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Sunday, 31 May 2015
18:00 – 20:00

Welcome Reception
Room: Rotonde Jacques Cartier

Monday, 1 June 2015
08:30 - 08:50

Opening Ceremony
Room: Auditorium Chateaubriand

Monday, 1 June 2015, Morning
Keynote
Room: Auditorium

Chaired by: Christian Amatore
08:50 to 09:40 Keynote

Zhong-Qun Tian (College of Chemistry and Chemical Engineering, Xiamen
University, Xiamen, China)
In-Situ Surface Enhanced Raman Spectroscopic Studies on
Electrochemical Interfaces: From Molecular Intermediates to
Surface Morphology

s1c: Development; Simulation and modelling
(computational physical chemistry)
Room: Auditorium

Chaired by: Bernard Tribollet and Hiromitsu Takaba
09:50 to 10:10 Invited

Akos Kriston (Institute for Energy and Transport, European Commission, DG
Joint Research Center, Petten, the Netherlands), Lois Boon-Brett, Andreas Pfrang
Calculation of effective transport and kinetic parameters of electrochemical energy conversion and storage devices at multiple length
scales
10:10 to 10:30

Timo Danner (Department of Electrochemical Multiphysics Modeling, HelmholtzInstitute Ulm for Electrochemical Energy Storage, Ulm, Germany), Birger
Horstmann, Arnulf Latz, Volker Schulz
Multiscale simulation of transport processes in metal-oxygen
batteries
10:30 to 11:00 Coffee Break
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11:00 to 11:20

Geonhui Gwak (Mechanical Engineering, Inha University, Incheon, Korea)
Three-dimensional transient modeling of non-aqueous electrolyte
lithium-air battery
11:20 to 11:40

Trong-Khoa Nguyen (Laboratoire de Réactivité et Chimie des Solides, Centre
National de la Recherche Scientifique, Amiens, France), Alejandro A. Franco,
Abdelouahab El Kharbachi, Dominique Larcher, Matias Quiroga, KanHao Xue
Investigating transient phenomena in lithium ion batteries:
A multiscale modeling approach
11:40 to 12:00

Manuelle Quinaud (Liten, Cea, Grenoble, France), Federico Calle-Vallejo,
Rodrigo Ferreira de Morais, Mathias Gerard, David Loffreda, Pascal Schott
Multiscale Modeling of PEMFC: From Atomistic Calculations to
Cell Performance and Degradation
12:00 to 12:20

Carlos Ziebert (IAM-AWP, Karlsruhe Institute of Technology, EggensteinLeopoldshafen, Germany), Boxia Lei, Andreas Melcher, Anna Ossipova,
Magnus Rohde, Hans Jürgen Seifert
Multiscale electrochemical-thermal modeling of cylindrical Li-ion
cells and comparison with electrochemical-calorimetric studies

s2e: Applications; Nanostructured materials
Room: Salle Bouvet

Chaired by: Philippe Hapiot and Monica Santamaria
09:50 to 10:10 Invited

Corinne Lagrost (Institut des Sciences Chimiques de Rennes, CNRS and
Université de Rennes 1, Rennes, France), Nicolas Vandencasteele, Philippe
Hapiot, Ivan Jabin, Yann Leroux, Sébastien Lhenry, Alice Mattiuzzi,
Olivia Reinaud, Luis Santos
Electrografting at the Molecular Scale

10:10 to 10:30

Fetah Podvorica (ITODYS, University Paris-Diderot, Paris, France), Catherine
Combellas, Dardan Hetemi, Frederic Kanoufi, Jean Pinson
Electrografting of Alkyl Films at Low Driving Force by Diverting
the Reactivity of Aryl Radicals Derived from Diazonium Salts
10:30 to 11:00

Coffee Break
11:00 to 11:20 Invited

Yuri Pleskov (Physical Electrochemistry, Frumkin Institute of Physical Chemistry
and Electrochemistry, Moscow, Russia), Evgenii Ekimov, Valerii Elkin, Marina
Krotova
Electrochemical Behaviour of Boron-doped Diamond Compacts A New Electrode Material
11:20 to 11:40

Damaris Fernandez (School of Chemistry & CRANN/AMBER, Trinity
College Dublin, Dublin, Ireland), Michael E.G. Lyons, Luis Romeral
The role of surface/volume ratio on electrochemical phase transformation reactions taking place at nano/micro-structured electrodes
11:40 to 12:00

Joanna Jalkh (Equipe MaCSE, Institut des Sciences Chimiques, Rennes, France),
Philippe Hapiot, Corinne Lagrost, Yann Leroux
Comparative Electrochemical Investigations in Ionic Liquids and
Molecular Solvents of a Carbon Surface Modified by a Redox Monolayer
12:00 to 12:20

Ioan Baldea (Theoretische Chemie, Universität Heidelberg, Heidelberg, Germany)
Unprecedented Efficiency to Simultaneously Control Orbital Energies and Vibrational Properties of Single-Molecule Junctions in
Electrochemical Environment
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Monday, 1 June 2015, Afternoon
s1c: Development; Simulation and modelling
(computational physical chemistry)
Room: Auditorium

Chaired by: Mark Orazem and Akos Kriston
14:00 to 14:20

Hiromitsu Takaba (Department of Environmental and Energy Chemistry,
Kogakuin University, Tokyo, Japan), Md. Khorshed Alam
Multiscale Modeling of Degradation of Pt-Ru Alloy Particles for
Anode Catalyst in PEFC Fuel Cell
14:20 to 14:40

Simon Hein (Department of Computational Electrochemistry, German Aerospace
Center, Stuttgart, Germany), Arnulf Latz
Influence of local lithium metal deposition in 3D microstructures
on local and global behavior of Lithium-ion batteries
14:40 to 15:00

Kudakwashe Chayambuka (Separation and Conversion Technology, VITO,
Mol, Belgium), Xochitl Dominguez-Benetton
Multiscale Modelling of Porous Electrodes in Semi-solid Flow Batteries
15:00 to 15:20 Invited

Cristiana Di Valentin (Materials Science Department, University of Milano
Bicocca, Milano, Italy)
Computational Electrocatalysis: Novel Materials For Oxygen Reduction Reaction (ORR) and Methanol Oxidation Reaction (MOR)
15:20 to 15:40

Wolfgang Schmickler (Institute of Theoretical Chemistry, Ulm University,
Ulm, Germany), Aleksej Goduljan, Leila Mohammadzadeh, Paola Quaino,
Elizabeth Santos
Ions in Nanopores – Combining DFT with an Effective Hamiltonian Approach

15:40 to 16:00

Christian Merdon (Numerical Mathematics and Scientific Computing, Weierstrass
Institute for Applied Analysis and Stochastics, Berlin, Germany), Helmut
Baltruschat, Jürgen Fuhrmann, Mehdi Khodayari, Alexander Linke, Timo
Streckenbach
Inverse modeling of thin layer flow cells for detection of solubility,
transport and reaction coefficients from experimental data
16:00 to 16:30 Coffee Break

Chaired by: Wolfgang Schmickler and Cristiana Di Valentin
16:30 to 16:50 Invited

Mark E. Orazem (Department of Chemical Engineering, University of Florida,
Gainesville, USA), Christopher L. Alexander, Bernard Tribollet
Influence of Micrometric-Scale Electrode Heterogeneity on Electrochemical Impedance Spectroscopy
16:50 to 17:10

Kyeongmin Oh (School of Mechanical Engineering, Inha University, Incheon,
Korea), Hyunchul Ju, Seongyeon Won
Numerical analysis of vanadium and water crossover effects in allvanadium redox flow batteries
17:10 to 17:30

Jean-Sébastien Filhol (Institut Charles Gerhardt, Université de Montpellier,
Montpellier, France), Nicolas Lespes
Ab Initio Modeling of the Solvent-Metal Electrochemical Interface
17:30 to 17:50

Wataru Yamamoto (Environmental and Energy Chemistry, Kogakuin University,
Hachioji, Japan), Hiromitsu Takaba
Analytical Study of Polarization Curve of Li-Air Battery based on
Novel Products Deposition Model Suggested by First-principles
Molecular Dynamics Simulations
17:50 to 18:10

Pierre-Yves Olu (LEPMI, Grenoble-INP, St Martin d’Heres, France), Antoine
Bonnefont, Sébastien Bozdech, Marian Chatenet, Nathalie Job, Marlène
Rouhet, Elena Savinova
Dual role of hydroxide adsorption for borohydride electrooxidation
reaction on Platinum
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MONDAY - Oral Presentations

s2e: Applications; Nanostructured materials
Room: Salle Bouvet

Chaired by: Maria Elena Vela and Yu Pleskov
14:00 to 14:20 Invited

Cesar Alfredo Barbero (Chemistry, National University of Rio Cuarto, Rio
Cuarto, Argentina), Angelica Baena Moncada, Paula Cappellari, Rusbel
Coneo Rodriguez, Gonzalo Garcia, Elena Pastor, Gabriel Planes
Hierarchical Nanostructured Fuel Cell Electrodes Studied by In-situ
Electrochemical Techniques
14:20 to 14:40

Elizabeth Santos (Institute of Theoretical Chemistry, Ulm University, Ulm,
Germany), Leandro Moreira de Campos Pinto, Paola Quaino
Local reactivity at Pd nanoclusters
14:40 to 15:00

Monica Santamaria (DICAM, Università di Palermo, Palermo, Italy),
Francesco Di Franco, Francesco Di Quarto, Hiroki Habazaki, Andrea
Zaffora
Photoelectrochemical evidence of inhomogeneous composition at
nm length scale of anodic films on valve metals alloys
15:00 to 15:20

Gourav Singla (School of Physics and Materials Science, Thapar University,
Patiala, India)
Structural, thermal and electrochemical study of single step synthesized WC nanopowder

s2c: Applications; Electrochemistry in biological
systems
Room: Salle Bouvet

Chaired by: Maria Elena Vela and Yu Pleskov
15:20 to 15:40 Invited

Sophie Griveau (Unité de Technologies Chimiques et Biologiques pour la Santé,
Chimie ParisTech - ENSCP, Paris, France), Abdelilah Amar, Fethi Bedioui,
Fatemeh Razzaghi, Johanne Seguin
Scanning electrochemical microscopy imagery of living tumoral cells
at constant height
15:40 to 16:00 Invited

Manuela Rueda (Physical Chemistry, University of Seville, Seville, Spain), Julia
Alvarez-Malmagro, Francisco Prieto
Adenine-Thymine Co-adsorption at Gold Electrodes as a Function
of pH: An in-situ FT-IR Spectro-electrochemical Study
16:00 to 16:30 Coffee Break

Chaired by: Manuela Rueda and Sophie Griveau
16:30 to 16:50

Ezat Hamidi-Asl (AXES Research Group, Department of Chemistry, University
of Antwerp, Antwerp, Belgium), Devin Daems, Karolien De Wael, Luc J.
Nagels, Guy Van Camp
Determination of the Association Constant Between Small Target
Molecules and Large Biomolecules by Potentiometric Titration
16:50 to 17:10

Lourdes Mónica Bravo Anaya (Departamento de Ingeniería Química,
Universidad de Guadalajara, Guadalajara, Mexico), Norberto Casillas, Erika
Roxana Larios Durán, Yahya Rharbi, J.F. Armando Soltero
Thermodynamic Study of the Adsorption of Calf Thymus DNA at
the Platinum/Buffer Electrolyte Interface
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17:10 to 17:30 Invited

Manon Guille-Collignon (UMR 8640 Chemistry Dept. ENS PSL, UPMC
Sorbonne Universités, Paris, France), Christian Amatore, Rémy Fulcrand,
Frédéric Lemaître, Yun Li, Anne Meunier, Catherine Sella, Laurent Thouin
Microsystems for Oxidative Stress Species Electrochemical Detection at the Level of a Cellular Population
17:30 to 17:50

Tomas Navratil (Department of Biomimetic Electrochemistry, J. Heyrovský
Institute of Physical Chemistry of the AS CR, Prague, Czech Republic), Jana
Jaklova Dytrtova, Jan Langmaier, Katerina Novakova, Ivana Sestakova,
Romana Sokolova
Biomimetic Membranes and Characterization of Transport of Biochemically Important Species across them
18:10 to 19:30

Poster Session 1
Room: Grand Large

Tuesday, 2 June 2015, Morning
Keynote
Room: Auditorium

Chaired by: Mark E. Orazem
08:30 to 09:20 Keynote

Richard Compton (Department of Chemistry, Oxford University, Oxford,
United Kingdom)
Electrochemical studies of nanoparticles

s1a: Development; SECM, LEIS
Room: Auditorium

Chaired by: Annick Hubin and Vincent Vivier
09:30 to 09:50 Invited

Mathieu Etienne (LCPME, CNRS and Université de Lorraine, Villers-lèsNancy, France)
Scanning electrochemical microscopy with shearforce detection:
Some examples of application
09:50 to 10:10

Vasilica Badets (NSYSA, University of Bordeaux, Institut des Sciences
Moleculaires, Bordeaux, France), Olivier Fontaine, Damien Quinton, Dodzi
Zigah
SECM Writing and Reading with an Original Dual Microelectrode
10:10 to 11:10

Poster Session 2
Room: Grand Large
11:10 to 11:30

Wolfgang Schuhmann (Analytical Chemistry - Center for Electrochemical
Sciences, Ruhr-Universität Bochum, Bochum, Germany), Alexander Botz, Justus
Masa, Michaela Nebel, Daniela Wintrich
SECM meets electrocatalysis
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11:30 to 11:50

Mike O’Connell (Materials, National Physical Laboratory, Teddington, United
Kingdom), Andy Wain
Mapping Oxygen Reduction at Nanostructured Catalysts: From Ensembles to Individual Particles
11:50 to 12:10

Yann Leroux (Institut des Sciences Chimiques de Rennes, CNRS - Université de
Rennes 1, Rennes Cedex, France), Francoise Conan, Nathalie Cosquer, Philippe
Hapiot, Yves Le Mest, Nicolas Le Poul, Sébastien Lhenry, Christophe
Orain, Olivia Reinaud
Locally self-induced “electro-click” onto self-assembled monolayer:
Evidence for surface self-catalysis propagation
12:10 to 12:30

Gunther Wittstock (Department of Chemistry, Carl von Osseitzky University
of Oldenburg, Oldenburg, Germany), Heinz Bülter, Fabian Peters, Inka
Plettenberg, Patrick Schwager, Julian Schwenzel
Scanning elctrochemical microscopy of interfaces in lithium-ion and
metal-air batteries

s2a: Applications; Materials for energy; synthesis
and characterization
Room: Salle Bouvet

Chaired by: F. Javier Recio and Vitali Grozovski
09:30 to 09:50

Steven Le Vot (IRAMIS, NIMBE (UMR 3685), LICSEN, CEA Saclay,
Saclay, France), Bruno Jousselme, Guillaume Laffay
Electrochemical and Physico-Chemical Investigation of New Promising N-Functionalized Carbon Nanotubes for Oxygen Reduction
Reaction
09:50 to 10:10

Oc Hee Han (Western Seoul Center, Korea Basic Science Institute, Seoul, Korea)
Chemical Structure and Dynamics of Functional Materials for Electrochemical Systems Investigated by Nuclear Magnetic Resonance
Spectroscopy

10:10 to 11:10

Poster Session 2
Room: Grand Large
11:10 to 11:30

Vitali Grozovski (Department of Chemistry and Biochemistry, University of
Bern, Bern, Switzerland), Akiyoshi Kuzume, Enn Lust, Ilya Pobelov, Tavo
Romann
In-situ AFM Studies of Hydration Effect at Sputtered Iridium
Dioxide Thin Films
11:30 to 11:50

Jeremy Come (Center for Nanophase and Materials Science, Oak Ridge National
Laboratory, Oak Ridge, USA), Nina Balke, Majid Beidaghi, Jennifer Black,
Yury Gogotsi, Sergei Kalinin, Maria Lukatskaya, Michael Naguib
Probing the Mechanical Deformation of 2D Metal Carbides upon
Cation Intercalation at the Nanoscale
11:50 to 12:10 Invited

Bing Joe Hwang (Department of Chem. Eng., National Taiwan University
of Science and Technology, Taipei, Taiwan), Van Thi Thanh Ho, Jyh-Fu Lee,
Trung-Thanh Nguyen, Chun-Jern Pan, Hwo-Shuenn Sheu, Wei-Nien Su,
Mon-Che Tsai
Synthesis and Characterization of Novel Pt/TixM1-xO2 Nanocatalysts
12:10 to 12:30

Tso-Fu Mark Chang (Precision and Intelligence Laboratory, Tokyo Institute of
Technology, Yokohama, Japan), Chun-Yi Chen, Yung-Jung Hsu, Wei-Hao Lin,
Tatsuo Sato, Masato Sone
Effect of Pressure on Titanium Dioxide Electrodeposited Cathodically with Supercritical Carbon Dioxide
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Tuesday 2, June 2015, Afternoon
s1a: Development; SECM, LEIS
Room: Auditorium

Chaired by: Francesco Di Quarto and Hiroki Habazaki
14:00 to 14:20

Renaud Cornut (IRAMIS/NIMBE/LICSEN, CEA, Gif-sur-Yvette, France),
Michael Bertucchi, Tiphaine Bourgeteau, Stephane Campidelli, Vincent
Derycke, Bruno Jousselme, Steven Le-Vot
New insights in the electronic transport in reduced graphene oxide
using Scanning Electrochemical Microscopy
14:20 to 14:40 Invited

Vincent Vivier (Laboratoire Interfaces et Systèmes Electrochimiques, CNRS UPMC, Paris, France), Michel Keddam, Christel Laberty-Robert, Beatriz
Puga, Carlos M. Sánchez-Sánchez
Local photoelectrochemical characterization of semi-conducting
materials for water splitting
14:40 to 15:00 Invited

Ricardo M. Souto (Department of Chemistry, University of La Laguna, La
Laguna (Tenerife), Spain), Javier Izquierdo
Possibilities and Limitations of Scanning Electrochemical Microscopy for the Investigation of Corrosion Mechanisms
15:00 to 15:20 Invited

Annick Hubin (Electrochemical and Surface Engineering, Vrije Universiteit
Brussel, Brussels, Belgium), Sara Bals, Diederik Depla, Thibault Muselle
AFM-LEIS for local electrochemical characterization
15:20 to 15:40

Olivier Devos (I2M, I2M, Talence, France), Emilie Bousquet, Mohamed
El May, Thierry Palin-Luc, Angeline Poulon-Quintin, Monique Puiggali,
Nicolas Saintier, Djoudi Sidane, Marie Touzet, Vincent Vivier
Comparison between SECM and LEIS measurements in the study
of FSW alloy assembly

15:40 to 16:00

Nicolas Murer (Products/Marketing, Bio-Logic SAS, Claix, France), Samantha
Catarelli, John Griffiths, Daniel Lonsdale
Using intermittent contact (ic) SECM for corrosion and energy storage materials investigation
16:00 to 16:20 Invited

Christine Kranz (Institute of Analytical and Bioanalytical Chemistry, University
of Ulm, Ulm, Germany), Alexander Eifert, Javier Izquierdo, Ricardo M.
Souto
Combined AFM-SECM for corrosion studies
s2f: Applications; Corrosion and protection
16:20 to 16:40

Andrej Nazarov (Electrochemistry, French Corrosion Institute, Brest, France),
Nuria Casals, Dominique Thierry, Flavien Vucko
SKP and EIS Characterization of the passivity 301 Stainless Steel
under Mechanical Stress
16:40 to 17:00

Coffee Break
Chaired by: Carlos Muller and Christine Kranz
17:00 to 17:20 Invited

Michele Curioni (Corrosion and Protection Centre, School of Materials,
University of Manchester, Manchester, United Kingdom)
Looking Closely at Magnesium Corrosion: Electrochemical
Methods, Real-time Optical Imaging and Hydrogen Measurement
17:20 to 17:40

Francesco Di Quarto (DICAM, Università di Palermo, Palermo, Italy),
Francesco Di Franco, Monica Santamaria
A Chemical Approach to the Modelling of Band Gap of Passive
Films for Corrosion Studies
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17:40 to 18:00

Marie Benoit (LECNA, CEA Saclay, Gif-sur-Yvette, France), Christian
Bataillon, Benoit Gwinner, Frédéric Miserque, Carlos M. Sánchez-Sánchez,
Bernard Tribollet, Vincent Vivier
Influence of a passive layer on the kinetics of an electron transfer
reaction
18:00 to 18:20

Lijing Yang (Chinese Academy of Sciences, Ningbo Institute of Material Technology
& Engineering, Ningbo, China)
Electrochemical corrosion behavior of S32750 super duplex
stainless steel in NaCl solution
18:20 to 18:40

Ronald Clark (Materials Research Centre, College of Engineering, Swansea
University, Swansea, United Kingdom), Steve Walters, Geraint Williams
A Scanning Probe Investigation of Inter-Granular Corrosion in Sensitized Stainless Steel Nuclear Fuel Cladding
20:00 to 23:00

Cocktail and Banquet
Room: Rotonde Jacques Cartier

s2d: Applications; Electrochemical sensors and
biosensors
Room: Salle Bouvet

Chaired by: Richard Compton and Paul Kilmartin
14:00 to 14:20

Isabelle Mazerie (Institute of Chemical Science of Rennes, University of Rennes
1, Rennes, France), Idriss Bakas, Benjamin Carbonnier, Mohamed Mehdi
Chehimi, Nathalie Coulon, Pierre Didier, Didier Floner, Florence Geneste,
Aurélie Girard, Florence Razan
Design of Portable Sensor to Detect Hazardous Molecules in our
Environment
14:20 to 14:40

Miroslav Fojta (Department of Biophysical Chemistry and Molecular Oncology,
Institute of Biophysics, ASCR, v.v.i., Brno, Czech Republic), Ludek Havran, Iva
Kejnovska, Hana Pivonkova, Libuse Trnkova, Pavlina Vidlakova, Michaela
Vorlickova
Behavior of G-Quadruplex Forming DNA Oligonucleotides at
Electrically Charged Surfaces of Mercury and Carbon Electrodes
14:40 to 15:00

Aihua Liu (Laboratory for Biosensing, Qingdao Institute of Bioenergy & Bioprocess
Technol, CAS, Qingdao, China), Lei Han, Shu Zhang
Novel glucose sensor based on electrocatalytic reduction of hydrogen peroxide at Au@Ag heterogeneous nanorods
15:00 to 15:20

Kristina Tschulik (Chemistry, University of Oxford, Oxford, United Kingdom),
Richard Compton
Electrochemical Sizing and Detection of Magnetic Field-induced
Agglomeration of Individual Fe3O4 Nanoparticles
15:20 to 15:40

Paul Kilmartin (School of Chemical Sciences, University of Auckland, Auckland,
New Zealand), Hande Karaosmanoglu, Alexander Turke, Qiang Zhang
PEDOT Electrochemical Sensors using Macro and Micro-Electrodes
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15:40 to 16:00

Jiri Barek (Department of Analytical Chemistry, Faculty of Science, Charles
University in Prague, Prague, Czech Republic)
Voltammetric and Amperometric Monitoring of Biomarkers using
Non-Traditional Electrode Materials and Arrangements
16:00 to 16:20 Invited

Conor Hogan (Department of Chemistry and Physics, La Trobe University,
Melbourne, Australia), Paul S. Francis
New Dimensions in Electrochemiluminescence Sensing
16:20 to 16:40

Jan Clausmeyer (Analytische Chemie – Center for Electrochemical Sciences,
Ruhr-Universität Bochum, Bochum, Germany), Paolo Actis, Babak Babakinejad,
Yuri Korchev, Ainara López Córdoba, Miriam Marquitan, Wolfgang
Schuhmann, Yanjun Zhang
Carbon Nanoelectrodes for Single-Cell Analysis: From Amperometric Sensing to Field-Effect Transistors
16:40 to 17:00

Coffee Break
s2b: Applications; Energy conversion and storage
Chaired by: Carlos Ziebert and Ladislav Kavan
17:00 to 17:20

Ken-Ming Yin (Chemical Engineering, Yuan Ze University, Chung Li, Taiwan)
Agglomerate Catalyst Layer Model on the Membrane Electrode Assembly of Proton Exchange Membrane Fuel Cell
17:20 to 17:40

Jean-Marc Noel (Laboratoire ITODYS UMR 7086 CNRS, University of
Paris Diderot, Paris, France), Catherine Combellas, Frederic Kanoufi, Anna
Proust, Florence Volatron
Electronic and Catalytic Properties of Hybrid Polyoxometalates
Layer Grafted on Conductive and Semiconductive Substrates

17:40 to 18:00

Andebet Gedamu Tamirat (Chemical Engineering, National Taiwan University
of Science and Technology, Taipei, Taiwan), Amare Aregahegn Dubale, WeiNien Su, Hung-Ming Chen, Bing Joe Hwang
Photoelectrochemical Water Splitting at Low Applied Potential
Using NiOOH Coated Codoped (Sn, Zr) α-Fe2O3 Photoanode
18:00 to 18:20

Ladislav Kavan (Electrochemical Materials, J. Heyrovsky Institute of Physical
Chemistry, Prague, Czech Republic), Shaik M. Zakeeruddin, Michael Graetzel,
Paul Liska
Efficient FTO-Free Cathode for Dye-sensitized Solar Cells
18:20 to 18:40

Fu-Ming Wang (Graduate Institute of Applied Science and Technology, National
Taiwan University of Science and Technology, Taipei, Taiwan)
In-operando electrochemical-surface plasma resonance (EC-SPR)
observation to the kinetic study of solid electrolyte interface (SEI)
formation on lithium ion battery
20:00 to 23:00

Cocktail and Banquet
Room: Rotonde Jacques Cartier
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Wednesday, 3 June 2015, Morning
s1b: Development; Advanced techniques for
surface characterization
Room: Lamennais 1/2

Chaired by: Zhong-Qun Tian and Maria Elena Vela
08:30 to 08:50 Invited

Frederic Kanoufi (ITODYS UMR7086, Université Paris Diderot - CNRS,
Paris, France), Christopher Batchelor-McAuley, Catherine Combellas,
Richard Compton, Ariadna Martinez-Marrades, Anisha N. Patel, Gilles
Tessier, Kristina Tschulik
Monitoring the Reactivity of Individual Ag Nanoparticles by High
Resolution Optical Microscopy and Electrochemistry
08:50 to 09:10

Lukasz Poltorak (LCPME, Université de Lorraine, Nancy, France), Manuel
Dossot, Grégoire Herzog, Alain Walcarius
Local characterization by confocal Raman spectroscopy and scanning electrochemical microscopy of liquid/liquid micro-interfaces
modified with mesoporous silica
09:10 to 09:30

Fabio La Mantia (Analytical Chemistry, Ruhr-Universität Bochum, Bochum,
Germany), Andjela Petkovic
Nonlinear behavior of the electron-transfer process
09:30 to 09:50 Invited

Manuel M. Lohrengel (Physical Chemistry and Electrochemistry, HeinrichHeine-University Dusseldorf, Dusseldorf, Germany), Kamil P. Rataj, Christoph
Schnitter
Electrochemical Machining - Shaping by Anodic Dissolution
09:50 to 10:10

Michal Manko (Institut fuer Physikalische Chemie II, Heinrich-Heine-Universitaet
Duesseldorf, Duesseldorf, Germany), Manuel Lohrengel, Kamil P. Rataj,
Christoph Schnitter
Tantalum nanoparticles for electrolytic capacitors

10:10 to 10:30

Coffee Break
s1c: Development; Simulation and modelling
(computational physical chemistry)
Chaired by: Bernard Tribollet and Timo Danner
10:30 to 10:50

Jürgen Fuhrmann (Numerical Mathematics and Scientific Computing,
Weierstrass Institute, Berlin, Germany), Christian Merdon
A numerical method for Nernst-Planck-Poisson Systems with volume constraints
10:50 to 11:10

Jouke Dykstra (Sub-department of Environmental Technology, Wageningen
University, Wageningen, the Netherlands), Maarten Biesheuvel, Albert van der
Wal
Combined EDL and transport modeling in water desalination
11:10 to 11:30

Christoffer Nielsen (Department of Physics, Technical University of Denmark,
Kongens Lyngby, Denmark), Henrik Bruus
Sharp-interface model of electrodeposition and dendritic growth
s2b: Applications; Energy conversion and storage
Chaired by: Bernard Tribollet and Timo Danner
11:30 to 11:50

François Astier (Electrochemical Engineering, South Brittany University, Lorient,
France)
Experimental Study of Small Lead Acid Batteries Regeneration
Performance Modelling in Time
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11:50 to 12:10

Sergey Grigoriev (Chemistry and Electrochemical Power Engineering, National
Research University Moscow Power Engineering Institute, Moscow, Russia), Vladimir
Fateev, Valery Kalinichenko, Irina Maruseva, Pierre Millet, Artem
Pushkarev
Development and characterization of electrocatalytic layers based on
reduced graphene oxide for PEM fuel cell applications
12:10 to 12:30

Christopher Charton (CEA, Monts, France), Agnès Biller, Hervé Galiano,
Matthieu Le Digabel, Daniel Lemordant, Jesus Santos Peña
“High Voltage” Li-ion Batteries Electrolyte Formulation for Stable
Interfaces
14:00 to 20:00

Excursion to Mont Saint Michel

s2a: Applications; Materials for energy; synthesis
and characterization
Room: Lamennais 4/5

Chaired by: Bing Joe Hwang and Tomas Mikysek
08:30 to 08:50

Amare Aregahegn Dubale (Chemical Engineering, National Taiwan University
of Science and Technology, Taipei, Taiwan), Wei-Nien Su, Hung-Ming Chen,
Bing Joe Hwang, Chun-Jern Pan, Andebet Gedamu Tamirat
Nickel decorated Cu2O/CuO as a highly efficient photocathode for
photoelectrochemical water reduction
08:50 to 09:10

Karina Elumeeva (Analytical Chemistry - Center for Electrochemical Sciences,
Ruhr-Universität Bochum, Bochum, Germany), Justus Masa, Wolfgang
Schuhmann, Frank Tietz
A simple approach towards high-performance perovskite-based bifunctional oxygen electrocatalysts

09:10 to 09:30

Mitsuharu Chisaka (Department of Electronics and Information Technology,
Hirosaki University, Hirosaki, Japan), Noriaki Itagaki, Hirokazu Muramoto,
Hirohito Sasaki
Evaluation of the oxygen reduction reaction activity of nano-oxynitride catalysts with conventional electrochemical techniques
09:30 to 09:50

F. Javier Recio (Departamento de Química de los Materiales, Universidad Santiago
de Chile, Santiago de Chile, Chile), Carmen Castro, Nataly Silva, Federico
Tasca, José H. Zagal, César Zúñiga
Catalytic activity of MN4 complexes adsorbed on carbon nanotubes
towards oxygen reduction
09:50 to 10:10

Francesco Carla (ESRF, The European Synchrotron, Grenoble, France)
Understanding Electrochemical Layer by Layer Deposition: Order
and Epitaxy in CdS Thin Films on Ag(111) Investigated by In-situ by
Surface X-ray Diffraction
10:10 to 10:30

Coffee Break
Chaired by: Michele Curioni and Nadine Pébère
10:30 to 10:50

Tomáš Mikysek (Department of Analytical Chemistry, University of Pardubice,
Pardubice, Czech Republic), Jirí Ludvík
Electrochemical Characterization of Various Diketopyrrolopyrrole
Derivatives with Respect to HOMO/LUMO Energies
10:50 to 11:10

Sylvie Genies (Liten, Commissariat d’énergie atomique et aux énergies alternatives,
Grenoble, France), Mélanie Alias, Adrien Boulineau, Isabel Jiménez Gordon,
Viet-Phong Phan, Gregory Si Larbi
Implementation of Electrochemical Impedance Spectroscopy (EIS)
in symmetric cells for evaluating the post-mortem protocols applied
to characterize electrode materials in Li-ion batteries
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s2f: Applications; Corrosion and protection
Chaired by: Michele Curioni and Nadine Pébère
11:10 to 11:30 Invited

Hiroki Habazaki (Faculty of Engineering, Hokkaido University, Sapporo,
Japan), Yoshitaka Aoki, Achim W. Hassel, Taiki Kimura, Etsushi Tsuji,
Takayoshi Yano
Characterization of Corrosion-resistant Aluminosilicate Coatings
Prepared by Multiple Sol-Gel Spin Casting
11:30 to 11:50

Nathan Cooze (College of Engineering, Swansea University, Swansea, United
Kingdom), C. Gallagher, T. Lewis, T. Prosek, J.H. Sullivan, Dominique
Thierry
A novel time-lapse microscopy technique to study the corrosion mechanisms and corrosion inhibitor effects during corrosion of Zinc
Magnesium Aluminium (ZMA) alloys
11:50 to 12:10

Natalie Wint (Materials Engineering, Swansea University, Swansea, United
Kingdom), Arnoud deVooys, Steven Geary, Hamilton Neil McMurray
A Multi Length Scale Study of Cathodic Disbondment from Tin and
Iron-Tin Intermetallic Coated Steel
12:10 to 12:30

Thi Xuan Hang To (Laboratory for Protective Coatings, Institut de Technologie
Tropicale, VAST, Hanoi, Viet Nam), Thi Mai Thanh Dinh, Tuan Anh
Nguyen, Nadine Pebere, Hoang Thai, Anh Truc Trinh
Corrosion protection of a carbon steel by water based epoxy coatings containing hydrotalcite intercalated with molybdate
14:00 to 20:00

Excursion to Mont Saint Michel
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Poster Presentations
Room: Salle du Grand Large

All posters will be on display from
Monday 10:00 to Tuesday 17:00

Monday 18:10 to 19:30
Poster Presentation Session 1
Symposium 1a: Development; SECM, LEIS
Symposium 1b: Development; Advanced techniques for
surface characterization
Symposium 1c: Development; Simulation and modelling
(computational physical chemistry)
Symposium 2a: Applications; Materials for energy;
synthesis and characterization
Symposium 2b: Applications; Energy conversion and storage

Tuesday 10:10 to 11:10
Poster Presentation Session 2
Symposium 2c:
Symposium 2d:
Symposium 2e:
Symposium 2f:

Applications; Electrochemistry in biological systems
Applications; Electrochemical sensors and biosensors
Applications; Nanostructured materials
Applications; Corrosion and protection

Session 1
Symposium 1a: Development; SECM, LEIS
s1a-001

Alexander Botz (Analytical Chemistry - Center for Electrochemical Sciences,
Ruhr-Universität Bochum, Bochum, Germany), Michaela Nebel, Wolfgang
Schuhmann, Edgar Ventosa
Onset potential determination at gas-evolving catalysts by means of
constant-distance mode positioning of nanoelectrodes

Symposium 1b: Development; Advanced
techniques for surface
characterization
s1b-001

Larbi Bait (Centre de Développement des Technologies Avancées (CDTA), Université
des sciences et technologie Houari Boumediène, Algiers, Algeria), Noureddine
Madaoui, Nadia Saoula
Structural and Electrochemical Study of a coated stainless steel 304L
by PVD method
s1b-002

Elena Binkauskiene (Institute of Chemistry, Center for Physical Sciences and
Technology, Vilnius, Lithuania), Virginijus Bukauskas, Vitalija Jasulaitiene,
Albinas Lugauskas
The Studies of the Redox Behaviour of the Hydroquinone/Quinone
Couple on Biologically Treated Polyaniline
s1b-003

Sang-Hyeon Ha (Agency for Defense Development, Daejeon, Korea)
A Multiscale image analysis for the electrolyte and stacking sequence
of thermal activated batteries
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s1b-004

Fabien Miomandre (PPSM, ENS CACHAN, France), Jean-Frédéric
Audibert, Jean-Christophe Lacroix, Pascal Martin, Clarisse Tourbillon
Combining SECM and fluorescence microscopy : A way to investigate
electrochemically monitored luminescence on plasmonic electrodes

Symposium 1c: Development; Simulation and
modelling (computational
physical chemistry)
s1c-001

Zeno Farkas (Department of Applied Analysis, Eötvös Loránd University,
Budapest, Hungary), Istvan Farago, Akos Kriston
Development and mathematical analysis of operator splitting techniques applied to multiscale models of Li-ion batteries
s1c-002

Olga Gichan (Theory of Nanostructured Systems, Chuiko Institute of Surface
Chemistry, Kyiv, Ukraine), Valentina Pototskaya
Dynamic Instabilities at Electrified Interfaces of Different Geometry
s1c-003

Valeriy Kublanovsky (Electrochemistry, Institute of General & Inorganic
Chemistry, Kiev, Ukraine)
The Electrochemically Active Complexes Formation in the Ion Discharge from Aqueous Electrolytes
s1c-004

Shruti Srivastav (Department of Chemistry-Ångström Laboratory, Uppsala
University, Uppsala, Sweden), Daniel Brandell, Kristina Edström, Chao Xu
Finite Element Modeling the Morphological Background to Capacity
Fade in Si-based Lithium-Ion Batteries

Symposium 2a: Applications; Materials for
energy; Synthesis and
characterization
s2a-001

Mohamad Deraman (School of Applied Physics, Faculty of Sciences &
Technology, University Kebangsaan Malaysia, Bangi, Malaysia), R. Rarma, A.
Awitdrus, N. H. Basri, W.M.H. Husin, M.R.M. Jasni, N.S.M. Nor, R. Omar,
M.A.R. Othman, E. Taer, B. Yatim
Energy Storage Device Electrodes from Biomass Fibers and Biofilm
s2a-002

Freddy Escobar (LISE, Université Pierre et Marie Curie, Paris, France), Claude
Gabrielli, Hubert Perrot, Ozlem Sel
A new approach towards understanding of the ion transfer dynamics
in nanostructured carbon films for energy storage applications
s2a-003

Mathieu Etienne (LCPME, CNRS and Université de Lorraine, Villers-lèsNancy, France), Michel Perdicakis, Mateusz Donten, Cana Khalouche, Carole
Lainé, Ievgen Mazurenko, Andreea Pasc, Ivan Vakulko, Alain Walcarius
Functional porous materials for redox flow batteries
s2a-004

Daniel Kimmich (Department of Chemistry, Carl von Ossietzky Universität
Oldenburg, Oldenburg, Germany), Carsten Dosche, Gunther Wittstock
Photoelectrochemical screening of water splitting catalysts
s2a-005

Maria Luisa Lozano Camargo (Ingeniería Ambiental, Tecnológico de Estudios
Superiores del Oriente del Estado de México, Mexico), Enrique Barrera Calva,
Enrique Cañeda Guzmán, Erwin Said Guillen López, Arturo Nascir Pérez
Martínez
Activated carbon obtained by bambu species of African oldhamii by
physical activation for be used in air filters
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s2a-006

José Luis Mesa (Química Inorgánica, Universidad del País Vasco, UPV/EHU,
Leioa, Spain), Andrés T. Aguayo, María I. Arriortua, Miguel Bengoechea,
Teresa Berrocal, J. Alberto Blázquez, Iratxe de Meatza, Edurne S. Larrea,
Jesús Rodríguez-Fernández
Two Related Electrochemical Active Phosphites: Li1.43[FeII4.43FeIII0.5
II
III
7(HPO3)6]•1.5H2O (1) and Li0.86[Fe 3.86Fe 1.14(HPO3)6]•0.8H2O (2)
s2a-007

Walaa Nasseraldine (Chemistry ICGM CMOS, University of Montpellier 2,
Montpellier, France)
How to understand oxygen reduction at porous electrodes in the
aprotic lithium-air battery: Rotating ring disk investigation or scanning electrochemical microscopy?
s2a-008

Gumjae Park (Battery Research Center, Korea Electrotechnology Research Institute,
Changwon-si, Korea), Sang-Min Lee, Sungju Sim
Electrochemical properties of tin phosphide composite anode for sodium ion batteries
s2a-009

Arturo Nascir Pérez Martínez (Ingeniería Ambiental, Tecnológico de Estudios
Superiores del Oriente del Estado de México, Mexico), Enrique Barrera Calva,
Enrique Cañeda Guzmán, Erwin Said Guillen López, Carlos David
Hernpandez Pérez
Getting graphene from graphite deposited by commercial technique
rocio pyrolitic
s2a-010

Jaroslav Stejskal (Institute of Macromolecular Chemistry, Academy of Sciences of
the Czech Republic, Prague, Czech Republic), Irina Sapurina, Miroslava Trchova
Polypyrrole Nanotubes with Noble-metal Nanoparticles and their
Carbonized Analogues
s2a-011

Miroslava Trchova (Institute of Macromolecular Chemistry, Academy of
Sciences of the Czech Republic, Prague, Czech Republic), Michal Blaha, Zuzana
Moravkova, Jaroslav Stejskal
Conducting Materials Prepared by the Oxidation of p-Phenylenediamine with p-Benzoquinone

s2a-012

Lianqin Wang (Istituto di Chimica dei Composti Organometallici, National
Research Council, Sesto Fiorentino, Italy), Marco Bellini, Manuela Bevilacqua,
Yanxin Chen, Jonathan Filippi, Alesandro Lavacchi, Andrea Marchionni,
Hamish Miller, Francesco Vizza
Oxidation of Palladium: Nanoscale Effects in the Deactivation Toward Alcohols Electrooxidation
s2a-013

Chunman Zheng (College of Aerospace Science and Engineering, National
University of Defense Technology, Changsha, China), Yujie Li, Yong Liu, Yi Pan,
Hui Wang, Kai Xie
The Analysis of Solid Electrolyte Interphase on Graphitic Anode

Symposium 2b: Applications; Energy conversion
and storage
s2b-001

Yufang Chen (College of aerospace science and engineering, National university of
defense technology, Changsha, China), Yujie Li, Yi Pan, Kai Xie, Chunman Zheng
Influence of Co Content on Structure and Electrochemical Performance of Li7/6Mn1/2-xNi1/6Co1/6+xO2(x=0, 1/12, 1/6) as Cathode
Materials
s2b-002

Jan Clausmeyer (Analytische Chemie – Center for Electrochemical Sciences, RuhrUniversität Bochum, Bochum, Germany), Justus Masa, Wolfgang Schuhmann
Electrocatalysis at the Nanoscale – Oxygen Evolution Reaction
(OER) at Single Submicrometric Ni(OH)2 Particles
s2b-003

Alberto Ganassin (Chemistry, Ruhr-University Bochum, Bochum, Germany),
Aliaksandr S. Bandarenka, Viktor Colic, Wolfgang Schuhmann, Jakub
Tymoczko
Non-covalent Interactions in Water Electrolysis: Influence on the Activity of Pt(111) and Iridium Oxide Catalysts in Acidic Media
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s2b-004

Irina Gocheva (Mobility Department, Electric Drive Technology, AIT Austrian
Institute of Technology, Vienna, Austria), Alfred Amon, Roman Binder,
Wolfgang Marzinger, Erwin Rosenberg, Atanaska Trifonova
Coupled FTIR-GC/MS for in-situ characterization of gas species
emitted from lithium ion batteries
s2b-005

Sergey Grigoriev (Chemistry and Electrochemical Power Engineering, National
Research University Moscow Power Engineering Institute, Moscow, Russia), Dmitri
Bessarabov, Alexander Kalinnikov, Jan Van Der Merwe
Mathematical modeling and experimental study of current distribution in PEM water electrolyser
s2b-006

Mok-Hwa Kim (Department of Materials Science & Engineering, Yonsei
University, Seoul, Korea), Joong Tark Han, Kisuk Kang, Kwang-Bum Kim,
Kwang Chul Roh
Ribbon-like activated carbon with a multi-structure for supercapacitors
s2b-007

