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9t Spring Meeting of the International Society of Electrochemistry

Sunday 8, May, 2011

1YC 2011
Special session celebrating the International Year of Chemistry

Chaired by: Ari Ivaska, Co-chair: Johan Bobacka

18:00 to 18:50 Invited page 39

Christopher Brett (Departamento de Quimica, Faculdade de Ciencias e Tecnologia,
Universidade de Coimbra, Coimbra, Portugal)

Why Electrochemistry and What Can It Do For Us? The Achievements
of Electrochemistry and the Future

18:50 to 19:00
Short Break

19:00 to 19:50 Invited page 38

Christian Amatore (Ecole Normale Superienre et CNRS, Department of Chenristry,
UMR 8640, Paris, France)

Finding Out Egyptian Gods’ Secret with MicroElectrochemical
Sensors: Biomedical Properties of Egyptian Black Makeup Revealed by
Microamperometry at Single Cells

20:00 to 21:30
Reception



9t Spring Meeting of the International Society of Electrochemistry

Monday, 9 May, 2011 - Morning

Chaired by: Salvatore Daniele, Co-chazr: Hasuck Kim

09:00 to 09:40 Keynote page 44

Michael Mirkin (Department of Chemistry & Biochemistry, Queens College, CUNY,
Flushing, USA), Faruk Gokmese, Ebru Gokmese, Jeyavel Velmurugan, Yixian
Wang

Nanoscale Electrochemical Sensors Prepared by Electrodeposition

09:40 to 09:50
Short Break

09:50 to 10:20 Invited page 106

Gordon Wallace (ARC Centre of Excellence for Electromaterials Science, Intelligent
Polymer Research Institute, University of Wollongong, Wollongong, Australia)

Nanostructured Carbon Electrodes

10:20 to 10:40
. Coffee Break

10:40 to 11:00 page 67
Frédéric Kanoufi (PECSA - UMR7195 - ESPCI ParisTech, Paris, France),
Catherine Combellas, Frédérique Deiss, Mathieu Etienne, Neso Sojic

Scanning Electrochemical Microscopy with Nanoprobe Arrays -
Towards Stamp Electrochemical Lithography ?

11:00 to 11:20 page 109

Ming Wu (Competence Centre for Electrochenical Surface Technology, Wiener Neustadt,
Austria), Amra Avdic, Emmerich Bertagnolli, Guy Denuault, Bernhard Gollas,
Kelly Leonhardt, Alois Lugstein, Ilya Pobelov, Thomas Wandlowski

Microfabrication and characterisation of cone-shaped boron-doped
diamond and gold nanoelectrodes for simultaneous AFM and SECM
imaging
11:20 to 11:40 page 83
Indrek Must (University of Tartu, Institute of Technology, IMS Lab, Tartu, Estonia),
Alvo Aabloo, Urmas Johanson, Friedrich Kaasik, Andres Punning
Sensorial Properties of Carbon-Polymer Composite

Program

Monday, May 9, 2011 - Morning
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9t Spring Meeting of the International Society of Electrochemistry

11:40 to 12:00 page 90

Adriana Remes (Department of Applied Chemistry and Engineering of Inorganic
Compounds and Environment, Politehnica University of  Timisoara, Tinisoara,
Romania), Anamaria Baciu, Florica Manea, Stephen J. Picken, Aniela Carmen
Pop, Joop Schoonman

Electrochemical Determination of Pentachlorophenol from Water on
Multiwalled Carbon Nanotube-Epoxy Composite Electrode

12:00 to 12:20 page 70

Gy6z6 G. Lang (Department of Physical Chenistry, Institute of Chemistry, Eotvis
Lordnd University, Budapest, Hungary), Fanni Bazs6, Maria Ujvari

In Situ Monitoring of the Electrochemical Degradation of Polymer
Films on Metals Using the Bending Beam Method and Impedance
Spectroscopy

12:20 to 13:50

Lunch

Lecture Hall

Chaired by: Christian Amatore, Co-chair: Susana Cordoba de Torresi

09:50 to 10:20 Invited page 49

Richard Baldwin (Department of Chemistry, University of Loutsville, Louzsville,
KY, USA), Susan Carroll, Robert Keynton, Mohamed Matei, Thomas Roussel

