribution to this interface problem, the present work provides a comparison of the
protective properties of two structurally related molecules (4-nitrothiophenol and 4-
nitrobenzenediazonium) (b) grafted on a ZnNi coating electrodeposited (a) on steel.

a)

b)
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4-Nitrothiophenol films are prepared according to the self-assembly process already
reported for semifluorinated alkanethiols SAMs on polycrystalline zinc [3]. Films of 4-
nitrobenzenediazonium films have been obtained by cyclic voltammetry as mentioned in
studies of Chauss@ et al.[4].

The adsorption and the attachment of these molecules are characterized by X-ray
Photoelectron Spectroscopy (XPS) and Polarisation Modulation-Infrared Reflection
Spectroscopy (PM-IRRAS). The protective properties of the organic films against corrosion
are investigated by linear sweep voltammetry (LSV), cyclic voltammetry (CV) and scanning
vibrating electrode technique (SVET).

[1] Gavrila, M.; Millet, J.P.; Mazlle, H.; Marchandise, D.; Cuntz, J.M. Surface and
Coatings Technology 2000, 123, 164-172.
[2] M ller, C; Sarret, M.; Garcia, E. Corrosion Science 2005, 47, 307-321.
[3] Tortech, L. ; Mekhalif Z. ; Delhalle J. ; Guitard, F.; Geribaldi, S. Thin Solid Films, 2005, 491, 253-259.
[4] Chauss@d, A.; Chehimi, M.M.; Karsi, N.; Pinson,J.; Podvorica, F.; Vautrin-Ul, C. Chemistry of materials 2005, 14, 392-400.
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In the last years the electrochemical reduction of the nitrate ion was investigated with the
purpose to find suitable methods for removal of nitrate from drinking water and waste
solutions. Copper was found to be electroactive for the reduction of nitrate by promoting
the first, rate-determining step of the reaction, i.e. the reduction of the nitrate ion to the
nitrite ion.

In the present work we examine the electroreduction of nitrate ions at low concentration (5
mM) in acid and neutral aqueous solutions at polycrystalline copper electrodes, copper
single crystals and at copper particles deposited in polyaniline (PANI) layers.

The reduction of nitrate is not significantly different on various copper atomic surface
structures but is greatly dependent on the local pH at the electrode. By combining results
from voltammetric measurements and electrolysis experiments, we show that NOjs is
easily reduced to NH," in strong acidic solutions whereas the NO3 reduction in neutral
solutions leads first to the formation of NO, which is itself reduced at more negative
potentials irrespective of the use of copper polycrystalline or single crystal electrodes.
When copper particles are dispersed in polyaniline layers it is demonstrated that the
electrocatalytic activity is strongly dependent on the way of depositing copper in the
polymer layer. A clear difference is observed in the current response in absence and
presence of nitrate ions for copper deposited in the reduced state of the PANI layer,
whereas copper deposited in the oxidized state of the PANI layer remains still
electrocatalytically rather inactive. Copper crystalline species act effectively for the
investigated reaction only if copper conducting paths are available through the polymer
matrix up to the underlying metal surface.
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Due to their good biocompatibility, excellent mechanical properties, and high corrosion
resistance, titanium and its alloys are widely used for dental and orthopaedic implants
under load-bearing conditions. However, because they do not form strong chemical bonds
with bone tissue, the possibility of ‘loosening’ over a long period may become a critical
problem. As a matter of fact, titanium and its alloys have shown some corrosion and ions
release in body fluids in the long term.

In this context the present paper deals with surface modification of the titanium oxide layer
of a Ti substrate with two main objectives. The first one is the increase of corrosion
resistance of the implant by forming a thin film of tantalum oxide (Ta;Os) on the titanium
substrate. The second one is the improvement of hydroxyapatite nucleation and growth by
modifying the Ta,Os by organophosphonic molecules.

As shown on the figure, the surface modification occurs in three main steps and consists in
the elaboration of different inorganic and organic coatings:

1. Electrodeposition of tantalum on the titanium oxide film of a Ti substrate.

2. Modification of the tantalum oxide coating by grafting organo-phosphonic acids.

3. Nucleation and growth of hydroxyapatite on the outermost layer of the system by
immersion in a simulated body fluid.

The qualitative and quantitative observations as well as analysis of tantalum nucleation
and growth of hydoxyapatite on the modified titanium substrate are performed using X-ray
Photoelectron spectroscopy (XPS) and Scanning Electron Microscopy (SEM). Corrosion
study is carried out with electrochemical techniques.