Jong Dae Lee (Department of Chemical Engineering, Chungbuk National
University, Cheongju, Korea), Ji Yong Park
Synthesis and Electrochemical Characteristic of Si/C Composite
Anode with CNF for Lithium Ion Battery
s2b-008

Philippe Mandin (Electrochemical Engineering, South Brittany University,
Lorient, France), Envel Guezennec, Yann Le Guennec, Pascal Morançais,
Alexandre Solacolu
Hydrogen production from water electrolysis for the storage of offshore wind energy
s2b-009

Kwang Chul Roh (Energy & Environmental Division, Korea Institute of
Ceramic Engineering & Technology, Seoul, Korea), Joong Tark Han, Mok-Hwa
Kim, Kwang-Bum Kim, Ho Seok Park, Sol Yun
Retransformed graphitic activated carbon from ionic liquid-derived
carbon containing nitrogen

s2b-010

Taeseup Song (Hanyang University, Seoul, Korea), Yeon-Gil Jung, Ungyu
Paik, Hyunjung Park, Jihoon Seo
Three-dimensional Hierarchical TiO2 Nanotubes - Carbon Nanofiber
Nanostructure as an Anode for High Energy and Power Lithium Ion
Batteries
s2b-011

Yoshiharu Uchimoto (Graduate School of Human and Environmental Studies,
Kyoto University, Kyoto, Japan)
In operando synchrotron X-ray analysis of lithium ion cathode reaction
s2b-012

Ken-Ming Yin (Department of Chemical Engineering, Yuan Ze University, Chung
Li, Taiwan), Bo-Syun Cheng, Hsiao-Kuo Hsuen, Yu-An Kung
A Discussion on the Water Treatment of Two-phase Flow in the
Membrane Electrode Assembly of PEMFCs
s2b-013

Marketa Zukalova (Electrochemical Materials, J. Heyrovsky Institute of Physical
Chemistry, Prague, Czech Republic)
Differences in Li-storage Mechanism into Anatase and TiO2(B)

Session 2
Symposium 2c: Applications; Electrochemistry in
biological systems
s2c-001

Thi Mai Thanh Dinh (Corrosion and Protection of Metals, Institute for Tropical
Technology, Hanoi, Viet Nam)
Impact of parameters on electrodeposition of nanocrystalline apatite
coating on 316L stainless steel
s2c-002

Akbar Islamnezhad (Chemistry Department, Islamic Azad University, Rasht,
Iran) Hassan Kefayati, Maryam Valizadeh
Cyclic Voltammetric Investigation of Electrosynthesized Pyrano[2,3d]Pyrimidinones
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s2c-003

Xianchan Li (Department of Chemistry of Molecular Biology, University of
Gothenburg, Gothenburg, Sweden), Andrew G. Ewing, Soodabeh Majdi
Amperometric Quantitative Measurements of Individual Vesicular
Contents in Single Cells
s2c-004

Katerina Novakova (Institute of Environmental and Chemical Engineering,
University of Pardubice, Pardubice, Czech Republic), Jaromira Chylkova, Jana
Jaklova Dytrtova, Jan Langmaier, Tomas Navratil, Ivana Sestakova,
Romana Sokolova
Elucidation of Transport of Environmentally Important Compounds
across Model Membranes
s2c-005

Piotr Pieta (Department of Physical Chemistry of Supramolecular Complex,
Institute of Physical Chemistry Polish Academy of Sciences, Warsaw, Poland),
Michael Grossutti, Jacek Lipkowski, ZhangFei Su
Electrochemical, PMIRRAS, and ATR-IR Characterization of a New
Bacteriocin-like Antimicrobial Peptide at a Model Biological Membrane
s2c-006

Libuse Trnkova (Department of Chemistry, Masaryk University, Faculty of
Science, Brno, Czech Republic), Ondrej Laskafeld, Premysl Lubal, Iveta Pilarova
The Oxidation Processes of Benzylaminopurines at Pencil Graphite
Electrodes Modified by Monovalent Copper Ions
s2c-007

Lin Zhang (LCPME, CNRS and Université de Lorraine, Villers-lès-Nancy,
France), Mathieu Etienne, Gert-Wieland Kohring, Ievgen Mazurenko,
Neus Vilà, Alain Walcarius
Immobilization of dehydrogenases on macroporous carbon felt by
click chemistry for electroenzymatic synthesis

Symposium 2d: Applications; Electrochemical
sensors and biosensors
s2d-001

Cesar Alfredo Barbero (Chemistry, National University of Rio Cuarto, Rio
Cuarto, Argentina), Diego Acevedo, Rusbel Coneo Rodriguez, Gabriel Planes
Strong Catalytic Effect of Cobalt Oxide Nanoparticles on the Electrochemical Sensing of Arsenic
s2d-002

David Bower (Chemistry, La Trobe University, Bundoora, Australia), Conor
Hogan
Co-reactant Electrogenerated Chemiluminescece (ECL) from Carbon
Dioxide in Ionic Liquids
s2d-003

Cecilia Cristea (Department of Analytical Chemistry, University of Medicine
and Pharmacy Cluj-Napoca, Cluj-Napoca, Romania), Anca Florea, Iuliu Ovidiu
Marian, Robert Sandulescu, Mihaela Tertis
Electrochemical Studies on Carbon Based Electrodes Modified with
Single and Multi -wall Carbon Nanotubes - Polymer Nanocomposites
s2d-004

Laura Fernández Llano (R&D, DropSens, S.L., Llanera, Spain), Pablo
Fanjul-Bolado, M. Begoña González-García, David Hernandez-Santos
Thin layer disposable flow cells as electrochemical detectors in FIA
system
s2d-005

Ezat Hamidi-Asl (Department of Chemistry, University of Antwerp, Antwerp,
Belgium), Ronny Blust, Freddy Dardenne, Karolien De Wael
Effect of Nanoparticles on the Efficiency of Aptasensors: A Comparative Study and the Aptamer of E. coli as a Model
s2d-006

Zofia Iskierko (Department of Physical Chemistry of Supramolecular Complexes,
Institute of Physical Chemistry Polish Academy of Sciences, Warsaw, Poland), Anna
Checinska, Krzysztof Fronc, Wlodzimierz Kutner, Krzysztof Noworyta,
Piyush Sindhu Sharma
Extended-gate field-effect transistor (EG-FET) as the transducer in a
chemosensor for stereoselective D- and L-phenylalanine determination
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s2d-007

Akbar Islamnezhad (Chemistry Department, Islamic Azad University, Rasht,
Iran), Nasibeh Kouchaknezhad
Voltammetric Rizatriptan Nanobiosensor
s2d-008

Carlos Pereira (Chemistry and Biochemistry, University of Porto, Porto, Portugal),
Inês Miranda, Fernando Silva, Laura Sousa
Electropolymerized Molecularly Imprinted Electrodes for Amylase
Sensing
s2d-009

Abbas Shirmardi (Chemistry, Islamic Azad University Masjed-Soleyman Branch,
Masjed-Soleyman, Iran), Morteza Akhond, Mojtaba Shamsipur
Electronic Tongue for Simultaneous Determination of Cyanide,
Thiocyanate and Iodide
s2d-010

Vlastimil Vyskoèil (Department of Analytical Chemistry, Faculty of Science,
Charles University in Prague, Prague, Czech Republic), Marta Blašková, Andrea
Hájková, Christian Iffelsberger, Zuzana Jureèková, Frank-Michael Matysik,
Complex Electrochemical Detection of Damage to DNA Using
Simple Label-free DNA Biosensors

Symposium 2e: Applications;
Nanostructured materials
s2e-001

Ya Yun Chan (Division of Chemistry and Biological Chemistry, Nanyang
Technological University, Singapore, Singapore), Alex Eng, Martin Pumera,
Richard Webster
Does Modifying Electrodes via the Drop Casting Method Provide a
Complete Coverage over the Underlying Electrode Surface?
s2e-002

Damaris Fernandez (School of Chemistry & CRANN/AMBER, Trinity
College Dublin, Dublin, Ireland), Michael E.G. Lyons, Luis Romeral
Magneto-electrochemical interactions during phase transitions at
nano/micro structured macro-electrodes

s2e-003

Jose Garcia Anton (Ingeniería Quimica y Nuclear, Universidad Politecnica de
Valencia, Valencia, Spain), Ramon Manuel Fernandez-Domene, Dionisio
García-García, Maria Teresa Montañes, Rita Sánchez-Tovar
New Morphologies of Nanostructures Obtained by Zn Anodization
under Flowing Conditions
s2e-004

Jose Garcia Anton (Ingeniería Quimica y Nuclear, Universidad Politecnica de
Valencia, Valencia, Spain), Ramon Manuel Fernandez-Domene, Dionisio
García-García, Maria Jose Muñoz Portero, Rita Sánchez-Tovar
WO3 Photoanodes for Hydrogen Production
s2e-005

Corinne Lagrost (Institut des Sciences Chimiques de Rennes, CNRS and
Université de Rennes 1, Rennes, France), Xiaoyan He, Stéphane Rigaut, YvesMarie Hervault, Andrea Mulas, Lucie Norel
Fast redox communication at acetylides – ruthenium thiols, dithiocarboxylic acid and isocyanide SAMs on gold
s2e-006

Yann Leroux (Institut des Sciences Chimiques de Rennes, CNRS, Université de
Rennes 1, Rennes Cedex, France), Philippe Hapiot
Nanostructured Monolayers on Carbon Substrates
s2e-007

Robert Sandulescu (Analytical Chemistry Dept., Iuliu Hatieganu University
of Medicine and Pharmacy, Cluj-Napoca, Romania), Cecilia Cristea, Luminita
Fritea, Oana Hosu, Mihaela Tertis
Characterization of Innovative Graphene-based Modified Electrodes
for Pharmaceutical Analysis
s2e-008

Monica Santamaria (DICAM, Università di Palermo, Palermo, Italy), Giorgio
Conigliaro, Francesco Di Franco, Francesco Di Quarto, Roberto Macaluso,
Shahab Miraghaei, Mauro Mosca
Multiscale Approach in Studying the Influence of Annealing Conditions on Conductivity of TiO2 Nanotubes
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s2e-009

Maria Elena Vela (Laboratory of Nanoscopies and Surface Physical Chemistry,
INIFTA (Conicet-UNLP), La Plata, Argentina), B. Auguié, F. Castez, E.
Cortes, M.A. Daza Millone, A. Fainstein, L.A. Guerra, R.C. Salvarezza
Role of surface roughness in the SERS response of Au-nanocavities

Symposium 2f: Applications;
Corrosion and protection
s2f-001

Laidi Babouri (Chemistry, Ecole Normale Supérieure d’Enseignement
Technologique, Skikda, Algeria), Abdessalem Abdelouas, Kamel Belmokre,
Yassine El Mendili, Abdenour Kabir
Study of the stability of the passive film formed on copper-based
binary alloys in 3% NaCl solution
s2f-002

Sofia Benamirouche (Laboratory of Electrochemistry and Corrosion, Military
School Polytechnic, Algiers, Algeria)
Relationship between the precipitation and electrochemical behavior
of aluminum alloy type 2017A
s2f-003

Silviu Iulian Drob (Electrochemistry and Corrosion, Institute of Physical
Chemistry, Bucharest, Romania), Thierry Gloriant, Doina Margareta Gordin,
Cora Vasilescu
Synthesis, mechanical characterization, electrochemical and corrosion
behaviour of titanium-based alloy with “super” properties
s2f-004

Paula Fernandes (Chemistry and Biochemistry, University of Porto, Porto,
Portugal), Carlos Pereira, Fernando Silva
Electrodeposition of nickel using eutectic mixtures based in ionic liquid formulations

s2f-005

Noureddine Madaoui (Division des Milieux Ionises et Lasers, Centre de
Développement des Technologies Avancées, Alger, Algeria), Samia Belhousse,
Abdelkader Hammouche, Kamilia Kheyar, Sawsen Nezar, Nadia Saoula,
Chaffia Yaddaden
Protection of stainless steel for corrosion application by titanium
dioxide PVD coating in 3.5% NaCl solution
s2f-006

Anh Son Nguyen (Institut Carnot CIRIMAT, ENSIACET, Toulouse, France)
Local electrochemical impedance spectroscopy applied to the corrosion protection of waterborne coatings on a 2024 aluminium alloy
s2f-007

Ricardo M. Souto (Department of Chemistry, University of La Laguna, La
Laguna (Tenerife), Spain), Bibiana M. Fernández-Pérez, Javier Izquierdo,
Juan J. Santana
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Electrochemical Studies of Nanoparticles
Richard G Compton
Oxford University, United Kingdom
Department of Chemistry, Physical and Theoretical Chemistry Laboratory
South Parks Road, Oxford, OX1 3QZ
Richard.compton@chem.ox.ac.uk
Recent progress in the electrochemical study of single nanoparticles by means of the nano-impacts
approach will be surveyed and evaluated
The design of electrodes and nano-impacts methodology allowing the electrochemical sizing of
nanoparticles as small as 4nm will be described, and shown to be applicable to nanoparticle
concentrations as low as 0.1 pM.
Contrasts will be drawn between experiments conducted on ensembles of nanoparticle, as in nanoparticle
modified electrodes, and the behavior contrasted seen for single nanoparticle experiments. Important
factors include the change of mass transport regime, altered apparent electrochemical reversibility and the
incomplete ‘stripping’ seen for aggregated nanoparticles.
The role of surface charge on the observed electrochemical behavior will be explored with reference to
experiments carried out using indigo nanoparticles in weakly supported aqueous electrolytes.
Experiments with diverse types of nanoparticles will be reported, namely metallic (Ag, Cu, Ni, Au), metal
oxides (Fe304), organic (indigo and oil blue) and polymeric (poly-N-vinyl carbazole) as well as studies on
single drug encapsulating liposomes
Finally a speculative electrochemical perspective on the origins of the toxicity of silver nanoparticles will
be offered.
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In-Situ Surface Enhanced Raman Spectroscopic Studies On
Electrochemical Interfaces: From Molecular Intermediates to Surface
Morphology
Zhong-Qun Tian
State Key Laboratory of Physical Chemistry of Solid Surfaces, and Collaborative Innovation Center of
Chemistry for Energy Materials, College of Chemistry and Chemical Engineering, Xiamen University
Xiamen, Chinas
e-mail: zqtian@xmu.edu.cn

Surface enhanced Raman scattering has been used to study electrode/electrolyte interface since its
discovery, as an important member of a few in-situ methods. As a molecular spectroscopy, SERS is good
at revealing the molecular structure. The giant enhancement on the Raman intensity allows detecting the
surface species in electrochemical interface whose coverage is even lower than one monolayer, such as
precursor or reaction intermediate. Thus, SERS is a powerful tool for the investigation of electrochemical
kinetics. Recently, we employed SERS to study the mechanism of the catalytic electrochemical reduction
of benzyl chloride on Ag. With the support of DFT calculation and Raman scattering theory, we found a
weakly adsorbed benzyl chloride precursor and strongly adsorbed benzyl radical/anion intermediates. The
identification of the surface species during potential movement finally supported a comprehensive
consideration on the mechanism regarding elementary steps and reaction energy.
Meanwhile, SERS is regarding with the local surface morphology, not only in term of surface plasmon
but also the adsorption configuration, which is promising to reveal the surface morphology. CO has been
found to be sensitive to the molecular coverage. We discovered a highly catalytic Au-core Pd-shell Ptcluster trimetallic nanoparticle (Au@Pd@Pt NPs) for electro-oxidation of formic acid. However, the
source of catalytic activity is ambiguous. We employed electrochemical SERS to study the adsorption of
CO. Based on fitting the experimental spectra with DFT calculation, a unique mushroom-like structure is
unearthed and a new NP growth mode is proposed. Such mushroom-like structure provides more novel
active sites with more coordinate number favorably for specific reactions.
In the highlight of these works, it can be found in-situ electrochemical SERS could be a powerful tool for
a multi scale study on electrochemical interface beyond the molecular spectroscopy. I will provide the
details in the lecture.
Reference:
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A Scanning Probe Investigation of Inter-Granular Corrosion in
Sensitized Stainless Steel Nuclear Fuel Cladding
Ronald Clark, Steve Walters*, Geraint Williams
Materials Research Centre, College of Engineering, Swansea University, Singleton Park,
Swansea, SA2 8PP, UK.
*National Nuclear Laboratory, Harwell Science Campus, Didcot, Oxfordshire, OX11 0QT, UK
798741@swansea.ac.uk
Spent nuclear fuel from advanced gas-cooled nuclear reactors, housed inside tubes of an austenitic,
niobium-stabilized stainless steel is subjected to long term pond storage, pending final geological
disposal. The cladding alloy comprising 20% Chromium (Cr) and 25% Nickel (Ni) is susceptible to
radiation induced sensitization (RIS) caused by protracted exposure to a combination of high neutron flux
and elevated temperature within the reactor core. This leads to the redistribution of alloying elements at a
microstructural level, the neutron bombardment causing vacancies which diffuse towards grain
boundaries and counter-diffusion of Cr atoms, thus causing depletion of Cr in regions adjacent to these
boundaries. The sensitized cladding alloy therefore becomes susceptible to inter-granular corrosion
(IGC), especially in chloride containing aqueous solution. This effect may be simulated by thermal
processing, forming chromium carbide precipitates at grain boundaries, another means of reducing the
local concentration of Cr atoms available in the alloy. This paper focuses on characterizing localized
corrosion behavior in cladding alloy both in the as-received and thermally sensitized state. A combination
of conventional d.c. potentiodynamic studies and in-situ scanning vibrating electrode mapping is used to
establish the dependence of localized corrosion initiation and propagation on chloride ion concentration,
temperature and pH in aqueous solution. When polarized to potentials greater than its breakdown
potential (Eb), the localized corrosion of Nb-stabilized cladding in an unsensitized condition takes the
form of pitting rather than IGC. In deaerated aqueous sodium chloride (NaCl), at near-neutral pH, the
unsensitized alloy exhibits a dependence of Eb on chloride concentration ([Cl-]) such that Eb = A + B
log10[Cl-], where A = 0.41 V (vs SCE) and B = -0.09 V/decade. However, for thermally sensitized alloy
specimens, anodic polarization in high concentration NaCl electrolyte produces significant IGC, while the
same experiments carried out in more dilute electrolyte tends to favour the propagation of discrete pits.
These observations are confirmed by scanning electron microscopy of electro-etched, post-corrosion
sensitized alloy specimens. A scanning vibrating electrode technique (SVET) used in combination with
anodically polarized alloy specimens is employed in-situ to study the initiation and propagation of IGC in
concentrated NaCl electrolyte. Changes in local current density values measured over regions of local
anodic activity are used to follow the kinetics of IGC propagation and the periodic initiation of new local
anodes areas subsequent to initial breakdown. In-situ SVET investigations are complemented by the use
of optical time-lapse microscopy of etched cladding alloy surfaces in order to correlate IGC initiation
locations with microstructural features. Figure 1 shows typical results obtained for a sensitized stainless
steel surface immersed in 1 mol dm-3 NaCl (aq) contained in a bespoke flow cell, which allows specimens
to be anodically polarised in-situ. Figure 1 clearly shows localised corrosion initiating at a grain boundary
location (a) and subsequently propagating simultaneously along several neighbouring boundaries (b and
c). Finally scanning Kelvin probe microscopy (SKPFM) is used to identify the relative nobility of
inclusions and grain boundaries, with particular emphasis on regions of the grains adjacent to grain
boundaries in the sensitized alloy.

Figure 1: Optical micrographs of an anodically polarised AISI 310 stainless steel surface in 1M NaCl (aq), showing
(a) initiation, (b) propagation and (c) final extent of IGA attack. The arrow in (a) indicates the IGA initiation point.

Sharp-interface model of electrodeposition and dendritic growth
Christoffer P. Nielsen, Henrik Bruus
Department of Physics, Technical University of Denmark
DTU Physics Building 309, DK-2800 Kongens Lyngby, Denmark
chnie@fysik.dtu.dk
Electrodeposition from an electrolyte onto a metal electrode is an important step in a range of systems and
processes, e.g. for batteries, electroplating, and synthesis of semiconductor thin films, nanostructures, and
powders [1]. Despite a wealth of interest in the problem, it has proven difficult to quantitatively model the
electrodeposition process. Those difficulties are both due to the nonlinear transport and reaction processes
in the system [2] and, in particular, due to the tendency of the electrode surface to go unstable and form
dendritic structures with a large range of length scales.
The electrodeposition models that do exist have opted to use phase-field methods, similar to those that
have been quite successful in modelling solidification processes [3]. While the phase-field models do
predict some kind of dendritic growth at the electrode surface, it seems to us that they have some
fundamental shortcomings when applied to an electrochemical system: Firstly, a phase-field model cannot
properly implement the nonlinear Butler-Volmer reaction rate at the electrode. Secondly, it has been
known since 1990 [4] that the extended space-charge region, forming at overlimiting currents, greatly
affects the electrodeposition process. Nevertheless, the phase-field models assume local electroneutrality
in the electrolyte.
To address these issues, we have developed a sharp-interface model of electrodeposition, which
includes the Butler-Volmer surface reaction and allows for a net charge density in the electrolyte. This
sharp-interface model is an extension of our recent bulk electrokinetics model [5]. To validate the model
we have extended the stability analysis of Sundstrom and Bark [6] to the case of overlimiting currents and
non-zero space charge densities. We have yet to make a thorough comparison between model predictions
and published experimental results, but a preliminary survey does indicate that our model correctly
predicts the transitions between different growth regimes as the current is varied.

Figure 1. Dendritic electrode (gray) after deposition for 25 minutes with a bias voltage of 20 kBT/e. (a)
Magnitude of the current density J+ (color plot) and its streamlines (white lines). (b) Magnitude of the
space charge density el (color plot).
1.
2.
3.
4.
5.
6.

M. Rosso, Electrochim. Acta 53 (2007) 250-256
M. Bazant, Accounts Chem. Res. 46 (2013) 1144-1160
Y. Shibuta, Y. Okajima, T. Suzuki, Sci. Technol. Adv. Mat. 8 (2007) 511-518
J. N. Chazalviel, Phys. Rev. A 42 (1990) 7356-7367
C. P. Nielsen, H. Bruus, Phys. Rev. E 90 (2014) 043020
L. G. Sundström, F. H. Bark, Electrochim. Acta 40 (1995) 599-614

Design of Portable Sensor to Detect Hazardous Molecules in our
Environment.
I. Mazerie a), I. Bakas b), M.M. Chehimi c), B. Carbonnier c) , A. Girard d), P. Didier e), F. Razane), N.
Coulon f), D. Floner a), F. Geneste a),
a) ISCR UMR-CNRS 6226, University of Rennes 1, Campus de Beaulieu, 35042 Rennes, b) ITODYS
UMR-CNRS 7086, University of Paris Diderot, Rue Jean Antoine de Baïf, 75205 Paris, c) ICMPE UMR
7182, University of Paris-Est, rue H. Dunant F, 94320 Thiais, d) IMN UMR6502, Campus Sciences, rue
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As in many domains, safety rests partly on the development of reliable high sensitivity analytical methods
to target hazardous molecules. Therefore there is a need for developing simple methods for diagnosis of
the target beneficial or harmful molecules in food products or in our environment. It is well known that
performance of solid electrodes may be drastically altered by various processes such as adsorption of
organic or inorganic species on the electrode, leading sometimes to the passivation of the electrode
surface. This kind of irreversible process can be circumvented by using dropping mercury electrode with
continually fresh Hg surface and new drop every few seconds. However, due to the toxicity of Hg and of
technical inconveniences, colorimetric or spectrophotometric techniques are the most frequently used
methods for long-term on-line analysis or for field measurements, despite the fact that they are less
sensitive than electroanalysis.
Our team has developed a new concept of device based on sampled-current voltammetry performed on an
electrode array.1,2 In fact a single electrochemical measurement is performed independently and
differently on each electrode in the array. Each electrode plays a similar role than a dropping Hg electrode
in polarography and the renewal of the electrode surface and of the solution in the proximity of the
electrode is assured. However, the sensitivity of the method is strongly dependent of the affinity between
the surface and the analyte and the selectivity is only obtained by the oxidation or reduction potential of
the analyte. Consequently, the use of modified surfaces allowing the selective preconcentration of the
analyte on the electrode array should improve the performances of the sensor.
An example of application of this original method with molecular imprinted polymer (MIP) will be
presented for melamine detection, a molecule artificially added in milk which is harmful or even fatal to
the human kind. The MIP was prepared by electrografting of the photoinitiator on the electrode surface
followed by photopolymerization.3 The electrochemical response performed on the electrode array was
enhanced compared with classical linear voltammetry.

Schematic illustration of the sensor design for Melamine detection
1. L. Mignard, M. Denoual, O. Lavastre, D. Floner, F. Geneste, J. Electroanal. Chem., 689, 83-87 (2013).
2. O. Lavastre, D. Floner, F. Geneste, PCT Int. Appl. WO 2006108759, (2006).
3. M.M. Chehimi, S. Gam-Derouich, A. Madani, PCT Int. Appl. WO 2012028825, (2011).
4. I. Bakas, Z. Salmi, M. Jouini, F. Geneste I. Mazerie, D. Floner, B. Carbonnier, Y. Yagci, M.M.
Chehimi, Electroanalysis, 27, 1-12 (2015).

Using intermittent contact (ic) SECM for corrosion and energy storage
materials investigation.
Nicolas Murer, Bio-Logic SAS
1 Rue de l’Europe, 38640 Claix, France
nicolas.murer@bio-logic.net
Samantha Catarelli, Daniel Lonsdale, John Griffiths
Uniscan instruments Ltd.
Pinewood Court, Larkwood Way, Tytherington Business Park,
Macclesfield, Cheshire, SK10 2XR.United Kingdom.
ic-SECM is an operation mode of SECM that was first developed by the University of Warwick1,2. In this
mode of operation, the topography of the sample during an SECM or ac-SECM measurement can be
tracked, hence removing any contribution of the topography to the electrochemical response measured at
the probe tip. This means that highly non-planar or rough sample can be studied, and the response
measured at the probe will only contain electrochemical information. Furthermore, the response dynamics
will be maximized. In this presentation, we will show a few examples of results in two applications:
corrosion and energy storage. In both applications, the various benefits of using SECM and/or ac-SECM
in ic mode will be demonstrated as well as the unique type of information that can be obtained using
SECM. New knowledge about energy storage electrode materials and corrosion mechanisms in metals
become available.

a)
b)
ac-SECM picture of an 7075 scratched sample in 0.1 mol/L KCl a) without intermittent contact, b) with
intermittent contact.
1. K. Mc Kelvey, M. A. Edwards, P. R. Unwin, Anal. Chem. 2010, 82, 6334–6337
2. K. Mc Kelvey, M. E. Snowden, M. Perulo, P. R. Unwin, Anal. Chem. 2011, 83, 6447–6454

Ab Initio Modeling of Solvent-Metal Electrochemical Interface
Jean-Sébastien Filhol, Nicolas Lespès
Institut Charles Gerhardt, Université Montpellier2
Montpellier France
filhol@univ-montp2.fr
The electrochemical interface is fundamental to understand electrochemical reactions either for
electrocatalysis applications (fuel cells), corrosion, electroplating or for electrochemical energy storages
such as Li-ion batteries. Nevertheless, it is extremely complex to model not only because of the occurring
electrochemical effects but also because of the complexity of the electrode-solvent interface. Classical
models fairly well reproduce the behavior of such an interface by introducing more or less complex
description of the electric double layer (Helmholtz plane, diffuse layer etc.), but are oblivious to the
quantum phenomena occurring at the interface. Ab initio approaches can describe this quantum behavior
with good accuracy, nevertheless most of these approaches are not accounting the full complexity of the
electrochemical interface as it would necessitate including the solvent (at least hundreds/thousands of
molecules) and electrolyte (with their interaction with the solvent and the surface) in their structural and
time-dependent dimension leading to too costly calculations. We will present an implicit solvent approach
(exemplified by a Li/Ethylene carbonate (EC) interface) that allows recovering the proper electrochemical
properties such as surface capacitance at a limited cost. We will highlight the effect of the model
parameters on the quality of the calculation. We will in particular discuss how implicit/explicit model
should be used in order to recover the potential stability for Li-electrodes in carbonate solvents and how
the electrode growth or consumption is linked with the local chemical/electrochemical parameters.
Finally, we will show using the Fukui function tool previously developed that the redox species involved
in the reduction of Li+ should include the first solvation sphere.

Fukui function for a Li+(EC)4/Li interface.

Computational Electrocatalysis: Novel Materials For Oxygen
Reduction Reaction (ORR) And Methanol Oxidation Reaction (MOR)
Cristiana Di Valentin
Dipartimento di Scienza dei Materiali, Università di Milano Bicocca
via R. Cozzi 55 20125 Milano Italy
cristiana.divalentin@mater.unimib.it

Novel materials are continuously proposed to substitute platinum at fuel cells electrodes. Here we
investigate, by means of computational electrochemistry, based on density functional theory (DFT)
calculations, two promising C-based alternatives for an efficient catalysis of the oxygen reduction
reaction (ORR) at the cathode and the alcohol oxidation reaction (AOR) at the anode: non-metal doped
graphene and tungsten carbide, respectively.
ORR: Among non-metal doped graphenic systems, B-doped graphene has been reported to be the most
efficient for the ORR [1]. Here, we first present the oxygen reactivity on the B-doped graphene surface in
terms of intermediates and transition structures along the various possible reaction pathways [2,3]. Then,
we analyze the free energy diagrams along the four-reduction steps with the methodology by Nørskov and
co. [4] in both acidic and alkaline conditions and describe the pH effect on the stability of the
intermediates of reduction in terms of the Pourbaix diagram. Finally, we briefly present a recent
comparative computational/experimental study of B-doped and B,N-codoped graphene QD systems [5].
AOR: Polycrystalline tungsten carbide films have been reported to catalyze alcohols oxidation reaction
[6,7]. Here, we determine the reaction mechanism, the free energy profiles and estimate the expected
overpotential for the full oxidation process of methanol to water and carbon dioxide as electrochemically
catalyzed by the two most stable basal and prismatic WC surfaces, (0001) and (10-10), in comparison
with the traditional Pt (111) surface [8]. We find that the basal plane is more efficient and performs at
overpotentials which are competitive to those of Pt. The preferred path is the direct one, which does not
involve the CO intermediate formation.
[1] Y. Jiao, Y. Zheng, M. Jaroniec, S. Z. Quiao JACS 136 (2014) 4394
[2] L. Ferrighi, M. Datteo, C. Di Valentin JPC C 118 (2014) 223
[3] G. Fazio, L. Ferrighi, C. Di Valentin J. Catalysis 318 (2014) 203
[4] J. K. Nørskov, J. Rossmeils, A. Logadottir, L. Lindqvist, J. R. Kitchin, T. Blgaard, H. Jonsson JPC B
108 (2004) 17886
[5] M. Favaro, L. Ferrighi, G. Fazio, L. Colazzo, C. Di Valentin, C. Durante, F. Sedona, A. Gennaro, S.
Agnoli, G. Granozzi ACS Catal. 5 (2015) 129
[6] E. C. Weigert, A. L. Stottlemyer, M. B. Zellner, J. G. Chen JPC C 111 (2007) 14617
[7] Z. J. Mellinger, T. G. Kelly, J. G. Chen ACS Catal. 2 (2012) 751
[8] C. Di Valentin, D. Fittipaldi, G. Pacchioni, in preparation
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In this work, we propose the detection of oxidative stress species with
intrinsic benefits of electrochemistry and unprecedented progress in
instrumentation where microelectrodes are playing prominent roles in the analysis
of living cells behaviors.[1,2] Indeed, fabrication of Pt/Pt-black microband
electrodes was first optimized to detect four ROS/RNS species (i.e., H2O2, ONOO-,
NO•, and NO2–) from macrophages. These electrodes were integrated into PDMSglass microdevices in order to analyze these four key compounds released from
cells populations. High analytical performances were evidenced according to the
devices geometry and hydrodynamic conditions.[3] The control of the
electrochemical responses by mass transport was validated through comparison
with theoretical predictions. Simultaneous detections of ROS/RNS release from
cells were then carried out under two different configurations of microdevices.
Reproducible and statistically relevant results were obtained within only few
experiments. These microdevices allow for easy characterizations of average
behaviors of cells populations. This study paves the way to a very broad field of
bioanalytical applications integrating electrochemical detections for highthroughput monitoring of living cells.[4]
[1] C. Amatore et al., Chem Rev, 2008, 108, 2585.
[2] Y. Wang et al., Microchim. Acta, 2010, 168, 177.
[3] C. Amatore et al., Anal. Chem., 2008, 80, 4976.
[4] Y. Li et al., Electroanalysis, 2013, 25(4), 895 ; Electrochimica Acta, 2014, 144,
111 ; Analytical and Bioanalytical Chemistry, 2015, submitted.
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Abstract
In recent years, ion exchangeable compounds such as clay montmorillonite or hydrotalcite for preparation
of non-toxic anticorrosive pigments has been the subject of numerous investigations [1-4]. These ionexchange compounds can be used for preparation of more friendly additives for storage and release of
green corrosion inhibitors in organic coatings. In the present work, hydrotalcite intercalated with
molybdate was prepared by co-precipitation method. Then, hydrotalcite containing molybdate (HTM)
was incorporated in a water based epoxy coating at three concentrations (1 wt. %, 3 wt. % and 5 wt. %)
for corrosion protection of a carbon steel. The HTM obtained was characterized by infrared spectroscopy,
x-ray diffraction and scanning electron microscopy. Inhibitive action of HTM on carbon steel was
examined by polarization curves and electrochemical impedance spectroscopy (EIS). The corrosion
protection performance of the epoxy coatings containing HTM was evaluated by EIS, salt spray test and
adherence test. It was shown that the molybdate was intercalated in the hydrotalcite structure and its
loading was 11.5%. The polarization curves obtained on the carbon steel sample showed that the HTM is
an anodic inhibitor. Its inhibition efficiency was around 94% at the concentration of 3 g/l. The presence of
HTM in the water based epoxy coatings significantly improved the corrosion protection of the carbon
steel. In the presence of a scratch in the coating, it was shown that the molybdate can be released from
HTM and acted as corrosion inhibitor at the steel/coating interface.
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1

This paper will present a multi-scale of corrosion that spans scales from molecular scale ( where it
considers the binding of inhibitor to metal surfaces ) to the continental scale where it considers ocean
production of marine aerosols and the aerosols subsequent transport across continents. Figure 1
highlights the models and the scales under which it operates. .
On active metals such as zinc and steel , multi-layers of oxide may develop. Adjacent to the metal
surface a compact oxide is under particular circumstances observed. This compact oxide dramatically
reduces the rate of metallic corrosion. Above, or in the absence of, the compact layer bands of porous
oxide may develop with variable porosity from the metal or compact layer interface to the moisture layer.
To model this porous oxide a porous oxide model has been developed. The porous oxide model (POM)is
a continium model that accounts for diffusion, chemical and electrochemical process. In a system where
the oxide is semi-conducting (such as zinc or iron) the oxide itself may support the oxygen reduction
reaction (ORR). The POM considers the relative rate of the ORR at the metal surface and at the pore
boundary ( zincoxide/pore solution). The conditions generated within the porous layer will affect the
conditions at the porous layer/compact layer interface and thus compact layer stability. Modelling of
inhibitor/metal surface intercation is being undertaken to assess the components of molecular structure
that lead to effective inhibition. In Figure 2 a model of the electronic configuartaion of a Na-4mercaptobenzonate in an aqueous solution. These models are then linked with continuum models to
predict the effective life of protective primers on aircraft in service

Figure 1. Framework For Multi-Scale model

Figure 2 . Electronic Configuration of a Na-4-mercaptobenzonate in an aqueous
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1. Abstract
Li-air battery system achieves high specific energy density. There are, however, some challenge tasks
must be overcome for commercialization. The most important issue is related to the pore clogging of air
diffusion path by discharge products at the cathode. The main cathode discharge product is considered as
Li2O2 and several models to explain the effect of deposition on discharge capacity has been reported [1].
However, deposition behavior of Li2O2 at atomistic level on cathode carbon surface is still obscure. In
this study, we investigated Li2O2 deposition behavior on the carbon surface at atomistic level using firstprinciples molecular dynamics (FPMD). Moreover, we constructed analytical simulation model for
evaluating a polarization curves for elucidating the relationship between atomistic deposition behavior
and discharge capacity.
2. Method
FPMD calculation was carried out with three-dimensional periodic boundary condition and density
functional theory part employs using local density approximation with double numerical plus d function.
Temperature in the dynamics was at 300 K. We considered the graphene like surface as a cathode carbon
surface. We also calculated polarization curves using novel deposition model that is suggested from the
result of FPMD calculation.
3. Results and Discussion
Li2O2 cluster was located on the carbon surface for FPMD calculation. Fig. 1 (a) shows that Li2O2
cluster is diffusing on the carbon surface and finally forms the larger cluster. Fig. 1(b) shows the FPMD
result of H terminated graphite surface model that would be more realistic. In the beginning of the
simulation, Li2O2 diffuses on the carbon
surface similar to that of Fig. 1(a) and after
some periods Li2O2 is clustering each other
Carbon
around the edge position of the carbon
surface. In the same way, we also
investigates the dynamics of Li2O2 cluster
on the amorphous carbon surface model
and elucidates that deposited Li2O2
diffuses on the surface and forms a larger
250 fs
initial
500 fs
cluster. In particularly, Li2O2 intends to
gather around a carbon edge.
From the
(a) Graphite surface model
result of FPMD calculation, we constructs
a new edge model for discharge simulation
based on Butler-Volmer equation. The
Carbon
effect of deposition pattern assuming that
Li2O2 deposits around the edge of the
carbon surface on the discharge capacity is
investigated. It is elucidated that discharge
capacity strongly depends on a carbon
edge distribution. We also suggest an ideal
carbon cathode structure for achieving
H initial
2000 fs
4000 fs
high discharge capacity from our
simulation results that will be presented at
(b) Graphite surface with edge model
the conference.
Fig. 1 FPMD results for products diffusion on the
[1] P. Andrei et al., J. Electrochem. Soc.,
157, 12, A1287 (2010).

cathode surfaces.
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Photocurrent Spectroscopy (PCS) has gained a large consideration in the last decades as in situ technique
for the characterization of semiconductors and photoconducting passive film/electrolyte junctions being
able to provide information on the location of characteristic energy levels like: flat band potential (U fb),
internal photoemission threshold (Eth) and band gap value (Eg) (1-2).By taking into account that PCS is a
non-destructive technique not demanding in terms of surface finishing, it appears evident why such a
technique has becoming very attracting for corrosion studies (3). Moreover the possibility to use such a
technique both in a macroscopic as well in a microscopic scale (1m scale) has further enhanced the need
to provide a quantitative approach to the use of experimental band gap data obtained in PCS experiment
for deriving information on passive film composition.
At this aim we have shown, some years ago, that it is possible to correlate the band gap values of
numerous binary oxide sand III-V Nitrides alloys to their composition by means of a semi-empirical
approach (3) based on the use of the Pauling’s equation for the average bond energy which could be
written as:
Eg =2[EI(χM -χO)2 +Ξ]

(1)

where χM and χO are the electronegativities of metal and oxygen respectively and the remaining terms
have been defined in the original work (3). On starting from eq. (1) we have shown, in previous works (46), that such a simplified approach is able to account for the band gap values of a large number of
crystalline binary oxides and passive semiconducting film grown on metals and metallic alloys. In this
work we will present some recent results, which support the use of PCS in a more quantitative way for
getting out information on mixed ternary oxides, including sp,d mixed oxides of possible interest in
corrosion studies.
1 - U. Stimming, Electrochim. Acta, 31, 415 (1986)
2 - L. Peter, in "Comprehensive Chemical Kinetics", vol.29, p.382, Ed. by R.G. Compton, Elsevier
Science, Oxford (1989)
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Technology”, P. Marcus and F. Mansfeld, Editors, p. 697, Taylor and Francis, Boca Raton, FL (2005).
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Recently, solar cells (SC) based on bulk heterojunction (BHJ) architecture belong to one of the most
promising organic photovoltaic (OPV) technologies [1]. While fullerene derivatives are successfully used
as electron acceptors in these cells, a progress has been made in searching new and more efficient donors.
One of the examined electron donors are compounds based on 3,6-diphenyl-2,5-dihydro-pyrrolo-[3,4-c]pyrrole-1,4-dione (DPP) structure. Recently, some new derivatives were synthesized and tested for above
mentioned application. In this contribution, some derivatives of DPP were electrochemically investigated
and characterized using cyclic voltammetry (CV) and rotating disc voltammetry (RDV) at platinum
electrode in non-aqueous media (acetonitrile/DMF) in order to estimate the respective reduction and
oxidation potentials, to prove the reversibility of these electron transfers and stability of the radical
intermediates, to determine electrochemically the HOMO-LUMO gap, to describe the influence of
various substituents and to localize experimentally the first oxidation and first reduction center (that
means the HOMO and LUMO orbitals) on the molecule.
From the CV and RDV experiments resulted that there are two reversible redox processes. In the
structure, where two piperidine heterocycles are attached to both phenyl goups it has been found that the
first oxidation process consumed two electrons (concerted) whereas the derivative with only one
piperidine group showed only one-electron oxidation process as well as reduction processes in both
derivatives. The oxidation has been also performed by chemical way (with FeCl3) and the result was
rather surprising when the oxidation showed to be stepwise [2]. The further experimental data
interpretation was focused on influence of N-alkyl or N-ester substitution in pyrrole structure on first
oxidation (HOMO) and first reduction (LUMO) processes. Both of the substitutions establish solubility of
DPP derivatives in organic solvents. Whereas the length of alkyl chain does not play any important role in
electrochemical behavior the ester is saving HOMO-LUMO gap but the shift in redox potentials is
evident. The explanation of this manner can be found in rotation of phenyl groups due to the steric
effect [3]. Based on these measurements it will be possible to find optimal substituents and thus to “tune”
the properties of DPP derivatives for OPV applications.
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Amorphous and/or nanocrystalline oxide films can be easily prepared electrochemically by anodizing.
The anodizing allows to grow oxides with structural and compositional features easily and strictly
controlled by the process parameters. The choice of the growth conditions (i.e. current density and
formation voltage) has a direct influence on the film thickness and on its crystalline or amorphous nature,
while the electrochemical bath as well as the base alloy strongly affect the composition of the oxides.
Concerning the electrochemical bath, it is important to consider the effect related to the possible
incorporation into the oxide of species coming from the solution. In several papers [1-3], it has been
reported that by anodizing some valve metal (i.e. Nb, Ta and Ti) in ammonium containing electrolytes, it
is possible to incorporate nitrogen into the anodic films with a marked change in the optical properties of
the oxides.
Starting from these experimental findings, in the present work we want to show how it is possible to
induce N incorporation into anodic films few tens nm thick grown on Al-Ta and Nb-Ta alloys by
anodizing such alloys in ammonium biborate solution (pH ~ 8.5). Impedance and photoelectrochemical
measurements were performed in order to estimate dielectric constant, band gap, flat band potential and
conductivity type of the anodic films prepared in ammonium free and ammonium containing solutions.
According to differential admittance curves as well as according to the electrochemical impedance spectra
N incorporation does not change appreciably the dielectric properties of the investigated anodic films. In
contrast, the photoelectrochemical behavior is significantly influenced by the presence of nitrogen, which
induces a redshift in the light absorption threshold of the anodic oxides and a change in the mobility of
the photo-carriers.
The experimental findings derived from the photoelectrochemical characterization allowed suggest the
formation of inhomogeneous films constituted by an inner N free layer and an outer N containing layer.
The dependence of photocurrent on photon energy was rationalized in the frame of Butler – Gartner
equation [4] as a function of the band gap and thickness of both layers. The fitting of the experimental
data according to this bilayer model allowed to estimate the N penetration depth.
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The ever expanding worldwide energy needs have made fuel-cells an important and permanent topic of
research. However, their massive application in daily life has been hampered in part by the high cost of
catalytic materials for the O2 cathode that usually uses catalysts containing noble metals like Pt. Due to
the high cost of Pt, most improvements are achieved by reducing the Pt loading for example by
employing nanoparticles of Pt alloys. On the other hand, metallophthalocyanines and metalloporphyrins
are well known as electrocatalysts for the reduction of O2 (ORR) and have been extensively investigated
(1), together with other similar molecules as “non-precious metal catalysts” with the aim of replacing Pt
in fuel cells. Recent publications have shown that the catalytic activity of MN4 catalysts towards the ORR
increases when the formal potential of the catalytic species (i.e. of the MN4 complex) and tends to the
reversible potential of the ORR (2).
In this work several MN4 complexes (Fe and Co phthalocyanines and porphyrins) have been adsorbed on
carbon nanotubes (CNT) (3). The study of catalytic activity for ORR has been performed in basic media.
The results show the same trend reported before. When the catalysts are absorbed on CNT, a
displacement to more positive values of the formal potential of catalyst is observed and related with the
activity. The kinetic mechanism deduced by the Tafel slopes analysis does not change among the MN4
complexes adsorbed and non-adsorbed on CNT, indicating that the CNT support does not interfere with
the reaction mechanism. The herein presented results are in line with those reported before where the
catalytic activities increase when the formal potentials of the catalysts increase (more positive values)(2).
However, an increase of almost two orders of magnitude of activity expressed as log i at constant
potential is observed when the MN4 catalyst is adsorbed on CNT. This increase is not only an area effect.
The activity increase is discussed and associated with a well ordered MN4 adsorption on the CNT
surface.
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The study of the response of Lithium Ion Batteries (LIBs) to fast transient power solicitations
becomes nowadays a crucial topic in view of the emerging EV application of this technology. In this
context LIBs are interconnected with an electrical engine, high dynamics power regulators and eventually
with other electrochemical systems devoted to battery recharging [1]. One of the key aspects in the
resulting transient response of LIBs is the ionic transport phenomena taking place at the interface between
the liquid electrolyte and the solid active material (the so-called electrochemical double layer –EDL–
region). In a recent publication, we have proposed a multiscale physical model describing the dynamical
structure of such a nanoscale interface in response to an applied dynamical current density. This model,
which deserves to be integrated into a fully multiscale cell model [2], allows capturing how the electrolyte
composition (in terms of salt and solvent compositions) affects the electrode potential dynamics [3]. In
that sense it goes beyond the prediction capabilities of classical EDL theories based on the PoissonNernst-Planck approach [4] or on the assumption of a constant double layer capacitance [1, 5].
In this work, a multiscale cell model including EDL has been developed to investigate the electrolyte
relaxation effects in LIBs, i.e., the variation of cell potential when the discharge current is suddenly shut
off. The numerical results are discussed and compared with dedicated in-house relaxation experiments.
First, 4-electrode Li/LixFePO4 cells with different electrolyte compositions (different amounts of DMC
added into LP30 electrolyte, i.e., 1 mol/L LiPF6 dissolved in a 1:1 weight-ratio EC/DMC solvent mixture)
have been fully charged. Then, they have been discharged at a C/2 rate at room temperature until 50%
state of charge, when we shut down the current and measured the potential dynamics upon relaxation (see
Fig. 1a). From the good agreement between the experimental and the simulation results (Fig. 1b), new
insights into the ionic transport processes at multiple spatio-temporal scales are provided.
Our study, carried out within the in-house multiscale simulation package MS LIBER-T, will open
new perspectives on the understanding of the fast transient phenomena in LIBs.
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Figure 1. (a) Experimental relaxation curves with three different solvent mixtures; (b) Simulated cathode
potential relaxation curves.
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The microstrucural corrosion mechanisms of three zinc-magnesium-aluminum (ZMA) alloy coated steels
immersed in 1% NaCl pH 7 were observed using in-situ time-lapse optical microscopy, as shown in
Figures 1.1 and 1.2. Preferential corrosion of the MgZn2 lamellae within the eutectic phases was observed
in all the ZMA alloys followed by subsequent dissolution of Zn rich phases. Image analysis software was
used to measure the total extent and rate of corrosion. Scanning vibrating electrode technique (SVET)
was used to estimate mass loss, which decreased as Mg and Al alloying additions were increased up to a
level of 3 wt% Mg and 3.7 wt% Al. This was most likely due to the increased presence of MgO and
Al2O3 at the alloy surface retarding the kinetics of cathodic oxygen reduction. The addition of a phosphate
inhibitor in the form of 1 x 10-2 mol/dm3 Na3PO4 to 1% NaCl pH 7 had a major influence on the corrosion
mechanism for a ZMA alloy with passivation of anodic sites through phosphate precipitation observed
using time-lapse. Intriguing rapid precipitation of filamentous phosphate was also observed and it is
postulated that these filaments nucleate and grow due to super saturation effects. Polarisation experiments
showed that the addition of 1 x 10-2 mol/dm3 Na3PO4 to the 1% NaCl electrolyte promoted an anodic shift
of 50mV in open circuit potential for the ZMA alloy with a reduction in anodic current of 2.5 orders of
magnitude suggesting that it was acting primarily as an anodic inhibitor supporting the inferences from
the time-lapse investigations. These phosphate additions resulted in a 98% reduction in estimate mass loss
as measured by SVET demonstrating the effectiveness of phosphate inhibitors for this alloy system.