A Calibration-Free Coulometric Detection System for Remote Sensing
Applications

10:20 to 10:40

. Coffee Break

10:40 to 11:00 page 86
Leif Nyholm (Uppsala University, Department of Materials Chemistry, Uppsala,
Sweden)

On-chip Electrochemical and Mass Spectrometric DetectionTechniques

11:00 to 11:20 page 87

Jairo J. Pedrotti (Centro de Ciéncias e Humanidades, Universidade Presbiteriana
Mackenzie, Sao Panlo, Brazil), 1.acio Angnes, Bruno D. Pacheco, Jaqueline
Valério
Fast Batch Injection Analysis of H,O, Using an Array of Modified Gold
Microelectrodes Obtained from Split Electronic Chips



9t Spring Meeting of the International Society of Electrochemistry

11:20 to 11:40 page 96

Zbigniew Stojek (Department of Chemistry, University of Warsaw, Warsaw,
Poland), Agata Kowalczyk, Anna Nowicka, Fritz Scholz

Changes in Performance of DNA Biosensor Caused by Hydroxyl
Radicals
11:40 to 12:00 page 107

Xuemei Wang (State Key Laboratory of Bioelectronics, Chien-Shinng Wn Laboratory,
Southeast University, Nanjing, China)

Highly Sensitive Detection of Cancers based on New Electrochemical
Probes and Multifunctional Nano-Interface
12:00 to 12:20 page 92

Sverre Rolseth (SINTEF Materials and Chemistry, Trondbeins, Norway), Henrik
Gudbrandsen, Richard Haverkamp, Jomar Thonstad

An Electrochemical Method to Monitor the Content of Dissolved
Alumina in Electrolytes of Aluminium Electrolysis Cells

12:20 to 13:50

Lunch

Program

Monday, May 9, 2011 - Morning
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9t Spring Meeting of the International Society of Electrochemistry

Monday, 9 May, 2011 - Afternoon

Chaired by: Christopher Brett, Co-chair: Andrzej Lewenstam

13:50 to 14:30 Keynote page 41

Justin Gooding (School of Chenristry, The University of New South Wales, Sydney,
Auwustralia), Rose Amal, Ian Goon, Leo Lai, Yu-Shan Lin, Guozhen Liu,
Erwann Luais

Nanoparticle Architectures for Improving Selectivity and Sensitivity of
Electrochemical Affinity Biosensors

14:30 to 14:40
Short Break

14:40 to 15:10 Invited page 51

Richard G. Compton (Department of Chemistry, Physical & Theoretical Chemistry
Laboratory, University of Oxford, Oxford, United Kingdom), Christopher Batchelor-
McAuley, Stephen R. Belding, Fallyn W. Campbell, Edmund J. E Dickinson,
Martin C. Henstridge, Yige Zhou

Why ‘Nano’? Is there Changed Electrochemistry at the Nanoscale?

15:10 to 15:30 page 99

Minoru Umeda (Department of Materials Science and Technology, Nagaoka University
of Technology, Nagaoka, Japan), Akira Kishi, Sayoko Shironita
Fabrication of Pt Nano-dot Patterned Electrode using AFM-based
Indentation Method

15:30 to 15:50 page 93

Virginia Ruiz (Centre for Electrochemical Technologies (CIDETEC-IK4), Donostia-
San Sebastian, Spain), Maryam Borghei, German Cabafiero, Esko Kauppinen,
Oscar Loaiza, Estibalitz Ochoteco

Pt Nanoparticle/Carbon Nanofiber-Modified Screen-Printed Electrodes
for Amperometric Detection of H,O,

15:50 to 16:10 page 63

Teddy Hezard (Laboratoire de Chimie Agro-industrielle et aboratoire de Génie
Chimigue, Université de Toulouse, Toulouse, France), Philippe Behra, Brigitte
Dubreuil, David Evrard, Katia Fajerwerg, Pierre Gros

Electrodeposition of Gold Nanoparticles on Glassy Carbon for Hg(I)
Trace Determination in Aqueous Media