Figures

Figure 1.1: Schematic of time-lapse
microscopy technique showing shroud
to protect the microscope objective.

Figure 1.2: Time-lapse microscopy images
during corrosion of 1%Mg-1%Al ZMA
alloy in 1% NaCl at 3 hour intervals.
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Scanning electrochemical microscopy with shearforce detection:
some examples of application
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Recent advances in scanning electrochemical microscopy (SECM) are pushing the method
towards new limits: scanning larger surfaces [1], with higher resolution [2], higher aspect ratio samples
[3] or coupling the electrochemical data with additional chemical [4] and spectroscopic analysis [5].
For imaging experiments, the electrode-to-sample distance needs to be kept as constant as
possible in order to analyze properly the heterogeneous reactivity of the sample. Microelectrode
positioning, eventually achieved independently from the electrochemical measurement, has been the
focus of considerable research since the early age of SECM [6].
Shearforce detection was one of the first method to be successfully applied for nonelectrochemical distance control in SECM [7]. It can be implemented with classic microelectrodes,
without the need of micro/nanofabrication, where the only requirement is to have a flexible tip for
actuation with a piezoelectric element [8]. Shearforce detection can be obtained with piezoelectric plates
simply attached to the electrode body, a setup that allows a great flexibility [9-11].
Will be provided in this communication a discussion on the nature of the shearforce interaction
with the analyzed substrate and some examples of application for micropatterning [12], kinetic analysis
[10], corrosion studies [3,5], monitoring of the metabolic activity of bacterial cell layers in a water film
[13], and evaluation of the photocatalytic activity of ultrathin TiO 2 layers.
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Multiscale Modeling of PEMFC: From Atomistic Calculations to Cell
Performance and Degradation
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Modeling and simulation techniques are becoming increasingly important both for understanding
fundamental processes in fuel cells and for supporting design and optimization of fuel cell systems. It is
well known that the various mechanisms involved in PEMFC are highly coupled, and these couplings
must be taken into account in modeling to have a correct view of what happens in the cell. Therefore, the
multi-scale methodology that is described in this work, and that corresponds to the objectives of the
European project PumaMind is currently under quick development.
In this work, we focus on the multiscale by coupling atomic scale models, based on Density
Functional Theory (DFT) calculations of the activation energy barriers (Ea) related to the reaction
elementary steps (performed by the Theory group of ENS Lyon) [1-2] with a detailed Electrochemical
Double Layer (EDL) model called EDMOND [3]. EDMOND is a physic oriented model based on a
mechanistic approach that enables a direct coupling between the composition of the electrochemical
interface and the kinetics of the reactions that occur on the Pt surface. EDMOND is a numerical
implementation of the Transition State Theory without considering the equilibrium state and the
associated “reversible potential” (as in the classical Bulter-Volmer approach). Therefore for each
electrochemical reaction all of the reaction steps can be considered, using the DFT activation energies.
Performance and degradation can be easily coupled since both performance reactions like the
Oxygen Reduction Reaction (ORR), and the degradation reactions (especially catalyst degradation: Pt
dissolution and Ostwald ripening) take place at the EDL scale. Both reactions depend on the surface
potential and the composition of the interface and both reactions have an influence on the electrochemical
interface.
EDMOND is therefore well suitable for the simulation of the competition between the various
mechanisms at the EDL scale. A reduced model can then be derived and integrated at the cell scale to
consider the heterogeneities among the cell that impact the behaviour of the cell [4].
[1] Calle-Vallejo, et al., Angewandte Chemie International Edition, Fast Prediction of Adsorption
Properties for Platinum Nanocatalysts with Generalized Coordination Numbers, 54, (2014), 8316–8319.
[2] R. Ferreira de Morais et al., ACS Catalysis, 5 (2015), 1068-1077 , DOI:
http://dx.doi.org/10.1021/cs5012525
[3] S. Passot. Etude expérimentale et par modélisation de l’impact d’impuretés de l’hydrogène sur le
fonctionnement des piles à combustible à membrane échangeuse de protons (PEMFC). PhD thesis,
Université de Grenoble, 2012.
[4] Robin et al., International Journal of Hydrogen Energy, Multi-scale coupling between two dynamical
models for PEMFC aging prediction. 38 (2013) 4675 – 4688.
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Electrochemical methods have been widely applied in nucleic acids (NAs) research. It has been well
established that, particularly at the mercury electrodes[1], accessibility of nucleobase residues for electrode
reactions, and thus electrochemical behaviour of the NAs, is strongly dependent on the DNA structure. In
duplex DNA, the primary reduction site of cytosine is buried in the in the double helix interior making the
Watson-Crick base-paired cytosine electrochemically silent, while the imidazole ring of guanine is
relatively well-accessible via major groove to undergo a specific redox process at the hanging mercury
drop electrode (HMDE) and yield peak GHMDE even in the double stranded DNA. Similarly, primary
oxidation of G giving rise to peak Gox at carbon electrodes takes place at C8. When the guanine forms a
Hoogsteen pair with protonated cytosine in C•G•C + triplex or with another guanine in C•G•G triplex[2] or
in G-quadruplexes[3], the N7 atom is involved in hydrogen bonding and accessibility of the respective
groups for reduction or oxidation at the electrodes is limited. Recently, oxidation of guanine residues
involved in the G-quadruplexes formed by (dG)10[4] or d(TGGGGT)[5] ODNs at glassy carbon electrodes
has been reported to take place at a potential by about 100 mV more positive, compared to guanines in
single-stranded ODNs, suggesting a more difficult electrode process in the case of the quadruplex
structure[6].
We studied effects of formation of G-quadruplex structures in central (dG)n segment in 15-mer ODNs
(G0 to G15), on their electrochemical and interfacial behaviour at the mercury and carbon electrodes. We
observed strikingly different effects of the number of guanines in this segment on the height of peak
GHMDE measured at the HMDE and peak Gox measured at the pyrolytic graphite electrode (PGE). While
the intensity of the peak Gox increased continuously between 1 and 15 guanines, the peak GHMDE intensity
increased with number of guanines up to G5 and decreased sharply with further elongating (dG)n stretch.
CD spectrophotometry and gel electrophoresis revealed formation of quadruplex structures for G5 to
G15. Starting from G7, these structures were remarkably resistant towards denaturing electrophoresis
conditions. Cyclic voltammetry and alternating current voltammetry measurements suggest that the
quadruplex structure formed by G5 is at least partly disrupted at the HMDE, while structures formed by
ODNs possessing longer (dG)n segments are stable in adsorbed state at the negatively charged mercury
surface. Hoogsteen-paired guanine residues in the quadruplexes exhibit only limited accessibility for the
reduction process at negatively charged surface of the HMDE, from which these rigid structures are
repelled. On the contrary, the oxidation process of guanine at the PGE takes place at positively charged
surface to which the ODN molecules are attracted, which facilitates oxidation of guanines even in the
quadruplex structures.
[1] E. Paleček and M. Bartošík, Chem Rev 2012, 112, 3427-3481.
[2] a) X. H. Cai, G. Rivas, H. Shirashi, P. Farias, J. Wang, M. Tomschik, F. Jelen and E. Palecek, Anal
Chim Acta 1997, 344, 65-76; b) E. Palecek, Crit Rev Biochem Mol Biol 1991, 26, 151-226.
[3] J. Kypr, I. Kejnovská, D. Renčiuk and M. Vorlíčková, Nucleic Acids Res. 2009, 37, 1713–1725.
[4] A.-M. Chiorcea-Paquim, P. V. Santos and A. M. Oliveira-Brett, Electrochimica Acta 2013, 110, 599607.
[5] A. D. Rodrigues Pontinha, A.-M. Chiorcea-Paquim, R. Eritja and A. M. Oliveira-Brett, Analytical
Chemistry 2014, 86, 5851-5857.
[6] A.-M. Chiorcea-Paquim and A. M. Oliveira-Brett, Electrochimica Acta 2014, 126, 162-170.
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Electrochemical Atomic Layer Epitaxy (ECALE) [1] has been demonstrated to be a very effective
method for the production of thin films of semiconductor compounds with high grade of crystallinity [23]. This electrodeposition procedure is based on the alternate Under Potential Deposition (UPD) of
different elements which allows the layer by layer growth of compounds on single crystal substrates.
UPD is a surface-limited phenomenon, for this reason the electrodeposition of an element in UPD
conditions is generally limited to one atomic layer.
UPD processes on single crystals are not only dependent on the chemical nature of the substrate but also
on its orientation [2], nevertheless the influence of the deposition conditions on the structure of the film is
not clear. Aim of the present work was the in-situ characterization of the growth process of CdS thin films
on Ag(111) in order to better understand the dynamics of the layer-by-layer growth process. In-situ
structural characterization of thin films is generally a rather complex task as it requires high brilliance xray sources given the small thickness of the film, the high background of the electrochemical environment
and the attenuation due to the presence of the solvent.
In-situ Surface X-ray Diffraction (SXRD) experiments were carried on the ID03 beamline at ESRF
(Grenoble) using electrochemical flow cell specifically designed for this purpose. Even if it's well
established that the sequential deposition of UPD layers of Cd and S on Ag(111) results in an ordered
multilayer structure with lattice parameters comparable to the one of the wurtzite CdS structure [3],
several aspects of the growth process were not yet fully understood. In-situ experiments allowed to record
structural changes of the in-plane order and details of the out-of-plane relaxation of the film during the
growth that could not be observed before. Moreover the dependency of the epitaxial order on the potential
used for the UPD deposition process was also investigated.

X-ray reflectivity curves measured during CdS
growth on Ag(111)
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Analysis of single micro- or nanometric objects such as catalytically active nanoparticles or living cells reveals information not accessible to classical techniques for the study of their statistical ensembles. Carbon nanoelectrodes are a versatile platform for multiple sensor designs to perform non-ensemble measurements.
For the analysis of cell physiology on the single-cell level we report the functionalization of
needle-type carbon nanoelectrodes with platinum as well as Prussian Blue to comprise sensitive
amperometric nanosensors for the detection of oxygen1 and hydrogen peroxide, respectively.
Prussian Blue, the selective electrocatalyst for H2O2 reduction, was buried in etched nanocavities
inside the carbon nanoelectrodes to prevent its detachment and dissolution. The amperometric
probes were inserted into single living cells to measure biologically relevant oxygen species with
minimal perturbation of the cell function due to the small dimensions of the probes.
Moreover, we report on the fabrication of highly sensitive field-effect transistor (FET) devices
based on double-barrel carbon electrodes. By depositing polypyrrole (PPy) across the two individually addressable nanoelectrodes a conductive nanojunction was generated. The resulting FET
device shows typical transistor behavior and sensitivity towards pH changes. Unlike most FET
sensors, the needle-type design of these sensors allows for positioning the sensor in the microenvironment of cells and even for intracellular measurements.
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In the electrochemistry of nano/micro-structured materials, the assumption of continuum is no
longer valid, as it is now expected that properties are non-uniform between two specific points. In
particular, around a nano/micro-structured active site, due to the large surface/volume ratio, surface forces
such as the electrostatic force and fluid damping become predominant.
At the same time, the material is usually characterized using techniques and concepts that take
into account a much larger scale. The properties of nano/micro-structured materials vary in space from
the subatomic scale up to the mm scale, where strongly coupled, multiscale and multiphysical-chemical
problems are present. Therefore it is important to address and understand what is the actual effect of
surface/volume ratio on the electrochemical reactions. This is of particular importance for phase
transformation reactions, where high supersaturation values can be easily achieved and also strong
couplings between the electric, fluidic and/or thermal fields appear to co-exist in the laws describing
them. Furthermore, these aspects must be taken into account for a proper scaling up for industrial
applications such as Electrowinning or Fuel Cells if nano/micro-structured materials are examined for
those purposes due to its unique properties.
In this work, we compare phase transformation reactions taking place at electrodes of different
size spanning four orders of magnitude, from micro to the cm scale, at comparable nominal rates, and
examine the different responses. Hydrogen and Oxygen Evolution Reactions as well as Metal
Electrodeposition are examined as relevant examples that may have an importance for Electrowinning
and Fuel Cells industrial applications. The surface/volume ratio given by the actual active site and its
surroundings is analysed under the light of voltage-current responses, and the role of supersaturation is
discussed.

Probing the Mechanical Deformation of 2D Metal Carbides upon
Cation Intercalation at the Nanoscale.
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The titanium carbide Ti3C2Tx (where Tx stands for termination functions at the surface such as –OH, =O,
and –F) is a member of the recently discovered family of two-dimensional (2D) materials known as
MXenes.1 This material demonstrates a high intercalation capacitance related to the rapid transport of ions
within the structure, making this a promising electrode material for supercapacitors.2 To date however,
the intercalation mechanism is poorly understood and other techniques able to probe the dynamics are
required. In this work, in-situ Atomic Force Microscopy is used to monitor the strain developed in a
Ti3C2Tx electrode during intercalation/extraction of monovalent and divalent cations in a variety of
aqueous electrolytes (Fig.1A-C). The actuation mechanism was found to be strongly dependent on the ion
charge and ionic radius. The electrode undergoes a large contraction during Li+, Na+ or Mg2+
intercalation, whereas intercalation of larger cations such as K + lead to a slight expansion (Figs.1D-E).
The unique mechanical changes induced by the presence of cations between the layers were probed by
Band-Excitation PFM using photothermal cantilever excitation. Spatial mapping of the resonance
frequency (Fig.1F) showed that the elastic modulus of the carbide increases when Li+ ions are intercalated
in good agreement with the strong interactions between MXene sheets that leads to contraction.
These results are exciting because they shed light on the cation intercalation mechanism in the 2D
structure of the carbide, and its outcome on the mechanical deformation. Moreover, the interactions
between cations and the carbide layers can be efficiently probed with PFM techniques.
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Figure 1: A) Schematic representation of the experimental setup, B) SEM image of the MXene electrode,
C) AFM image of the MXene surface, D) CV curves of MXene at 2mV/s in different electrolytes and E)
Corresponding relative electrode deformation, F) Resonance frequency in Li2SO4 electrolyte obtained by
Band-Excitation PFM at 0V vs Ag/AgCl.
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Comparison between SECM and LEIS measurements
in the study of FSW alloy assembly
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The friction stir welded (FSW) assembly of 2050-T8 and 7449-T79 was studied by local electrochemical
techniques, namely SECM and LEIS, under non corrosive and low corrosive conditions. During the FSW
process, it generates different well defined microstructural zones giving rise to a galvanic coupling at
their interfaces [1]. We propose to investigate local electrochemical reactivity on a 2050/7449 friction stir
welded material with the scanning electrochemical microscope (SECM). The nugget interfaces of the
dissimilar 2050-T8 / 7449-T79 FSW welded joint is also be investigated with local electrochemical
impedance spectroscopy (LEIS) [2-4] This technique was shown to be useful for describing the galvanic
coupling between two adjacent domains [5-7]. For instance, Al-Cu/Al-Cu-Mg model alloy was
successfully investigated to mimic the electrochemical behavior of the Al2CuMg particles in the 2024 Al
alloy [8]. The SECM experiments were carried out in a non corrosive media to study the electrochemical
kinetics directly on the passive film above the different microstructural zones, whereas the LEIS was
performed in a slightly corrosive environment to highlight the electrical and electrochemical interactions
between the different domains. The results are also correlated with those obtained from the FSW material
under corrosive environment [9].
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3D-SECM image of the interface in the nugget domain formed
by FSW 2050-T8 / 7449-T79 in 10 mM K4[Fe(CN)6 ] 3H2O + 0.5 M K2SO4
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Multiscale electrochemical-thermal modeling of cylindrical Li-ion cells
and comparison with electrochemical-calorimetric studies
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Based on the general geometrical structure of a Li-ion battery the mathematical and physical modeling of
the underlying electrochemical and thermal processes which govern the time and spatial dynamic
behavior must take different length scales into account. In a top-down approach a Li-ion battery can be
decomposed mainly in three physical domains, the cell, the electrode and the particle domain (Fig. 1). In
this so-called multi-scale-multi-domain (MSMD) model at each domain the occurring physical processes
are governed by certain state variables which depend on the state variables of the other domains.

Fig.1: Model variables in each domain and corresponding coupling in the Multi-Scale-Multi-Domain (MSMD) model

On each domain the governing partial differential equations and algebraic equation for each state variable
will be introduced. This results in a coupled system of parabolic and elliptic partial differential equations
for the concentration of Li-ions in the solid and liquid phase, electric potentials and temperature
respectively. Furthermore the homogenization of volumetric and surface current and heat densities are
discussed as well as the proper determination of material properties from measurements with respect of
the porous structure of a battery. This theroretical approach has been implemented in COSMOL
Multiphysics. As input data available structural and thermophysical data have been used.
In parallel measurements of the thermal behavior have been performed for different cylindrical
cells in an accelerating rate calorimeter (ES-ARC, Thermal Hazard technology with integrated battery
cycler). Both isoperibolic investigations at specific temperatures in the range from 25 to 60 °C and
adiabatic measurements were performed. For the temperature behavior a good qualitative agreement
between the simulation and the experimental results was found for both environmental conditions. Fig. 2
shows the comparison between a simulation and a measurement for 0.5 C charge and discharge rate for a
cylindrical 18650 cell with LiMn2O4 cathode and graphite anode. In future such comparisons will help to
improve the thermal management of the cells and prevent them from going into thermal runaway.
(a)

Fig.2: Comparison of simulation (a) and experimental results (b) for 0.5 C charge and discharge rate for a
cylindrical 18650 cell with LiMn2O4 cathode and graphite anode

(b)

A numerical method for Nernst-Planck-Poisson
Systems with volume constraints
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Recent developments in electrochemical modeling have lead to an increased interest in
numerical simulations of electrolytic systems which are able to resolve the polarization
boundary layer. Classically, the problem is formulated based on the Nernst-PlanckPoisson system for ion transport in a self-consistent electrical field. Various model
improvements are currently discussed in order to take into account the volume
constraint for solute concentrations and solvation effects, see e.g. [1,2,3,4].
The talk reviews a successful finite volume discretization strategy from semiconductor
analysis [5,6] and discusses problem reformulations which allow for its application in
the context of electrolyte modeling based on the improved Nernst-Planck equations.
Special emphasis is made on the proper reflection of qualitative properties of the
physical model at the discrete level [7,8]. Along with calculation results for benchmark
examples, the influence of various model improvements is demonstrated.
[1] V. Freise. Z. Elektrochemie, Ber. Bunsenges. für phys. Chemie 56.8 (1952): 822827.
[2] M. Z. Bazant, B. D. Storey, A. A. Kornyshev, Phys. Rev. Lett. 106, 046102 (2011)
[3] W. Dreyer, C. Guhlke, R. Müller, Phys. Chem. Chem. Phys. 15, 7075 – 7086
(2013)
[4] W. Dreyer, C. Guhlke, and M. Landstorfer. Electrochem. Comm. 43 (2014): 75-78.
[5] D. L. Scharfetter, H. K. Gummel, IEEE Trans Electron. Dev. 16, 64-77 (1969)
[6] K. Gärtner, SIAM J. Sci. Comput. 31, 1347-1362 (2009)
[7] M. Bessemoulin-Chatard, Numerische Mathematik 121, 637-670 (2012)
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Thin layer flow cells are used in electrochemical research as experimental devices which allow to perform
investigations of electrocatalytic surface reactions under controlled conditions with reasonably small
electrolyte volumes. Moreover, they are used for coupling electrochemistry to an on-line product analysis
such as differential electrochemical mass spectrometry (DEMS).
State of the art interpretation of experimental data is based on the determination of transfer coefficients
using auxiliary measurements with known characteristics by analogy to the detection of products at the
ring of a rotating ring-disc-electrode. Extrapolation of data to the limit cases of infinite flow rates or very
low flow rates is often necessary, but requires a variation of the flow rates over three orders of magnitude.
Although often successful, this approach is limited to rather simple systems and reactions.
This paper updates the achievements from [2] and suggests a more general approach by an accurate
numerical simulation of the flow (by finite element methods) and the coupled transport and reaction
processes in the flow cell (by finite volume methods). Some new modifications to the coupling based on
[1] result in a stable, efficient, convenient method that is guaranteed to comply with the physical bounds.
In order to perform parameter identification, the simulation tool is coupled to standard optimization tools.
After an assessment of the inverse modelling approach using known realistic data, first results of the
identification of solubility and transport data for O2 dissolved in organic electrolytes are presented.
[1] Linke, A. (2014). On the role of the Helmholtz decomposition in mixed methods for incompressible
flows and a new variational crime. Computer Methods in Applied Mechanics and Engineering, 268, 782800.
[2] Fuhrmann, J., Linke, A., Langmach, H., & Baltruschat, H. (2009). Numerical calculation of the
limiting current for a cylindrical thin layer flow cell. Electrochimica Acta, 55(2), 430-438.
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Graphene and graphene analogues such as GO or reduced-GO (r-GO) are attracting increasing attention
from the scientific community.1 These materials have outstanding properties, so that many potential
applications in the fields of electronics, sensors, catalysis and energy storage are being considered. GO
combines several advantages such as availability in large quantity, low cost and easy processability.
However, contrary to graphene, GO is electronically insulating and has to be reduced into a conductive
material, r-GO.
In a recent work2 we introduced a new localized functionalization method of GO deposited on a silicon
oxide surface based on its reduction at the local scale thanks to scanning electrochemical microscopy
(SECM): the reducer is generated at the microelectrode, that is moved close to the substrate. The recovery
of electronic conductivity upon reduction enables the selective electrochemical functionalization of
patterns.
In the present work, we introduce a new method to evaluate at a local scale the conductivity of r-GO
layers with SECM.3 In addition we show how images of individual and interconnected flakes directly
reveal the signature of the contact resistance between flakes in a non-contact and substrate-independent
way.4 Quantitative evaluation of the parameters is achieved with the support of numerical simulations to
interpret the experimental results.
Overall, these works illustrates the high potential and versatility of SECM to investigate and functionalize
2D materials.

Presentation of the combined SEM-SECM responses at the basis of the
advanced electronic conduction characterization.4

(1)
(2)
(3)
(4)

Geim, A. K. Science 2009, 324, 1530.
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Azevedo, J.; Bourdillon, C.; Derycke, V.; Campidelli, S.; Lefrou, C.; Cornut, R. Anal. Chem. 2013, 85,
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Semi-solid flow batteries (SSFB) are a novel technology for energy storage which combines the high
energy density of Li-ion batteries with the flexible system architecture and low costs of redox flow
batteries. SSFB may potentially address both grid-scale and transportation scale energy needs [1].
Flowable micro-scaled particles are employed as the active electrode material—which are suspended in
the electrolyte together with a load of porous nano-scaled carbon particles and an active material which
achieves faradic energy storage [2]. The electrochemical interfaces of SSFB are the object of study of the
European FP7 project InFluENCE [3]. Part of the project and the present work aim to develop a tool for
modelling SSFB at multiscale level using COMSOL Multiphysics®. The blend of electrolyte with
flowable micro-scaled electrodes and nano-scaled carbon can be approximated as a porous domain at
flow steady state conditions, wherein the electrolyte and the nano-scaled carbon constitute a continuum
and the active electrode particles are taken as separate domains. The mathematical modelling of such kind
of phenomenon presents complications arising from the different length and time scales at which the
electrochemical processes occur. The present work featured either stationary or flowing electrodes,
simultaneously allowing the analysis of the continuum and the micro-scale solid active particles.
A tertiary current distribution model for the porous electrode was combined with a study of diffusion for
chemical species (i.e. Li+) in the micro-scale active particles. The 1D cell geometry was set separate to the
active particle geometry and both were coupled using the general extrusion operators. The results of this
coupled model were compared to results arising from a model based on the work of Newman et al [4].
Using this approach the battery voltage and concentrations were determined. The values were in good
agreement with those obtained in similar model predictions. Our model however goes a step further to
analyse the evolution of the solid phase properties at different coordinates. This offers greater flexibility
to the model in the study of multiple phenomena which can occur on the surfaces of the active particles
without trading off the full cell effects.
(a)

(b)

(c)

Figure 1: Some of the results obtained from the separate phases of 1D model. (a) The full cell domain (b) The cell
voltage as a function of state of charge, (c) Positive active particle surface and internal concentrations.

The potential of multiphysics, multiscale modelling is further being exploited in a 2D whole cell flow
channel to study the evolution of the state of charge at the inlet and outlet boundaries of SSFB with the
purpose to design optimized interfacial layers though chemical and morphological optimization of active
materials. Upon combination with experimental data, the modelling tool presented here can be also
useful to derive scale-up parameters and to perform mass and charge balances, among other possibilities.
The research leading to these results has received funding from the European Union Seventh Framework
Programme (FP7/2007-2013) under grant agreement n° 608621. Yolanda Alvarez-Gallego (VITO) and
Daniel Buchholz (KIT-HIU) are acknowledged for their valuable discussions.
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A three-dimensional transient model for a non-aqueous electrolyte lithium-air battery is developed to
numerically investigate key physical and transport phenomena for the discharging. The proposed model
rigorously considers lithium peroxide (Li2O2) formation and evolution in the cathode electrode, and their
complicated interactions with mass transport and electrochemical reactions. The proposed model is
validated against experimental data [1] measured with polyvinylidene fluoride-hexafluoropropylene
(PVDF) cathode at 0.1 mA/cm2. In addition, detailed simulation results, including multidimensional
contours, clearly elucidate the discharging behavior of a non-aqueous electrolyte lithium-air battery under
different cell designs and operating conditions. We suggest that the proposed model could aid in the
development of optimal operating strategies.
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Polymer electrolyte membrane fuel cell (PEMFC) is a very promising technology that could be used for
electrical transportation and/or as a stationary energy supplier (e.g. domestic applications). In such
devices, chemical reactions that lead to the production of an electric current involve the oxidation of
hydrogen (HER) at the anode and the reduction of oxygen (ORR) at the cathode. PEMFC operate under
acidic conditions and unfortunately the conventional catalysts currently used for O2 reduction as for H2
oxidation are based on Pt which is scarce and very expensive. In order to meet the industrial
requirements, and particularly when electrical vehicle applications are targeted, development of new
efficient catalysts that could replace platinum is crucial [1].
Nitrogen-doped carbon nanotubes (NCNTs) are low cost promising alternative materials in fuel-cell
catalysis [2]. We recently demonstrated that such compounds could compete with platinum in alkaline
media [3] but unfortunately electrochemical activities remains unsatisfying in acidic media [4]. Thus, in
order to enable a practical application of NCNTs materials (i.e. to be the closest of the performances
reached with Pt), new synthetic methods must be developed allowing to obtain structural and architectural
features providing enhanced electrochemical performances (high electrocatalytic activity, good stability
and resistance to corrosion).
We report herein the synthesis [5] and the characterizations at different length scale of promising catalysts
for the ORR prepared through the annealing treatment under inert conditions of a carefully chosen azole
derivative, used as nitrogen precursors, supported on multi-wall carbon nanotubes.

Scheme 1: Method for preparing N-functionalized CNTs catalysts

This project involves advanced electrochemical analysis of the performances, combined with BET
(macroscopic external surface as well as microporosity), XPS (atomic composition), SEM (macro-scale
morphology) and TEM (nano-scale morphology). It leads to a better understanding of the performances
(electrocatalytic activity, stability and resistance to corrosion) of designed catalysts regarding its
electrochemical surface area, its porosity, its amount of nitrogen and/or cobalt, the size and the repartition
of Co NPs etc... This work permits to identify key parameters that have to be considered to further
improve non noble-metal catalysts that aim to replace platinum for the ORR.
[1] Z. Chen, D. Higgins, A. Yu, L. Zhang, J. Zhang, Energy & Environmental Science, 4 (2011) 3167-3192.
[2] A. Morozan, B. Jousselme, S. Palacin, Energy & Environmental Science, 4 (2011) 1238-1254.
[3] A. Morozan, P. Jégou, M. Pinault, S. Campidelli, B. Jousselme, S. Palacin, ChemSusChem, 5 (2012) 647-651.
[4] A. Morozan, P. Jegou, B. Jousselme, S. Palacin, Physical Chemistry Chemical Physics, 13 (2011) 21600-21607.
[5] S. Le Vot, B. Jousselme, Publication in preparation.
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In this work, a numerical analysis of vanadium ion and water crossover phenomena in vanadium
redox flow batteries (VRFBs) is presented during charging and discharging process. The model is further
enhanced from our previous 3-D thermal VRFB model [1] with consideration of vanadium ion crossover
and water crossover through the membrane. The key physicochemical phenomena including the
electrochemical reactions, heat generation, and species transport are well considered in the model, and
then applied to a simple VRFB geometry (Fig.1). By using the model, the capacity loss due to the
vanadium ion crossover is well illustrated during a single charge/discharge cycle, showing the difference
in species distributions owing to the side reaction. In addition, the water crossover through the membrane
is investigated along different types of transportation phenomena. According to the paper of C. Sun et al.
[2], the transfer of water was classified into four forms depending on driving forces, i.e. concentration
difference, charge equilibrium, osmosis, and internal electric circuit formation. These water transport
mechanisms through the membrane are implemented in the model and the simulation results show the
influence of the vanadium ion and water crossover on the charging/discharging cycle. Furthermore, the
detailed contours of vanadium ion and water concentration and overpotential distributions in the positive
and negative electrodes are provided to improve an understanding of the vanadium ion and water
crossover.

Figure 1. Computational domain and mesh configuration of a simple VRFB geometry.
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The interactions between complementary DNA bases are important in genetic expression and replication
and the adsorption and co-adsorption of these bases on solid substrates have implications in
biotechnological applications. These facts have stimulated the study of the structures of adsorbed bases on
metal electrodes at a molecular level. In this respect, modern in-situ FTIR techniques that provide
chemical specificity and high sensitivity can be combined with electrochemical methods in order to
characterise the interactions at electrode interfaces [1].
The co-adsorption of thymine and adenine on gold thin-film electrodes from acid solutions has been
previously studied by surface-enhanced infrared absorption spectroscopy in the attenuated total reflection
mode (ATR-SEIRAS) [2]. The results suggest a rearrangement of both molecules on the electrode surface
in a cooperative process in order to facilitate the Watson–Crick (W–C) and/or Hoogsteen (HG)
interactions between the bases, as the atoms involved in these interactions are also the most probably sites
of interactions with the metal. However other interactions as π-stacking interactions among the bases
must also be considered. On the other hand recent studies about the influence of pH on adenine
adsorption on gold electrodes have shown that the two acid-base equilibriums of adenine are modified at
the electrode interfaces [3, 4].
In this work the co-adsorption of the complementary DNA bases adenine and thymine on gold thin-film
electrodes is studied in a wide pH range (from pH 1 to 12) by ATR-SEIRAS. The experiments have been
performed using H2O and D2O as solvents. The spectrums of the co-adsorbed bases as a function of
potential are analysed and compared to the spectrums of each adsorbed base. Different tautomers of
thymine and different acid-base forms of adenine are adsorbed, depending on the pH value. The analysis
of the representative vibration modes of the molecules as a function of pH and of potential and their
changes upon co-adsorption allow us to decide about the adsorption behaviour of the different forms
implied in acid-base and tautomeric equilibriums and the interactions between them.
1.- M. Osawa, in: C. Alkire, D. Kolb, J. Lipkowski, P.N. Ross (Eds.), Diffraction and Spectroscopic
Methods in Electrochemistry, vol. 9, Wiley-VCH, Weinheim, 2006, pp. 269–314.
2.- M. Rueda, F.Prieto, J. Alvarez-Malmagro, A. Rodes, Electrochem. Commun. 35 (2013) 53.
3.- M. Rueda, F. Prieto, A. Rodes and J.M. Delgado, Electrochim. Acta, 82 (2012) 534.
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Electrochemical Machining (ECM) is widely used to produce products of high quality from metals and
alloys. The work pieces are shaped by controlled anodic dissolution at extremely large current densities of
about 100 A/cm2 in neutral solutions (normally aqueous NaNO3). The advantages of this fast and effective
technique are obvious: Almost no tool wear (cathode), almost forceless machining, low roughness
without additional process steps, high surface quality and no thermally influenced machining zones.
Many high quality parts are prepared by ECM, from shaver heads to turbine blades. An investigation of
the fundamental electrochemical process by common electrochemical instruments or even a quantitative
product analysis is difficult due to the size of the machines, the extreme absolute currents (several 100 A)
and the large electrolyte volumes (some 1000 L) necessary in industry to remove dissolution products at
those currents.
Therefore, scaling down of the experimental set-up by some orders of magnitude was necessary. We
developed a special flow-through capillary microcell with potentiostatic control in a 3-electrode
arrangement [1, 2]. The active area of the working electrode was reduced to 10 -3 cm² which enabled
current densities of some 100 A/cm² at moderate absolute currents around 1 A. Products were quantified
at the electrolyte outlet by on-line photometry (metal ions) or fluorescence quenching (oxygen, [3]). This
equipment enabled for the first time a quantitative analysis (amounts and valences of all products) under
these conditions and led to detailed models of the interface kinetics.
As a result, the surface is described as a layered structure of an oxide film of some nm [4–7], adjacent to
the metal surface, and, above a supersaturated, meta-stable viscous product film (some µm) which is
continuously removed by electrolyte flow. Most metals or alloys dissolve under these conditions, and, due
to their different chemical behavior, fundamental dissolution mechanisms can be classified such as one–
step or two-step anion makers (e.g. Mo, Cr, Mn), high-field oxide makers (e.g. Al) or spinel makers
(which form oxides of the spinel type Me3O4), e.g. Fe, Invar steel or special phases such as Al3Fe.
Oxygen evolution is on metals such as Fe close to 100% of charge at common current densities around
1 A/cm², but reduces with increasing potential to about 10% of charge at >10 A/cm².
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Linking the nanoscale behavior of electrochemical interfaces to macroscale
performance is vital to developing the next generation of electrochemical devices for
energy capture, conversion and storage. Scanning electrochemical microscopy (SECM)
and related techniques address this need by combining the wealth of information that
can be gained from analytical electrochemistry with the spatial resolution inherent to
scanned probe microscopy (SPM). Recent developments in such techniques have
sought to reduce the scale of mapping to the single particle level and below, whilst
maintaining the broad functionality of the associated probes.
Herein we present our latest advances in tailoring such methods to study the
oxygen reduction reaction (ORR) at catalytic nanoparticle decorated surfaces. Our
technique of choice is combined scanning electrochemical – scanning ion conductance
microscopy (SECM-SICM), which is implemented in a variety of imaging modes to
visualize the ORR at electrochemically deposited nanoparticle ensembles.
Significantly, mapping at the individual particle level of both competitive oxygen
reduction [1] and hydrogen peroxide generation [2] at ensembles of Pt and Au particles
respectively, is realized. Complementary macroscale electrochemistry, including under
potential deposition and rotating ring-disk voltammetry, provides valuable mechanistic
insights into related ensemble behavior.
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Low temperature fuel cells function by converting the energy released in the oxidation of hydrogen or
other hydrogen containing fuels into electrical energy [1]. If pure hydrogen is used as the fuel, Pt is a
good anode material, but Pt anodes are deactivated by little amount of CO in the H 2 fuel [2]. It is well
established that the catalytic properties of metal can be markedly changed by alloying with a second
metal in polymer electrolyte fuel cells [3]. Pt-Ru alloys are known to substantially improve the catalytic
performance in the electrochemical oxidation of CO from CO contaminated hydrogen fuels. Among the
binary systems the Pt-Ru combination has proved to be most successful at enhancing electro-catalytic
activity [4]. The CO itself is usually assumed to follow a so-called bifunctional mechanism, originally
suggested by Watanbe and Motoo [5]. For H2 oxidation in the presence of CO, Watanabe and Motoo have
proposed a combined mechanism, in which the ligand and bifunctional effects may coexist [4,5]. The
improvement of the catalytic performance requires an understanding of the reaction mechanism at the
atomistic level. Multi-scale simulation study of the electro-oxidation of CO at the Pt-Ru alloy interface is
very important to provide new insights into the reaction mechanism.
All calculations were performed using density functional theory (DFT) under the generalized gradient
approximation with the Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional and Monte Carlo
(MC) simulation method. The computational method used in the present study is implemented in the
DMol3 [6]. MC simulation has been performed to know the stability of Pt-Ru alloy catalysts during CO
oxidation processes.
Pt-Ru surface is modeled as a five layer slabs with Pt:Ru (2:3) ratio. Initially, we have checked the
surface stability of Pt-Ru surface with different positions of Pt and Ru remaining same mixing ratio. We
found that fcc based Pt-Ru alloy shows higher stability than the hcp based alloy and we also confirmed
that the surface coverage with Pt atoms indicates stable combination. We also notice that 2nd layer
positioned with Ru atoms shows higher stability than the other combinations. As a whole the tendency
indicates, top surface contains Pt sufficiency and 2nd layer contains Ru sufficiency make the structure
stable. Model of Pt-Ru surface where CO are located on the atop, bridge and hollow sites were also
examined. We found that the well mixing of Pt by Ru leads to a weaker bond of CO on the surfaces.
Many studies assumed that Pt-metal alloy shows more reactivity than pure Pt for CO oxidation but very
few studies regarding atomistic level. Coverage change of Pt on the surface of alloy catalysts is further
studied by MC simulations. Based on the DFT calculations we correlate the binding energy of alloy
catalysts with different Pt coverage. We performed MC simulation in the presence of gases (H 2,CO and
H2O). From our MC simulation study we successfully modeled the temperature effect on Pt-Ru alloy
surface change as well as CO poisoning influence to Pt coverage of this bimetallic surface.
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Surface patterning with molecules is becoming a reliable tool for a large range of applications
such as analytical science or molecular electronic. The development of Scanning Electrochemical
Microscopy (SECM) allows to locally modify surfaces using electrochemical reactions generated by a
microelectrode. Click chemistry coupled with SECM is a very easy way to locally modify surfaces with a
large variety of molecules1,2,3.
In this work we present an original surface modification using a unique dual copper-gold
microelectrode. The copper electrode is used to “write” on the surface meanwhile the gold electrode is
used to “read” the modification. The entire surface of glassy carbon was firstly modified by
electrografting of an aryldiazonium salt containing an azide moiety. Secondly, the local azide-alkyne
cycloaddition using a ferrocene alkyne was performed by a Cu(I) ion generated at the copper electrode.
This click reaction was located in a small area under the copper part of the microelectrode positioned
closely to the surface. This “writing” reaction was followed by a “reading” procedure in which the
ferrocene immobilized on the surface was observed by SECM in feedback mode. For this, the gold part of
the dual microelectrode was used. This procedure proves the versatility of systems that could be
developed using the newly presented click coupled SECM dual microelectrode setup.

Fig. 1. A) Generation of Cu(I) by oxidation of Cu microelectrode. B) Feedback mode to observe the
immobilized ferrocene using the Au microelectrode. C) Optical image of the dual microelectrode. D)
SECM image of the immobilized ferrocene in feedback mode.
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The use of various nanoforms of carbon as electrocatalyst carriers in PEM-based electrochemical systems
is aimed at increasing the activity and stability of electrodes and simultaneously decreasing noble metals
contents [1]. In this paper we report on the synthesis and characterization of nanostructured
electrocatalytic materials made of reduced graphene oxide (RGO) doped with platinum and non-platinum
metals and theirs complexes.
Graphite oxide was synthesized using the modified Hammers's method [2]. Functionalized RGO-based
materials were produced by exfoliation of graphite oxide. In addition, the oxidized or fluorinated forms of
graphite were modified and subsequently reduced. RGO was impregnated with platinum metallic
nanoparticles using chemical method or magnetron-ion sputtering in pulse mode. Non-precious metals
inorganic complexes have been deposited onto RGO using experimental techniques from coordination
chemistry.
Structural and electrochemical properties of the synthesized electrocatalytic materials have been
investigated using TGA, TEM, SEM, XRD, XAFS-spectroscopy (EXAFS+XANES), and cyclic
voltammetry.
Results showed that these RGO-based catalytic materials possess high electrocatalytic activity, high
electrochemical stability, permeability for reactants and reaction products (in a gas and liquid phase) and
high electronic conductivity. In particular, RGO with high conductivity and specific surface area (600
m2/g) has been synthesized (figure 1). After deposition of Pt nanoparticles (figure 2), electrochemicallyactive surface area as high as 50 m2/g were obtained.

Figure 1. SEM-image of synthesized RGO
Figure 2. TEM-image of RGO sheet decorated by
nanorosettes
Pt nanoparticles
Synthesis and characterization of RGO, and RGO impregnated by non-noble metal and complexes was
financially supported by the Russian Foundation for Basic Research within the framework of research
project No. 14-29-04071 ofi_m. Synthesis of platinum metal nanoparticles on RGO by magnetron-ion
sputtering in pulse mode was performed at the expense of a grant of the Russian Scientific Foundation
(project No. 14-29-00111).
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The borohydride electrooxidation is a promising reaction that merits further consideration as an anodic
reaction for direct borohydride alkaline fuel cell (DBFC). Amongst other advantages, it displays low
thermodynamic potential (E0 = −1.24 V vs. NHE), high capacity (5.7 Ah.g-1) and absence of CO
poisoning. Nevertheless, a better understanding of the borohydride electrooxidation reaction (BOR)
mechanism is needed for future development of the DBFC technology. However, the study of the BOR
mechanism is a difficult challenge as this 8-electron overall reaction competes with a non-faradaic
heterogeneous hydrolysis reaction and involves several intermediate species that can be adsorbed on the
Pt surface or released in solution [1].
This complex reaction is very sensitive to the state of surface of the Pt electrode. Cycling a smooth
polycrystalline Pt electrode in alkaline electrolyte within the water stability domain prior to the BOR
characterization radically changes the shape of the BOR voltammogram obtained in hydrodynamic
conditions using the rotating disk electrode (RDE) setup. These changes are easily observable when
compared to the common BOR voltammogram measured on a smooth polycrystalline Pt electrode just
polished before the BOR RDE study (see Figure) [2]. We proposed the hydroxide adsorption on the Pt
surface to be a main actor in both the catalytic surface deactivation (by blocking the free active Pt sites)
and reactivation (by a Langmuir-Hinshelwood type reaction with other BOR adsorbed intermediates)
starting from ca. 0.5 V vs. RHE on voltammogram of the Figure.
Using an electrode composed of Pt nanoparticles supported on vertically aligned carbon nanotubes
(VACNT) [3], we studied a wide range of Pt loading towards the BOR and demonstrated the influence of
the number of active Pt site for the BOR. A model for the BOR mechanism was proposed taking into
account the dual role of hydroxides adsorption. The simulated voltammograms using this model
reproduced the main features of the experimental BOR voltammograms on Pt/VACNT and smooth
polycrystalline electrodes, and improved the understanding of the BOR mechanism.

Figure: RDE voltammograms of a
Pt disk electrode in 10 mM
NaBH4 + 1 M NaOH, ν = 25
mV·s−1, Ω = 1000 rpm. Influence
of the electrode preparation
procedure:
(i) polishing and ultrasonic
cleaning,
(ii) polishing, ultrasonic cleaning
and 100 cycles in 1 M NaOH
between −0.1 and 1.5 V vs. RHE,
(iii)
polishing,
ultrasonic
cleaning, 100 cycles in 1 M
NaOH between −0.1 and 1.5 V vs.
RHE, polishing and ultrasonic
cleaning again.
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Nuclear magnetic resonance (NMR) spectroscopy has been one of the powerful analytical methods to
investigate chemical structure and dynamics of various molecules in the liquid state such as organic
molecules, small proteins and nucleic acids, and the scope of samples to be investigated by NMR
spectroscopy has been widely expanded from rock to elastomer with solid-state NMR spectroscopy. Here
we present our investigation results of chemical structures and dynamics of electrochemical materials
such as electrode catalysts and polymer electrolyte membranes (PEMs).1 In addition, water dynamics in
PEMs probed by various magnetic resonance techniques,2 in situ NMR detection of electrochemical
reactions of direct alcohol fuel cells,3 and identification and quantification of chemicals in liquid exhausts
of direct alcohol fuel cells at different operation conditions 4 will be presented as long as time permits. In
the presence of Nafion ionomer, which is a binder and proton conductor added to the slurry of catalysts,
195
Pt NMR spectra and relaxation times of Pt catalysts clearly showed the enhanced local density of states
at the Fermi levels of the surface platinum in carbon-supported platinum catalysts.5 This indicates that in
the presence of Nafion ionomer Pt catalysts become more active toward oxygen reduction but less active
toward fuel oxidation. Effect of post-processing such as hot-pressing and stretching on Nafion polymer
electrolyte was studied by measuring residual quadrupole splitting of deuterium NMR spectra of 2D2O in
swelled Nafion.6 Molecular motion of polymer electrolyte, as demonstrated with sulfonated poly ether
ether ketone, which is a representative polycarbonated PEM was also studied as a function of degree of
sulfonation and water contents.7 The aromatic ring-flip motion was decreased at high degree of
sulfonation and increased at higher water contents.
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Nanoparticles are used as nanocarriers of a chemical tag in fields as diverse as catalysis or nanomedecine
(for diagnosis or drug-delivery). If the chemical activity carried by the nanoparticles (on their shell or in
their core) is pre-determined by their synthesis, it can vary dramatically depending upon their shape, size,
surface facets, their chemical environment… To improve the operational efficiency of nanocarriers it is
then necessary to measure their local chemical activity under operation with high resolution.
Recently, promising strategies have been afforded by combining high-resolution microscopies and
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Fig. 1 : Schemactic principle of cyclic voltammetric actuation of colloidal Ag NPs oxidative dissolution
monitored individually (red arrow and insert images) in 3D by holography microscopy.
References:
[1] N.J. Tao et al. Nat. Nanotech. 7 (2012) 668.
[2] F. Kanoufi et al, ChemPhysLett 597 (2014) 20.

Local photoelectrochemical characterization of semi-conducting
materials for water splitting
B. Puga,1 M. Keddam,1 C. Laberty-Robert,2 C.M. Sánchez-Sánchez,1 V. Vivier1
1. LISE-CNRS-UMR 8235, UPMC Univ Paris 06, Paris, France
2. LCMCP-CNRS-UMR-7574-Collège de France, Paris, France
vincent.vivier@upmc.fr
Photoelectrochemistry on semiconducting materials is a promising strategy for the conversion of solar
energy in a so-called solar fuel cell [1]. This strategy has lead to a large revisiting of water splitting
(conversion of water into hydrogen and oxygen), in particular in terms of their material composition [2]
and their morphologies [3]. Each electrochemical photoreaction involved in water splitting can be
independently studied by means of either a photocathode (for H 2 evolution) or a photoanode (for O2
evolution) connected to a counter electrode via an external circuit.
A recent strategy consists in investigating arrays of material spots with different nominal compositions,
allowing a rapid screening of their photocatalytic reactivity by scanning above the array an optical fiber
connected to a Xe lamp as the excitation source [4]. In this work, we extended this strategy in order to
measure locally the electrochemical impedance diagrams (Figure 1) of semiconductor materials as a
function of the applied potential.

Figure 1:
Electrochemical response of TiO2 deposits
on a glassy carbon substrate obtained by
scanning an optical fiber connected to a
UV-visible lamp (left), and Nyquist
diagrams
obtained
for
different
electrochemical potentials when the fiber
is above the semi-conductor under
illumination od in the dark (right).

In a first step, we will show on a simple model (oxidation of water on TiO2) how we can perform and
interpret such local electrochemical impedance diagrams and how these results compare to conventional
EIS obtained on larger samples. Then, preliminary results obtained on array materials of different
composition will be discussed.
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Electrochemical techniques providing real time localized information play an important role in studying
corrosion phenomena. Among those techniques, scanning electrochemical microscopy (SECM) has
matured into routine surface analytical technique for corrosion studies [1]. Recently, combined scanning
probes techniques such as atomic force microscopy-scanning electrochemical microscopy (AFM-SECM)
have been employed in corrosion studies [2,3]. Besides providing high-resolution imaging of
topographical changes, the AFM tip-integrated electrode may trigger single pit formation and corrosion
products may be monitored. Thus, this technique may contribute to better understanding of involved
mechanisms in corrosion. Pitting corrosion at homogeneous substrates reveal a mainly random
characteristics of the pitting distribution as pits can only be detected after nucleation. SECM has been
used for local modification of the electrolyte composition in close proximity to passive metal surface
inducing single pit formation [4,5], where the size of the pits is predominately determined by the size of
the microelectrode.
In this contribution, AFM-SECM is used to induce localized single pit formation on passive iron surfaces
in a solution containing NaCl and NaNO3. Nitrite ions lead to a passivation of the surface and act as
inhibitor of iron corrosion. A break down of the passivation is achieved by the AFM-SECM probe locally
generating aggressive species (nitric acid). Pits as small as 1.5 µm in diameter at deliberately chosen
locations could be generated, which can be imaged by the AFM tip without requiring the change of probe
or solution. In addition, combined AFM-SECM is suitable technique for simultaneously monitoring
topographical changes and detecting released species. As an example, the local dissolution of copper
during corrosion was monitored. Electrochemical data were obtained in the substrate generation - tip
collection mode by reducing the locally generated Cu2+ to metallic copper at the AFM tip-integrated
electrode, followed by its anodic stripping from the AFM-SECM electrode in bulk solution. As samples
electrochemically deposited copper at a platinum microelectrode and a macroscopic copper sample were
used and the locally released Cu2+ concentration was determined.
References:
[1] R. M. Souto, S. V. Lamaka, S. Gonzalez,
, Vol. 3, Formatex, 2010, pp.1769-1780
[2] A. Davoodi, J. Pan, C. Leygraf, and S. Norgren, Electrochem. Solid-State Lett. 8 (2005) B21
[3] J. Izquierdo, A. Eifert, R.M. Souto, C. Kranz, Electrochem. Commun. 51 (2015) 15.
[4] K. Eckhard et al., Electrochem. Commun. 9 (2007) 1793.
[5] N. Aouina et al., Electrochim. Acta 104 (2013) 274.

Implementation of Electrochemical Impedance Spectroscopy (EIS) in
symmetric cells for evaluating the post-mortem protocols applied to
characterize electrode materials in Li-ion batteries.
Isabel Jiménez Gordon1, Sylvie Genies1*, Adrien Boulineau1, Gregory Si Larbi1, Mélanie Alias2 and VietPhong Phan3
1
CEA/Liten (Battery Materials Laboratory), 17 rue des Martyrs, 38054 Grenoble Cedex 9, France
2
CEA/Liten (Electricity Storage Laboratory), French National Institute for Solar Energy, 1130, avenue du
Lac Léman, BP 332, 73377 Le Bourget du Lac, France
3
Renault/DE-IR (Advanced Batteries Laboratory), 1 avenue du Golf, 78288 Guyancourt, France
*
Corresponding author: sylvie.genies@cea.fr
Lithium-ion batteries answer properly to the energy requirements of numerous applications today.
Understanding the ageing mechanisms of these systems has become a key issue for the industrial and
scientific sectors. Post-mortem analyses are commonly used to assess performance loss causes [1, 2], yet
depending on the type of post-mortem test to perform, different sample preparation protocols are applied
[4, 5]. Herein, Electrochemical Impedance Spectroscopy (EIS) was used to evaluate the reliability of
several sample preparation protocols, which include different washing and drying conditions. Pouch cells
with LiNi1/3Mn1/3Co1/3O2 – polyvinylidene fluoride positive electrode and graphite – carboxymetyl
cellulose – styrene rubber negative electrode were opened to recover electrode samples following a given
protocol. Then, negative and positive symmetric cells were assembled, and their EIS responses collected.
After signal treatment, the EIS of the Pouch cell was reconstructed from the symmetric cells and
compared against its real EIS response (figure 1). The impedance results were supported by Transmission
Electronic Microscopy (TEM) and Gas Chromatography – Mass Spectrometry (GC-MS) analyses. It was
demonstrated that the use of carbonate solvents to remove the salt has a slight impact on the surface
properties of both electrodes. Drying at 25° C under the atmosphere of the Ar-filled glove box produces
impedance increase, whereas drying at 50° C under vacuum or/and exposition to the dry room atmosphere
is very detrimental for both electrodes. Particularly, the positive electrode shows an extra interfacial
impedance contribution when drying under vacuum by following a quick evacuation. Independently of
the electrode, the more reliable sample preparation protocol found consist in washing with a pure linear
carbonate solvent and drying under a partial vacuum reached slowly. Not washing the samples is also
reliable if the samples are not exposed to the glove box atmosphere for long time. Finally, with the
adequate protocol, reconstruction of the Pouch cell EIS signal is possible from symmetric cells. This will
allow post-mortem analyses of the EIS response of high energy Li-ion batteries without using reference
electrodes.
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Figure 1. Nyquist plots of the Pouch cell EIS
signal at ~4 V, and the respective reconstructed
EIS signals from symmetric cells assembled with
electrode samples recovered following two
different sample preparation protocols.
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Electrochemiluminescence provides superior detection sensitivity compared with fluorescence based
techniques. However, new materials and new approaches are required before ECL can rival deeply
entrenched photoluminescence approaches. We are exploring new avenues of ECL where the emission is
influenced by the dimensions of the emitter (quantum dots), the dimension and geometry of the electrode
(microelectrodes and transparent micro gap electrodes); as well as experiments where the dimensionality
of the data is augmented. For example, we demonstrate the ability to selectively excite luminescent
species by modulating the electrochemical potential using a new instrumental approach, combining rapid
acquisition of spectral data synchronised with electrochemical experiments. This enables rapid
characterization of luminescent redox systems by simultaneous representation on the potential/time and
the wavelength axes. This 3D approach to ECL will open up new applications in multiplexed ECL
detection heretofore only afforded by traditional photo excitation based techniques. Moreover the ability
to continuously vary the emission colour between red and green by scanning the potential of the electrode
has important implications for colour selection in light-emitting devices as well as providing fundamental
insights into inter-dependent electrochemical and spectroscopic properties and energy transfer
mechanisms.
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Fuel cells are the main devices which could be used to convert chemical to electrical energy. However, its
development has been hindered by the low efficiency related with the slow kinetics of the electrochemical
reactions.
Platinum group metals can be used as electrocatalysts but their scarcity makes them too expensive for
massive applications, like electric vehicles. To reduce the amount of metal used, the mechanism of the
electrochemical reactions should be understood. Most of the research has been devoted to the reactions at
the electrode surface while less attention has been paid to chemical reactions in the solution and mass
transport effect. In that way, commercial devices carefully control the chemical composition and
morphology of nanostructured catalyst while the actual electrode is fabricated by non-deterministic
techniques with little control on the actual morphology of the electrode porosity. Hierarchical
nanostructures could be designed to control the mass transport and chemical reactions associated with the
electrode reactions.
In the present communication, in-situ electrochemical techniques like Probe Beam Deflection (PBD), [1]
Substractively Normalized Fourier Transform Spectroscopy (SNIFTIRS),[2] and Differential
Electrochemical Mass Spectroscopy (DEMS),[2] are used to study fuel cell reactions on nanostructured
electrodes.
The nanostructuring is made by a variety of methods including hard and soft templating of porous
materials, miniemulsion and controlled nucleation synthesis of nanoparticles as well as underpotential
deposition of metals.
The target fuel cell reaction is methanol oxidation. However, the oxidation of some intermediates (CO,
formic acid) is also studied to gain a better understanding on the effect of electrode morphology on the
fuel cell efficiency.
Using the information gathered in the study, fuel cell electrodes with better performance than commercial
materials are fabricated.
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Nanostructured surfaces can exhibit surprising chemical,
mechanical or electronic properties that are distinctly
different from those of extended systems. Especially
interesting are their electrocatalytic activity, which can be
experimentally obtained by local current measurements with
the Scanning Electrochemical Potential Microscopy
(SECPM) [1].
In a previous work, we have investigated different Pd
nanostructures on Au(111) (monomers, rows, embedded
clusters and islands) using our own theory of electrocatalysis
[2] and found qualitatively good agreement with
experimental data for the hydrogen evolution reaction.
Electronic parameters obtained from DFT calculations were
introduced in our Hamiltonian and the solvent effects were
treated according to Marcus - Hush theory.
However, the modeling of the solvent needs to be improved.
Especially when the proton approaches the electrode, the
structure of the solvation shell at the transition state, could
be very different if the nanostructure is embedded in the
surface or not (see Figure). In the case of flat surfaces, the proton should lose a larger number of water
molecules in its solvation sheath when it is close to the electrode than in the second case.
We have combined our electrocatalysis theory with molecular dynamic in order to obtain quantitative
results. We focus on the Volmer step of the hydrogen evolution reaction and calculate the activation
barrier. The potential of mean force (pmf) has been calculated by using molecular dynamics and from this
we have derived the energy of solvent reorganization as a function of the distance of the reactant from the
reaction site.
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Battery ageing and battery performance evolution prediction is one of the energy management key for “a
better tomorrow”. The use of lead acid batteries is, nowadays, still increasing despite the poisoned nature
of their compounds and despite the use, in constant increasing, of new battery materials and new battery
technologies. In deed lead acid batteries are mainly used to start car engine or as primary energy source
for forklift or pallet trucks. Another principal application, very spread in Brittany but also present in other
part of the country and all around the world, is the storage of electrical energy produces by intermittent
energy sources like photovoltaic, wind or tidal powers, which must be stored. Multiple factors influence
lead acid batteries ageing depending of the type of batteries technology (vented or opened and VRLAB or
sealed) and the kind of use. We focus our experimental study on four of them: the number of ageing
cycles (1), the operating current (2), the temperature (3) and the use of electrolyte additives, containing
EDTA (4). Factors are investigated on two levels (Table 1).
Batteries investigated are
Table 1: Different levels of investigated factors
12V, 4Ah 12-YB4L from
YUASA. To achieve a
Factors
Ageing
Operating Temperature
additive
batteries
levels
(nb of cycles) current (A)
(°C)
EDTA (280g/L) controlled
ageing,
LabVIEW®
Ø
5
C/10= 0,4
0
software was developed.
50
C/5= 0,8
25
5 ml/cell
+
This software allows the
monitoring of an electronic load (EA-EL9080-200) for the discharge and a power supply (EA-PSI 808060-2U) to perform the charge. We also setup a video test bench for surface electrode direct observation.
After wanted ageing cycles achievement, batteries capacities are checked and EIS (Electrochemical
Impedance Spectroscopy) is performed on full battery. Then each battery is emptied and the cover is cut
and removed. Electrodes are then picked up from battery stack and analyzed in a simplified three
electrode set up (CellU): if the negative electrode is analyzed two positive one are used as counter
electrodes and the opposite is applied when positive electrode is investigated. This assembling is
introduced in colorless container to perform multi-scale analyses. We first do macro analyzes: electrodes
and electrolyte conductivity and density measurements. EIS on full cell and half-cell, using Hg/Hg2SO4 as
reference electrode. Electrode surface behavior direct observation during charge and discharge are also
recorded. Then micro-analyses on specific samples are performed, we use MEB/EDX and BET analyzes.
To date, half of ageings have been performed and linked analyzes were carried out. We assume to finish
experiments this spring and to be able to present finals results during the ISE conference this summer.
In parallel a1D model of lead acid battery was developed based on model made by M. Cugnet in 2009 [1].
We use Comsol Multi-physics® software coupled with Matlab® using the Matlablink® from Comsol.
We first set the geometry and
coupled physics in Comsol
Multi-physics® with suitable Cel
limit and initial conditions for l
one discharge followed by a pot
charge. In order to performed ent
multiple cycles it was necessary ial
to use Matlab to get out final (V)
condition from one cycles in
Comsol and to set new initial
conditions for the next cycle.
Time (h)
First results show a good
accordance of simulated and
Figure 1: Modeled data (green triangles) in good correlation with
experimental data (figure 1).
experimental data (red squares)
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Carbon or metal nanotubes are attractive electrode materials for charge-storage devices. Surprisingly, the
capacity per unit area of very narrow nanotubes with diameters less than 1 nm has been found to be
greater than that of wider tubes [1]. Kornyshev et al.
explained these findings through image effects using classical
electrostatics [2]. On the basis of these results they
constructed an Ising-like model to calculate the capacity of
narrow pores filled with an ionic liquid [3]. In our approach
we start from an atomic level and perform DFT calculations
for a variety of halide and alkali ions in nanotubes. As
electrode material we investigate various types of carbon
tubes, both semiconducting and conducting ones, and gold
tubes. In narrow tubes, the ions carry unit charge, and their
stable position is at the center of the tube [4]. The charge on
the ion inside the tube induces image charges in the walls. A
typical charge distribution is shown in the figure, which
displays a sodium ion in a carbon nanotube (CNT). The
positive charge in the center (blue) is balanced by the image
charge (red), which sits in front of the carbon atoms. In wider tube, a position near the wall of the tube is
more favorable. We discuss the forces which govern the optimum position. Electrostatics and
chemisorption favor a position near the wall, while Pauli repulsion favors the center.
In all cases we determined the energy of insertion, which we define as: energy(ion + tube) –
energy(tube) – energy (atom). For a given tube diameter, they become more favorable in the order: nonconducting CNT, conducting CNT, gold tubes. We show how the image energy can be obtained on the
basis of the screening properties of the tubes, and define an effective image radius for the tubes [5].
In ionic liquids it is quite common that one type of ion is much smaller than the other, and only the
smaller ions can enter the nanotubes. On the basis of the DFT calculations described above, we set up a
model Hamiltonian for the case of a chain of one type of ion in a long tube. At equilibrium the ions are
equidistant, and form a chain of coupled harmonic oscillators:

Both the energies ε of the ions and the frequency ω depend on the number N of ions in the chain, and are
obtained from the DFT calculations; qj denotes the position of an ion. The statistical mechanics of this
simple model can be calculated exactly. In particular, we calculate the electrochemical potential of the
ions. The tube is supposed to be in equilibrium with a bulk electrolyte. Changing the electrode potential
involves a change in the electrochemical potential, and hence in the number of ions inside the tube. On
this basis, we calculate the capacity per area of the tube for a few selected cases.
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Impedance results showing the influence of time-constant or frequency dispersions are
ubiquitous in electrochemistry. Often, these data are modeled by use of a Constant-PhaseElement (CPE). Jorcin et al.1 have suggested that such CPE behavior can be attributed to
surface and/or normal distributions of time constants. This powerful insight has facilitated
categorization of different models for extracting meaningful physical properties from CPE
parameters. The current best-of-class models are those presented by Brug et al. 2 for surface
distributions and the power-law model of Hirschorn et al.3 for normal distributions.
In early experiments on solid electrodes, micro-scale surface roughness was believed to
contribute to the non-ideality of electrochemical measurements. The development of Brug
et al.2 suggests that the CPE behavior could be attributed to a distributed capacity. Pajkossy
showed experimentally that annealing can reduce the degree of frequency dispersion even
though the roughness of the surface remained the same and thereby concluded that the
frequency dispersion cannot be due to the geometric effect alone but may also have a
contribution of atomic scale heterogeneities.4
This paper describes the results of finite-element simulations used to explore the role of
surface roughness, distributed capacitance, and distributed reactivity on the impedance
response of a rotating disk and of a recessed disk. The frequency at which roughness or a
capacitance distribution influences the impedance response was found in all cases to be
higher than the frequency at which the disk geometry-induced current distribution causes a
pseudo-CPE behavior.5 A distribution of reactivity did not cause frequency dispersion.
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Electrochemical Impedance Spectroscopy (EIS) is widely used to obtain global information about
samples. For heterogeneous systems, the resulting response of the whole sample's surface is measured. As
illustrated in Fig. 1 (left), EIS requires measurement of the voltage across and the current flowing through
the system. Either the voltage or the current have to be applied by the set-up.
With the use of an appropriate probe, such measurements can be performed on a smaller scale, obtaining
local information about the sample.
When the topography of a system is of interest, Atomic Force Microscopy (AFM) offers valuable
information. This also involves a probe to collect data, as illustrated in Fig. 1 (right). Physical interactions
between the sample and the sharp extremity of the probe provide topographical information.

Fig. 1: Schematic representation of a global EIS measurement (left) and an AFM measurement (right)
This study shows the combination of AFM with LEIS. This hybrid technique provides simultaneous
measurement of impedance and topography on the same area. This assures that both entities represent the
same location of the sample at the same moment in time.
Custom modification on thermal AFM probes were performed on the probes used for this set-up. The
measurements were performed by incorporating such a modified probe into an electrochemical set-up, as
illustrated in Fig. 2.
The local impedance was calculated with the use of local currents instead of global currents (Eq. 1).

Eq. 1: Global impedance (left), local impedance (right)

Fig. 2: Schematic representation of a LEIS measurement
Measurements were performed on samples having changes in both topographical and electrochemical
properties throughout the surface, to illustrate the ability to determine the local properties of such
samples. This provided both topographical and impedance mappings.
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Fuel cell technology is believed to have the potential to become a major source of clean energy with
particularly important applications in transportation. Despite considerable recent advances, existing fuelcell technology still needs to be improved. Catalyst stability in PEMFC is a critical hurdle and key
challenge to their commercialization in stationary and transportation power applications. Currently, fuel
cell technology uses carbon black as a catalyst support for both the anodes and cathodes. However, the
predominance of weak interactions between the carbon support and the catalytic metal nanoparticles leads
to the sintering of the catalytic metal nanoparticles and a consequent decrease in the active surface area
with long-term operation. More important, the high potentials that accelerate both electrochemical carbon
corrosion and the dissolution of the active elements under normal operating conditions, are issues
impacting on fuel cell durability that remain unresolved. This work presents a new approach by exploring
robust non-carbon TixM1-xO2 as a novel functionalized co-catalytic support for Pt. This new approach is
based on the novel nanostructure of the TixM1-xO2 supports which holds strong metal-support interactions
(SMSI) between TixM1-xO2 and Pt that can not only modify surface electronic structure of Pt, evidenced
from a shift in the d-band centre of the surface Pt atoms but also provide dual reaction sites for oxygen
reduction reaction (ORR) and methanol oxidation reaction (MOR). Furthermore, another benefit of
TixM1-xO2 is the extremely high stability of Pt during potential cycling, which is attributable to the SMSI
between Pt and TixM1-xO2. Interestingly, TixM1-xO2 can be fabricated as a much thinner catalyst layer,
resulting in significantly improved the mass transport kinetics and performance of the resulting
membrane-electrode-assembly (MEA).The new approach presented in this work opens a reliable path to
the discovery of advanced concepts that may lead to the design of new catalyst materials that can replace
the traditional catalytic structures and motivate further research in this field.
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The development of highly active and low cost bifunctional oxygen electrodes is a bottleneck in widespread commercialization of renewable energy technologies such as unitized regenerative fuel cells,
metal-air batteries and electrolyzers. The main challenge of the design of such electrodes is to achieve
high performance and selectivity of both reactions - oxygen evolution (OER) and oxygen reduction
(ORR).
A number of approaches have been used to create bifunctional oxygen electrocatalysts including in situ
formation of systems able to catalyze both reactions [1,2] as well as physical combination of precious
metals (like Pt and IrO2) [3] or non-precious metals (like perovskite and Fe-N doped carbon) [4]. The
combination of ORR and OER catalysts into a composite aims producing materials that can retain their
individual properties or even slightly alter their activity due to a synergetic effect. However, to date most
bifunctional catalyst systems suffer from lack of activity of one reaction leading to wide gap between
overpotentials of OER and ORR, low stability or high cost.
Here, we present a simple strategy of modification of oxygen evolving perovskites of general composition
La0.58Sr0.4FexCoyO3 by physical mixing with diverse carbon materials like carbon black, multiwall carbon
nanotubes, nitrogen-doped and oxidized carbon nanotubes to incorporate ORR active species. Perovskites
of this type were recently found to exhibit activity for OER [5]. By varying the Fe:Co ratio in the
perovskite we found out samples with higher performance, that were further modified to obtain
bifunctional catalyst systems for both OER and ORR.
The addition of carbon materials to the inks that were further deposited on glassy carbon electrodes
sufficiently improve the activity of the formed catalyst layer with respect to the ORR with the best onset
potentials and current densities achieved when using nitrogen-doped carbon nanotubes. The improved
OER activity is attributed to the improved conductivity in the catalyst film. The difference between
potentials measured at current densities of -1 mA cm-2 for ORR and 10 mA cm-2 for OER in oxygensaturated 0.1M KOH solution under rotation at 1600 rpm did not exceed 0.85 V, a value which is smaller
than for any other bifunctional catalyst obtained from abundant materials.
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Surface functionalization is of fundamental importance to design materials with tailored properties or
with operating functions. The smooth running, the performance and lifetime of devices that integrate
these materials closely depend on the stability of the created interface. For developing applications,
chemisorption is then the privileged approach. Thiols self-assembly is a versatile strategy, very easy to
process, and allowing the controlled preparation of ultrathin layers (monolayers) on a surface. Using this
method, mixed monolayers that permit to finely tune the physico-chemical properties could be readily
prepared. But the (electro)grafting of aryldiazonium salts is an alternative strategy that might prove more
powerful because i) applicable to a wide range of materials and ii) producing an highly robust interface
(covalent binding).1 However, it is quite tedious to control the formation of monolayers using this
approach. Moreover, the reactivity and grafting of the electrogenerated radicals is directed by the
reduction potential of the diazonium salts, thus making difficult the surface composition control of mixed
monolayers in a one-step strategy.

Herein, an innovative and versatile approach based on the grafting with calix[4]arene-tetradiazonium
salts is developed and allows the formation of highly robust and densely-packed monolayers on a large
range of materials.2 Homogeneously mixed monolayers could be prepared from a binary mixture of
calix[4]arene-tetradiazonium salts in solution. 3 The distribution of the two calixarenes on the surface is
directed by their relative molar fraction in the deposition solution as demonstrated by wettability studies,
X-ray photoelectron spectroscopy (XPS) analyses and Scanning Electrochemical Microscopy (SECM)
The strategy allows the control of the composition of mixed monolayers in a one-step approach.
Furthermore, through adequate decoration of the calixarene platform, the introduction of functional
molecules or objects (redox molecules, DNA, proteins, nanoparticles…) can be performed with a fine
spatial control at the molecular scale. This study contributes to highlight the potential of the diazonium
salts electrografting as a competitive alternative to chemisorption strategy like self-assembled monolayers
(SAMs) of alkyl thiols in the field of surface functionalization.
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ABSTRACT:
Here we report the synthesis, design and detail characterization of a novel Cu2O/CuO hetrojunction decorated
with nickel cocatalyst as a highly efficient photocathode for solar hydrogen production. Due to the synergism
effect of CuO, the best Cu2O/CuO hetrojunction yielded remarkably improved photocurrent density (–2.1
mA/cm2) which is 3.1 times higher than the Cu2O alone photoelectrode. Meanwhile, a six and twofold further
increase in photocurrent density (–4.3 mA/cm2) has been achieved on the Cu2O/CuO hetrojunction decorated
with nickel cocatalyst compared to that of the Cu2O alone and the bare Cu2O/CuO respectively, at 0 V vs
RHE under AM 1.5 illumination (100
mW/cm2). Interestingly, Ni decorated
Cu2O/CuO photocathode revealed an
impressive solar conversion efficiency of
2.71% at –0.4 V vs Pt, indicating 467%
higher compared with bare Cu2O/CuO.
About 87.7% initial photocurrent density
of Cu2O/CuO decorated with nickel
remains after 20 minute of standard solar
irradiation at 0 V vs RHE. The increase is
more than 1.5 times higher than the bare
Cu2O/CuO (53.6%), suggesting surface
modification with Ni not only effectively
promotes water splitting but also stabilizes photoelectrode. Faradic efficiency of 84% was obtained for the
evolved H2 gas measurement. The enhanced photoelectrochemical performance attributes to the role of Ni as
a protective layer and efficient charge transfer, improved crystallinity and synergism effect of the
hetrojunction in light absorption. This inexpensive photocathode with increased photocurrent density and
photostability is a highly promising photocathode for solar hydrogen production.
KEYWORDS: Photoelectrochemical water splitting, Cu2O/CuO, hetrojunction, nickel, cocatalyst,
photocathode, hydrogen production
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Although the electron-transfer process is considered to be the simplest electrochemical process, its study
has been hindered by the capacity to separate the influence of mass transport from the charge transfer.
One of the most commonly advanced models used to describe the electron-transfer kinetics is the Marcus
theory: the model predicts the correlation between overpotential, η, and current density, i, to have the
form

  1  α RT 
 αRT 
i  i 0 exp 
η   exp  
η
F
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with α linear function of the overpotential. The theory also predicts that α = 0.5 when the electrode
potential is equal to the standard potential of the redox couple.
Electrochemical impedance spectroscopy can be used to separate the charge transfer process from the
mass transport, however, being a linear technique, it can be used to extract only i0, but not α. If α is the
parameter of interest, several impedance
spectra at different ratio of the redox
couple can be used to extract it;
nonetheless, it is necessary to assume a
priori the dependence of α on the
potential. In this work, by using
intermodulated differential immittance
spectroscopy [1], which is a nonlinear
technique, it was possible to measure
experimentally the value of α at the
equilibrium potential under different
ratio of the redox couple. It was
observed that the value of α is a
nonlinear function of the electrode
potential, and its value is different than
0.5 at the standard potential condition
(see Figure): both observations are in
contradiction with the Marcus theory as
Figure: Value of α at equilibrium conditions as a function of
well as with the Gerischer theory. The
E-E0. Supporting electrolyte: 0.5M KF; redox couple: ferroresults will be discussed in relation to the
ferricyanide.
thermodynamic functions (enthalpy,
entropy, and free energy), and to the properties of the interface / electrolyte junction. In particular, the
effect of the electric field at the interface on the kinetics of the electron-transfer will be addressed.
[1] A. Battistel and F. La Mantia, “Nonlinear Analysis: The Intermodulated Differential Immittance
Spectroscopy,” Anal. Chem., vol. 85, no. 14, pp. 6799–6805, 2013.

Voltammetric and Amperometric Monitoring of Biomarkers
Using Non Traditional Electrode Materials and Arrangements
a

Jiri Barek
Charles University in Prague, Faculty of Science, Department of Analytical Chemistry,
UNESCO Laboratory of Environmental Electrochemistry,
Albertov 6, CZ 128 43 Prague 2, Czech Republic
barek@natur.cuni.cz

Monitoring of various biomarkers (of illness, of exposition, of treatment) in various biological
liquids is an exciting and challenging task of modern electroanalytical chemistry. It requires extensive
search for new electrode materials and arrangements and detailed characterization of these electrodes and
investigated systems. Moreover, it requires demanding optimization of potential programs, current
responses and composition of measured solutions compatible with determination of various biomarkers in
urine and other biological fluids.
This contribution will be devoted to results obtained in our laboratory in the field of monitoring
electrooxidizable biomarkers using boron doped diamond film electrodes and microcrystalline-graphite–
polystyrene composite film electrode and electroreducible biomarkers using silver solid amalgam
electrodes and bismuth film and bismuth bulk electrodes. Both the preparation and pretreatment of these
electrodes will be discussed together with their physico-chemical and surface characterization and
investigation of electrochemical behavior of tested analytes. Optimization of the newly developed
electroanalytical methods based either on batch analysis or analysis in flowing systems will be presented
as well together with the description of electrochemical detectors for measurement in flowing systems
newly developed for these purposes. New electrode materials and arrangements enabling the transition to
single drop measurements and their combination with a preliminary separation and/or preconcentration
using capillary techniques will be discussed.
The following model biomarkers and their voltammetric and amperometric determination in
body fluids, especially in urine will be discussed:
 1-Hydroxypyren as an oxidizable biomarker of exposition to polycyclic aromatic hydrocarbons.
 1-Aminopyren as an oxidizable biomarker of exposition to nitrated polycyclic aromatic hydrocarbons
 Vanylmandelic acid, 4-hydroxy-3-methoxymandelic acid and 4-hydroxy- 3-methoxyphenylacetic acid
as an electrooxidizable tumor biomarkers (neuroblastoma)
 Lomustine as an electroreducible biomarker of cancer treatment
 Flutamide and its metabolite 4-nitro-3-trifluoromethylaniline as electroreducible biomarkers of
prostatic cancer treatment.
The above discussed methods will be compared with methods based on traditional electrode materials and
advantages and disadvantages of both approaches will be summarized.
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Supercritical fluid is any substance at a temperature and pressure above its critical point. Surface
tension of supercritical fluid is extremely low and the physical properties can be easily adjusted by
pressure and temperature. Therefore, supercritical CO2 (sc-CO2) is applied in electrodeposition of
materials to overcome problems encountered in continuous miniaturization of electronic components.
However, CO2 is non-polar and has very low electrical conductivity. Thus, a surfactant is used to form
emulsions composed of an aqueous electrolyte, sc-CO2, and the surfactant [1].
Materials electrodeposited with sc-CO2 emulsified electrolyte (SCE) are reported to have properties
very different from that electrodeposited under conventional conditions. Grain refinement and surface
smoothening are reported for Ni and Cu films electrodeposited with SCE [1-3]. Grain size of the Ni
electrodeposited with SCE could be less than 10 nm [2]. Most interestingly, single crystal or twin crystal
structure of Cu are observed when SCE is applied in filling of Cu into the nano-holes [3].
When the SCE is applied in cathodic deposition of TiO2 films, deposited TiO2 films are porous, and
the films are composed of primary particles and aggregates of the primary particles [4]. Grain coarsening
and increase in size of the primary particles are observed for TiO 2 electrodeposited with SCE when
compared with the conventional case. ZnO mesocrystals are obtained when SCE is applied in cathodic
deposition of ZnO, [5].
TiO2 obtained from cathodic deposition is usually amorphous. Therefore, an additional heat treatment
process, such as 400ºC for 1 hr, is required to have crystalline TiO2. This heat treatment process would
increase the process time, and it could affect properties of the substrate and morphology of the TiO 2 films.
In a recently study on cathodic deposition of TiO2 films with SCE, we found that crystallinity of the TiO2
could be significantly improved with increase of pressure from atmospheric pressure to 35 MPa. Anatase
TiO2 was obtained at a pressure higher than 25 MPa without any additional heat treatment process. The
effect of pressure on crystallinity of TiO2 deposited is named hydrobaric effect, because the deposition
only takes place in the aqueous phase in the emulsions and the effect is similar to the hydrothermal effect
in some degree. This is the first report on hydrobaric effect, which is the effect of pressure on chemical
reaction conducted in an aqueous solution. We believe the hydrobaric effect can be applied to remove or
reduce high-temperature needed in some chemical processes.
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Success for the development of economic fuel cell-powered passenger vehicles have been
considered unclear [1]. Although they have been commercially available using polymer electrolyte fuel
cells (PEFCs) in Japanese market since 2014, the high cost and scarce resource of platinum-group-metal
(PGM) catalysts used in the catalyst layers could be the barrier for the widespread use. Because the
cathodes need one-order larger PGM loading than the corresponding anodes owing to the slow kinetics of
the oxygen reduction reaction (ORR) [2], non-PGM ORR catalysts are of particular interests.
Improvement of activity as well as durability are two critical requirements for non-PGM
catalysts to be used in vehicles whereas most of the works have focused on the former, activity.
Oxide/oxynitride catalysts containing group 4 or 5 metals are promising candidates for PEFC cathodes
from the viewpoint of the latter, durability as they are insoluble in the acidic PEFC environment [3,4].
Because this catalyst type is nearly insulator, a conductive support material such as carbon black [5] and
reduced graphene oxide [6] is necessary for evaluating their ORR activity. Nonetheless, electron transport
could be restricted to the area of the oxide/oxynitride catalysts in contact with the supports as illustrated
in Fig. 1 (a). Therefore the evaluation of the activity from all the catalyst surface remained difficult. For
providing sufficient conductivity to all the oxide/oxynitride catalyst’s surface, we added various carbon
sources to the previously reported hydrothermal route [5] to coat conductive layers on the surface of
oxynitrides as illustrated in Fig. 1 (b). Then the activity was evaluated with an inexpensive conventional
rotating disk electrode method. Effect of the source of carbon, mass ratio of the carbon source to
oxynitrides on the measured activity were systematically investigated. Urea powders successfully acted as
both nitrogen-dopant and conductive carbon source for enhancing and evaluating ORR activity.

Fig. 1 Schematic image of (a) conventional oxynitride-nanoparticle catalyst supported on reduced
graphene oxide sheets and (b) that connected by graphitic carbon layers.
Acknowledgments
This work was partially supported by the Adaptable and Seamless Technology Transfer Program through
Target-driven R&D, AS242Z00224L, from Japan Science and Technology agency.
Reference
[1] N. Demirdöven, J. Deutch, Science, 305 (2004) 974.
[2] H. A. Gasteiger, J. E. Panels, S. G. Yan, J. Power Sources, 127 (2004) 162.
[3] A. Ishihara, Y. Ohgi, K. Matsuzawa, S. Mitsushima, K. Ota, 55 (2010) 8005.
[4] M. Chisaka, T. Iijima, T. Yaguchi, Y. Sakurai, Electrochim. Acta, 56 (2011) 4581.
[5] M. Chisaka, Y. Suzuki, T. Iijima, Y. Sakurai, J. Phys. Chem. C, 115 (2011) 20610.
[6] M. Chisaka, H. Sasaki, H. Muramoto, Phys. Chem. Chem. Phys., 16 (2014) 20415.