16:10 to 16:30
. Coffee Break



9t Spring Meeting of the International Society of Electrochemistry

16:30 to 16:50 page 56

Lynn Dennany (Department of Pure and Applied Chenistry, University of Strathelyde,
Glasgow, United Kingdom), Paolo Bertoncello, Robert Forster, Matthias Gerlach,
Tia Keyes, Shane O’Carroll

Novel Glutathione Biosensor based on Electrochemiluminescence of
Quantum Dots Composites
16:50 to 17:10 page 54

Salvatore Daniele (Departiment of Physical Chemistry, University of Venice, Ventce,
Italy), M. Antonietta Baldo, Dario Battistel, Carlo Bragato

Mesoporous platinum microelectrodes as sensors for the detection of
small organic molecules (SOMs) in direct SOMs fuel cells
17:10 to 17:30 page 62

Matthias Heim (ISM, Groupe NSYSA, Site ENSCBP, Pessac, France), Alexander
Kuhn, Nicolas Mano, Serge Ravaine, Stéphane Reculusa

Miniaturized cylindrical porous electrodes for sensing applications

17:30 to 19:30

Poster session

Lecture Hall

Chaired by: F. Xavier Rius, Co-chair: Krzysztof Maksymiuk

14:40 to 15:10 Invited page 113

Serge Zhuiykov (Materials Science and Engineering Division/ CSIRO, Melbourne,
Australia), Bugene Kats

Modification of Solid-state Cu,O-doped RuO,-based Sensors Aiming
Improvement of Their Antifouling Resistance

15:10 to 15:30 page 105
Karel Vytras (Department of Analytical Chemistry, University of Pardubice,
Pardubice, Czech Republic), Samo B. Hocevar, Bozidar Ogoreve, Ivan Svancara

Electrochemical Stripping Analysis with Antimony-Based Carbon Paste
Eletrodes

15:30 to 15:50 page 103

Anne Vuorema (Laboratory of Applied Environmental Chemistry, Lappeenranta
University of Technology, Mikskeli, Finland), Frank Marken, Mika Sillanpdd, Wim
Thielemans
Electroanalysis at Carbonized Layer-by-Layer Cellulose-PDDA-TiO,
Composite Thin Films

Program

Monday, May 9, 2019 - Afternoon
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9t Spring Meeting of the International Society of Electrochemistry

15:50 to 16:10 page 88

Yuri Pleskov (Frumfkin Institute of Physical Chemistry and Electrochemistry, Moscom,
Russian Federation), Marina Krotova, Viktor Ralchenko, Aleksey Saveliev

Heavily Nitrogen-doped Nanocrystalline Diamond Electrodes: Transition
to Metal-like Electrochemical Behavior

16:10 to 16:30
M Coffee Break

16:30 to 16:50 page 97

Kaido Tammeveski (Institute of Chemistry, University of Tartu, Tartu, Estonia),
Marko Kullapere, Gilberto Maia, Fakhradin Mirkhalaf

Electrochemical Properties of Aryl-Modified Glassy Carbon and Gold
Electrodes
16:50 to 17:10 page 98

Kathryn Toghill (Department of Chemistry, Physical and Theoretical Chensistry
Laboratory, University of Oxford, Oxford, United Kingdom), Richard Compton

Nickel-modified boron-doped diamond electrodes as electrocatalytic
sensors
17:10 to 17:30 page 94

Tomoaki Sato (Interdisciplinary Graduate School of Engineering Sciences, Kynshu
University, Kasuga, |apan), Norio Miura, Vladimir Plashnitsa, Yuta Suetsugu,
Masahiro Utiyama

YSZ-based Sensors Using Oxide Sensing Electrodes for Detection of
Hydrocarbons in ppb Level

17:30 to 19:30

Poster session



9t Spring Meeting of the International Society of Electrochemistry

Tuesday, 10 May, 2011 - Morning

Chaired by: Michael Mirkin, Co-chair: Karel Vytras

09:00 to 09:40 Keynote page 42

Jiri Janata (Schoo! of Chemistry and Biochenistry, Atlanta, USA), Alex Jonke,
Mira Josowicz, Ryan West