Combined EDL and transport modeling in water desalination
J.E. Dykstra, A. van der Wal, P.M. Biesheuvel
Wetsus, European Centre of Excellence for Sustainable Water Technology
Oostergoweg 9, 8911 MA Leeuwarden, The Netherlands
Sub-department of Environmental Technology, Wageningen University
Bornse Weilanden 9, 6708 WG Wageningen, The Netherlands
Laboratory of Physical Chemistry and Colloid Science, Wageningen University, Dreijenplein 6, 6703 HB
Wageningen, The Netherlands
Jouke.Dykstra@wetsus.nl
Capacitive deionization (CDI) is a novel electrochemical method for water desalination employing porous
carbon electrodes [1]. Upon applying a charging voltage, cations are adsorbed in the cathode and anions
in the anode, resulting in the desalination of the inflow water, see Fig 1. After the electrodes are saturated,
the electrodes can be short-circuited and the ions are released.
During the adsorption phase, ions are transported from the spacer channel, through which the
water flows, into the porous carbon electrodes. In these porous carbon electrodes, we distinguish two
different types of pores. Firstly, the micropores, where Electrical Double Layers (EDLs) are formed and
consequently ions are stored near the charged carbon interfaces. Secondly, we model the macropores,
through which the salt is transported to the micropores, subject to diffusional and migrational forces.
The micropores have a pore size of the order of 2 nm or less. For an NaCl solution of 10 mM,
the Debye length is approximately 3 nm at 20 ºC, which means that the EDL thickness is about 6-10 nm.
As the pore size is smaller than the EDL thickness, EDLs are strongly overlapping and the commonly
used Gouy-Chapman-Stern theory to describe these EDLs is not valid. Therefore, we make use of another
theory, the improved modified Donnan model, which has shown to describe the salt adsorption in porous
carbon electrodes very well for CDI [1,2,3].
To compute the salt adsorption in the electrodes dynamically, we model the transport of salt
through the macropores. This transport typically occurs on a length scale of 100s of micrometers.
Combining transport and EDL formation in one theory implies combining processes on two vastly
different length scales. A second complication in modeling is that the local adsorption of salt from the
macropores into the EDLs is infinitely fast, compared to the transport of the salt across the electrode,
which requires methods to couple the equilibrium improved modified Donnan model to a dynamic
transport model.
To model the dynamic transport and adsorption of salt in CDI systems, we show how we can
couple the equilibrium improved modified Donnan model with the dynamic transport model, and we
show that we can successfully describe the effluent concentration of a labscale CDI cell as function of
time, cell voltage and inflow salinity [1,2,3].

Fig. 1. Salt adsorption in a CDI system

Fig. 2. Modeling transport of salt through
macropores and adsorption in the micropores.
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Among transition metal carbides, tungsten carbide (WC) with a wide range of particle size is used for
industrial applications. It is a significant challenge to obtain tungsten carbide (WC) nano powder by
single step with the existing methods. Here we report simple method to get carbon encapsulated tungsten
carbide nanocomposite by single step in-situ reduction-carbonization process by reaction between WO3,
Mg and C6H14 in a self-designed autoclave. The samples were characterized by XRD, TEM and HRTEM.
The XRD results confirm the formation of tungsten carbide with free carbon in the form of graphite
(Figure 1). TEM and HRTEM results show the morphology as well as particle size with the graphite
carbon layers outside the tungsten carbide particles. The cyclic voltammetry results show the
electrocatalytic activity of synthesized samples.

Figure 1. XRD pattern of synthesized carbon encapsulated WC nanopowder.
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During corrosion reactions, either well-defined or randomly distributed asymmetries may appear on the
surface, leading to the formation of anodic and cathodic regions of typical sizes within the micrometer
range or below. As a result, corrosion processes occur at the micrometer or sub-micrometer range, so the
involved mechanisms should be investigated employing appropriate methods and techniques. Those
techniques must then provide highly localized information in real time and in the in situ corrosion
conditions. This has motivated the development of several electrochemical microscopies that have
contributed to a better understanding of the electrochemical processes occurring on materials undergoing
corrosion [1]. Among them, the Scanning Electrochemical Microscopy (SECM) has proved to be a highly
sensitive tool for the analysis of diverse types of surfaces and interfaces [2]. It makes use of an
ultramicroelectrode (UME) for the electrochemical analysis of the electrolyte placed in the diffusion layer
of a solid - liquid interface. Its spatial resolution is limited by the usual micrometer dimensions of the
active microdisks in the UME, typically within 10 to 25 µm in diameter. This spatial range has
demonstrated to be enough for the SECM to be effectively employed for the resolution of several
corrosion problems [3,4].
One of the major limitations encountered in conventional amperometric operation modes during corrosion
research appears when analysing recorded data that are influenced by more than one function. That is, the
electrochemical response recorded at the tip may originate from the electrochemical conversion of more
than one redox species, from chemical changes in the electrolyte, and from topographic variations of the
substrate. On the one side, the evolution of the chemical activity of the surface directly alters the
concentration of any electroactive species in the close electrolyte as well as the substrate ability towards
electron transfer with those species. On the other side, topographic changes simultaneously occurring due
to the local dissolution and passivation phenomena on the metal surface may also affect the tip response
by hindering or facilitating the diffusion of the electroactive species towards the probe. In order to
distinguish the different contribution affecting the SECM response, other probes than conventional
microdisk electrodes were investigated.
This contribution will focus on new developments towards multifunctional imaging in SECM for the
investigation of corrosion reactions. The applicability of combinations of various operation modes in
SECM, as well as the combination of SECM with other scanning probes techniques, will be illustrated
using relevant examples.
References:
[1] P. Marcus, F. Mansfeld (Eds.), Analytical Methods in Corrosion Science and Engineering, CRC
Press, Boca Raton, FL, 2006.
[2] A.J. Bard, M.V. Mirkin (Eds.), Scanning Electrochemical Microscopy, 2nd edn., CRC Press, Boca
Raton, FL, 2012.
[3] L. Niu, Y. Yin, W. Guo, M. Lu, R. Qin, S. Chen, Application of scanning electrochemical
microscope in the study of corrosion of metals, Journal of Materials Science 44 (2009) 4511–4521.
[4] M.B. Jensen, D.E. Tallman, Application of SECM to corrosion studies. In: Electroanalytical
Chemistry: A Series of Advances, Vol. 24 (Edited by A.J. Bard, C. Zoski). CRC Press, Boca Raton,
FL, 2012, pp. 171-286.

Influence of a passive layer on the kinetics of an electron transfer
reaction.
Marie Benoit1, Christian Bataillon2, Benoît Gwinner1 ; Frédéric Miserque2, Carlos Sanchez-Sanchez3,
Bernard Tribollet3, Vincent Vivier3
1

CEA, DEN, DANS, DPC, SCCME, Laboratoire d’Etude de la Corrosion Non Aqueuse, F-91191 Gif-surYvette, France.
marie.benoit@cea.fr
2
CEA, DEN, DANS, DPC, SCCME, Laboratoire d’Etude de la Corrosion Aqueuse, F-91191 Gif-surYvette, France.
3
CNRS - UPMC, UMR 8235, Laboratoire Interfaces et Systèmes Electrochimiques, F-75252 Paris 05,
France.
vincent.vivier@upmc.fr

In France, the spent nuclear fuel reprocessing involves the use of nitric acid at various concentrations and
temperatures up to the boiling point. The corrosiveness of these nitric mixtures leads to the use of
corrosion resistant materials such as zirconium or austenitic stainless steels. Indeed, these materials are
protected by a passive layer which slows down redox reactions at the metal / nitric acid interface. The
objective of this work is to study the role of the passive layer on the kinetics of reduction of nitric acid.
As the reduction of nitric acid is very complex in concentrated solution [1-2], we firstly focused on a
single step in the reduction reaction (Fe (III) / Fe (II) couple in acidic solution) on passivated zirconium
with different oxide layer thicknesses.
A necessary prerequisite was the establishment of a protocol for the growth of the passive layers with a
controlled thickness. This was achieved by anodic polarization with monitoring of the thickness by
electrochemical impedance spectroscopy (in situ) and XPS (ex situ). A critical analysis of the results
obtained with these two different techniques was done. Two methods of exploitation of the
electrochemical impedance spectra were used and discussed: the power law and Jonscher’s approaches
[3-6]. For XPS analyses, the way to estimate the values of the photoelectrons mean free paths (physical
parameters required for estimating the oxide thickness) was shown to be a relevant parameter for both
zirconium and zirconium oxide and was thoroughly discussed [7-9]. Finally, it will be shown that both
methods are in accordance for passive films with thicknesses up to 8 nm.
The kinetics of the Fe(III) reduction was investigated by different techniques: cyclic voltammetry [10],
electrochemical impedance spectroscopy, and scanning electrochemical microscopy [11]. The values of
the rate constants k0 of Fe(III) reduction estimated by these three methods were in good agreement and it
was shown that the rate constant k0 value decreases when the oxide thickness increases. In addition to the
kinetics properties, the electrochemical impedance spectroscopy can lead to estimate the semiconducting
properties of the film: the space charge capacitance (from the Mott-Schottky equation) allowed to
estimate the number of charge carriers in the oxide. These values were shown to follow the same trend
than k0 when the oxide thickness increases.
In a second step, this study performed on the Fe(III)/Fe(II) couple was then extended to the reduction of
nitric acid, for which the preliminary results will also be presented.
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The technical parameters of electrolytic capacitors are mainly determined by their active surface area and
by thickness and permittivity of the oxide film, which acts as dielectric medium. In these terms, sintered
Ta particles of less than 1 µm are a perfect substrate. They have large surface areas with open pores,
withstand mechanical and chemical attacks, and can be easily anodized. A detailed understanding of the
oxide layers on sintered electrodes is vital for fabrication, characterization and quality control. This
concerns the oxide growth mechanism, the determination of active surface area, the knowledge of oxide
thickness before and after anodization, the influence of temperature and particle sizes, the determination
of capacitance and identification of side reactions such as oxygen evolution or corrosion (i.e. chemical
dissolution of the oxide at the interface oxide/electrolyte).
The oxide growth on macroscopic planar Ta electrodes or wires is well understood in terms of thickness
and homogeneity of native and final oxide layers and capacitance. These data, however, does not fit to
sintered spherical nano particles with diameters in the 100 nm range [1]. Moreover, the small electrolyte
volume of the pores means higher resistances, local pH shifts due to hindered diffusion and corresponding
shift of equilibrium potentials during anodization. Therefore, differences to macroscopic experiments
were expected and investigated in especially modified electrochemical micro cells by cyclic voltammetry,
potentiostatic transient methods and impedance spectroscopy.
This concerned the shape of cyclovoltammograms which showed a non-constant plateau current. Finite
element simulations of the spherical oxide growth showed similar results but only for smaller particles
<50 nm. Finally the effect could be explained by the special sinter structure, in fact the complete
oxidation of contact areas (bottle neck effects). Moreover, oxygen evolution, which requires an electronic
conductivity of the oxide, was excluded in the former literature and, accordingly, current efficiencies
> 99% for anodic oxide formation were reported. In contrast to this, large amounts of oxygen gas are
evolved during the anodization of tantalum anodes for electrolytic capacitor fabrication. Bubble formation
at macro electrodes, however, is only observed, if the anodic current density exceeds 1 mA/cm²,
otherwise the oxygen is dissolved in the electrolyte, removed by diffusion and not respected. In sintered
bodies, due to their large inner surface of hundreds of cm², supersaturation takes place and bubbles are
formed. A quantitative analysis in a special micro set-up [2, 3] showed that oxygen is only produced in
parallel to significant oxide growth, that only 4% of the total anodic charge are consumed for oxygen and
that oxide growth is not affected.
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Nowadays most used electrolytes are based on mixtures of alkylcarbonates containing LiPF 6 as salt.
However the components of the electrolyte are oxidized at high potentials and part of the metallic ions
present in the positive electrodes are dissolved in the electrolyte[1] and migrate towards the negative
electrode. As a result, electrolyte, electrode and electrode/electrolyte interface properties are degraded and
battery performances are strongly diminished. The use of alkylcarbonates, especially ethylene carbonate
(EC), is based on the suitable properties of a solid electrolyte interphase (SEI) formed on the negative
electrode (e.g. graphite, Gr). Unlike, the surface film formed on the positive electrode is unstable, being
grown, oxidized or decomposed at different stages of the charge/discharge. The addition to the electrolyte
of SEI builders, mainly based on vinyl and heterocyclic compounds or inorganic salts, can improve the
quality and stability of the films formed at both, negative and positive electrodes and enhances the battery
cycling life. In order to get information on mechanism involved in the formation of the passivation layer
on graphite electrodes, Li/Gr half cells and Gr/Gr symmetrical cells [2] (see Figure 1) have been studied by
means of electrochemical impedance
spectroscopy[3] and cyclic voltammetry.
Single alkyl carbonate solvents are
firstly

introduced.

Binary

mixtures

without and with additives have also
been

investigated.

The

study

is

completed by determining the nature of
the electrolyte degradation products
formed upon cycling by post-mortem
analysis using CGMS.
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The strategy consists in diverting the reactivity of aryl radicals obtained from diazonium salts towards the
generation of reactive aliphatic radicals. This strategy is important in homogeneous synthesis 1-3 and was
recently transposed to surface chemical functionalization by exploiting H atom transfer abstraction 4 or
atom transfer reaction. Among diazonium salts, the 2,6-DMBD presents a special behavior since due to
steric hindrance, the 2,6-dimethylphenyl radical (2,6-DMPh•) cannot bind to surfaces as other aryl
radicals do.5 Such lack of reactivity should allow 2,6-DMPh. abstracting an iodine atom from an
iodoalkane (RI),6 mediating the generation of R• that attaches to the surface of glassy carbon to give
stable alkyl monolayers that can be compared to thiol SAMs. Together with the positive shift of the
potential for R• generation (-0.25 V/Ag/AgCl instead of -1.9 V/Ag/AgCl by direct electrografting of RI),
its reduction to an unreactive anion is also greatly decreased. The alkyl chains are strongly attached as the
grafted film withstands harsh rinsing. Finally, mono or multilayers can be obtained.7
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This strategy can be extended to bromoalkyl derivatives, leading to a higher positive shift (2.3 V instead
of 1.7 V). It can also be extended by using a reducing agent in solution instead of an electrode, in order to
graft other nanomaterials. Finally, the chemistry of aryl radicals may be driven through different ways to
a variety of differently modified interfaces.
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Magnesium and magnesium alloys display relatively poor corrosion resistance compared to most other
engineering alloys and present a relatively complex corrosion behavior. In particular magnesium exhibits
the so called ‘negative difference effect’, i.e. an increase in the rate of hydrogen evolution with increasing
anodic polarization. Further, during corrosion, its surface appearance progressively changes from silvery
to dark, and the two of surfaces have significantly different electrochemical behaviors.
For these reasons, the evaluation of corrosion rate by electrochemical methods is not trivial. In order to
elucidate these aspects, real-time hydrogen measurement, was performed simultaneously with
potentiodynamic polarization or electrochemical impedance spectroscopy and real-time surface imaging.
Potentiodynamic polarizations indicate that the electrical behavior deviates significantly from linearity
even for small (±10 mV) polarizations with respect to the corrosion potential. Although this would
suggest that estimation of values of corrosion rate from the values of resistances obtained by EIS is
unreliable, since the assumption of linearity during EIS measurement is violated, an excellent correlation
between the reciprocal of the resistances, estimated by EIS, and corrosion rate, obtained from real-time
hydrogen measurement, is experimentally obtained.
The findings from electrochemical testing are complemented by relatively high-magnification in-situ
optical imaging (~200 x) of the top view (Fig. 1a) and cross section (Fig. 1b) of corroding magnesium
electrodes. From the images, it is evident that, initially, large hydrogen bubbles are generated on the
silvery surface at specific locations, probably corresponding to iron-rich intermetallics. Such bubbles are
stable and grow relatively slowly. Once corrosion is initiated, a continuous stream of small bubbles is
observed everywhere on the propagating corrosion front, located at the interface between silvery and dark
regions. Behind the corrosion front, the hydrogen evolution activity decreases with time, and bubbles are
again generated only from specific locations. In addition, the formation of gels is directly observed above
the dark corroded regions.
The findings suggest that pH increase due to hydrogen evolution plays a substantial role in the overall
behavior: corrosion propagates towards the regions of lower pH, and vigorous hydrogen evolution is
observed when the original air formed oxide/hydroxide film is disrupted. Subsequently, hydrogen
evolution results in a pH increase that promotes the formation of a more passive film on the dark regions
and the formation of gels. This suggests that corrosion propagates by disruption of the air-formed oxidehydroxide layer and that, at the propagating front, the hydrogen evolution takes place on the exposed
magnesium surface. With time, pH increases and a relatively protective film forms behind the corrosion
front, hindering the homogeneous hydrogen evolution. On the dark regions far from the corrosion front,
probably due to local compositional differences, i.e. as presence of intermetallics or regions of enriched
alloying elements, hydrogen evolution again occurs only at specific locations.

Figure 1: a) Top view and b) cross section of the corroding magnesium surface in 3.5% NaCl
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Phospholipid membranes (PLMs) surround every animal or plant cell and some subcellular organelles.
Many elements and compounds, which are involved in biochemical pathways, have to be transported
across them, i.e., from extracellular to intracellular fluid. On the contrary to many transported species,
which are necessary for our life, also many undesirable and for cell health dangerous compounds and
species are transported into the cells, where they start their negative activities. Transport of common
species (glucose, calcium, sodium, etc.) is known in details. However, the transporting processes of
hazardous species have remained unelucidated.
We have studied and simulated the transporting processes across a few types of supported biomimetic
membranes: model (composed from phospholipids (PLs) and artificial ionophores) [1], mixed (composed
from PLs and cholesterol [2], real transporters, parts of protoplasts [3]), and real membranes (composed
of plant protoplasts [3]) and also unsupported liposomes (composed from PLs only) [4]. Some different
methods of protoplasts preparation from leaves and roots of tobacco, of barley, and of potato have been
tested and modified [3]. The used biomimetic membranes have been created in pores of
different diameters of a polycarbonate substrate, which was fixed in specially developed electrochemical
cells [1, 5].
The attention has been paid to the transport of hazardous metals (e.g., Cu, Cd) [3], low molecular weight
organic acids (LMWOAs) (oxalic, citric, malic) [5], and phytochelatin PC2.
The formed membranes have been characterized using electrochemical impedance spectroscopy (EIS)
[2], optical microscopy, fluorescence microscopy, atomic force microscopy (AFM). Electrospray
ionization – mass spectroscopy (ESI-MS) and hyphenated electrochemical cell placed prior this ESI–MS
device have been applied for studies of transported complexes among hazardous metals and LMWOAs as
well as for investigation of composition and structure of complexes formed among heavy metals (e.g.,
copper, ytterbium) and PLs creating the biomimetic membrane [6, 7]. Quantitative and qualitative
analysis of transported time-stable species (ions, complexes, etc.) have been realized voltammetrically.
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In-situ electrochemical AFM method was used for morphology investigation of reactively sputtered IrO2
thin films [1,2] during oxygen evolution reaction (OER) in 0.1 M H2SO4 aqueous solution. IrO2 film of
100 nm thickness was obtained by reactive magnetron sputtering in Ar/O2 plasma at 3 mTorr chamber
pressure, 60W RF source and implementing 2 inch Ir target. Substrate (glass plate) temperature was fixed
at 300o C.

Figure 1. AFM image of IrO2 thin film.

Relatively flat surface with pronounced grainy structure of sputtered IrO2 was observed (Fig. 1), which
was similar to previously reported [2,3] results for sputtered IrO2. Roughness analysis gave root mean
square roughness value (RMS) of 2.3 nm. The average grain size is 38 nm and average height of grains is
5 nm. Under electrochemical conditions in 0.1 M H2SO4 electrolyte solution and potential, E = 600 mV
vs SHE, the surface of IrO2 film became more expanded in three dimensions, but still regular structures
were observed. Similar and slightly lower roughness values were obtained for this surface (RMS = 2.0
nm) and the average height of the grains stayed in 10 nm range. This phenomenon can be explained as
oxide hydration process [2,4], where surface structures grow spatially. The observed regular structure did
not change upon potential scan in both cathodic and anodic directions. Moreover under OER conditions
and high anodic currents (0.622 mA·cm-2) surface structure did not show any further reconstruction or
alteration.
The hydration process of sputtered IrO2 film was also studied in ultrapure water at open circuit potential.
During this procedure IrO2 sample was submerged into ultrapure water and series of AFM images were
recorded as function of time. The formation of hydrated grainy structures was observed. After 120 min
the surface of hydrated IrO2 had the same structure as in the first experiment under electrochemical
conditions.
These data are particularly interesting, as the hydration process is observed in-situ and from the starting
point of the submersion of IrO2 film into water medium.
Additional study implementing Raman spectroscopy was performed. Raman spectra were obtained at the
surface and from the bulk of dry and wet IrO2 films. In all cases three characteristic Raman shift peaks for
IrO2 were observed (362, 556 and 741 cm-1), indicating to clean IrO2 material with polycrystalline
structure [3,5].
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A novel in-operando observation to the formation of solid electrolyte interface (SEI) has been
developed. This research demonstrates that the electrochemical-surface plasma resonance (EC-SPR) is
able to evaluate the step-by-step kinetic molecule interaction between the electrolyte and the surface of
electrode material. In this study, a commercial electrolyte (1M LiPF6 into EC/EMC) has been used to
define the SEI formation on gold (Au) electrode. Fig. 1a shows the linear sweep voltammogram (LSV)
spectrum was operated at the scanning rate of 0.83 mV/s and in the operation window of 0~(-3) V. This
result confirms that the SEI was formed at -1.24V and the lithium ion was going to reduce at -3V,
indicating there are at least two passivation processes on this system. Fig. 1b shows a decreasing behavior
of intensity difference of SPR, indicating the substances gradually covered for the Au electrode’s surface.
In accordance with Fig. 1b, this spectrum can be simply separated by two slopes. The two slopes cross a
point at 21.5 min, representing the reduction time of SEI. Fig. 1c also illustrate a decreasing behavior of
the angle difference of incidence, indicating a continually dissociation process was taking place.
However, three different slopes were discovered and strongly correlated to the result in Fig. 1b. The first
slope in Figs. 1b and 1c indicate the lithium ions dissociate from ethylene carbonate (EC) molecules and
moves to the Au surface when the electrochemical driving force was triggered. The second slope in Figs.
1b and 1c implies an association process (a stable intensity in Fig. 1b and a lower slope in Fig. 1c),
indicating that the lithium ion joins the SEI formation at typical reduction potential on Au surface.
However, Fig. 1c reveals that the Au electrode is not able to correlate the SEI formation due to the slope
changes into higher value (third slope), which represents the intrinsic property of Au is different to
graphite [1], implying the SEI is further dissociated from Au surface. The SEI formation on typical
electrode materials such as graphite, graphene, and silicone are under researching.
The EC-SPR is a powerful instrument for studying the SEI in order to character an in-operando
interaction mechanism between the electrolyte molecules and electrode materials.
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Fig. 1 In-operando EC-SPR observations of (a) the LSV, the sensograms of (b) the intensity difference of
SPR, and (c) the angle difference of incidence.
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Abstract: The electrochemical corrosion behaviour and critical pitting temperature (CPT) of S32750
super duplex stainless steel (SDSS) in 3.5% NaCl solution were investigated by electrochemical
techniques. The morphologies of the matrix and pits were observed by scanning electron microscope. The
CPT of the S32750 steel was identified at 71℃. The passive film could be formed on the specimen surface
when the solution temperature was lower than the CPT. While, when the solution temperature was above
the CPT, pitting corrosion occurred on the specimen surface as the activity of Cl - increased and the
passive film dissoluted. Pitting corrosion became more serious with the temperature increased. Moreover,
the corrosion models of the steel below and above the CPT were sketched respectively.
Key words: duplex stainless steel; critical pitting temperature; passivation; corrosion
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Fig. 1 The electrochemical results of the SDSS measured with various temperatures: (a) polarization
curves;(b) I-T curve; (c) EIS; (d) Electrochemical noise
a

b

Fig. 2 Surface morphology of the samples after EIS test at different temperatures: (a) 65℃, (b)85℃.
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This paper describes a systematic study into the kinetics and mechanism of cathodic disbondment
affecting polyvinyl butyral (PVB) on pure iron, pure tin and industrially important tin and iron-tin
intermetallic (FeSn and FeSn2) coatings used for packaging steels as a function of coating weight.
Tin and iron-tin intermetallic coated samples were obtained from Tata Steel. In all cases the tin layer had
been produced by electrodeposition. When required the tin coated samples had subsequently been heated
to produce FeSn and FeSn2 layers by thermal inter-diffusion.
Metallic sample coupons were solvent coated with a 30µm layer of PVB. Corrosion driven cathodic
disbondment of the PVB lacquer was then studied using a Stratmann type delamination cell in
conjunction with 5% aqueous NaCl (1, 2).
The time dependent extent of delamination was determined by repeated in situ scanning using a scanning
Kelvin probe (SKP) apparatus. The capability of the SKP to visualize the spatial distribution of localized
free corrosion potential variation with time has been demonstrated previously (1, 2).
Delamination was not observed on pure tin or tin coatings but was found to occur at reduced rates on both
FeSn and FeSn2 intermetallics, when compared with pure iron. Negligible change in rate was observed
when varying coating weight.
Results are explained in terms of electrocatalytic activity for the cathodic oxygen reduction reaction
(ORR) using results obtained from a rotating disk electrode (RDE). It is concluded that the lack of
cathodic disbondment in the case of tin coatings, and decreased rate of propagation, when compared to
iron, in the case of iron-tin intermetallics is due to the high overpotential for the ORR associated with tin
(3).
In conclusion macro electrochemical RDE results obtained correlate with delamination studies conducted
on the millimeter scale and show that the rate of cathodic delamination of an organic coating from a
material is determined by its electrocatalytic activity for the ORR. Electron microscope images obtained
on the micron scale have been used to confirm that although subsequent anodic attack may occur due to
the alkaline nature of the underfilm electrolyte, anodic activity is not considered to be rate determining
(2).
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In this communication, observation of a 2D self-propagation catalytic reaction on
surfaces is described. Huisgen 1,3-dipolar cycloaddition, known as click chemistry1, is
one of the most used catalytic reaction nowadays as it is a highly versatile and fast
coupling reaction. It can be used as well with biological samples in water or in classic
organic synthesis. In parallel, interest in chemically modified surfaces has been
growing for several decades due to their many applications in various scientific areas.
Among many methods to chemically modified surfaces, click chemistry coupling is
also often used for its efficiency and its great selectivity. This coupling reaction
between an azido and a free alkyne is catalyzed by Cu(I) which can be generated
chemically or electrochemically, leading to “electro-click chemistry reaction” in the
latter case. Recently, using Scanning Electrochemical Microscopy (SECM), localized
electro-click chemistry reactions were successfully performed.2 “Self-induced” electroclick chemistry reaction can be achieve when using a molecule that is at the same time
a reactant and the catalyst.3 In this communication, we will specifically study local selfinduced electro-click chemistry reaction
onto self-assembled monolayers by SECM.
It will be demonstrated that using this
specific class of molecule (see scheme),
catalytic properties can be transferred to the
surface and that 2D self-propagation of the
catalytic reaction on the surface can be seen.
Particular attention will be paid to the
determination
of
the
experimental
conditions needed to performed and
monitored these experiments in unbiased
conditions (the substrate is not electrically
connected).4
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The Kelvin Probe (vibrating capacitor) technique is often applied to measure the Volta potential of an
electrode (w/e) relatively to any reference electrode or the electron work function () relatively to the
zero level in vacuum. SKP determines the Volta potential difference between the probe and the working
electrode surface according to:
Vp/w =w Pe

(1),

where e is an electron charge. Keeping the potential of the probe (p/e) constant and calibrated the
potential (w/e) of the steel surface can be obtained.  is defined as the minimum energy required for
extracting an electron from a metal to a distance close to the surface. It relates to the potential of an
electron (1,2).
 = v – e
(2),
where (v) is the electrostatic potential in the vacuum and (e) is the chemical potential of an electron in
the metal.
 = e – e 
(3).
can be subdivided for two contributions (equation 3) including the metal bulk (chemical potential of
the electron, e) and surface depended contribution related to the potential drop at the metal-vacuum
interface (). For metal covered by semiconducting oxide film the potential drop across the metal-oxideair interfaces (sc) depends on the difference in Fermi levels in the metal (μe) and in the oxide (EF),
electron bands bending in the oxide (ox ) due to adsorption phenomena and the formation of a dipole
layer (βox/air) on the oxide surface (4):



 sc = (EF − μe) /e + ox air
ee e ox aire /e + q /C ox +q/C air

(4)
(5)

The potential drops in the oxide and double electric layer are related to the corresponding capacitances (C
ox, C air) and the electric charge (q). From equation 5, the electrochemical potential is reciprocal to
capacitance of the oxide film.
Scanning Kelvin Probe (SKP) was applied in ambient air to study the impact of elastic and plastic strain
on the surface distribution of electrochemical (Volta) potential of stainless steel 301LN grade. EIS was
applied in aqueous electrolyte to measure the influence of the stress on the oxide film capacitance to
validate equation (5). Plastic tensile deformation resulted in the formation of dislocations and pile-ups of
dislocations that was visualized by AFM. The oxide film was also characterized by XPS.
It was shown that localized tensile and compressive stress decreased the electrochemical potential and the
level of steel passivity. This effect is explained by the formation of dislocations that create defective
oxide films with a resulting decrease in the ability to passivation.
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In our society Li ion batteries are widely used. Mainly during the first charging process the solid
electrolyte interphase (SEI) between the electrode and electrolyte is formed by the decomposition of
electrolyte components at the lithiated graphite. This layer is critical for the performance and safety of the
Li ion batteries [1]. The aim of this study is to characterize the electron transport across the SEI, which
determines the ongoing reduction of electrolyte components. Thus, understanding the electron transport
across the SEI helps to improve lithium ion batteries.
Characterization of the SEI is a challenge, because of the variety of chemically similar components and
enclosed electrolyte species. Furthermore, ex situ analysis of the SEI requires separation and isolation of
the SEI, which may change the content and the structure of the SEI [2]. Recently we used the feedback
mode of scanning electrochemical microscopy (SECM) to investigate in situ the electron transport at the
lithiated graphite (Figure) [3]. 2,5-di-tert-butyl-1,4-dimethoxy benzene was identified as an useful SECM
mediator providing sufficient stability and sensitivity passivation properties of SEI. All measurements
were conducted under open circuit conditions. Our results by SECM show gradual and significant shortterm spatiotemporal changes of the SEI properties and demonstrate the dynamic and spontaneous
behavior of SEI formation, damage and reformation under open circuit conditions above lithiated graphite
anodes. The results emphasize that spatiotemporal changes of the passivating SEI properties are highly
localized and occur preferentially in between the gaps of graphite particles. Significant short-term
spatiotemporal changes of the SEI properties clarifies that electrolyte reduction still occurs after SEI
formation at localized spots.
Using a related setup, Gas permeation though an gas-diffusion electrode (GDE) into an Li+-containing
electrolyte has been studied in order to understand pore blocking vs. electrode coating by lithium oxides
during the operation of lithium-air batteries [4]. The GDE was positioned between an Ar-O2 and an Ar
atmosphere. The passivation of the local detector electrode was avoided by the use of a pulse program
that contained a cleaning step for the microelectrode. The difference in O 2 partial pressure was the driving
force for the transport of O2 through the wetted pore structure of the GDE. Depending on the potential of
the GDE O2 enters the organic electrode or is completely consumed in the GDE. In this way it was
possible to detect the build up of concentration gradients in the electrolyte above an GDE in organic
electrolytes in dependence of the operation characteristics of the air cathode. Intermediates of the oxygen
electrode have been detected but have not yet been chemcially identified.
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A traditional cathode in dye-sensitized solar cell (DSC) is platinized F-doped SnO2 (FTO). However, the
cost of FTO glass is estimated to be about >20-60% of the cost of the DSC-module, which is a strong
motivation for FTO replacement by cheaper materials. Recently, nanocarbon and graphene-based
materials attracted considerable attention, particularly for Co-mediated DSCs. Another alternative, which
also works well with the I3-/I- redox mediator, is the woven fabric consisting of transparent PEN fibers in
warp and electrochemically platinized tungsten wires in weft. This electrode outperforms the thermally
platinized FTO in serial ohmic resistance, Rs (1.5 vs. 8.2 Ωcm2), charge-transfer resistance for triiodide
reduction (0.59 Ωcm2 vs. 0.76 Ωcm2) and offers comparable or better optical transparency in the visible
and particularly in the near-IR spectral region (≈80%). The Pt-W/PEN cathode exhibits good stability
during electrochemical load with the maximum (diffusion-limited) current both in cathodic and anodic
directions, and during long term (≈month) storage at open circuit. The practical dye-sensitized solar cells
with either Pt-W/PEN or Pt-FTO cathodes show similar performance, confirming that the former is a
promising alternative for replacement of conductive glass in the DSC counterelectrodes.
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No. 13-07724S), by the Swiss Commission for Technology and Innovation (CTI) project No. 16452.2
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The preparation of robust modified surfaces with a molecular organization presents a growing
interest for many applications ranging from analytical chemistry, molecular electronics, or more recently
in charge storage devices as supercapacitors.1 One of the well-known methods to form robust, covalently
attached monolayers on various surfaces is the electroreduction of aryldiazonium salts2. Click chemistry
allows the post-functionalization of the platform by functional entities3. Hence, covalently bonded
ferrocene molecules were efficiently grafted on a carbon surface with long alkyl chain linkers 4.
A particular stability of our grafted monolayer encouraged us to perform kinetic and
thermodynamic studies in room temperature ionic liquids (RTILs) and organic solvents (ethanol and
dichloromethane). RTILs present large potential interest as solvents for electrochemical applications
owing to their unique chemical and physical properties5. Despite the large literature on interfacial charge
transfer, little is known about the basic properties of covalently bound electroactive monolayers in RTILs,
especially how basic properties like stability or electrochemical behavior evolve when passing from a
classical organic solvent to a RTIL. We observed that the kinetics of electron transfer is much slower in
RTILs than in organic media due to the ordering present in RTILs. This communication presents a
comparative study on the redox behavior of electrochemically active, covalently bonded ferrocene
monolayer of nanometric thickness, on a carbon surface in RTILs and organic solvents.
Besides the anionic and cationic investigations showing the influence of viscosity and
conductivity on the kinetic and thermodynamic aspects, an important phenomenon is the dynamic
hysteresis which was observed in all of the RTILs by the appearance of asymmetric voltammograms. This
phenomenon could be due to the formation of a solid-like monolayer or to a reorganization of the
monolayer forming an inordered one, leading in both cases to a slower electron transfer.

Scheme 1 – Two possible explanations for the dynamic
hysteresis interfering in the case of RTILs.

Scheme 2 – Behavior of the redox entities
in Ethanol (dotted), dichloromethane
(line) and BMINTf2 (dashed) at 0.2 V/s.
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Abstract: One of the major challenges in photoelectrochemical water splitting is to develop an efficient
photoanode that can oxidize water at low applied potential.[1] Herein, a codoped (Sn, Zr) α-Fe2O3
photoanode modified with stable and earth abundant nickel oxyhydroxide (NiOOH) co-catalyst that can
split water at low applied potential is reported. First, unintentional gradient monodoped (Sn) Fe 2O3
photoanode was synthesized at controlled annealing temperature that achieved a photocurrent density of
0.86 mA/cm2 at 1.23 V vs. RHE. We have found that incorporation of gradient Sn doping results in the
formation of upward multi band bending through building distributed n +–n homojunctions.[2] Further
doping with optimized amount of Zr outperformed the monodoped (Sn) Fe2O3 photoanode providing
significantly much higher photocurrent density (1.34 mA/cm2). The remarkably improved electrical
conductivity and more than three times higher charge carrier density (as evidenced from electrochemical
impedance spectroscopy measurements and Mott-Schotttky analysis) of the codoped (Sn, Zr) Fe2O3
photoanode highlights the importance of codoping.[3] The synergetic effect of codoping (Sn, Zr) led to
1.6 fold enhancement in charge separation efficiency at 1.23 V than that of the monodoped (Sn) Fe2O3
photoanode. The NiOOH modified codoped (Sn, Zr) α-Fe2O3 photoanode exhibited drastically lower
onset potential (0.58 V) and a photocurrent density of 1. 64 mA/cm2 at 1.23 V. Interestingly a 160 mV
cathodic shift in photocurrent onset potential was also observed. Concomitant with this, the NiOOH
modified codoped (Sn, Zr) Fe2O3 photoanode exhibited 1.6 to 9.5 fold enhancement in charge injection
efficiency (ηinj) at kinetic
control region of 0.7 to
0.9 V compared to
unmodified
codoped
photoanode.
Gas
evolution measurements
also showed that the
NiOOH modified codoped
Fe2O3
photoanode
achieved
an
average
Faradaic efficiency of
93%.
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In this study, we demonstrate highly improved corrosion resistance of Type 430 stainless steel by
multiple sol-gel spin coating of aluminosilicate using diluted precursor solutions. The coatings of ~65 nm
thickness were prepared from the precursor solutions with the [Al+Si] = 50, 100 and 500 mM and
[Al]/[Si]=1/4. After coating, the specimens were annealed in air at 400ºC. The coating prepared from the
50 mM precursor solutions was more dense and showed highly ennobled pitting potential higher than 1 V
vs Ag/AgCl in 0.6 mol dm−3 NaCl aqueous solution, while the coating prepared from 500 mM precursor
solution did not show obvious ennoblement of the pitting potential by the coating [1].
Flaws are present in the coated specimens. In order to examine whether pits are initiated at such flaws, a
micro-droplet cell study was conducted. Even under the micro-droplet cell, the more ennoblement of the
pitting potential by coating from more diluted solutions was observed at the flaw-free regions. In addition,
no preferential pit initiation was found at the flaw regions when the coating was formed from the 50 mM
precursor solution. Thus, the flaw regions of the stainless steel substrate were effectively covered by the
coating. In contrast, when the coating was formed from the 500 mM precursor solution, pits were often
formed at the flaw regions.
The coating insulating properties were also examined using a conductive AFM. The coatings before
annealing in air were rather microscopically flat, but nanoscale roughness was introduced by annealing in
air at 400ºC. The current image disclosed that the ridge regions were less insulating. From the lowvoltage SEM and TEM observations, it was found that iron was oxidized and diffused into the coating
surface locally, developing less insulating regions. It was also found that the oxidation of the stainless
steel substrate was dependent upon its grain orientation even under the coating. All the coatings prepared
from different precursor solutions showed similar morphology and conductivity, such that the coatings
were not sufficiently dense to suppress the oxidation of substrate in air at 400ºC.
In conclusion, the multiple spin coating from diluted precursor solutions is effective in preparing a
corrosion-resistant coating. Micro-droplet cell study is useful to examine the corrosion behavior of flawfree and flaw-containing regions separately. Conductive AFM is powerful in examining the electric
properties of the coatings in nanoscale resolution.
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Interactions between biological molecules with metal interfaces are of great interest in fundamental and
biotechnological applications [1]. DNA, known as the most important biomolecule, has been studied in
the field of linear polymers and is characterized by having three typical regimes, bounded by two critical
parameters sensible to DNA conformation, i.e. the overlap (C*) and the entanglement (Ce) concentrations
[2]. DNA chains interactions with charged surfaces determine and/or affect their biological functions in a
different way at each characteristic regime. A thermodynamic analysis of differential double-layer
capacity data [3] was carried out in order to describe Calf Thymus DNA (13 kbp) adsorption at the
platinum electrode surface. The adsorption parameters such as Gibbs excess (DNA-) and Gibbs energy of
adsorption (G) were determined as a function of electrode potential and charge density for DNA
concentrations from 0.01 to 2.5 mg mL-1, at a temperature of 20 ºC and a pH of 7.3. DNA adsorption has
been found very favorable at more positive potentials than 15 mV vs. SCE, related to the potential of zero
charge of the interface [4]. Therefore, our results show that the adsorption of DNA presumably causes a
positive charge to flow to the platinum side of the interface. The obtained values for the Gibbs excess
show a quasi-parabolic dependence with potential at each characteristic regime. The strong interactions
between DNA and platinum may be related to the absence of transitions on the Gibbs excess response as
observed in other adsorption studies, such as for the PO 4- [5]. DNA adsorption process was also
monitored through EIS measurements that were carried out at open circuit potential. This response leads
to an adsorption of DNA molecules onto the platinum electrode, allowing interpreting and analyzing the
results in terms of the adsorption impedance theory by transforming them into complex capacitance data
and using an equivalent circuit similar to the one proposed by FMGR [6]. DNA diffusion coefficients
were calculated using the obtained parameters through both differential double-layer and impedance
studies and were analyzed at each DNA characteristic regime.
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Gibbs excess as a function of electrode potential for DNA adsorption at the Platinum /TrisHCl-EDTA
Buffer interface.
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In this work experimental and numerical simulation techniques are used to understand how transport,
and charge transfer processes are linked at different length scales in various power sources, such as
batteries, fuel cells and supercapacitors. A general pore-scale model has been developed by mimicking
the layer fabrication process1. Different electrode structures are generated taking into account the
interaction between the deposited particles during layer formation and subsequent surface reorganization.
Instead of simulating each generated layers at macro scale, scaling analysis was applied to reduce the
complexity of the system. It is shown, that in spite of the diverse morphology, the generated layers belong
to the same universality class and can be normalized by a self-affine transformation. A simple scaling
function is introduced and the scaling exponents are determined for the different layer growth processes.
By using these scaling exponents the effective transport and kinetic coefficients of the layers are
calculated at different length scales and nested into macro homogeneous models to simulate polarization
curves of fuel cells and supercapacitors and charge-discharge curves of Li-ion batteries.
The model prediction of mass activity of fuel cells and specific capacity of supercapacitors are
compared with experimental data and a good agreement was found. The developed technique has been
applied to elaborate the effect of Pt loading2 of fuel cells. The experimental results indicates that, as Pt
loading decreases from 0.4 to 0.05 mg cm-2, the mass activity increases by a factor of 2.7, while at the
same time the mass transport resistance increases. The self-affine scaling law, derived from our porescale model, is applied to experimental data and a good correlation is found between scaling exponents
and transport properties. The technique is also applied for the optimization of novel Si and atomic layer
deposited electrodes of Li-ion batteries. The volumetric energy, specific energy and power densities are
calculated and an optimized layer fabrication process is determined.
The results of this comparison imply that porosity, tortuosity and specific surface area follow a nonlinear scaling law with increasing deposited mass, which is not commonly considered in electrochemical
systems. Consequently, the measured effective transport and kinetic coefficients at macro scales can
differ from those determined at micro- or nano-scales, and depend on the volume or mass of the sample.
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Scanning ElectroChemical Microscopy (SECM) has emerged as very attractive since few years as
analytical methods used to study the topography and the response of biological cells to diverse stimuli
due to its non invasive character compared to other scanning probe microscopies such as Atomic Force
Microscopy (AFM). In addition, SECM makes possible concomitant electro- and physicochemical
measurements. Indeed, in SECM, the sharp ultramicroelectrode probe that travels over the sample to be
analyzed can also be used as a sensor of topography and/or of the species released by the sample. One of
the difficulty when studying morphological studies in real time by SECM, using classical constant height
mode is the low contrast of the obtained images due to the insulating character of both biological the cells
and of the underlying substrates. Several approaches have been proposed in the literature to improve
SECM imagery of living cells, using elegant but generally complex methodologies such as the control of
the distance between the probe and the sample during SECM measurements.
In this work, we propose a technical approach to improve the contrast of SECM imagery obtained in the
feedback mode and using a redox mediator inert towards the biological cells that allows electrochemical
measurements without the need of Faraday cage. To this aim, a piece of biocompatible transparent
conductive substrate (indium tin oxide coated PET) was attached into the bottom of cell culture well over
which the cells were cultured. The transparency of the substrate is intended to conduct simultaneous
SECM and optical microscopy experiments. An endothelial cell line, EA hy.926 was chosen as a model in
this study since this cell line is known to undergo cell morphology changes after stimulation by antitumoral agent (combrestatatin A4). The obtained results show that the differences in the conductivity of
the substrate and of the biological cells enhance the contrast of SECM image in feedback mode at
constant height. The SECM results were used to deduce informations about cells morphologies and were
compared to those obtained by optical microsocpy. Preliminary studies were also conducted to monitor
the kinetics of cell morphology modification under the influence the anti-tumoral agent.
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The modification of various surfaces by polyoxometalates (POMs) is interesting for many
applications including molecular devices for catalysis or electronic memories.1,2 Indeed POM display
several discrete reversible reduction states accessible in a narrow range of potentials electronic levels
which make them suitable for the conception of n types memories or for catalysis. In such a context, it is
important to develop a strategy leading to the strong immobilization of monolayers of POMs on
substrates.
Thus, a strategy to covalently immobilize a monolayer of POMs onto various substrates is
presented here (Figure 1). The principle is similar to that recently published with gold and glassy carbon
substrates.3,4 A grafted POM monolayer was then obtained and characterized by AFM, ellipsometry and
XPS techniques. Cyclic voltammetry and scanning electrochemical microscopy (SECM) allowed
evidencing the vertical and the lateral electron transfers. On one hand, the SECM measurements suggest
that the monolayer displays a good lateral conductivity and also the possibility of charge injection and
retention inside the layer. On another hand, the catalytic properties of POM layer have been evaluated by cyclic
voltammetry. They appeared to be dependent on the supporting electrolyte that can shift the reduction potential of the
POM layer.

Figure 1: principle of the POM layer grafting on substrates
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Li-Ion batteries are commonly used in mobile electronic devices. However, for some applications, such as
electric vehicles (EVs), the energy density is not sufficient 1. Due to their high theoretical capacity metaloxygen batteries, e.g. Li-O2, Zn-O2, Si-O2, Mg-O2, Na-O2, have the potential to replace Li-ion batteries in
next-generation battery powered EVs. In this context systems employing aqueous electrolytes received a
renewed interest 2,3. One of the advantages of aqueous systems is the use of the well-developed concept of
gas diffusion electrodes (GDEs) at the cathode. In this kind of electrode a network of hydrophobic binder
ensures the coexistence of gas and liquid phase which guarantees a sufficient supply of O 2 from the gas
phase even at high discharge rates.
In our contribution we present results bridging the length scales between pore-scale transport and full-cell
battery simulations. In a first step 2D and 3D lattice Boltzmann simulations 4,5 are conducted on
tomographic reconstructions of Ag model GDEs. The 3D simulations yield information about the
distribution of the liquid electrolyte in the porous structure of the GDE. This result can be used to extract
effective transport parameters and specific active surface areas at various saturations. Moreover, the
simulations are used to obtain pc-sw characteristics of the porous media. We demonstrate that
computationally less demanding 2D simulations are an efficient tool for the screening of the wetting
properties of different new electrode materials and geometries.
The LBM simulations deliver important input parameters for physics-based continuum simulations on the
electrode and cell level 2,6. The continuum models take into account the dissolution, transport and
reduction of O2 in the gas and liquid phase as well as the formation of solid reaction products. A 1D
transport model was validated against IV curves and electrochemical impedance spectra recorded in inhouse half-cell measurements. We can report excellent agreement between simulation and experiment for
various conditions and electrode structures. Finally, the transport model can be inserted at the cathode of
virtual metal-O2 cells for a simulation of discharge characteristics 7.
The multi-scale simulation methodology presented in this work allows predictions of cell performance
based on the structural information of the electrode. Therefore, the presented work constitutes an
important contribution for a systematic improvement of aqueous metal-O2 batteries.
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Electrochemical measurements at the Interface Between two Immiscible Electrolyte Solutions
(ITIES) allow the analytical detection of different classes of ionic species [1], not restricted to electron
transfer reactions. ITIES polarization can lead to ion transfer reaction, which makes these sensors unique.
Among electroanalytical parameters, its selectivity is still poor and needs to be improved. One of the
ways of improvement is the modification of the liquid/liquid interface with a material that possesses
selected properties (for instance, sieving). At a solid electrode surface, such property can be obtained with
silica materials synthesized by the Templated Sol-Gel process. Additionally, under adequate conditions
one can control the orientation of the pores and the order quality of mesoporous silica films on electrodes,
as it was reported for the electro-assisted self-assembly method [2].

Figure 1. Schematic representation of a micro-interface modified with mesoporous silica characterized
locally by scanning electrochemical microscopy (1) and confocal Raman spectroscopy (2).
At the liquid/liquid interface, silica film formation involves the presence of a hydrolyzed silica
precursor in an aqueous phase, and a template (cationic surfactant) initially dissolved in an organic phase.
The Sol-Gel process is triggered by the voltammetric transfer of cationic surfactant from the organic to
the aqueous phase, where it catalyses gelation with simultaneous material templating [3].
We will present here how local physico-chemical techniques such as Confocal Raman Spectroscopy [4]
and Scanning Electrochemical Microscopy (equipped with a shear force control [5]) have helped to
elucidate the formation mechanism of silica deposits. Confocal Raman Spectroscopy allows the
recognition of molecular contribution (organic electrolyte, template molecules) at different stages of
deposit formation whereas Scanning Electrochemical Microscopy is employed to evaluate local
electrochemical properties of silica supported micro-interfaces.
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Electrochemical properties of a new electrode material, synthetic diamond compacts with the boron
(dopant) level approaching the upper limit, are studied for the first time. Cylinder-shaped polycrystalline
samples, 3.5-4 mm in diameter and 2.5 mm in height, were prepared by thermobaric processing of
graphite-boron carbide mixtures in the diamond thermodynamic stability field (at the pressure of 8-9 GPa
and temperature of ~2500 K) [1]. Their diamond nature, in particular, the absence of graphite, was
confirmed by Raman spectroscopy and XRD technique. The compacts’ electrode behavior is studied by
using cyclic voltammetry and electrochemical impedance spectroscopy. The cyclic voltammograms
showed that the compacts are similar to conventional chemical-vapor-deposited thin-film diamond
electrodes in their electrode characteristics. In particular, they have wide potential window, low
background current in indifferent electrolytes (KCl, K2SO4) and good reproducibility. Moreover, their
extremely high doping level makes them more electroactive (figure) [2].

Thus, the compacts are well comparable to the CVD-diamond electrodes. At the same time, they are free
of some drawbacks inherent in the thin-film electrodes (film delamination, thru holes, etc.) One might
think that they can equally be used, e.g., as electrodes in electrosynthesis, electroanalysis, water
treatment, etc. At the same time their compact form may be an advantage in the designing of
electrochemical devices.
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The increasing demand of using sustainable energy supplies substantially increases the
need for the development of novel highly active electrocatalysts for the conversion of
discontinuously obtained solar or wind energy into chemical bonds.
For the evaluation of catalyst materials the determination of the onset potential of the
gas evolution reaction, catalyst stability, gas bubble departure, catalyst conductivity
and behavior at high current densities at minimal catalyst loading are of high importance. Moreover, the catalyst powder is often immobilized at an electrode surface using
a binder such as Nafion, which may influence the catalytic activity of the material.
The following topics will be discussed:
1. SECM and rotating ring-disk electrodes: Complementary insights into catalyst
activity and selectivity
2. recessed Au microelectrodes and dual-barrel recessed Au microelectrodes for
binder-free catalyst immobilization
3. shearforce-based positioning of Pt nanoelectrodes above catalyst-filled cavity
electrodes and determination of the onset potential of oxygen evolution
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The present paper reports on recent and ongoing work on the control of single (redox) molecules
embedded in scanning tunneling microscope (STM) junctions in electrochemical (EC) environment.
As we shown recently [1], the electrochemical setup provides a unique chance to control the
molecular orbital energies and vibrational properties. The key role in the unprecedented efficiency of this
control is played by the electrolyte gating, which enables a continuous change in the molecular charge by
up to an entire electron (complete redox process). The redox unit (viologen) considered in ref. 1 is based
on 4,4’-bipyridine (44BPY), a molecule of special interest for the charge transport at nanoscale, on which
we focused in a series of recent studies.[2,3,4,5]. An aspect emphasized in ref. 1 is that changes in the
surface enhanced Raman spectrum (SERS) due to molecular charge changes are substantial and robust
against strong stochastic fluctuations inherent in molecular junctions [6].
For SERS observability, the electromagnetic enhancement near a sharp metallic STM tip is
essential, but sometimes this enhancement alone does not suffice; supplementary (e.g. chemical)
enhancement factors are desirable. In this vein, we will present examples demonstrating that the solvent
can have a significant and nontrivial impact on the SERS intensity. The preliminary results presented in
Fig. 1 may serve as illustration.

Fig. 1 Raman spectra of the dicationic and cationic species in different solvents (indicated in the legend)
exhibit substantial differences. Notice the logarithmic scale on the ordinate axis, chosen to demonstrate
the nontrivial solvent impact, which does not merely reduce to a multiplicative factor .
In addition to SERS, results of ongoing work on surface enhanced infrared absorption (SEIRA)
for the aforementioned EC-STM junctions will also be reported.
[1] I. Bâldea, Electrochemical setup – a unique chance to simultaneously control orbital energies and
vibrational properties of single-molecule junctions with unprecedented efficiency, Phys. Chem. Chem.
Phys.16 (2014) 25942.
[2] I. Bâldea, Transition voltage spectroscopy reveals significant solvent effects on molecular transport
and settles an important issue in bipyridine-based junctions, Nanoscale 5 (2013) 9222.
[3] I. Bâldea, A quantum chemical study from a molecular transport perspective: ionization and electron
attachment energies for species often used to fabricate single-molecule junctions, Faraday Disc. 174
(2014) 35.
[4] I. Bâldea, H. Köppel and W. Wenzel, (4,4')-Bipiridine in vacuo and in solvents: A quantum chemical
study of a prototypical floppy molecule from a molecular transport persoective, Phys. Chem. Chem. Phys.
15 (2013) 1918.
[5] I. Bâldea, Demonstrating why DFT-calculations for molecular transport in solvents need scissor
corrections, Electrochem. Commun. 36 (2013) 19.
[6] I. Bâldea, Interpretation of stochastic events in single-molecule measurements of conductance and
transition voltage spectroscopy, J. Am. Chem. Soc. 134 (2012) 7958.
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The polymer PEDOT (poly(3,4-ethylenedioxythiophene)) is a conductive electrode material that is being
considered for a number of technological applications. One property of interest is the excellent sensing
capabilities exhibited by PEDOT as a sensor for oxidisable analytes [1]. Electropolymerization has been
performed with 0.1 M 3,4-ethylenedioxythiophene (EDOT) and 0.1 M lithium perchlorate in propylene
carbonate using cyclic voltammetry at 1 to 3 mm diameter glassy carbon and gold electrodes [2]. The
thickness of the resulting PEDOT layer has been controlled through the number of preparative cycles,
after which the PEDOT sensors have been tested in solutions containing polyphenols and other small
molecule antioxidants, and in beverage samples.
Excellent separation of signals due to ascorbic acid and sulfites, alongside the response due to the
oxidation of polyphenols in beverages, has been achieved using the redox-mediating properties of
PEDOT [1]. An approach to measuring these wine antioxidant additives in the presence of beverage
polyphenols has thus been demonstrated. Comparisons have been made between the voltammograms
obtained for polyphenols such as caffeic acid, catechin and epigallocatechin gallate, representing
prominent tea and wine polyphenols, at both PEDOT and glassy carbon electrodes [2]. A higher current
response has been obtained at the PEDOT electrodes with evidence for the build-up of adsorbed
polyphenols occuring at the PEDOT electrodes. The enhanced sensitive has transferred to the analysis of
green tea and wine samples with PEDOT electrodes, with the added advantage that beverages do not need
to be diluted to the extent required for reliable measurement at glassy carbon electrodes. Good
correlations have been obtained for a wide number of beverages with conventional assays for beverage
antioxidant activity.
When PEDOT is electropolymerised at 10 µm sized microelectrodes in certain electrolytes, growth is not
limited to the sub-micrometer sized particles or dense film layers typical of most conducting polymers,
but an extensive fractal-type growth is seen (Figure 1). These highly nanostructured sensors are being
considered for use in micro-electrode arrays for multiple target analytes. Currents due to oxidation of
analytes at the PEDOT microelectrodes have been found to increase by up to 50-fold, and represent an
electrode morphology for conducting polymers comparable to high surface area platinised platinum for
inert metal electrochemistry.

Figure 1. SEM images of PEDOT growth on a 10 μm gold electrode, after (A) two, and (B) eight
preparative cycles (5 minutes of electropolymerisation).
[1] A. Türke, W.-J. Fischer, N. Beaumont, P.A. Kilmartin, Electrochim. Acta 60, 184 (2012)
[2] H. Karaosmanoglu, J. Travas-Sejdic, P.A. Kilmartin, Int. J. Nanotechnol. 11, 445 (2014)
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Magnetite nanoparticles (Fe3O4 NPs) have widespread application in magnetic field based medical
treatments– both in well-established techniques, such as MRI scanning for diagnostics and in
therapeutical methods of the future such as hyperthermia or targeted drug delivery. Hence, measuring the
subsequent distribution of magnetic nanoparticles in the human body and identifying the effects of the
applied magnetic fields on nanoparticle agglomeration and biodegradation are very challenging, yet
important, analytical tasks.
Here we present Anodic (APC) and Cathodic Particle Coulometry (CPC) as electrochemical
methodologies to solve these tasks, as they allow for detecting and sizing individual magnetite
nanoparticles in a solution and in the presence or the absence of magnetic fields. Particle Coulometry
measures the charge transferred when a particle impacts an electrode that is held at a potential sufficient
to either reduce (CPC) or oxidize (APC) this particle (Fig. 1). Using Faraday’s law the charge transferred
per impact provides the number of redox-active species in each nanoparticle and thus individual particle
sizes and agglomeration states can be determined [1]. For mixed oxides like Fe3O4 both APC and CPC
can be applied complementarily to intrinsically validate the experimental results [2]. While the used
superparamagnetic Fe3O4 nanoparticles were found to be stable against agglomeration even in the
presence of electrolytes of high ionic strength (0.2 M phosphate buffer), the application of a magnetic
field of 0.3 T caused individual nanoparticles to agglomerate to larger clusters in the same solution [3].
Moreover, the dissolution of Fe3O4 was found to be strongly retarded in the presence of the magnetic
field, an effect that is attributed to the action of the strong magnetic field gradient force at the nanoparticle
surface.

Fig. 1: Schematic drawing showing the principle of nanoparticle impact based sizing of individual
magnetite nanoparticles via Anodic (left) and Cathodic Particle Coulometry (right).
References:
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Silver Nanoparticles in Aqueous Solution, Angew. Chem. Int. Ed. 50 (2011) 4219–4221.
[2] K. Tschulik, B. Haddou, D. Omanović, N.V. Rees, R.G. Compton, Coulometric sizing of
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Noble metal nanomaterials were found to have catalytic activity towards H 2O2
reduction due to their high effective surface areas, size controlled electrical
properties and excellent stability. To date, pure gold nanoparticles and sliver
nanoparticles have been reported to be good electrocatalyst for H 2O2. However,
they still have some disadvantages, such as exhibiting activity only at alkaline pH
condition and experiencing serious poison in the presence of excess Cl-.
Considering the biocompatibility of gold and excellent catalytic activity of
sliver, the Au@Ag heterogeneous nanorods (Au@Ag NRs) were synthsized. The
Au@Ag NRs exhibited favorable electrocatalytic ability to reduce H2O2 at negative
potential of about -0.6 V (vs. SCE). Further, the glucose-oxidase/Au@Ag NRs
modified electrode was constructed as glucose sensor, which exhibited wide linear
range of 0.02−10 mM glucose in O2-saturated phosphate buffered solution at an
applied potential of -0.4 V. The glucose sensor showed a good reproducibility,
stability and selectivity for possible interferents (such as ascorbic acid, uric acid
and dopamine), some other saccharides and 0.15 M chloride ions. Considering the
neutral pH condition and good sensing performance, the proposed sensor could be
further used in practical analysis.
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Many researchers treated the catalyst layer as a reactive plane without thickness in the modeling of proton
exchange membrane fuel cells (PEMFCs). This is a simplified approach without the complication of finite
region of coupled mass transfer and electrochemical reaction. However, evaluation of the various
fabrication techniques of membrane electrode assembly (MEA) in laboratories cannot be guided by such
models. Here, finite catalyst layer is assembled by many agglomerates of secondary particles that are
composed of carbon supported platinum nano-particles and dispersed solid polymer electrolytes. The void
space between agglomerates is filled with water vapor, reactant gases, as well as flooded liquid water. Fig.
1 is a schematic of the cathode compartment of MEA. The performance of PEMFC depends on the gas
and water transport in the gas diffusion layer, the state of hydration in the membrane, and most important,
the mass transfer and electrochemical reaction within the catalyst layer.
In the agglomerate catalyst layer model, gas transport in gas diffusion layer and catalyst layer is described
by the Stefan-Maxwell equations. Liquid water transfer in these two layers is driven by the capillary force
gradient. Liquid water in the membrane phase is transferred by the electro-osmotic drag. Note the
geometric structure of the catalyst layer is specifically considered. The thickness of the catalyst layer is
about 10  m, the agglomerate is about 1  m, the carbon particle diameter is about 10-100nm, while the
platinum catalyst particle adsorbed on the carbon is about 2-5nm. The operating parameters studied in the
model include inlet degree of humidification, cell temperature, and the pressure drop between anode and
cathode.
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Fig..1 Schematic of the modeling domain (not to scale).
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In the present article, the utility of a potentiometric titration approach for recognition and calculation of
biomolecule/small molecule interactions is reported. This approach is fast, sensitive, reproducible and
inexpensive in comparison to the other methods for the determination of association constant values (Ka)
and interaction energies (ΔG). The potentiometric titration measurement is based on the use of a classical
polymeric membrane indicator electrode in a solution of the small molecule ligand. The biomolecule is
used as a titrant. The potential is measured versus a reference electrode and transformed to a
concentration related signal over the entire concentration interval, also at low concentrations, where the
mV (y-axis) versus logcanalyte (x-axis) potentiometric calibration curve is not linear. In the procedure, the
Ka is calculated for the interaction of cocaine with a cocaine binding aptamer and with an anti-cocaine
antibody. To study the selectivity and cross-reactivity, other oligonucleotides are tested, as well as other
small ligand molecules such as tetrakis (4-chlorophenyl)borate, metergoline, lidocaine, and bromhexine.
The calculated Ka compared favorably to the value reported in the literature using SPR. The newly
presented potentiometric titration approach (called “Concentration related Response Potentiometry”),
makes it possible to study molecular interaction for a variety of macromolecular target molecules and
small molecule ligands [1]
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Lithium-ion batteries are used in nearly all electronic devices, be it consumer electronics or mobile
electrical vehicles. Especially for electromobility applications it is vitally important, that the batteries can
be operated safely and reliably under various operation conditions. A very critical degradation mechanism
is Lithium plating. It becomes dominant under high applied current densities especially at low
temperatures. A better understanding how microstructural features of the anode can influence where
exactly and when lithium plating takes place is crucial in designing structured electrodes, which minimize
the probability of Lithium plating. Even if locally Lithium is already deposited, it is important to
understand, how the presence of metallic Lithium films modifies the local conditions in the anode and the
global behavior of the cell, in order to develop ideas for providing more detailed input for battery
management systems.
To approach this goal we extended our existing 3D microstructure resolved modeling and simulation
technology [1, 2] for Lithium Ion batteries to the simulation of cells in which lithium plating is present.
The model is developed on two scales. On the microstructural, pore resolved scale Lithium metal is
simulated as a third phase in addition to electrolyte and active particles. On the scale of the SEI an
effective interface model is derived, which captures the initiation of plating by modeling transport and
reactions in the solid and electrolyte part of the SEI.
To gain insight, how plated lithium influences the performance and electrochemical conditions inside the
3D microstructure of a lithium-ion battery, 3D microstructure resolved electrochemical simulations of Li
ion battery cells are performed. From these simulations we obtain information on where locally the
necessary conditions for plating are fulfilled. In addition we investigate how the local electrochemical
conditions are modified by the presence of a lithium film, dependent on the position and amount of plated
Lithium.
As a second step an effective interface model is developed which describes lithium plating and its
interplay with SEI growth. This model is based on the formulation of explicit interface conditions for the
four involved phases (electrolyte, anode material, solid part of SEI and Lithium). Fig. 1 sketches the four
different phases. In order to allow the integration of these interface conditions in the fully 3D
microstructure resolved simulation tool, possible simplifications of the full interface model are
investigated. With these effective interface conditions, the feedback of local Lithium plating events on the
operation of the whole cell will be possible.

Figure 1: Sketch of the four phases used for the modelling of the effective interface condition

[1] Battery and Electrochemical Simulation Tool, http://www.itwm.fraunhofer.de/best
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A phospholipid bilayer with a new bacteriocin-like antimicrobial peptide was deposited on an Au(111)
electrode surface. Polarization modulation infrared reflection absorption spectroscopy (PMIRRAS) and
polarized attenuated total reflection infrared (ATR-IR) spectroscopy measurements were used to
characterize structural and orientational changes in this model biological membrane upon binding the
peptide and the application of the electrode potential. The data show that binding the peptide to the
membrane did not change the tilt angle of the fatty acid chains of phospholipids; however, changes in the
applied potential had significant effect on the peptide structure and the membrane conformation. Both
PMIRRAS and ATR-IR were utilized to determine the tilt angle of the alpha-helical part of the peptide
adsorbed on the model membrane.
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Compared to conventional organic synthesis, enzymatic electrosynthesis is a green and sustainable
processes suitable for the multi-step reactions under mild conditions with higher yields. During the
process, the key step to successful electrosynthesis is enzyme immobilization. Up to now, different
strategies for immobilization of enzymes on porous materials has been developed in order to enhance the
stability as well as catalytic activity and the recyclability of the enzymes [1].
In the present work, a facile metal-free ‘click’ type thiol-ene reaction [2] was utilized to immobilize
D-sorbitol dehydrogenase (DSDH) on carbon felt (CF). This bio-system is proved to be stable and
efficient for enzymatic oxidation of D-Sorbitol, and the direct electrochemical regeneration of NADH has
been successfully applied. Besides, the multi-wall carbon nanotube was deposited on the carbon felt in
order to increase the surface area and efficiency of this DSDH-CNT/CF system. Meanwhile, DSDH
catalyzed enzymatic reduction of D-Fructose with electrochemical NAD+ regeneration was realized by
using [Cp*Rh(bpy)Cl]+ mediator in the solution, which is promising in electroenzymatic synthesis.
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Abstract:
In this work, we studied the corrosion resistance of 316l and 304l in a physiological medium containing
salts on one side, and on the other hand, we made a deposit by magnetron sputtering method on the
same steel and that for better corrosion resistance. Electrochemical methods are the potential drop,
polarization curves and impedance measurements and characterization techniques accompany these
analysis methods.
This study has been realized based on different techniques such as magnetron sputtering (PVD
techniques) and other characterization techniques including optical microscopy and SEM (Scanning
Electron Microscopy) coupled to the EDS, XRD, microhardness and corrosion tests performed by an
electrochemical cell controlled by a software studio 4 versa.
Key words: 304l, 316l, PVD, Electrochemical study, Stainless steel.
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Abstract: In this work, we investigate the effect of TiO2 coatings on the microstructure, hardness and
corrosion behavior. A series of TiO2 coatings was deposited onto stainless steel substrates without
intentional heating or biasing by magnetron sputtering (13.56 MHz) of a titanium target using Ar/O 2
reactive mixtures over a broad range of total sputtering pressures for 15 and 30 mTorr. Their
microstructure and hardness were investigated using XRD, MEB and nanoindentation. Electrochemical
corrosion behavior of the coated stainless steel substrates was evaluated in simulated marine environment
in 3.5 wt.% aqueous NaCl solution by potentiodynamic polarization. Corrosion potentials (Ecorr) and the
corrosion current densities (icorr) were calculated by using instantaneous Tafel-type ﬁt Versa Studio
corrosion analysis software.
Keywords: TiO2, Corrosion behavior, Stainless steel, coatings, magnetron
sputtering.
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Neurons communicate via the processes of releasing and taking in chemical messengers. These
neurotransmitters are packaged in nanometer-size synaptic vesicles located in the cell. Quantification of
vesicular transmitter content is important in order to study mechanisms of neurotransmission and
malfunction in disease and yet this it is incredibly difficult to measure these small quantities in the
attoliter volume of a single vesicle. We describe our progress on a new approach, electrochemical
cytometry, to carry out measurements of the total amount of catecholamine transmitters present in
individual synaptic vesicles in single cells. We have applied this method to measure the content of
vesicles from PC12 cells and have shown the levels in a single dense core vesicle to range from a few
thousand to millions of molecules. In addition, these levels can be changed with pharmacological
manipulation indicating a new mechanism for discovery of neuroactive drug candidates.
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Figure 1. Representative amperometry of a nano-tip conical CFME inside a PC12 cell. Inset: An
amplified example of an amperometric current trace.
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Abstract
Over the last few years, public awareness on energy efficiency and global warming does pressure on
governments to adopt urgent and efficient solutions. In this context, hydrogen can impose oneself as a key
element of a sustainable energy model. To be really sustainable, hydrogen has to be produced from renewable
energy, for example, wind energy.
In this respect, the Saint-Brieuc project's of offshore wind turbines can be a good opportunity to develop
hydrogen production. First of all, it can be interesting to ask some questions, why storage? Why hydrogen? After
answering these questions, it is necessary to find local applications for hydrogen in order to increase the regional
attractiveness. The hydrogen will be generates by water electrolysis, which use electricity of wind farm. This one
will be composed of 62 wind turbines, with a power of 5 MW each for a production estimate of 1 850 GWh per
year. On the other hand, the water electrolysis produce heat and oxygen, for a better energy model it's important
to increase the status of this components.
During two-phase electrolysis processes, in this case for hydrogen production, there are bubbles which are
created at electrodes. This implies a great vertical motion source in the normal earth gravity field and then a
quite important natural two-phase convection. All other fields are then affected. Heat, mass and electricity
transfers are modified due to both bubbles screening (at surface and in volume) and to bubbles transport
promotion. These fields as overvoltage can be studied when there is a fluctuating electric source to take into
account intermittency of the wind energy. Many numerical modeling for two-phase processes. In boiling or
electrolysis processes, a difficulty is added: particles birth or injection is strongly coupled to the local flow
properties and leads to a complex boundary condition at surfaces. Electrical and electrochemical properties and
processes are disturbed. This disturbance can lead to the modification of the local current density and to anode
effects for example.

Key words: Two-phase electrolysis, hydrodynamic electrochemical processes
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From the industrial and technological perspective Nickel is still an important metal in coatings for
corrosion protections electrocatalysis and magnetic properties and batteries [1, 2]. The electrodeposition
of Nickel has been widely practiced in aqueous plating systems [3,4]. However, the hydrogen evolution
reaction that occurs during electrodeposition has a profound effect on current efficiency and the final
quality of Nickel deposits. Problems associated with hydrogen evolution can in principle be avoided by
employing ionic liquids as they can be made water free [5]. In the recent years the metal deposition from
ionic liquids is an area which attracted much attention due to the possibility of depositing metal which
cannot be otherwise deposited and for the possibility to replace the toxic baths used commercially [6].
One particular type of ionic liquids is called Deep Eutectic Solvent (DES) and is based on a mixture of
choline chloride with suitable hydrogen bond donors [6].
This communication presents the electrodeposition of Nickel using a eutectic mixture based ionic liquids.
The electrochemical profile of nickel was studied by cyclic voltammetry and the nucleation/growth
process was investigated using chronoamperometry. The resultant surface of Nickel morphology was
revealed by SEM.
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Abstract:
The measurement of protein concentration in aqueous samples is a fundamental assay in
biochemistry research. Different proteins, namely enzymes, are involved in countless biological
processes and be able to notice alteration on its concentration can be of great interest in diverse
areas which goes from Medicine to Environment.
Amylase is known since XIX century, when it was identified in saliva as the initial responsible
for starch digestion. Nowadays the mechanism that allows de hydrolysis of big carbohydrates
and starch into small molecules like maltose, dextrins and other small monosaccharides is well
know and studies about amylase are more focused on applications and consequences of it
quantity deregulation in biological systems. (1)
The aim of this work is to build a simple and efficient electrochemical sensor based on a carbon
screen printed electrode, molecularly imprinted by electropolymerization (MIPs). Similar
systems were already described in literature (2,3).
Molecularly Imprinted Electrodes (MIE) can be used for the indirect quantification of amylase
using and electrochemical probe. [Fe(CN)6]3-/ [Fe(CN)6]4- was chosen as electrochemical active
probe and cavities formed by MIP process provides a pathway to its diffusion to electrode
surface (4).
Electrochemical impedance spectroscopy (EIS) measurements are performed and the charge
transfer resistance of [Fe(CN)6]3- reduction can be related with Amylase concentration. The
effect of experimental parameters and the analytical parameters will be presented and discussed.
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Li-ion batteries (LIB) are a key enabling technology to store sufficient electricity, in the form of
chemical energy, for future electric vehicles (EV) with a desirable driving range. Despite the current
rising popularity of EVs, the technology needs to be further improved. Translation of molecular-scale
insights into improved products and processes requires on understanding of LIB behavior across a range
of length and time scales. Therefore new mathematical modelling approaches are needed to explain how
molecular level diffusion, heat transfer and migration processes can influence macroscopic level
phenomena such as current, potential and concentration distribution. To successfully describe, design, and
control complex electrochemical systems rigorous mathematical analysis of the numerical tools is
required.
The mathematical description of LIB is based on a system of time-dependent parabolic partial
differential equations (PDE) with a nonlinear source term. The most widely used simulation method is the
macrohomogeneous model, because it can predict the macroscopic behavior of LIB. Since it is difficult to
solve the coupled PDE on one time and on one length scale, multi-scale models have been developed. In
this work, operator splitting techniques [1, 2] have been applied successfully to simulate charge-discharge
characteristics of LIB at multiple time and length scales. The operator splitting method is suitable for
solving time-dependent complex physical problems, where the operators in the equations describe
different sub-processes. During the operator splitting, these sub-processes are separated into different
equations so that the original problem can be approached by solving each equation generated by the suboperators individually. These simplified (decoupled) equations are less complex and easier and faster to
solve, however inherit numerical errors due to decoupling. Selection of an stable and accurate scheme
can significantly reduce numerical errors. Therefore the operator split LIB numerical model is analyzed in
terms of stability, accuracy and processor cost. The qualitative and quantitative errors of schemes are
analyzed while applying different kinetic approaches. It is shown that the developed method is suitable
for describing fast processes, making real-time monitoring and controlling of LIB possible.
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The demand for renewable energy, e.g. electricity produced from sun or wind for instance, is
actually increasing significantly with the goal to become less dependent from fossil reserves or nuclear
sources of energy. The major drawback of renewable energies is their discontinuous production, varying
dramatically with time, which makes estimation of production unlikely; moreover, the periods of
production does not necessarily fit the periods of consumption [1].
Therefore, the development of renewable energy must be associated to the development of
suitable battery technologies displaying low cost, long life-cycle and low maintenance [1,2]. Redox-flow
batteries (RFB) are promising devices to exhibit such features. RFB have the characteristic to dissociate
the reservoirs for storage of anolyte and catholyte from the electrochemical cell [3–6]
Main components of the battery are the electrolyte, the electrodes and eventually the ionpermeable membrane. Different redox species can be involved in RFB. All-vanadium batteries, the mostsuccessful commercial approach to date, involve only vanadium species in both catholyte and anolyte. It
allows minimizing the risk of irreversible mixing of electrolyte in case of defects/cracks or undesired
permeability in the membrane separator. Two redox couples are involved in all-vanadium batteries,
respectively V2+/V3+ and VO2+/VO2+ [6].
We will present in this communication our present investigations on the functionalization of
porous materials for redox flow batteries, including the modification of membranes and carbon
electrodes. These materials have been characterized individually at different scale and implemented in a
laboratory prototype of redox flow battery in order to correlate the properties of the materials with their
efficiency for energy storage.
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ABSTRAC
We are so accustomed to pencils and seem so simple objects that you might think are time with us.
However, none of the ancient civilizations came to know them. For Humanity graphite, which is mine
pencils, is almost a newcomer: it was in the sixteenth century when the English found a first deposit of
pure graphite, then thought it was lead. In fact even today is called lead, lead in English, mine pencils.
Quickly the usefulness of the new material was found to write and its popularity spread worldwide; was
given the name of graphite from the Greek word meaning to write. It was not until the late eighteenth
century, when the Swedish chemist Carl Scheele, best known for his discovery of oxygen, found that it
was actually graphite carbon [1,2]. Later it was found that graphite was formed by several layers of
carbon atoms and each layer is what is called graphene; although the link and the chemical structure is
known in the early 1930s and the electronic band structure in 1949, obtaining graphene was complicated
because it had to separate the layers and the thickness of each is very small, that of an atom carbon; It is
also very light, less than 8 grams of graphene sufficient to cover the surface of a football field in 1990,
physicists at the University of Aachen in Germany got so thin graphene films that you could see through
them; ten years later the thickness had been reduced to a few dozen in 2004 Andrei Geim and Konstantin
Novoselov and his team from the University of Manchester "manufactured" graphene, thanks to which
the two Russian-born scientists received the Nobel Prize in Physics in 2010 [3,4,5].
This paper presents the first results of the study of obtaining graphene is presented from graphite pencil,
and sprinkled pyrolytic deposition, in order to employ a method of obtaining graphene economical and
easy to apply.
A new methodology was raised as to obtain this product is established as one of the materials with older
applications in the future by the great features that presents, studies for the possible acquisition of
Graphene, were corroborated by spectrometric methods as X-ray diffraction, infrared spectroscopy, TEM,
and profilometry. The resulting coating of the pyrolytic spray application, it was subjected to various tests
to ensure that the desired product is obtained in this case Graphene.
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ABSTRAC
In recent years, there has been a great development of environmental policies, which today require less
waste generation from industrial production and greater control over the waste generated. Because of this,
there has been a strong impetus to the development of technologies to prevent waste production and the
search for environmentally friendly products that generate less waste and less dangerous. Today it is
widely implemented the use of activated carbon in various fields of industry [1,2]. Activated carbon is a
product that has a similar lattice crystal structure of graphite, it´s extremely porous and may develop
surface area of about 1,500 square meters per gram of carbon. The choice of precursor is primarily a
function of its availability, price and purity, but the manufacturing process and the possible application of
the final product should be considered. Bambu has a 90.03% moisture at 63% char is volatile matter
which 35% is coal and the rest is ash. When you start using carbonized bambu carbonization 93%
activated carbon and 7% volatile matter in coal washing and sieving 80% yield is obtained due to the loss
of these stages is obtained [4,5].
In this paper the results of the synthesis of activated carbon-based Bambu oldhamii African species
occurs, this being a material having an excellent alternative in the production of activated carbon at a low
cost and environmentally. A characterization of coal obtained under optimum conditions using NMX
Standards [3] and physical activation method was performed. Optimal conditions for activation by
physical activation activated carbon are T = 550: 98 ° C and t = 122: 76 min resulting in a surface area of
798.4625mg / g, being this an acceptable area in the quality required by the market. Furthermore
spectroscopically compared the particle size and morphology by XRD, SEM, these being similar to that
of commercial carbon DARCO brand Atlas Chemical Industries Inc. Grade G-60.
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Analysis of single micro- or nanometric objects such as catalytically active nanoparticles or living cells
reveals information not accessible to classical techniques for the study of their statistical ensembles.
Carbon nanoelectrodes are a versatile platform for multiple sensor designs to perform non-ensemble
measurements.1,2
The identification of efficient catalysts for the oxygen evolution reaction (OER) remains a key challenge
for energy conversion by (photo)electrochemical water splitting. We demonstrate the use of carbon
nanoelectrodes for the study of the electrocatalytic properties of single Ni(OH) 2 particles, a well-known
catalyst for the OER. The nanoelectrodes fabricated from pyrolytic decomposition of butane inside of
quartz capillaries are tunable in size from 1 nm to several 100 nm. 3,4
Ni(OH)2 was electrochemically deposited on the needle-type nanoelectrodes of a few nm in diameter,
resulting in single, mostly spherical ß-Ni(OH)2 particles which could be studied individually regarding
their activity towards the OER. The particles exhibited high Tafel slopes, in particular at high
overpotentials. Yet, high current densities and high turnover numbers of nearly 1000 s-1 were found.
These observations reflect the high mass transport rates present at submicrometric electrodes which are
not accessible by classical hydrodynamic voltammetry.
References
(1) Xiao, X.; Bard, A. J. J. Am. Chem. Soc. 2007, 129, 9610-9612 .
(2) Chen, S.; Kucernak, A. J. Phys. Chem. B 2004, 108, 3262-3276.
(3) Actis, P.; Tokar, S.; Clausmeyer, J.; Babakinejad, B.; Mikhaleva, S.; Cornut, R.; Takahashi, Y.;
López Córdoba, A.; Novak, P.; Shevchuck, A. I.; Dougan, J. A.; Kazarian, S. G.; Gorelkin, P.
V.; Erofeev, A. S.; Yaminsky, I. V.; Unwin, P. R.; Schuhmann, W.; Klenerman, D.; Rusakov, D.
A.; Sviderskaya, E. V.; Korchev, Y. E. ACS Nano. 2014, 8, 875–884.
(4) Clausmeyer, J.; Actis, P.; López Córdoba, A.; Korchev, Y. E.; Schuhmann, W. Electrochem.
Commun. 2014, 40, 28–30.

Multi-scale Approach in Studying the Influence of Annealing
Conditions on Conductivity of TiO2 Nanotubes
M. Santamaria1, G. Conigliaro1, F. Di Franco1, R. Macaluso2, M. Mosca2, S. Miraghaei3, F. Di Quarto1
1

Electrochemical Materials Science Laboratory, DICAM University of Palermo, Viale delle Scienze,
90128 Palermo, Italy
monica.santamaria@unipa.it
2
Thin Films Laboratory, DEIM University of Palermo, Viale delle Scienze, 90128 Palermo, Italy
3
Department of Mechanical Engineering, Urmia University of Technology, 17165 Urmia, Iran

Titanium oxide nanotubes (NTs) have attracted much attention during last decade due to their special
characteristics such as one-dimensional highly ordered geometry with large surface area and good
chemical and optical stability. Titanium dioxide is an environmentally benign photocatalyst with low cost
but suffers from dissatisfactory quantum efficiency. Among various routes to produce titanium oxide
nanostructures, a simple approach is anodizing metallic titanium in fluoride containing electrolytes [1-2].
Anodizing in fluorides containing bath can be carried out under self-organizing conditions and can be
adjusted to lead to highly ordered arrays of closely packed vertically aligned tubes. The tubes after
formation are amorphous, but by suitable heat treatment they can be converted to an anatase or rutile
crystalline polymorph [1]. For many applications crystallization to anatase turned out to be highly
beneficial, as optical and electrical properties of TiO2 can strongly be modified by heat treatments [3-5].
This happens because titanium oxide is reported to be very sensitive to self-doping during high
temperature as a consequence of formation of defects (i.e. Ti 3+/O2- vacancy formation). According to
previous finding based on global conductivity measurements supported by X-ray diffraction analysis, heat
treatment influences the crystallinity of the NTs, the thickness and crystalline structure of the barrier TiO 2
layer beneath the tubular array and therefore the electrical behaviour of NTs [3-5].
In this work we want to study the effect of annealing conditions (temperature, time and atmosphere) on
the electrical properties of anodic TiO2 NTs grown to 45 V in ethylene glycol with addition of 0.25 wt%
NH4F and 0.75 wt% deionized water. Morphology of the NTs was studied by Scanning Electron
Microscopy, while their structure was studied by X-ray diffraction. Ex situ solid state electrical
conductivity measurements were carried out in order to estimate at the macroscale the resistance of TiO2
NTs arrays annealed in different conditions. Electrochemical Impedance Spectra (EIS) and Differential
Capacitance (DC) curves were also recorded in 0.1 M Na 2SO4 aqueous solution in order to model the
electrical behavior of the metal/electrodes/solution interface at the nanoscale and to identify the contribute
of barrier layer and of the tubes in determining the overall resistance.
Photoelectrochemical measurements were also performed to estimate the band gap of the TiO 2 NTs and to
get information on the transport properties of the photo-generated carriers.
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The lithium-air battery attracts outstanding interest among energy storage devices due to potentially
significantly higher energy storage than current batteries. However many challenges remain to make it
practical reality.1 The main reaction during discharge is the famous oxygen reduction reaction. Oxygen is
first reduced to superoxide that reacts with lithium ions from the electrolyte to form lithium peroxide
(Li2O2). This is similar to the formation of hydrogen peroxide in aqueous media but with the difference
that Li2O2 is a solid that is deposited on electrode surface. A lot of challenges are associated with the
understanding of its formation and its reactivity that depends greatly on the chemical environment;2
particularly (i) solvent, (ii) electrode porosity, (iii) electrode material and its surface.