Work Function Potentiometric Sensors

09:40 to 09:50
Short Break

09:50 to 10:20 Invited page 73

Andrzej Lewenstam (Process Chemistry Centre, ¢/ o Centre for Process Analytical
Chemistry and Sensor Technology (ProSens), Abo Akademi University, Tnurkun, Finland),
Marek Danielewski, Robert Filipek, Bartosz Grysakowski, Jerzy Jasielec,
Witold Kucza, Peter Lingenfelter, Tomasz Sokalski, Bartlomiej Wierzba

Nernst-Planck-Poisson model (NPP) as a comprehensive and powerful
tool for modeling non equilibrium potentiometry

10:20 to 10:40
@ Coffee Break

10:40 to 11:00 page 74
Tom Lindfors (Abo Akademi University, Process Chemistry Centre, Laboratory
of Analytical Chemistry, Turku, Finland), Robert Gyurcsanyi, Ning He, Lajos
Hofler, Fredrik Sundfors

Water Uptake of Ion-selective Membranes and Its Correlation with
the Potential Stability of Solid-contact and Coated-wire Ion-selective

Electrodes
11:00 to 11:20 page 76
Krzysztof Maksymiuk (University of Warsaw, Department of Chemistry, Warsaw,
Poland)

Applications of Chronopotentiometry to Study and Modify Composition
of Ton-Selective Electrodes Membranes

11:20 to 11:40 page 82
Konstantin Mikhelson (8% Petersburg State  University, Chemical Faculty,

St. Petersburg, Russian Federation)
Lowering the Detection Limits of Ion-selective Electrodes by

Galvanostatic Polarization: Practical Achievements vs. Fundamental
Uncertainties

Program

Tuesday, May 10, 2011 - Morning
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9t Spring Meeting of the International Society of Electrochemistry

11:40 to 12:00 page 75

Grzegorz Lisak (Laboratory of Analytical Chemistry, Abo Akademi Process
Chemistry  Centre, Turkum, Finland), Johan Bobacka, Leo Harju, Andrzej
Lewenstam, Tomasz Sokalski

Lowering of the Detection Limit of Solid-State Lead(II)-Selective
Electrodes

12:00 to 12:20 page 60

Vinicius Gongales (Instituto de Quinrica, Universidade de Sao Paulo, Sao Panlo,
Brazil), Tania Benedetti, Alann Bragatto, Susana Cérdoba de Torresi, Roberto
Torresi

Template Synthesis of Macroporous Copper Hexacyanoferrate/
Polypyrrole Transducers. Influence of Pore Size on H,O, Detection

12:20 to 13:50

Lunch

Lecture Hall

Chaired by: Richard Baldwin, Co-chair: Hyacinthe Randriamahazaka

09:50 to 10:20 Invited page 91

E. Xavier Rius (Department of Analytical and Organic Chemistry, Tarragona, Spain),
Francisco Javier Andrade, Pascal Blondeau, Josep Cid, Cristina Cid, Gastén
A. Crespo, Santiago Macho, Jordi Riu

Potentiometric sensors based on carbon nanotubes. From invention to
innovation

10:20 to 10:40
. Coffee Break

10:40 to 11:00 page 68
Olga Karavai (Universidade de Aveiro, Aveiro, Portugal), Ana A. Ferreira,
Alexandre C. Bastos, Mario G.S. Ferreira, Mikhail L. Zheludkevich

Corrosion of Zinc in Chloride Media Analyzed by Zn?* and pH
Potentiometric Microsensors

11:00 to 11:20 page 71
Youssef Lattach (Conservatoire National des Arts et Métiers, Paris, France)

Conducting Polymers as sensitive layers for the electrochemical and

gravimetric detection of small organic molecules: influence of the

chemical and structural propertiesof the layers on the recognition
process



9t Spring Meeting of the International Society of Electrochemistry

11:20 to 11:40 page 78

Justus Masa (Rubr-Universitit Bochum, Analytische Chemie - Elektroanalytik und
Sensorik, Bochum, Germany), Wolfgang Schuhmann

Systematic selection and design of Metalloporphyrin-based Oxygen
Sensors by tuning the donor-acceptor intermolecular hardness

11:40 to 12:00 page 95

Isao Shitanda (Tokyo University of Science, Chiba, Japan), Masayuki Itagaki,
Shunske Mori, Kunihiro Watanabe

Screen-printing Dissolved Oxygen Sensor with Ag/C/CeO, Particle and
Polydimethylsiloxane Film
12:00 to 12:20 page 66

Han Jin (Interdisciplinary Graduate School of Engineering Sciences, Kyushu University,
Kasnga, Japan), Norio Miura, Vladimir Plashnitsa

Potentiometric/Amperometric Rod-type YSZ-based Gas Sensor
Attached with Mn-based Solid Reference-electrode

12:20 to 13:50

Lunch

11

Program

Tuesday, May 10, 2011 - Morning
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9t Spring Meeting of the International Society of Electrochemistry

Tuesday, 10 May, 2011 - Afternoon

Chaired by: Jiri Janata, Co-chair: Zbigniew Stojek

13:50 to 14:20 Invited page 57

Dermot Diamond (CLARITY Centre for Sensor Web Technologies, National
Centre for Sensor Research, Dublin City University, Dublin, Ireland), Fernando Benito
Lopez, Robert Byrne, King Tong Lau, Aleksandar Radu, Giulia Rella

How can Scaled-Up Deployments of Ion-Selective Electrodes in Remote
Autonomous Instruments be Achieved?
14:20 to 14:40 page 80

Agata Michalska (Department of Chenistry, Warsaw University, Warsaw, Poland)
Micro- and Nanostructrures for Ion-Selective Electrodes

14:40 to 15:00 page 81

Jan Migdalski (AGH - University of Science and Technology, Faculty of Material
Science and Ceramics, Krakon, Poland) Teresa Blaz, Boguslaw Bas, Andrzej
Lewenstam

Unique contact-type measurement of ions using planar multielectrode
platform

15:00 to 15:20 page 102

Winfried Vonau (Kurt-Schwabe-Institute, Ziegra-Knobelsdorf, Germany), Kristina
Ahlborn, Monika Berthold, Frank Gerlach, Alexander Horig

Solid-state single-rod measuring cells for electrochemical analytics in
the liquid phase

15:20 to 17:20

Poster Session

19:00 to 24:00

Conference Dinner



9t Spring Meeting of the International Society of Electrochemistry

Lecture Hall

Chaired by: Richard G. Compton, Co-chair: Li Niu

13:50 to 14:20 Invited page 47
Eric Bakker (University of Geneva, Geneva, Switzerland), Ewa Grygolowicz-
Pawlak

Modeling the Time Response of Electrochemically Controlled
Membrane Electrodes
14:20 to 14:40 page 77

José-Gabriel Martinez (Catedritico de Quimica-Fisica, Universidad Politécnica de
Cartagena, Cartagena, Spain), Y. Ismail, Toribio Fernandez Otero, L. Valero

Electrochemical Devices Sensing Surrounding Conditions

14:40 to 15:00 page 55

Catherine Debiemme-Chouvy (Laboratoire Interfaces et Systémes Electrochimiques,
UPRT75 dn CNRS, University Pierre et Marie Curie, Paris, France), Gwendoline
Navarro

Ultra Thin Overoxidized Polypyrrole Membrane for the Design of
Amperometric Biosensor

15:00 to 15:20 page 52

Susana Cordoba de Torresi (Instituto de Quimica, Universidade de Sao Paulo,
Sao Panlo, Brazil), Kelly S. Galhardo, Leonardo T. Silveira, Roberto M. Torresi

On the use of ionic liquids to immobilize biomolecules onto different
sensing platforms

15:20 to 17:20

Poster Session

19:00 to 24:00

Conference Dinner

13

Program

Tuesday, May 10, 2011 - Afternoon




14

o
£
c
1
S
=
o
~
>~
e
=
N
e)
S
(7]
3
c
£
2

9t Spring Meeting of the International Society of Electrochemistry

Wednesday, 11 May, 2011 - Morning

Chaired by: Bxic Bakker, Co-chair: Konstantin Mikhelson

09:00 to 09:40 Keynote page 43

Ritu Kataky (Department of Chemistry, University of Durham, Durbam, United
Kingdom), Alice Delcourt Lancon, Paula Lopes, Lisa Murphy, Ruzniza Zawawi