Oxygen as inner sphere reactant has been studied extensively in aqueous media on flat glassy carbon,
gold or platinum. To better grasp its reactivity in porous electrodes in nonaqueous Li+ electrolytes it needs
to be investigated in the porous electrode. In this work we study O2 reduction in new types of porous
electrode materials with surface modifications and electrolytes including ionic liquids containing a range
of Li+ concentrations. Particularly we will compare the insights that rotating ring disc and scanning
electrochemical microscopy can provide about the processes occurring in these complex processes.
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Pyrano-pyrimidinones have diverse biological properties such as antitumor, antibacterial,
antihypertensive, hepatoprotective, cardiotonic, vasodilator, bronchiodilators and antiallergic activities
and some of them exhibit antimalarial, antifungal, analgesics and herbicidal properties [1-5]. In previous
work [6], we report the green electrosynthesis of 7-amino-6-cyano-5-aryl-5H-pyrano[2,3-d]pyrimidine(1H,3H)-2,4-diones. To the best of our knowledge, there are no report on cyclic voltammetric
investigation of 7-amino-6-cyano-5-aryl-5H-pyrano[2,3-d]pyrimidine-(1H,3H)-2,4-diones. Therefore, in
this research, we wish to report, for the first time, the cyclic voltammetric evaluation of some of these
compounds.
Barbituric acid, aldehyde and malononitrile in ethanolic medium at undivided cell in the presence of
potassium bromide as an electrolyte, electro catalytically transformed to the substituted pyrano[2,3d]pyrimidinones with 65-85% yields. The completeness of electrolysis was monitored by cyclic
voltammetry (CV) using the µAutolab FRA2 Potentiostat-Galvanostat. A three-electrode system was used
with a platinum rod as working electrode, a GC electrode as the counter electrode and an Ag/AgCl as the
reference electrode. The structure of products was characterized by FT-IR, 1H NMR and 13C NMR
spectroscopy. In this electrosynthesis, the first step is electrochemical that follows by chemical reaction.
Therefore the proposed mechanism is EC. The cyclic voltammetric investigation of some products
showed that these compounds were electroactive in appropriate potentials at the Pt rod-working electrode.
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Whereas some biochemical compounds in nature have the hydroquinone or quinone section in their
structures and many of the by-products of microbial metabolism, including oxalic acid are damaging, the
studies of the redox behaviour of the hydroquinone/quinone couple are extremely important [1]. The aim
of the presented study was to elucidate the effect of the growth and metabolism of mycobiota on the redox
behaviour of the hydroquinone/quinone couple on the biomodified polyaniline surface.
Polyaniline films were synthesized by potentiodynamic polymerization on a nickel electrode in an
aqueous oxalic acid solution. The mycobiota of different functional morphology from our culture
collection were used during this study.
The results obtained suggest that, the hydroquinone/quinone redox response of the biologically treated
electrode depends on the mycobiota species in the biolayer. The electrochemical analysis of the
biomodified polymers was completed by X-ray photoelectron spectroscopy, scanning electron and atomic
force microscopy. A conspicuous difference in the oxidation levels and oxalate impurities at the polymer
surface treated by fungi was confirmed, a higher level of oxalic acid accumulation showed a suppression
effect towards hydroquinone electrooxidation [2].
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Rizatriptan benzoate (RB) belongs to a group of medicines known as serotonin agonists [1]. It is
described chemically as: N, N dimethyl-5-(1H-1,2,4-triazol-1-ylmethyl)-1H-indole-3-ethanamine mono
benzoate. It is used in the treatment of migraines. The literature reveals that various methods for the
determination of rizatriptan benzoate are spectrophotometry, gas choromatography, high-performance
liquid choromatography, liquid chromatography/tandem mass spectrometry, microemulsion electrokinetic
capillary chromatography and reversed-phase liquid chromatographic [2]. The electrochemical biosensors
are inexpensive and possess many advantages such as low background current, wide range of potential
windows, rapid surface renewal and easy fabrication [3].
In this work, a new nanobiosensor consisting of multiwalled carbon nanotubes (MWCNTs) and bovine
serum albumin (BSA) were prepared and utilized for electrode modification. The modified electrode was
applied for electrochemical characterization and determination of RB in phosphate buffer solution (PBS,
pH = 7) using cyclic voltammetry (CV) and differential pulse voltammetry (DPV). Experimental
parameters for RB determination, such as scan rate, pH and supporting electrolyte have been optimized.
Under the optimum condition, RB could be linearly detected in the concentration range of 1 × 10-2 M to 1
× 10-4 M (R2 = 0.9946). The detection limit was down to around 5 × 10-5 M and maximum current
response was obtained at pH=7 phosphate buffer. Since the proposed nanobiosensor exhibits a very good
resolution between the DPV peaks of RB, Sumatriptan, Propranolol and Ergotamine, it can be applied for
simultaneous detection of RB in the presence of these compounds in pharmaceutical preparations. The
results showed that the modified electrode exhibited excellent electrocatalytic activity to RB and showed
great promise for simple, sensitive and quantitative detection and screening of RB.
Keywords: Nanobiosensor, Voltammetry, Bovine Serum Albumin, multiwalled carbon nanotubes,
Rizatriptan benzoate
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Cavity-void metallic arrays constitute excellent substrates for SERS experiments due to the possibility to
vary the plasmon-polariton mode energies from the near infrared to the ultraviolet through the tuning of
the void height and diameter, and the selection of the appropriate material. In particular the optical
properties of Au position it as one of the most studied materials so far with very promising technological
applications. Among the different designs of Au substrates, Au sphere-segment void (SSV) arrays have
emerged as promising platforms. They can be obtained through electrodeposition using a self-assembled
polystyrene spheres template deposited on a cysteamine modified Au-coated glass slide following the
procedure developed by Bartlett et al[1]. The deposition rate and time determine the cavity height and in
this way the relative contribution of the different plasmon modes. Despite the role of the geometry in the
plasmonic behavior some features like nanoscale roughness should be taken into account to interpret the
variation in the SERS response among samples prepared in the same way. In this presentation we show
results where we have changed the surface roughness either by thermal annealing or electrochemical
roughening of Au SSV substrates. We have found a synergic effect in the SERS enhancement involving
nanoscale surface roughness and plasmonic modes of the patterned substrates.
[1] P. N. Bartlett, P. R. Birkin and M. A. Ghanem, Chem. Commun.(2000), 1671–1672
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316LSS implants are widely used in the field of orthopedic and dental prostheses, due to significant advantages
especially in terms of mechanical properties matching those of human bone, as well as their good biocompatibility
and corrosion resistance. But in some cases, the 316LSS implants cannot form strong chemical bonds with natural
bone and eventually weaken the surrounding bone, causing failure between bone and implant. To overcome this
disadvantage, dedicated research was focused on ways to increase the osteo-integration of 316LSS implant materials
by coating approaches involving osteoconductive biomaterials such as titanium nitride (TiN) or calcium phosphate
ceramics. Among them, hydroxyapatite (Ca10(PO4)6(OH)2) and more generally apatitic systems (such as
nanocrystalline biomimetic apatites, noted HAp) are common bioactive materials and have excellent properties such
as a high ability to induce bone tissue growth (osteoconduction/induction) and an intrinsic biocompatibility [1,2]. In
this work, nanocrystalline apatite (HAp) coatings were prepared on 316L stainless steel (316LSS) substrates by a
potentio-dynamic method (potential scanning in the range from 0 to -1.6 V/SCE) in the presence of dissolved
Ca(NO3)2 and NH4H2PO4. We report the influence of experimental conditions as temperature, scanning rate,
reaction time and pre-treatment of substrate surface on the morphology, structure and composition of the obtained
HAp coating. The results show that the purity of the HAp coating was greatly affected by scanning rate and reaction
time with rate of 5 mV/s and reaction time of 26.67 min (corresponding 5 cycles) giving better coatings. In addition,
the pre-treatment process of substrate surface has completely changed the HAp morphology from coral-like to
cylinder shape.
Keywords: 316L Stainless Steel (316LSS); Hydroxyapatite; Nanocrystalline apatite; Coating; electrodeposition,
scanning potential.
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In electrochemical phase transition processes, where solid or gas phases form from an
electrolyte, mass-transport and IR drop may become relevant in cases where high throughput is required.
This may be the case of many industrial processes such as metal recovery, water purification, fuel cells
and so on. Typically, macro-electrodes have been in use for long time with limited efficiency due to
precisely mass-transport limitations that lead to low efficiency, due to low space-time yield and low
normalized space velocity with an impact on production rates.
New requirements of low-energy consumption yet intensive production factories impose the
need to adequate electrodes in order to comply. Good potential alternatives arise from electrode arrays
that involve built-in nano/micro structures, provided that there is a mechanism that supports fast
replenishment of reagents to and removal of species from the active surface.
Switching from typical bi-dimensional macro-electrodes to the nano-structured macroelectrodes could provide an alternative for achieving better performances but it is still far from the
expected industrial targets. Therefore alternative or complementary techniques to improve efficiency are
required.
It is well known that magnetic fields coupled with electric fields enhance mass transport via de
Lorentz and other forces. In this work, the applications and properties of nano/micro-structured arrays
subject to magnetic field interactions are examined and compared with the traditional bi-dimensional
electrodes. Various cell configurations and electrolyte are studied for the deposition of metallic copper
from solution, and the production of hydrogen and oxygen gas from water. The results are discussed in
terms of recovery yield versus cell efficiency for the estimated active surface areas.
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Fluorescence microscopy and SECM are both techniques that allow measuring luminescence and
electrochemical properties at a very local scale. We have shown how fluorescence microscopy especially
in Total Internal Reflection (TIRF) configuration can be implemented to follow the electrochemical
tuning of luminescence properties of various fluorophores in solution[1-3].
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In the case of plasmonic electrodes made of gold nanoarrays we recently observed that both the
luminescence and the reflectivity can be electrochemically monitored in the same experiment and in
various directions depending on the charge of the electroactive species [4]. In that case the microscope
coverslip coated with the gold nanoarrays is used as the working electrode (WE1) whose potential is used
to monitor the luminescence. Combining with SECM with TIRF microscopy (see scheme above) allows
using a second working electrode (WE2) able to measure the electrochemical properties directly on the
grating zone, at the same time the electrochemical modulation is applied and the luminescence features
analyzed. Other configurations in which the SECM tip is used to regenerate the fluorophore can also be
envisaged. Preliminary results using this combination of techniques will be shown and discussed.
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Self-assembly constitutes a simple method to modify surfaces that drastically changes properties like
wettability and hydrophobicity, corrosion resistance and opens multiple strategies of
postfunctionalization. In this presentation we show the surface characterization and the electrochemical
behavior of Ni-W nanostructured coatings electrodeposited on carbon steel [1,2] that were postfunctionalized with two types of silanes. In the first step a silica-rich layer was formed by the reaction of
tetraethoxysilane (TEOS) solution in toluene with the surface oxides of the alloy. After this treatment the
sample was immersed in an hexane solution of octadecyltrichlorosilane (OTS). The silanized surface was
rinsed exhaustively with hexane. After this procedure the XPS analysis showed that the Ni and W signals
almost disappeared and that the Si and C signals are the most significant in the spectra. The silanization
procedure increases the contact angle from   70 for the bare Ni-W sample up to   110. The typical
cauliflower topography of the nanostructured Ni-W coating was not altered by the functionalization
indicating a conformal coverage of the TEOS and OTS self-assembled layers. The nanomechanical
properties of the silanized samples were studied by AFM and a rigid behavior was observed in practically
all the surface. In those force curves were the layer could be indented, a thickness of 2-20 nm was
obtained which exceeded the expected monolayer value. The electrochemical behavior of the
TEOS&OTS Ni-W coatings was studied in phosphate-borate buffer (0.1 M KH2PO4 + 0.05 M Na2B4O7)
pH 8.00 with the addition of 1 M Na2SO4, an aggressive ion in neutral and alkaline solution, through
cyclic voltammetry, following the temporal evolution of the open circuit potential and registering
polarization curves at 2 mV/s. Our results showed that the two-step silanization procedure improves the
corrosion resistance of Ni-W coated steel preserving their mechanical properties.
[1] M.P. Quiroga Argañaraz, S.B. Ribotta, M.E. Folquer, L.M. Gassa, G. Benítez, M.E. Vela, R.C.
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Area of research and development in improving electrode materials performance used in an energy
storage system such as electrochemical energy storage systems, for example, electric double layer
capacitor (EDLC) is to date on a growing rate because the electrode property is one of the critical factor
that influence the overall performance of the device. Highly porous carbon electrodes from biomass
precursors [1], which have been widely used as electrode material in such a device system, have been
chemically and/or physically modified intensively by many researchers to achieve higher device
performance [2,3,4]. In our present paper, we report a modification approach that involves the use of
graphene/disordered-carbon directly prepared from starch films by carbonization [5] as an additive in the
green monoliths of self-adhesive carbon grains from biomass fibers, where these green monoliths are
converted by carbonization and activation into highly porous carbon electrodes for application in the
EDLC. The pore characteristic of the electrodes is investigated by a nitrogen adsorption-desorption
isotherms method, and electrochemical performance of the EDLC is investigated by electrochemicalimpedance-spectroscopy (EIS), galvanostatic-charge-discharge (GCD) and cyclic-voltanmmetry (CV)
methods.
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Nowadays, the demand for advanced large scalable energy storage system is rapidly increasing for the
efficient use of electrical energy and peak-shift operations. Among energy storage systems, rechargeable
lithium ion batteries are most successful energy storage system for portable devices and hybrid electric
vehicle. However, lithium ion batteries are not suitable for large scale energy storage system due to low
abundance of lithium source causing the growing price. Recently, sodium-ion batteries are considered an
attractive energy storage system to alternative of lithium ion batteries in the viewpoint of low cost due to
the abundance of Na.[1] However, this limits the range of potential candidates for anode materials
because of larger size of Na. It is well known that graphite and silicon are suitable for lithium ion
batteries, but are not suitable for sodium ion batteries [2-3]. Therefore, many research groups have been
focused on the Na-alloys anode using metallic and intermetallic host such as Sn, Sb, and P.[ 4-6] Na-alloy
anodes exhibit very high capacity, but accompany huge volume expansion of the Na-alloy materials.
Metal phosphides (MPx, M = Sn, Ni) also have received much attention as anode material for Sodium
ion batteries due to high reversible capacity at relatively low potential.[7-9] However, most MPx suffers
from a relatively large irreversible capacity due to the decomposition of NaxM, NaxP, and metal during
cycling. In order to improve the electrochemical properties, MP/C composite have been suggested and
some of them prove to be effective in improving the cycle performance.[7] Kim et. al. reported the
electrochemical properties and reaction mechanism of nanoparticle Sn4P3/C anode for sodium ion
batteries.[8] It showed high reversible capacity and good cycle performance.
Here, we synthesized a Sn4P3/C using various carbon sources and Sn4P3/MP composite alloy to increase
the reversible capacity and enhance the cycle performance. We investigated the differences in physical
and electrochemical properties between Sn4P3 and their composite anodes, examined using powder X-ray
diffraction, SEM, and TEM, and galvanostatic charge-discharge test.

References
1. V. Palomares, P. Serras, I. Villaluenga, K. Hueso, J. Carretero-Gonzalez, T. Rojo, Energy Environ. Sci.
5 (2012) 5884.
2. P. Ge and M. Fouletier, Solid State Ionics, 28-30 (1988) 1172.
3. S. Hong, Y. Kim, Y. Park, A. Choi, N. Choi, K. Lee Energy Environ. Sci. 6 (2013) 2067.
4. H. Zhu; Z. Jia, Y. Chen, N. Weadock, J. Wan, O. Vaaland, X. Han, T. Li, L. Hu, Nano Lett. 13 (2013)
3093.
5. L. Xiao, Y. Cao, J. Xiao, W. Wang, L. Kovarik, Z. Nie, J. Liu, Chem. Commun. 48 (2012) 3321
6. Y. Kim, Y. Park, A Choi, N. Choi, J. Kim, J. Lee, J. Ryu, S. Oh, K. Lee, Adv. Mater. 25 (2013), 3045
7. W. Li, S. Chou, J. Wang, J. Kim, H. Liu, S. Dou, Adv. Mater. 26 (2014) 4037.
8. Y. Kim, Y. Kim, A. Choi, S. Woo, D. Mok, N. Choi, Y. Jung, J. Ryu, S. Oh, K. Lee, Adv. Mater. 26
(2014) 4139.
9. J. Fullenwarth, A. Darwiche, A. Soares, B. Donnadieu, L. Monconduit, J. Mater. Chem. A 2 (2014)
2050.

New morphologies of nanostructures obtained by Zn anodization
under flowing conditions
J. García-Antón, R. Sánchez-Tovar, R.M. Fernández-Domene, D.M. García-García, M.T. Montañés
Ingeniería Electroquímica y Corrosión, Instituto de Seguridad Industrial, Radiofísica y Medioambiental,
Departamento de Ingeniería Química y Nuclear, Universitat Politècnica de València,
Camino de Vera s/n, 46022 Valencia, Spain
jgarciaa@iqn.upv.es
Nowadays, the use of nanostructures is gaining increasing interest owing to the unique properties that
they can provide. In this way, nanostructures can be tailored to possess a characteristic nanosize, high
surface area and porosity. Titanium dioxide (TiO2) nanostructures have a wide application in the energy
and environmental fields [1], that is in dye-sensitized solar cells, hydrogen production and photocatalysis,
moreover, TiO2 nanostructures might be used in other related fields such as biomedicine. Apart from
TiO2, ZnO and ZnS are n-type semiconductors with similar band gap to TiO2 that could be used as lowcost photocatalyzers for H2 production or dye photodegradation. Another advantage is that the use of
hetero-nanostructures could reduce electron-hole recombination processes [2].
In this work, anodization of Zn in Na2S and NH4F electrolytes has been carried out. In this way, heteronanostructures of ZnO and ZnS with new morphologies have been formed. The influence of Na 2S
concentration, water content and hydrodynamic conditions on the morphology of the nanostructure have
been studied in detail.
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Figure 1. Scanning Electron Microscope images (SEM) of Zn nanostructures anodized in 0.06 M Na2S
and 0.025M NH4F at 30V during 1h under static (a) and under flowing conditions: 2000 rpm (b).
Figure 1 shows that under static conditions hetero-ZnO and ZnS -nanosheets were obtained; however,
under hydrodynamic conditions self-organized nanotubes could be formed. The use of hetero ZnO-ZnS
nanotubes increased the transfer of electrons and reduced the hole-electron recombination processes.
According to these facts, the efficiency of this type of Zn nanostructures as photocatalyzers is increased.
[1] K. Maeda, K. Domen, Journal of Physical Chemistry Letters 1, 2655-2661, 2010.
[2] Z. Wang, S.-W. Cao, S. C. J. Loo, C. Xue, Crystal Engineering Communications 15, 5688-5693,
2013.
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Tungsten trioxide (WO3) is an n-type semiconductor with a band gap of 2.6-2.8 eV and an appropriate
band position for photoelectrochemical water splitting. For this reason, photoanodes based on WO 3 has
attracted great interest as a substitute of TiO2 photocatalyzers. It is desirable for a photocatalyzer to have
a high specific surface area. Therefore, nanotube, nanorod and nanosheet morphologies are desirable for
this application.
In this work, anodization of tungsten has been carried out in different electrolytes. That is, 0.2M NH4NO3
at 10V and 25ºC during 30 minutes and 1.5M HNO 3 at 20V at 50 ºC during 4 hours. After anodization,
samples were annealed at 500 ºC in presence of oxygen for different times. The morphology of the
samples was characterized by Scanning Electron Microscopy (SEM), and their crystalline structure by
means of Raman Confocal Spectroscopy. Additionally, photoelectrochemical water splitting tests in 0.1M
Na2SO4 solutions were performed.
According to the results, WO 3 nanostructures are suitable to be used as substitutes of TiO2 photoanodes
for hydrogen production. However, in order to use the nanostructures as photocatalyzers for hydrogen
production, samples must have a crystalline structure. Raman spectra reveals that WO 3 nanostructures
obtained in nitric acid solutions possess a crystalline structure before annealing that could be improved
after heating at 500ºC. On the other hand, Figure 1 shows that nanostructures obtained in ammonium
nitrate solutions needs to be annealed at 500ºC for at least 3 hours in order to obtained crystalline WO 3
structures.
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Figure 1. Raman spectra of the WO3 nanostructures obtained in 0.2M NH4NO3 at 10V after annealing at
500ºC for 1 and 3 hours.
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Li- and Mn-rich cathode materials win huge attentions due to their extremely high capacity and unique
solid solution composite structure. As a composition contains two or more phase, the compatibility of
these phases would be critical points to promise high capacity output. We chose both layered structures
which have similar oxygen ion arrangement as framework and distinct cations distribution, 1 to found the
xLi2MnO3-yLiNi1/3Co1/3Mn1/3O2 cathode materials. From former researches, 2 Co was always used to
enhance the order of the layered structure. Thus, the Co content was changed to adjust the compatibility
of the two contained phase. All the precursors of three samples were synthetized though co-precipitation
route, after drying and mixing with lithium, the powders were sintered at 900 oC for 15h to obtain the
final products. The XRD (X-ray diffraction) were used to investigate the order and crystal structure of
these cathode materials, indicating that the ordering of the layered structure was improved by Co
substituted Mn. The intensity of characteristic peaks for monoclinic phase decreases with increasing Co
content while the ratio of I(003)/I(104) increase from 1.6181 through 1.6992 to 1.7524, these results
combined with the broaden and split more clearly of (006)/(102) and (108)/(110) doublets indicate the
formation of more ordered layered structure as Mn was substituted by Co. Electrochemical performance
was evaluated by galvanostatic mode at C/10 with cutoff voltage of 4.8V and 4.6 V. Results show that the
more Co in the structure, the lower polarizing voltage can be obtained, otherwise, the much lower first
cycle coulombic efficiency accompanied. Rate capability (not shown) can be improved but with much
faster capacity fade and voltage decay.
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Figure 1XRD pattern of the Li7/6Mn1/2-xNi1/6Co1/6+xO2(x=0, 1/12, 1/6) (a. total Co-1/3, b. total Co-1/4, and
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Figure 2 First charge-discharge curves of the Li7/6Mn1/2-xNi1/6Co1/6+xO2(x=0, 1/12, 1/6, total Co-1/3, Co1/4, and Co-1/6) at various cutoff voltage (a. 4.8V, b. 4.6V).
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The usual methods for determining the composition of
electrochemically active complexes are based on the fact that only one
complex in equilibrium with the complex that is dominant in the bulk of the
electrolyte is discharge on the electrode. It is evident that the
overwhelming majority of electrochemical systems are characterized by
quite a number of complex compounds in the bulk of the electrolyte and
in the electrode layer. It is also quite logical to think that metal ions are
discharged from all or several ionic species that are present in the bulk of
the electrolyte or are formed in the cathode layer and on the electrode
surface in a particular case, a single species may be such an
electroactive species.
We have developed methods for determining electroactive ionic
species on the basis of the method developed earlier for determining all
concentrations on the electrode surface. New electrochemical functions
are proposed: "discharging ion complexity", which relates formation
constants to electrode reaction parameters, and "average coordination
number of discharging ion", which indicates the composition of
discharging complexes.
The study of equilibriums in the bulk electrolyte and in the cathode
layer as a function of the ratio of the main solution components, pH and
polarizing current density in conjunction with electrochemical parameters
makes it possible to establish, by using the proposed theory, the
composition of EAC’s that are directly involved in the electrode reaction
during the reduction of complexes and hence to control electrochemical
processes.
The proposed theory and methods permit one, unlike conventional
ones, to investigate electrochemical systems containing no excess ligand
(ligands) when several complex metal compounds are present in the
electrolyte in comparable amounts and one or several electroactive
complexes are directly involved in the electrode process.
Method for determining electrochemically active and electrochemically
inactive ions are shown for the discharge of cadmium, zinc, silver and
cooper coordination compounds with complexones and halide ions.
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Oxidation of Palladium: Nanoscale Effects in the Deactivation Toward
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Palladium has been explored in recent years for its potential in electrocatalysis. Nanostructured palladium
materials have been used in anodes for i) alkaline direct alcohol fuel cells and ii) for the electrochemical
reforming of alcohols for the concomitant production of hydrogen and chemicals 1, 2.
The main issue still hampering the full exploitation of nanostructured Pd as catalyst for the
electrochemical oxidation of alcohols is its lack of stability. In this investigation we have employed
electron microscopy to identify the evolution of the morphology of palladium as a consequence of its
oxidation together with X-ray absorption for assessing the evolution of the palladium chemical.
From scanning and transmission electron microscopy we have identified that palladium
oxidation may result in significant surface roughening. Meanwhile, PdO is not possible to remove by
electrochemical methods. This fact has dramatic implication in the catalytic activity.
X-ray absorption near-edge structure (XANES) (Fig. 1) of the electrode surface has revealed that
the exposure at anodic potential lead to the formation of Pd(II) which is not active toward alcohols
oxidation. Interestingly the formation of such oxide has been observed in a membrane electrode assembly
of alkaline direct ethanol fuel cell after 10 hrs. of work at constant current density of 20 mA/cm 2.

Figure 1 Normalized XANES spectra of standard Pd foil, new Pd/C before DEFC test, exhausted Pd/C
after DEFC test and standard PdO powders.
We conclude that palladium oxidation results in the Pd deactivation at the electrode surface. According to
our finding, there is the need to design the direct ethanol fuel cells employing palladium operating at
anode potentials lower than 0.6 V vs. RHE in order to avoid large anodic stresses of the catalysts.
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Hydrogen production by using water electrolysis with proton-exchange membranes (PEM) is widely used
in industrial applications [1] and is believed to be promising for renewable energy storage [2]. Durability
of PEM water electrolysers must meet long-term operational requirements, especially, if PEM water
electrolysers are expected to operate in the MW scale and at a high current density. One of the key
parameters responsible for durability and efficiency of a PEM electrolyser is the value and uniformity of
electric current in system “electrocatalytic layer – current collector – flow-field plate”. Uneven current
distribution could create hot spots leading to the failure of a PEM electrolyser [3]. Various
characterization and modeling tools are further required to understand characteristics of PEM
electrolysers [4,5]. Mathematical model calculations have been used to analyze the current distribution
over flow-field plate. Current distribution was calculated as a function of nonuniformity of contact with
electrocatalytic layer and electronic conductivity of electrocatalytic layer. Theoretical results were
compared with the experimental data generated with a sensor plate inserted into the single cell of PEM
electrolyser.
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The low electrical conductivity of TiO2 electrodes as well as the high electric resistance between
an electrode and a current collector represents a major obstacle to its practical use as an anode for lithium
ion batteries. In this study, we report TiO2 nanotube branched on carbon nanofiber nanostructure, that is
capable of providing low electric resistance between the current collector and branched TiO 2 nanotube via
carbon nanofiber as well as high TiO2 nanotubes loading, to achieve both the excellent rate capability and
the area energy density. Based on the detailed experimental results and associated theoretical analysis, we
demonstrate that the introduction of carbon nanofibers with direct electric contact with current collector
enables significant increase in area capacity as well as excellent rate capability. The TiO 2 nanotube
branched on carbon nanofiber electrode delivers about 10 times higher area energy density and
comparable rate capability compared to those of TiO2 nanotubes array, directly grown on the current
collector.

Photoelectrochemical screening of water splitting catalysts
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Due to the changes in the energy market a sustainable way to produce hydrogen is needed. We search for
new catalysts for photoelectrochemical water splitting. Due to the high overpotential, this reaction is often
limited by the oxygen evolution reaction (OER). Oxides of 3d transition metals are promising
semiconductors for the OER. To date no single material has satisfied simultaneously the different
requirements. To find the fittest catalyst from many different elemental compositions, a combination of
library preparation and screening has been demonstrated with remarkable success.[1,2] Typical a readout
technique with lateral resolution is used on library in array format in which the position encodes the
composition.
In our approach, the libraries are prepared onto conducting fluorine-doped tin oxide (FTO) by ink-jet
printing (IJP) and electrodeposition made into the openings of an insulating mask. The mask serves to
reduce the (capacitive and parasitic) background currents and enhances the sensitivity. Inks with defined
salt concentrations and physical properties (viscosity, surface tension) were developed. We prepared
arrays with defined mixing ratios of metal and a good positional accuracy.
The readout of the arrays was carried out by using the scanning photoelectrochemical microscopy
(SPECM) [3,4,5]. In SPECM an optical fiber scans over the surface. Broadband laser light is coupled into
the fiber with an inner core diameter of 105 µm to provide the illumination. Photoelectrochemcial
reactions can happen at the illuminated parts of the substrates. This local photoelectrochemical reactions
are measured via the integral substrate current iS. Hence the 2D map of iS vs. the fiber position (x,y)
shows the photocurrent at each coordinate. The photocurrent is proportional to the photocatalytic activity,
since every reacted H2O molecule transfers 2 electrons to the surface of the substrate.
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Ribbon-like activated carbon (RAC) has been successfully developed by a two-step activation process
based on alkali activation and an electrochemical activation route. The multi-structure of the RAC
features a porous graphitic structure with the coexistence of micropores and graphitic structures, mainly
originating from the loose packing of the graphite sheets as a result of the degree of graphitization
controlled by the carbonization conditions. RAC provides the tremendous benefits of excellent cycle life,
high power (3.2 kW kg-1), and high energy density (43.5 W h kg-1) for electric double-layer capacitors,
because of its graphitic architecture comprised of micropores and ring-shaped crystalline structures. In
addition to investigating the improved electrochemical performance, we observed an interesting feature of
the RAC: the obtained RAC has a high structural stability as shown by ex-situ high-resolution
transmission electron microscopy (HR-TEM). These extraordinary results are attributed to the unique
structure of RAC.
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Carbonization and chemical activation of an ionic liquid (EMIM–dca) are demonstrated to produce an
outstanding structural combination of a high surface area through micro/mesopores and a graphitic
structure that provides good electrical conductivity. These properties are attributed to the removal of
nitrogen, which causes a rearrangement of atoms to create a new structure. To evaluate the potential of
ionic liquid derived activated carbon (IL-AC) for use as an electrode material, it was used to assemble a
two-electrode system for a supercapacitor. The rate performance was assessed through plots of specific
capacitance versus current density for devices based on either IL-AC or commercial activated carbon.
Note that despite this decrease in specific capacitance with increasing current density, 92% of the
capacitance at 1.0 mA cm-2 is still retained at 30 mA cm-2; a result which shows a consistently higher
specific capacitance at increased current density than commercial activated carbon. This activated carbon
has a very high CO2 uptake and high specific capacitance, thus making it ideally suited to advanced
energy storage systems.

Co-reactant Electrogenerated Chemiluminescece (ECL) from Carbon
Dioxide in Ionic Liquids
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Ionic liquids allow access to a variety of different electrochemical mechanisms that are not seen in
traditional molecular solvents. When used as a thin layer on a screen printed electrode, ionic liquids
allow rapid and responsive detection of carbon dioxide gas via electrogenerated chemiluminescence
(ECL). While oxalate is typically produced by carbon dioxide reduction in traditional solvents, our
studies suggest that the ECL emission produced in the ionic liquid arises as a result of the direct reduction
of CO2 to CO2•-. This carbon dioxide radical anion is sufficiently stabilised to allow it to participate in the
ECL reaction with a suitable species such as Ru(bpy)33+.

Strong Catalytic Effect of Cobalt Oxide Nanoparticles on the
Electrochemical Sensing of Arsenic
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Modified electrodes can be used for the electrochemical sensing of contaminant in aqueous environment.
The usual modified electrode is made by covering a conducting material (e.g. glassy carbon) with a thin
film of and catalytic layer. While cyclic voltammetry allows to qualitatively evaluating the catalytic effect
of the layer, a quantitative analysis requires controlled mass transfer such that obtained using rotating disk
electrodes.
Besides thin films, solid nanoparticles could be used as catalytic material for sensing contaminants. In
that sense, so called “electrocatalytic” effects have been observed for electrodes modified with
nanoparticles (e.g. carbon nanotubes). However, it has been shown that diffusion effects in the
nanoparticle layer could be mistaken for changes in charge transfer rates.[1] Similar effects have been
observed with porous electrodes.[2]
Recently, a quantitative model for the surface catalysis of nanoparticles modified electrodes, which take
into account mass transfer effects have been proposed by Compton and coworkers.[3]
In the present communication we measure both cyclic voltammetry (CV) and rotating disk voltammetry
(RDV) of arsenite oxidation on glassy carbon electrodes modified with cobalt oxide nanoparticles. The
nanoparticles were deposited by cyclic voltammetry of the base electrode in cobalt (II) solution,[4]
allowing to control the amount of material deposited on the surface. The redox properties of the cobalt
oxide nanoparticles are measured by cyclic voltammetry while the ion exchange is measured by Probe
Beam Deflection (PBD).[4]
Both CV and RDV show a strong effect of the amount of nanoparticles on the apparent overpotential for
arsenite oxidation. The model proposed by Compton and coworkers,[3] is modified assuming that the
cobalt oxide nanoparticles acts as volumetric redox catalysts and not only as surface catalysts.
The effective charge transfer constant shifts with the amount of nanoparticles in a way that corresponds to
the modified model.
The relevance of the data for the design of electrochemical sensors for arsenic species is discussed.
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operando synchrotron X-ray analysis of lithium ion cathode reaction
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operando analysis enables us to observe dynamic behavior occurring in an operating battery
without touching its components and so actual processes associated with charging/discharging can be
elucidated. The difficulty in in situ analysis has been low time resolutions. Recently the measuring probes
have been much improved and observation at practical charging/discharging rate to 50 C is now available.
In this study, operando techniques by using synchrotron X-ray method and its application to lithium
battery analysis using their measurement characteristics are demonstrated.
1. Snapshot Observation of Phase Transition Dynamics in LiFePO 4 1-2)
operando analysis enables us to observe dynamic behavior occurring in an operating battery
without touching its components and so actual processes associated with charging/discharging can be
elucidated. The difficulty in in situ analysis has been low time resolutions. Recently the measuring probes
have been much improved and observation at practical charging/discharging rate to 50 C is now available.
In this study, in situ techniques by using synchrotron X-ray method and its application to lithium battery
analysis using their measurement characteristics are demonstrated.
For LiFePO4 electrodes, we tracked the phase transition behavior under 1C rate charging
conditions and figured out that there are various intermediate states between the LFP (discharged) and FP
(charged) phases that have not been clarified with ex situ analysis. The smaller the particle size was, the
greater the intermediate states changes until it reached to the thermodynamically stable FP phase. At
much higher rate of 10 C, we found a new metastable crystalline phase “Li xFP”. This result shows that
such a metastable phase can be a kinetically favorable intermediate when a strong motive force (large
polarization) exists.
2. operando X-ray Absorption Spectroscopic Study on Stability at Electrode / Electrolyte Interface 3-5)
Lithium-ion batteries (LIBs) have been used as power sources for mobile devices such as cell
phones and mobile PCs because of their large energy densities. In order to enhance LIB performance, it
is very important to understand the electrode/electrolyte interface reactions because these reactions
greatly affect the cyclability and power density of LIB. However, the mechanisms of such interface
reactions have not yet been fully understood due to the difficulty of their direct observation for the
reactions at nanoscale. Our group has directly observed the interface reactions of a thin-film model
electrode of LiCoO2 by in-situ total-reflection fluorescence X-ray absorption spectroscopy (in-situ TRFXAS). As a result, we clarified that irreversible change occurred at the surface of LiCoO 2 during the
charge/discharge process: the change is related to the degradation of LiCoO2 electrode. LiFePO4 shows
higher cyclability in terms of capacity during the charge/discharge process than LiCoO 2. A higher degree
of reversibility of the electronic states at the surface of LiFePO 4 is expected during the charge/discharge
process. In this work, we have investigated the reversibility of the surface of a LiFePO 4 thin-film
electrode by using in-situ TRF-XAS.
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A complex diagnostic approach in the detection of DNA damage represents a novel model for in vitro
classification of potentially genotoxic chemical (environmental pollutants, pesticides, conventional or
newly synthesized drugs, etc.) or physical (UV radiation, gamma radiation, etc.) agents. It is based on
a set of criteria that determine whether and under which conditions the investigated agent causes damage
to DNA. In this model, a diagnostic tool used to collect data is represented by an electrochemical DNA
biosensor and an appropriate electrochemical detection technique [1]. Such DNA biosensors are designed
with a special emphasis on their high efficiency and, at the same time, on their simple, fast, and
inexpensive fabrication.
In our UNESCO Laboratory of Environmental Electrochemistry, we developed two prototypes of DNA
biosensors suitable for the complex electrochemical detection of damage to DNA: (i) a glassy carbon
electrode and (ii) a microcrystalline natural graphite–polystyrene composite film electrode, both modified
with low molecular weight double-stranded DNA from salmon sperm immobilized onto the electrode
surface as a biorecognition layer [2,3]. A complex characterization of a specific damaging event is then
obtained using a combination of several electrochemical detection techniques (e.g., cyclic voltammetry,
differential pulse voltammetry, square-wave voltammetry, and electrochemical impedance spectroscopy)
[1–3].
In this contribution, fundamental ideas of this diagnostic approach will be introduced and practically
demonstrated on two selected xenobiotic compounds: (i) 2-aminoanthracene (a well-known hazardous
substance exhibiting genotoxic effects [4]) and (ii) hydroxyl radicals (well-known reactive oxygen
species inducing the oxidative stress in DNA [1], which are generated for our purposes either chemically
by the Fenton reaction or electrochemically on the surface of boron-doped diamond film electrodes or
lead dioxide film electrodes).
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Benzylaminopurine (6-BAP), the most important cytokinin of adenine type [1], and its methoxylated and
chlorinated derivatives in the form of dinuclear complexes with metal ions [2,3] are a hot topic in
biomedicine. BAPs are investigated as possible enzyme inhibitors, anti-bacterial, anti-viral and anti-tumor
agents [4-7]. The theoretical investigations of some 6-benzylaminopurine derivatives together with X-ray,
FT-IR and Raman spectroscopy characterization were performed by Cajan et al. [8].
The aim of our contribution is the systematic voltammetry study of the oxidation processes of
methoxylated and chlorinated (in positions 2’, 3’ and 4’ of benzene ring) derivatives of 6-BAP.
Voltammetric studies using LSV and CV techniques were performed in buffered H2O/CH3OH solutions
(pH 3.18 – 6.8; 2% v/v of CH3OH) utilizing a pencil graphite electrode (PeGE-Tombow, Japan), the
surface of which was in-situ modified with monovalent copper.
The sensing is based on the formation of Cu(I)-BAP surface complexes which are subsequently stripped
out from the electrode by potential scan. The stripping mode enables higher sensitivity in detecting the
oxidation signals of all BAP derivatives. Where appropriate, voltammetric data were treated with
Elimination voltammetric procedure – EVP [9-12] to obtain details of the studied electrochemical
transformations. The electrochemical experiments were complemented with UV/VIS spectral
experiments, electron densities on atoms and precise determinations of the HOMO levels of the studied
purine derivatives were obtained by quantum chemistry calculations.
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Abstract
The interaction of copper-based binary alloys with aggressive environment results in the formation of a
passive and adhering film which protects the metal surface by limiting the ion transport toward the
aggressive environment.
The present work aims to contribute to the identification of the nature of the films formed on the surface
of two copper-based binary alloys (Cu70Ni30 and Cu77Zn21) at open circuit potential in 3% NaCl and to
study the effect of some experimental factors (the concentration of chloride, the temperature, the agitation
and the PH) on the stability of the formed film.
This study was conducted, in 3% NaCl aggressive environment, with electrochemical tests, weight loss
measures associated to the atomic absorption spectroscopy technique (AAS). The observation of the
surface state of the two alloys was done by means of SEM coupled to EDX techniques. The assessment of
the stability of the formed passive films was based on the extent passivation level calculated from the
obtained electrochemical parameters.
The results show that the formed passive films, at free potential, contained Cu2O, CuO and ZnO for the
Cu-Zn alloy while for the Cu-Ni alloy, the formed passive film was found to be composed of Cu2O, CuO
and NiO. The influence of experimental factors on the stability of the passive films was set in evidence.
Keywords: copper alloys; NaCl3% ; passive film ; electrochemical techniques ; physical methods.

Fast Redox Communication at Acetylides – Ruthenium thiols,
dithiocarboxylic acid and isocyanide SAMs on gold
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Controlled modification of conducting surfaces at the molecular level with redox-active building blocks is
an efficient approach to design integrated devices for data storage and transfer. Different redox-active
carbon rich group 8 -alkynyl complexes have been emerged as potential candidates for reversible charge
storage systems at the molecular level. 1 Carbon-rich ruthenium complexes are used to form SelfAssembled Monolayers (SAMs) onto gold surfaces using different anchoring groups, thiols,
dithiocarboxylic acid and isocyanide. These organometallic compounds promote a strong electronic
coupling between the metal centers and the conjugated organic ligands so they exhibit fast electron
transfer rates combined to low oxidation potentials.1,2 These properties are highly desirable for developing
electrochemically switchable devices exhibiting fast clocking rates, since the electron-transfer through
gold-SAMs hybrid interfaces is the factor determining the macroscopic “response time” thus efficiency
for any devices using these junctions as component memory elements.
Herein, we report the preparation and characterization of the different Ruthenium-acetylides SAMs.
Electron transfer kinetics within the SAMs was examined using fast cyclic voltametry.
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Non-covalent interactions in water electrolysis: influence on the
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Electrolyte components which are typically not considered to be directly involved in catalytic
processes at solid-liquid electrified interfaces often demonstrate significant or even drastic
influence on the activity, stability and selectivity of electrocatalysts. While there has been certain
progress in the understanding of these electrolyte effects, lack of experimental data for various
important systems frequently complicates a rational design of new active materials.
Modern proton-exchange membrane (PEM) electrolyzers utilize Pt- and Ir-based electrocatalysts
which are among the very few materials which are both active and stable under the extreme
conditions of water splitting. We use model Pt(111) and Ir-oxide films grown on Ir(111) electrodes and explore the effect of alkali metal cations and sulfate-anions on the hydrogen evolution
reaction (HER) and the oxygen evolution reaction (OER) in acidic media. We demonstrate that
perchlorate and sulfate anions have an impact on the oxidation process of Ir(111) and on the OER
at anodically grown Iridium oxide while Rb+ drastically promotes the HER at Pt(111) electrodes
as compared to experiments performed in the reference electrolyte HClO4. Specific adsorption of
sulfate ions on Ir(111) hinders the oxidation of the metallic surface thus shifting the reaction to
more positive potentials. Sulfates also decrease the activity towards OER if compared to the
reaction performed in a solution containing non-specifically adsorbed perchlorate anion. Alkali
metal cations do influence HER and HOR on Pt(111) surfaces. In particular HER and HOR
activities in Rb+ ions containing electrolytes at a Pt(111) electrode are almost the same as the
activities at the polycrystalline Pt electrode.
To underline the particular importance of the electrode/electrolyte interface properties, one can
note as a methodological issue that solutions of HClO 4 are often used as model electrolytes in
electrocatalysis because of their presumably weak interaction with the electrode surface.
However, in the case of PEM electrolyzers HClO4 is not the most relevant medium, and the
extensive use of Nafion ® as proton-conducting membrane imposes questions about the influence
of sulfonate groups on the efficiency of the system. In fact, the adsorption of sulfates plays an
important role concerning the electrocatalytic properties.
Acknowledgement: Financial support from the Cluster of Excellence RESOLV (EXC 1069) funded by the
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Magnesium and its alloys have a great potential for several industrial and biomedical applications due to
their non-toxicity and high strength-weight ratio, though their practical use is greatly limited by their poor
corrosion resistance in most aqueous environments. In order to slow down this degradation, it is
mandatory to gather precise knowledge about the mechanism of the process. Unfortunately, the
mechanism of magnesium corrosion remains mostly unknown or at least controversial, and it presents
certain singular features when compared to the corrosion of other active metals. Thus, the main cathodic
half-reaction leads to hydrogen evolution, but this reaction has been recorded to occur on magnesium not
only under cathodic polarization as expected, but also when increasing anodic overpotentials are applied
to the material. This phenomenon, widely termed as the “Negative Difference Effect” [1,2], has been
traditionally invoked to support the formation of magnesium(I) cations as intermediate species during the
degradation of this metal [1]. That is, oxidation of magnesium at the anodic sites would produce Mg(I)
species which subsequently react with water producing the hydrogen gas [1,3]. However, the use of a new
range of sensitive microelectrochemical and spectroelectrochemical methods are delivering new
experimental evidences that anodic dissolution is Mg(II) instead [4-8], whereas some of the processes
involved in the experiments traditionally considered to prove the existence of Mg(I) some decades ago [9]
may have been possibly misunderstood [10]. Therefore, the actual mechanism is still to be established
unambiguously, which is required if an effective control of the corrosion process to be gained for the
application of magnesium-based materials in practical situations.
The Scanning Electrochemical Microscopy (SECM) is presented here as an essential tool for the local
characterization of the still uncertain mechanism for magnesium corrosion. The reaction leading to
hydrogen evolution from separated magnesium cathodes and anodes has been imaged using appropriate
operation modes for the SECM. Antimony microelectrodes permitted to follow the pH gradients resulting
from the water electrolysis, whereas platinum microdisks were used to amperometrically determine the
subsequent local evolution of hydrogen. Evidences of alkalization and H 2 production were found over the
magnesium cathode, whereas exclusively some minor local acidification was observed above the anode.
Next, by using ion-selective microelectrodes as probes, the concentration distribution of dissolving Mg 2+
ions was imaged with high spatial resolution.
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A new Ti-15Ta-5Zr alloy with low density, proper elastic modulus and, suitable mechanical
properties was elaborated. Both optical and scanning electron (SEM) micrographs revealed
a homogeneous bi-phase α + β microstructure with lamellas of α and β phases. This very
homogeneous microstructure assures high corrosion stability of the alloy.
The alloy native passive film comprises both Ti2O3 and TiO2 oxides and very resistant
Ta2O5 and ZrO2 oxides (X-ray photoelectron spectroscopy-XPS). The thickness of this
native passive film was .5 nm, a thick film that can provide superior protection to substrate.
Corrosion resistance of this alloy in severe functional conditions, in artificial CarterBrugirard saliva of different pH values and content (without and with NaF) was studied. All
main electrochemical and corrosion parameters had more favourable values than those of
Ti, due to Ta and Zr alloying elements, which contributed with their protective oxides to
the passive native layer and due to the alloy very homogeneous microstructure. The
corrosion current densities decreased of about 6-22 times for alloy comparing with Ti, as
result of the alloy more resistant passive film; correspondingly, the total quantity of ions
released into Carter-Brugirard saliva was very low, i.e., Ti-15Ta-5Zr alloy has a much
reduced toxicity. The polarisation resistances had higher values for the alloy in comparison
with Ti, proving more protective passive film. The acid, alkaline and existence of F- ions in
Carter-Brugirard saliva conducted to the slightly more unfavourable values of all above
mentioned parameters because of the interactions of saliva with the passive layer; however,
the alloy remained “Perfect Stable” in these environments, denoting a very stable, resistant,
protective passive layer on its surface.
Nyquist and Bode impedance spectra indicated a passive film formed by two layers: an
inner, insulating, barrier layer that provides the high corrosion resistance and an outer,
porous layer that permits the absorption of ions and species from surrounding environment
into its pores, favouring both dissolution and absorption processes, namely, interactions and
bioactivity.
The increase of the alloy open circuit potentials in time shows that its passive film is
resistant to the attack of the aggressive ions from Carter-Brugirard saliva and thickens over
time. These facts were confirmed by XPS analysis and SEM observations, which detected
new depositions of 5 nm thickness on the alloy surface after 500 immersion hours in
Carter-Brugirard saliva; this new layer contains Na3PO4 and K3PO4 protective compounds,
which confer both corrosion resistance and bioactivity to the substrate. Therefore, the new
Ti-15Ta-5Zr alloy is a promising material for dental implant.
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Abstract
The organic coatings currently used in the aerospace industry present very high corrosion protection.
However, since the beginning of the 1990s, the high toxicity associated with Cr(VI) has imposed
restrictions on their use in industrial applications and particularly in organic coatings. Today, the
replacement of chromates remains an important challenge and, during the last decades, numerous works
were devoted to the incorporation of “green” corrosion inhibitors in coatings to provide an active
corrosion protection [1-4].
The major purpose of the present work is to contribute to a better understanding of the local corrosion
inhibition mechanisms by using local electrochemical impedance spectroscopy (LEIS) in the presence
and absence of an artificial defect in the coatings. Two commercial coatings (epoxy-polyamido amine
waterborne paint) with and without chromates deposited on a 2024 aluminium alloy were characterized.
The waterborne system containing chromates constitutes the reference.
In a previous work [5], the global impedance responses of the same coatings were characterized in dry
and wet conditions. It was shown that the barrier properties of the two coatings were good. The
impedance data analysis suggested that water penetration occurred on a shorter time scale than ionic
penetration.
Local electrochemical measurements performed on intact coatings corroborated the global impedance
behaviour whereas LEIS on scratched samples allowed the release of inhibitors and the self-healing
properties of the coatings to be validated. Understanding of fundamental protection mechanisms remains
to be elucidated with additional local impedance diagrams analysis. This work is in progress.
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Flow injection analysis (FIA) is a well-known technique with defined principles of operation. Flow-cells
for screen-printed electrodes are usually wall-jet type. Here we propose an original thin layer flow-cell
where channel slide is directly mounted over the screen-printed electrodes platform. The injection is done
through an “in-line luer injection port” where sample volume can be easily controlled by operator through
a syringe. This new configuration simplifies operability and effectiveness in working with FIA systems.
The main advantages are: an easy and quick changing of electrode, a great decrease in air-bubble
formation, a simple and easy method to change the sample volume injected, besides the typical
advantages of FIA methodology. Moreover, the electrode configuration can be easily customized.

Figure 1. Integrated screen-printed electrodes
in flow cell.

Figure 2. Integrated SPE-flow-cell in FIA
system.

These different configurations have been successfully tested for paracetamol quantification, with high
reproducibility between measurements and good correlation coefficients of calibration plots. Two
working electrodes configuration is very promising for simultaneous detection of different species.
A)

B)

Figure 3. A) Cyclic voltamperogram 1x10-3M paracetamol in a two working electrodes flow-cell in TrisNO3 0.1M pH 10. B) Simultaneous amperometric detection of paracetamol at +0.6V (blue) and at -0.3V
(red) in a two working electrodes flow-cell, in Tris-NO3 0.1M pH 10; Flow rate=2,6mL/min.
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An extended-gate field-effect transistor (EG-FET) system was
designed to isolate an FET from the chemical environment.1,2
In this system, chemically recognizing unit was deposited on
the surface of the gate extended from the FET.3 The experimental
setup prepared that way showed major advantage of flexibility in the
gate shape.
Molecular recognition, especially steroselective recognition, is
one of the most significant processes in diverse chemical and
biological phenomena. The study of synthetic recognition systems for
chiral recognition of amino acids is a field of increasing research
Scheme 1. Experimental setup based
activity. For instance, phenylalanine, similarly as other amino
on the EG-FET design, using a gold
acids, is present in human body exclusively as an L-enantiomer.
plate coated with the D- or Lphenylalanine-templated MIP as the
Even though L-enantiomers are equally stable as their respective Dgate (working electrode, WE), and a
counterparts, L-amino acids are the naturally preferable
Pt wire as the reference electrode
enantiomers. Specifically, proteins composed of L-amino acids
(RE). G, D, and S stand for the gate,
interact with certain L-amino acids but not eagerly with their Ddrain, and source components of the
forms. If D-amino acids appear, even at low concentrations, in
FET structure, respectively. VD, ID,
4
humans, then some antagonistic biological functions may occur.
and VR stand for the drain voltage,
Although literature5 brings several examples of stereoselective
drain current and the reference
recognition of phenylalanine, it is important to improve its
voltage, respectively.
enantioselective determination and develop similar determination
methods for other chiral compounds.
Molecular imprinting is a well-established procedure for preparing artificial recognition units of
chemical sensors. Generally, it involves polymerization of functional monomers with cross-linking
monomers in the presence of a template, which is most often the analyte itself. Subsequent removal of
the template leaves in the polymer complementary cavities similar in their size, shape, and orientation of
recognition sites to those of the template molecules.
Towards that, we have developed in the present study steroselective sensing systems for L- and Dphenylalanine by using molecularly imprinted polymers (MIPs) as recognition units. The MIP films were
deposited by potentiodynamic electrochemical polymerization of the tailor designed bis(bithiophene)
based functional monomers in the presence of the L- or D-phenylalanine template on the surface of an
extended gate of a commercially available MOSFET (Scheme 1). The template removal was confirmed
with the UV-vis spectroscopy and electrochemical measurements. Subsequently, the film was
characterized by spectroscopic techniques as well as its morphology and thickness were determined by
the AFM and SEM imaging. Then, binding of the phenylalanine enantiomers by their molecular cavities
was detected with the EG-FET transducers. The devised chemosensors were then used for discrimination
of L- and D-phenylalanine.
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Advances in nanoscience have allowed scientists to incorporate new nanomaterials in biosensing
platforms. Carbon nanotubes (CNTs) are one of the allotropic forms of carbon consisting of sp2
hybridized carbon atoms arranged in graphene sheets, which are rolled up to form tubes. CNTs are
nanomaterials that facilitate the charge transfer between the bioelement and the transducer. When CNTs
are incorporated into polymeric matrices, properties such as capacitance are greatly enhanced due to the
high electroactive surface area which is attributed to the 3D porous nanostructure of the electrode
modified with CNTs. Electrochemical impedance spectroscopy was used to characterize the electrodes
modified with different types of carbon nanotubes (single and multi-wall) according to their morphology
and electrochemical behavior, as shows the previously published results [1]. By using Nyquist and Bode
diagrams it was possible to assign the appropriate equivalent circuit, considering all factors that influence
the processes occurring at the electrode surface. The main goal was the choice of an improved
nanocomposite material for biosensing purposes. The incorporation of single and multi wall CNTs into
layer by layer (LBL) films containing enzymes enhances the electron diffusion through the films and the
electrochemical surface area, increasing the response of the sensor. In the same time, the enzyme
adsorption directly on the CNT reduces the distance between the active site of enzyme and the electrode
surface [2, 3]. CNTs provide also a homogeneous porous composite film that facilitates substrate transfer.
The horse radish peroxidase was immobilized onto the glassy carbon electrode surface by entrapment into
polymer films of polyethyleneimine doped with SWCNT or MWCNT.
By using Nyquist diagram it was possible to evaluate the Rct in the case of five type of CNT (one SW and
four MW) having small morphological differences. A mechanism was proposed to describe the processes
that take place at the modified interface. The time constants were also calculated for the two processes
occuring at the modified electrodes. The equivalent circuits were proposed and the Kramer-Kronig tests
were performed in order to prove their reliability.
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Biomembranes represent an interface between outer and inner medium of the cell. Depending on their
structure biomembranes have very complex function. Model lipid membranes are used for more detailed
information about properties of membrane and about processes associated with biological membrane [1,
2].
Model phospholipid membranes (PLMs) were formed in pores of hydrophilic polycarbonate substrate
situated between two Teflon parts in electrochemical cell developed by our research group [3, 4]. We
have focused our attention on formation of PLMs from pure phospholipid (1,2-dipalmitoyl-sn-glycerol-3phosphocholine) and from phospholipid with incorporated real parts of biomembranes obtained from
protoplasts gained from barley cells by optimized technique. The PLMs and the transporting processes
were characterized by electrochemical methods (electrochemical impedance spectroscopy (EIS)) as well
as by non-electrochemical methods (optical microscopy, fluorescence microscopy, atomic force
microscopy (AFM), electrospray ionization mass spectrometry (ESI-MS).
Cadmium ions and phytochelatins were chosen as representative model species for transport across
prepared and characterized PLMs [5, 6]. Incorporation of real parts of biomembranes from protoplasts
with natural transporters was confirmed by different amount of transported species detected by
voltammetric methods [7, 8].
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Graphene, a two-dimensional carbon-based nanomaterial, attracted great interest in recent years. Their
unique properties such as: exceptional thermal and mechanical properties, high specific surface area,
excellent electrochemically catalytic activity generated their broad use in electrochemical sensing and
bio-sensing [1]. Graphene oxide is a chemically functionalized graphene with groups such as –COOH; OH or epoxide that is soluble in polar solvents increasing the suspensions stability. The presence of
functional groups and metallic impurities in the graphene structure facilitates the biocomponent
attachment improving the accuracy of the sensors [2].
Two different procedures were used for graphene oxide functionalization aimed to obtain materials
suitable for biosensor development. The first one deals with the chemical reduction of graphene oxide in
the presence of β-cyclodextrin and ascorbic acid. During the second protocol the graphene oxide sheets
were suspended in a NHS/EDC mixture (100 μM/400 μM) and the succinimide moieties reacted with the
graphene oxide carboxylic groups in the presence of EDC forming esters with groups that are easy to
remove. This step activates the graphene oxide in order to react with the amine groups from
antiacetaminophen antibody (antiAPAP Ab) within amides bonds.
The two types of modified graphene were deposited onto glassy carbon and graphite based screen-printed
electrodes via a layer-by-layer method, used for the first time by Haddad et al. [3] and also by our team
onto single-walled carbon nanotubes [4]. Successive layers of modified graphene oxide were deposited on
the electrode surface by adding volumes of graphene suspension, and then dried till complete water
evaporation. The obtained nanostructured platform was used for antiAPAP Ab immobilization during the
immunosensor development which was successfully applied for acetaminophen detection [5].
The modification protocol used in the case of reduced graphene oxide modified with β-CD was as
follows: volumes of graphene suspension were dropped onto the electrode, dried in the oven, and then
tyrosinase solution was dropped and dried. Finally a PEI solution was used to immobilize the graphene
and enzyme film. This platform was used for the selective and sensitive detection of dopamine in
synthetic and real samples.
The structural features of the films deposed onto electrodes were characterized by FTIR, Raman
spectroscopy and optical microscopy. EIS experiments were used to characterize the electron transfer
properties of the electrode surface during all the modification steps. Cyclic voltammetry determinations
were carried out in [Fe(CN)6]3-/4-, Ru(NH3)6Cl3 and Fc(MeOH)2 solutions. Cyclic voltammograms were
recorded in multisweep conditions and were used for qualitative characterization of the
accumulation/rejection phenomena and also the mass transport through the various films.
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The Solid electrolyte interphase (SEI) formed on the graphite anode was thought to be the key factors
effecting the rate performance, cycle life and calendar life of commercial lithium batteries[1]. To get a
better understanding of SEI, the surface chemistry components of anode and its depth profile study was
carried out by X-ray photoelectron spectroscopy[2]. Before the XPS study, the anode cycled 3 times at a
rate of C/3 at room temperature, then storaged for 1 day at 40℃ and cycled another 3 times through
assembling bag cell using LiCoO2 as cathode so that fully formed SEI could be generated. The XPS
spectra showed that the surface of anode was fully coated with semicarbonate species and some inorganic
species, however, after continuous Ar+ sputtering on the anode, it was found that when sputtering longer,
the amount of semicarbonate species decreased, but the amount of inorganic species LiF increased after
sputtering 15s and then decreased when sputtering time getting longer.

Fig.1 XPS C1s and F1s spectra of anode

Fig.2 The changes of atomic concentration upon sputtering time (the arrowed point was the atomic
concentration of bared anode)
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Beside other attributes the onset potential is an important indicator for the activity of electrocatalysts.
Especially in the case of gas evolving catalysts it is a challenge to separate the gas evolving reaction from
e.g. other faradaic side reactions at the catalyst material, which may occur in a similar potential region as
the onset potential of the gas evolution reaction.
The black current-potential curve (Fig. 1) measured at a sample of RuO2 demonstrates such a
superposition of the analytical signal by different effects. A side reaction, probably the oxidation of
ruthenium, overlays the region of the expected onset potential. As a result, the onset potential determined
by classical method is shifted to a more anodic potential.
In order to circumvent these inaccuracies and to minimize further external factors, caused i.e. by the
addition of binders, a sub-micrometer sized electrode was positioned closely to the catalyst immobilized
in a microcavity electrode using shearforce-based constant-distance mode scanning electrochemical
microscopy (SECM). Potential control at the tip guarantees a species selective data acquisition.
Furthermore, the small size of the SECM probe leads to an improved signal-to-noise ratio (as depicted in
Fig. 1 grey curve) and consequently a highly sensitive oxygen determination. This allows an accurate
determination of the onset potential at a catalyst modified microcavity electrode and provides a general
strategy for the investigation of gas evolving catalysts.
To directly prove the validity of the experiment and to compare the onset potential with an internal
reference, a three point method, utilizing a double-barrel microcavity electrode, was applied. By
comparing different oxygen evolution catalysts with the benchmark RuO2 in one experiment, a precise
determination of the onset potential of the catalyzed reaction became feasible.

Fig. 1: Current-potential curves at a microcavity electrode (100 µm Ø) filled with RuO 2. The sample
current (black) and SECM tip current (grey) are plotted versus the potential applied at the microcavity
electrode. (SECM tip: Pt disk electrode with 0.8 µm Ø, 0.1 M NaOH; v = 1 mV/s).
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With implementation of large battery packs in vehicular systems the development of hyphenated
methods for battery safety examination becomes important. Coupling of high- resolution separation
techniques such as GC/MS (& LC/MS) capable to detect traces with FTIR where the resulting spectrum
of absorbed irradiation works as a molecular fingerprint of the sample makes possible to collect
information about unknown materials, gas species evolved during the battery performance under normal
and/or abuse conditions, regressive recognition of battery components, and determination of the amount
of components in a mixture. Indeed GC/MS has been used for postmortem analysis of battery fails [1, 2]
however the technique lacks temporal resolution for in-situ classification. A major obstacle for the
development of new high voltage batteries and improved battery safety comes from the poor stability of
the prevailing liquid organic electrolytes used. The consequences of battery failure and overcharge are
well known nevertheless for better understanding of the complex rapid processes inside the batteries a
suitable technique is desirable. Herein we present a recently developed in-situ method for estimation of
gas species evolved from different battery and electrolyte systems which combines unique identification
and quantification with excellent time resolution. The decomposition behavior for commercially used
electrolytes under different charge/discharge conditions with consideration to the influence of the
electrode material on the onset potential of electrolyte oxidation and reduction reactions were examined.

Fig. 1: Scheme of the measurement and data modelling process
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We investigate oscillatory and bistable dynamics in a model electrocatalytic process with a preceding
chemical reaction in the Nernst diffusion layer and the potential-dependent adsorption/desorption of
electroactive species at spherical, cylindrical and planar electrodes under potentiostatic conditions.
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In terms of the Gerischer impedance the conditions for the Hopf and saddle-node instabilities were
calculated. The potential range where the Hopf instability leading to periodic current oscillations can be
realized is the largest in case of a planar electrode and it is the smallest for a spherical electrode. The
situation in case of saddle-node instability giving rise to multistability of steady state is opposite. Fig. 1
shows a variation of the bistability region limited by the curve of the polarization resistance zeros
depending on electrode size and its form.
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Fig. 1. Bistability region in plane of bulk concentration of electroactive species c0 and electrode surface
coverage by adsorbate  for spherical (dashed line), cylindrical (solid line) and planar (dot-dashed line)
electrodes at two values of spherical and cylindrical electrode radius r0: (a) r0 = 10-4 cm; (b) r0 = 10-3 cm.
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Abstract
Five cross selective electrodes comprising cyanide, thiocyanate, and iodide coated graphite electrodes CGEs were
used as sensing parts an electronic tongue for simultaneous determination of cyanide, thiocyanate, and iodide ions in the
presence and the absence of chloride ion as a coexisting ion. The CGEs were constructed using poly vinyl chloride chloride
(PVC), o-nitrophenylocthyl ether (o-NPOE), cethyl tetrabuthylamonium bromide (CTAB), and metalphorphyrin complexes as
ionophores. The constructed electrodes were characterized to obtain their calibration curve, response time, and repeatability.
A programmed switching system combined with an array of the five potentiometric coated graphite electrodes (i.e.,
ion-selective or cross-selective electrodes) were connected directly to a pH/potentiometer and a computer to sequentially
acquire the potential corresponding to water sample mixtures. The acquired potentials were recorded and saved on the
computer and were used as input variables for an artificial neural network to simultaneously yield the concentrations of
cyanide, thiocyanate and iodide ions in simple and complex mixtures. A feed-forward, back propagation network with a
Levenburg–Maquart algorithm was employed to optimize the network parameters.
Key words: Electronic Tongue; Cyanide; Thiocyanate; Iodide; Artificial Neural Network
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The efficiency of energy storage devices depends largely on the physical properties of the materials that
are constituted of, such as the specific surface area, porosity and/or morphology [1,2]. It is therefore
necessary to characterize and to control the parameters that play a predominant role for the performance
of these materials. Particularly, the morphology dependent performance, and kinetic or dynamic aspects
of ion electroadsorption behaviour of carbon based electrodes is not a quite solved issue. In the literature,
the interaction of ions with carbon based electrodes was investigated by in situ and ex situ
characterization techniques, including electrochemical and gravimetric methods. However, none of these
methods alone provides the information on the exact identification of the electroadsorbed ionic species,
their dynamics of transfer at the interfaces, as well as the role of electrolyte composition and the effect of
ions solvation on the charge storage phenomena. Therefore, in this work, an alternative characterization
tool was proposed which couples fast quartz crystal microbalance (QCM) and electrochemical impedance
spectroscopy (EIS) (ac-electrogravimetry). Films of carbon nanotubes (SWCNT) were chosen as
nanostructured electrodes materials and tested in aqueous electrolytes containing different ions such as
Li+, Na+ and K+. The chemical nature and the role of each species, anion, cation, solvated ions, free
solvent, directly or indirectly involved in the charge storage, have been identified via the measures of acelectrogravimetry. Specifically, experimental results showed that hydrated cations and protons (Li +.H2O,
H+ and Na+.H2O, H+, in aqueous LiCl and NaCl, respectively) were electroadsorbed when the carbon
nanotube surface was negatively charged, and the contribution of the anionic species was identified when
the surface was positively charged. More importantly, we could access to the kinetic information on the
transfer of these species on the carbon nanotube surface by changing the frequency of the potential
modulation which permits to separate faster and slower process. The transfer of hydrated lithium, and
hydrated sodium occurs at high frequencies (faster) and that of the proton occurs at lower frequencies
(slower). Accordingly, the transfer resistance of hydrated lithium, and hydrated sodium and free solvent is
lower than that of the transfer of H+, indicating the ease of larger ions transfer. The contribution of free
solvent molecules were also identified which occurred at high frequencies. Interestingly, despite the slow
kinetics and high transfer resistance values, the contribution of protons in the charge storage is not
negligible. These results may be correlated to several phenomena including (i) the differences in the
dehydration kinetics of Li+.nH2O (in the bulk of the solution) to Li+.H2O and to that of (H+.nH2O) to H+,
and (ii) the different sites (different pore dimension) of electroadsorption in the porous carbon nanotube
based electrode. Additionally, the relative concentration changes of the species were determined which
permitted us to construct the mass variations of the electrode as a function of the applied voltage. These
independent measurements exhibited perfect agreement with the classical electrochemical quartz crystal
microbalance (EQCM) measurement results. These findings strongly suggest that ac-electrogravimetry is
an appropriate tool to characterize complex charge storage behavior of carbon electrodes. It deconvolutes
the global gravimetric response of EQCM and provides additional information such as the exact
identification and the respective mass variations of species, and as well as the kinetic information of their
electroadsorption/electrodesorption. To the best of our knowledge, an unambiguous identification of
electroadsorbed species, the information on their transfer dynamics and quantification of the transferred
species have never been reported in the literature.
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Polypyrrole nanotubes were prepared by the oxidation of pyrrole with iron(III) chloride in the presence of
methyl orange [1]. They were subsequently used as a substrate for the reductive deposition of noble-metal
particles. Polypyrrole nanotubes decorated with palladium, platinum, rhodium, or ruthenium
nanoparticles (Figure) were characterized by electron microscopy, conductivity, energy dispersive X-ray
analysis, and FTIR and Raman spectroscopies. A typical metal content varied between 15–20 wt.%. The
carbonization of resulting composites has been followed during thermogravimetric analysis in nitrogen
atmosphere up to 800 °C. The nanotubular morphology of polypyrrole was retained after carbonization.
The noble-metal nanoparticles, however, fused to clusters during this process except for ruthenium.

Pd

Pt

Rh

Ru

Figure. Polypyrrole nanotubes decorated with palladium, platinum, rhodium, and ruthenium
nanoparticles.
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Poly(p-phenylenediamine) is typically prepared by the oxidation of the corresponding monomer with
ammonium peroxydisulfate [1,2]. The replacement of peroxydisulfate with an organic oxidant,
p-benzoquinone, however, leads to the oligomer incorporating p-benzoquinone constitutional units along
with p-phenylenediamine ones (Figure), in the accordance with similar the experiments on aniline
oxidation with p-benzoquinone [3]. Such products are conducting and may be suitable as new materials
in solid-state electrochemistry.
In the first series of experiments, pO
phenylenediamine (0.2 M, Sigma Aldrich)
was oxidized with p-benzoquinone (0.5 M,
NH2
NH
Sigma Aldrich) in aqueous solutions of
methanesulfonic acid (MSA) of various
NH
NH2 concentrations. In another series of
experiments, the mole ratios of pO
benzoquinone to p-phenylenediamine were
varied from 0.5 to 2.5 at fixed 1 M
concentration of MSA.
The conductivity of the products increased
with increasing concentration of MSA from
1.5×10−12 S cm−1 in 0.1 M MSA up to
3.4×10−4 S cm−1 in 5 M MSA. The lowOH
molecular-weight products are basically
composed of one p-benzoquinone and two
NH2
N
p-phenylenediamine molecules, and they
are able to produced salts with acids
(Figure). The molecular structure of the
N
NH2
reaction products is discussed on the basis
OH
of mass, FTIR, and Raman spectroscopies.
The electrical properties enabling the
potential applications in organic electronics,
+ 2 HA
however, have not yet been addressed and
are reported in the present communication.
Electrorheology is another field where
OH
materials of this type are applicable [4].

NH2

NH
A
NH
A

NH2
OH

Figure. After “keto–enol” rearrangement,
imine nitrogen atoms are protonated with an
acid (HA) to produce a corresponding salt.
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For the development of reliable thermal activated batteries, an electrolyte is quite important because it is
closely related to the discharge performance and stability of thermal batteries. The cracks and low-density
of an electrolyte can give rise to bridging electrodes and cause discharge failure and inner short of
electrodes. And a stacking sequence of electrodes and electrolytes is also important because thermal
battery is a kind of layer-built cells. If there is some problems of stack sequences (ex, out of order),
thermal batteries will be unstable and burst out.
This paper includes two parts of multi-scale image analysis. At first, this paper describes multi-scale
image processing methods used for analysis of molten-salt based electrolyte disk and also describes how
we can apply this image processing method to the analysis of thermal battery electrolyte. Moreover, we
have found optimized image processing conditions to improve the discriminating ability of compaction
defects such as non-uniform parts in an electrolyte. This multi-scale analysis was carried out using the
IMAGE J program.
Secondly, this paper describes multi-scale image processing methods of stacking sequence of electrodes
and electrolytes. Especially, we focused on grouping and classification the order of electrodes and
electrolytes using edge detection methods. This multi-scale analysis was carried out using the Image
Toolkit of Labview program.
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The electro-generation of aryl radicals from protected aryl diazonium salts combined with
protection-deprotection steps1 was evaluated to design functional monolayers on carbon substrates with a
well-controlled organization of the modifier at the molecular scale. The influence of the size of different
silyl protecting groups on resulting covalently bounded films were investigated. Three different protecting
groups were considered: trimethylsilyl (TMS), triethylsilyl (TES) and tri(isopropyl)silyl (TIPS). When the
active function was introduced on para position of the aryl ring, a robust ethynylaryl monolayer is
obtained after deprotection whatever the substituent. Electrochemical and structural analyses show that
the organization of the attached monolayer is totally governed by the size of the protecting group.
Properties of the monolayer (charge transfer, permeation of molecules through the layer, density of
functional groups) were examined in combination of the performances for post-functionalization taken an
alkyl-ferrocene derivative as an example of immobilized species. As a remarkable feature, all layers
present large density of active alcyne terminations that remain totally available for further “click
chemistry” coupling.2
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Research in the area of framework solids exhibiting open structures continues to be exciting because of
their
many
potential
applications.1
Li1.43[FeII4.43FeIII0.57(HPO3)6]·1.5H2O2
(1)
and
II
III
Li0.86[Fe 3.86Fe 1.14(HPO3)6]·0.8H2O (2) has been hydrothermally synthesized. In case of 2, a later
dehydration process at 260 ºC has been accomplished. Both phases exhibit a crystal structure formed by a
[FeII3.86FeIII1.14(HPO3)6]0.86 porous inorganic framework with the Li + cations as counterions. The anionic
inorganic skeleton is based on layers of FeO6 octahedra linked along the c-axis through (HPO3)2
oxoanions. The sheets are constructed by twelve membered rings of FeO6 octahedra repeated along the ab
plane giving rise to channels of ca. 3 Å diameter along the [100] direction in which the water molecules
and Li+ cations are located, showing positional disorder. The limit of the thermal stability of both
materials is approximately 285 °C. The IR spectra show the P-H vibrational bands belonging to the
phosphite groups. From the fit of the Mössbauer spectrum, in the paramagnetic state, characteristic values
of the isomer shift and quadrupolar splitting for the simultaneous presence of Fe(II) and (III) cations have
been obtained. From the AC magnetic measurements, a spin glass behavior was inferred that can be
attributed to the presence of both Fe II (S= 2) and FeIII (S= 5/2) cations, in both phases. The spin glass like
state was confirmed by specific-heat experiments, being 2 the second ordered transition metal phosphite
exhibiting this magnetic behavior. The existence of mobile lithium cation in the channels of both 1 and 2
has been studied by impedance spectroscopy at different temperatures. Electrochemical characterization
was completed by cyclic voltammetry experiments and galvanostatic measurements. A reversible
exchange of lithium is also observed for the compounds for more than 50 galvanostatic cycles, equivalent
to approximately 12 and 10 mAh.g-1 of sample, for 1 y 2, respectively.
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In recent years, lithium ion battery, which has a high current density and a high
specific energy, has been mainly used as power sources of portable electronic devices and
electric/hybrid vehicles. As an anode material for the lithium ion battery, Silicon(Si) is
getting attention for its high theoretical specific capacity (about 4200mAh/g) and its
proper potential range for lithium insertion and extraction. Nevertheless, the intrinsic
limitations of silicon-based anode are the large volume change during lithium alloying-de
alloying process and the low electrical conductivity. Recent studies have shown methods
such as synthesizing Si into nanospheres, synthesizing mesoporous Si/C composite, or
synthesizing ordered porous Si/C to improve the cyclic stability of Si anode. In this study,
we synthesize Silicon/Carbon/CNF composites as an anode material to overcome the
limitations of the silicon-based anode mentioned above and to enhance the electric
conductivity. Si/C/CNF composites were prepared by the fabrication processes including
the synthesis of SBA-15, magnesiothermic reduction on the SBA-15 by ball milling to
obtain Si/MgO, carbonization of phenolic resin with CNF, and the HCl etching. The
prepared Si/C/CNF composites were analysed by BET, XRD, FE-SEM and TGA. Among
the SBA-15 samples synthesized with reaction temperatures between 50 ℃ and 70℃, the
SBA-15 of 60℃ showed the largest specific surface area. Also the electrochemical
performances of Si/C/CNF composites as the anode electrode were investigated by
constant current charge/discharge test, cyclic voltammetry and leakage tests in the
electrolyte of LiPF6 dissolved in organic solvents(EC:DMC:EMC=1 :1 :1 vol%). The
coin cell using Si/C/CNF composite(Si:CNF=97 :3 in weight) has better capacity(1,387
mAh/g) than that of other composition coin cells. Also, it is found that Si/C/CNF
composite(Si:CNF=97:3 in weight) electrode shows improved cycling performance and
electric conductivity.

Synthesis, mechanical characterization, electrochemical and corrosion
behaviour of titanium-based alloy with “super” properties
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Titanium-based alloy (Ti–23Nb–0.7Ta–2Zr–1.2O) was synthesized by melting under high
vacuum in cold crucible semi-levitation furnace. X-ray diffraction (XRD) profile highlights
ẞ-phase microstructure. The electron backscattered diffraction (EBSD) revealed equiaxed
microstructure constituted by body-centered cubic ẞ phase. The tensile test displays typical
mechanical characteristics of the “super alloy”: a very high strength of 900 MP (2.5 times
higher than that of CPTi); the Young's modulus has around 60 GPa, very close to that of
bone (30 GPa); huge tensile recoverable elasticity is 1.5% (six times higher than of CPTi).
The electrochemical and corrosion behavior of the alloy in comparison with that of CPTi
was determined from cyclic potentiodynamic polarization curves, linear polarization
measurements (Tafel representation) and monitoring of the open circuit potentials and
corresponding open circuit potential gradients in Ringer solutions of different pH values
(acid, neutral and alkaline) simulating the human biofluid. The cyclic potentiodynamic
polarization curves exhibited self-passivation of the alloy with a very large passive
potential range, more electropositive corrosion potentials, more active passivation
potentials than those of CPTi that demonstrate a nobler passive behaviour and a more stable
passive state. Tendency to passivation is lower for alloy, proving an easier passivation due
to the favorable influence of Nb, Ta, Zr alloying elements, which participate with their
protective oxides Nb2O3, Ta2O5, and ZrO2 to the formation of the alloy passive film.
Corrosion current densities are lower of about 20 times in neutral and of about 3 times in
acid and alkaline Ringer solutions for alloy in comparison with those of CPTi. These facts
show superior resistance class for alloy and very low quantities of ions released into
physiological solutions, namely negligible toxicity of this alloy. Polarization resistances
have higher values for alloy, which attest more protective passive film.
The long-term studies by the monitoring of the open circuit potentials evinced nobler
values for alloy than those for CPTi, due to its more resistant passive film as was shown
from cyclic polarization curves; these values became more electropositive in time and
reached about constant values after 500 immersion h, fact that indicates the growth,
thickening of the passive film. Open circuit potential gradients have very low values, which
can not initiate galvanic cells.
From above presentation it results that the studied alloy presents nobler electrochemical
behavior, superior anticorrosive resistance and negligible toxicity in comparison with CPTi,
being a suitable material for implantation.

Differences in Li-storage Mechanism into Anatase and TiO2(B)
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Amongst various transition-metal oxides, titanium oxides are very attractive Li-ion battery negative
electrode materials because they are inexpensive, non-toxic, and reversibly insert Li at a redox potential
of around 1.5 V vs. Li+ /Li. Therefore, various polymorphs of titania such as rutile, anatase and TiO2(B)
have been studied as electrode materials for advanced Li-ion batteries, exhibiting improved lithiumstorage properties1-6. Generally, Li insertion into rutile and anatase proceeds as a diffusion controlled
irreversible process. Due to the low chemical diffusivity of Li in TiO2, which is rate-determining for the
lithium incorporation and extraction reaction, an introduction of a high porosity and surface area by
nanosizing of the TiO2 materials is a key to improved Li+ diffusion. Because of the increased impact of
both the surface and the interface in nanosized materials, so-called interfacial (surface) Li storage can
play an important role in nano structured materials beyond the conventional bulk insertion of Li into a
titanium dioxide and ternary oxide lattice. Excess Li can be accommodated either at the interfaces of the
nanometer-sized particles or at the open channels in the structure of particular polymorphs (TiO 2(B)) by
means of a pseudocapacitive faradaic process, which is not controlled by diffusion. In this case, the
currents in the peak maxima in cyclic voltammograms of Li insertion scale with the first power of scan
rate, which is characteristic for capacitive charging.
Unusually large faradaic pseudocapacitance specific for Li-insertion into TiO2(B) was ascribed to Liaccommodation in open channels of TiO2(B) structure allowing fast Li-transport in TiO2(B) lattice along
the b axis (perpendicular to (010) face) 7. Detailed analysis of cyclic voltammograms of Li insertion into
TiO2(B) and anatase provides information about capacitive contributions to overall charge of Li-storage8.
The enhancement of 30% is found in capacitive contributions (normalized to the total stored charges) in
TiO2(B) compared to that in anatase, in spite of ca. three times smaller surface area of the former.
Different charging mechanism explains facilitated Li-insertion in TiO2(B). The difference is caused
mainly by pseudocapacitive Li-storage in the bulk TiO2(B). Deconvolution of cyclic voltammograms also
indicates different capacitive contributions of the two voltammetric peaks, S1 and S2 of TiO 2(B). These
results provide novel insight into the Li-storage in TiO2(B) and its difference from that in anatase.
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13-07724S, P108/12/0814 and 15-06511S).
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Modifying electrodes with nanoscale carbonaceous
materials for enhancing their performance is a widely
used technique in electroanalytical chemistry
applications [1]. Drop casting is a common approach
as evidenced from the wide usage in literature reports.
The coating procedure is usually assumed to cover the
electrode completely but it is conceivable that the
diffusion of the analyte within the electroactive pores
of the nanomaterials all the way through to the base
material may be occurring since drop cast layers are
porous in nature. Cyclic voltammograms (CV) were
recorded at 1 mm diameter copper (Cu) electrodes
modified with porous layers of drop-coated multiwalled carbon nanotubes (MWCNTs) in the presence
of aggressive SO42- supporting electrolyte ions, where
a large oxidative current indicated the occurrence of
corroding Cu metal [2]. The layers were progressively
built up on the electrode surface by depositing drop
wise from 0 – 10 drops. It was demonstrated that a
total of 10 drops of the coating solution (~ 640 g/cm2
of MWCNTs per unit area of electrode) was
insufficient in providing a perfect coverage over the
underlying electrode surface even though lesser
loadings have been applied in the majority of
literature reports. Scanning electron microscopyenergy dispersive X-ray spectroscopy did not detect
Cu within a few hundreds of nanometers depth of the
electrode surface although CV experiments clearly
indicated events of Cu dissolution at the electrode
with MWCNTs loading of 640 g/cm2. These results
indicated that the drop casting procedure does not
prevent access of the electroactive molecules to the
base electrode material. It cannot be assumed that the
base electrode, nor the pore structure of the coating
material, does not significantly contribute to the
observed voltammetric response.
[1] L. Hu, D. S. Hecht, G. Gruner, Carbon Nanotube
Thin Films: Fabrication, Properties and Applications,
Chem. Rev. 110 (2010) 5790-5844.
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Electrochem. 34 (2004) 225-233.

Fig. 1. Triplicate CVs (commencing at -0.5 V vs.
Ag/AgCl) obtained at a scan rate of 2 mV s-1 at 1
mm diameter bare Cu and Cu electrodes modified
with porous layers of MWCNTs from the drop
casting solution in 0.1 M Na2SO4 solutions.
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Numerical simulation of two-phase flow is important for the performance evaluation of proton exchange
membrane fuel cells (PEMFCs). Exchange of water between vapor and liquid phases in the gas diffusion
layer (GDL) was considered by Nguyen and co-workers using the evaporation and condensation rate
constants[1,2]. Such an approach has been widely employed by many researchers on the two-phase
modeling of PEMFCs. Another two-phase flow approach was proposed by Hsuen and Yin, in which a
pseudo-phase-equilibrium function is to approximate the vapor/liquid phase equilibrium[3]. Both
methods predict species profiles in the GDL and cell performance at various degrees of inlet
humidification without the need to determine liquid water front in the GDL explicitly. The present study
compares the calculation consequence of these two approaches in detail. 1-D analytical solution based on
the instantaneous equilibrium between two phases is used to verify the numerical predictions. The
evaporation/condensation approach allows super-saturation near the cathode GDL and membrane
interface. Thus, membrane is better hydrated near the interface after the emergence of liquid water as
compared to the pseudo-phase equilibrium method. The ohmic resistance in Nguyen’s prediction is less
and better cell performance is obtained after liquid phase appears in the GDL.
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Understanding the fundamental processes at the electrode/electrolyte interface during charge and discharge is a
prerequisite for developing advanced Li-ion battery (LIB) systems with long lifetimes [1]. Interfacial reactions,
which include lithium ion insertion/extraction, electrolyte decomposition, and the formation of a solid electrolyte
interphase (SEI) layer, determine both irreversible capacity loss and cycle life of LIB systems [2,3]. Using
Finite Element Methodology (FEM), the interplay between electrochemical performance and morphology
changes can be investigated for a broad selection of electrode materials and properties.
In the current work, a 1D battery model generating repeated charge and discharge cycles is implemented for
studying SEI layer growth and capacity loss when utilizing silicon (Si) as anode material in LIBs. Si possesses
much higher capacities than the commercially used graphite anodes, but exhibits large volumetric expansion
during Li intercalation [4]. This can result in cracking, subsequently leading to a detachment of the active
material particles from each other and possibly also from the SEI layer film formed during previous cycles. The
SEI layer will, due to continuous decomposition of electrolyte salt and solvent, cover the porous electrode
surface, leading to a constant change in morphology and associated polarization during cycling. The continuous
reformation of the SEI layer after each cycle also leads to a large consumption of Li in the battery cell. In
comparison, the SEI film on traditional graphite anodes generally yield less capacity fade than on Si, although
the chemical composition of the interface layers on the two materials appear similar [6,7]. In this context, Sibased LIB cells are here investigated theoretically to better understand the morphological background to the
capacity fade using different electrolyte systems (see Fig. 1). Moreover, the simulation results are compared with
experimental data from electrochemistry and X-ray Photoelectron Spectroscopy (XPS).

Fig. 1. Schematic representation of the SEI formation on a silicon anode after long-time cycling with FEC/LP40
(a) and LP40 (b) electrolytes, respectively.
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Abstract
This work is part of a global effort to understand the corrosion behavior of aluminum alloys of the 2000
series .Our study basically focuses on the temper of the studied materials, which is a key point for
understanding the phenomena occurring corrosion.
As part of this work, an original approach was applied to study the electrochemical behavior of heattreated alloys. For this, an experimental protocol was divided into two distinct categories. The first
includes tests for analyzing the microstructures obtained after the various heat treatments and to identify
the different phases of the material. The observational techniques used for this study are the Optical
Microscopy and Scanning Electron Microscopy (SEM) .The electrochemical methods are also presented
to increase their interest in the study of corrosion.
A good correlation was obtained between the various metal phases highlighted and the electrochemical
behavior of these alloys in a chloride medium. The evolution of the microstructure according to the
chemical composition was then revealed that the S- Al2CuMg Phase played a major role. We met one
type of corrosion is localized corrosion. Different forms of this type of corrosion encountered are galvanic
corrosion, observed by a loosening of cathode particles and dissolution selective of anode particles.
Galvanic coupling between the matrix and S- Al2CuMg shows that the matrix passive and pinholes were
observed on the S- Al2CuMg phase, then, it is the second form that is intergranular corrosion.
T4 treatment with 20 days of aging has greater nobility, strength and low bias current of corrosion
compared to the other treatments.
Key words
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An electrochemical aptasensor based on carbon paste electrode (CPE) modified with different
nanoparticles such as gold nanoparticles (Au), silver nanoparticles (Ag),hollow gold nanosphere (HGN),
hollow silver nanosphere (HSN), silver-gold core:shell (Ag@Au), gold-silver core:shell (Au@Ag) and
silver-gold alloy nanoparticles (Ag/Au) was developed. The main goal of this project was qualitative
investigation of nanoparticles with different structures on the efficiency of aptasensor. No detailed
information is available in the literature on the comparison between nanoparticles in aptasensing. Here,
the aptamer for Escherichia coli (E.coli) bacteria was selected as a model. To prepare the modified CPE,
the cysteamine was bound onto the surface of CPE by using cyclic voltammetry. Then, nanoparticles
were self-assembled on the electrode via strong covalent bond to fabricate the nanoparticles selfassembled modified electrode. The morphology of the modified electrode was characterized with
scanning electron microscopy. The electrochemical behavior of E.coli on the bare and modified CPE was
investigated with cyclic voltammetry and differential pulse voltammetry in 0.1 M pH 6.0 phosphate
buffer solution. Two well-defined oxidation peaks of E.coli on the bare CPE were obtained at + 0.81 V
and + 0.95 V (vs. Ag/AgCl) that can be attributed to the oxidation of guanine. While after aptamer
immobilization at the nanoparticle modified CPE, one peak appeared at + 0.95 V (vs. Ag/AgCl) that
probably belongs to the synergic effects of nanoparticles and aptamer. The peak current of E.coli was
linear with its concentration in the range of 1.0 to 10 +6 CFU. To obtain optimized condition, further
studies were done by Apt/Au/Cys/CPE including effect of different modified layer on nanoparticles
adsorption, aptamer immobilization as well as selectivity of the aptasensor using other kinds of bacteria.