Chiral Sensing and its significance

09:40 to 09:50
Short Break

09:50 to 10:20 Invited page 61

Robert E. Gyurcsanyi (Department of Inorganic and Analytical Chemistry,
Budapest, Hungary), Istvan Bitter, Gyula Jagerszki, Agoston Takacs

Ionophore-Modified Nanopores as Solid-State Ion-Channels for
Potentiometric Sensing

10:20 to 10:40
. Coffee Break

10:40 to 11:00 page 110

Xiaoping Wu (Key Laboratory of Analysis and Detection Technology for Food Safety,
Ministry of Education, Department of Chemistry, Fuzhou University, Fuzhon, China),
Tao Hu, Liuming Yang, Maozeng Yue

A Highly Selective Potassium Ion Sensor Based on Amphotericin B
Artificial Ion Channel

11:00 to 11:20 page 59
Sarra Gam-Derouich (University Paris Diderot, Paris, France)

Molecularly imprinted polymer-based electrochemical sensors: a new
strategy combining aryl diazonium surface chemistry and surface-
initiated photopolymerization

11:20 to 11:40 page 69

Hasuck Kim (Department od Energy Systems, DGIST, Daegn, Korea), Donghoon
Han, Yang-Rae Kim, Jong Seung Kim
Electrochemical Sensing of Metal Ions Based on Molecular Switching



9t Spring Meeting of the International Society of Electrochemistry

11:40 to 12:00 page 104

Vlastimil Vyskocil (Charles University in Prague, Faculty of Science, Department
of Analytical Chemistry, UNESCO Laboratory of Environmental Electrochemistry,
Pragne, Czech Republic), )iri Barek, Ales Dnhel, Jan Fischer, Eva Horakova

Recent Trends in Development and Applications of Silver Amalgam
Electrodes in Environmental Analysis of Biologically Active Organic
Compounds

12:00 to 12:20 page 72

Mikhael Levi (Department of Chemistry, Bar-llan University, Ramat-Gan, Israel),
Doron Aurbach, Gregory Salitra, Sergey Sigalov

Progress towards Understanding Electroadsorption of Ions in
Nanoporous Carbons: EQCM Studies

12:20 to 13:50
Lunch

Lecture Hall

Chaired by: Serge Zhuiykov, Co-chair: Justin Gooding

09:50 to 10:20 Invited page 85

Li Niu (Engineering Laboratory for Modern Analytical Techniques, ¢/o State Key
Laboratory of Electroanalytical Chenzistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun, China), Ari Ivaska

Ionic Liquid-Functionalized Nanocomposites toward Electroanalytical
Applications

10:20 to 10:40
. Coffee Break

10:40 to 11:00 page 89

Hyacinthe Randriamahazaka (Université Paris-Diderot, Paris 7, Interfaces,
Traitements, Organisation et Dynamique des Systémes (ITODYS) CNRS - UMR
7086, Paris, France), Olivier Fontaine, Jalal Ghilane, Jean-Christophe Lacroix

pH-dependent Properties of Thin Film Obtained from the Electro-
grafting of Diazonium Salt in Ionic Liquid

11:00 to 11:20 page 48

Maija Blomquist (Laboratory of Analytical Chemistry, Process Chemistry Centre,
Abo Akademi University, Turkn, Finland), Johan Bobacka, Ari Ivaska, Kalle
Levon, Ulriika Mattinen

Potentiometric Biosensors Based on Thiolated Polyaniline

15

Program

Wednesday, May 11, 2011 - Morning
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9t Spring Meeting of the International Society of Electrochemistry

11:20 to 11:40 page 53

Luiz Henrique Dall Antonia (Departamento de Quimica, Universidade Estadnal
de Londrina, Londrina, Brazil), Jose Luiz Bott Neto, Marcelo Ferreira, Vitor
Leite Martins

Enzyme stabilization by vegetable polysaccharides in layer-by-layer
electrodes
11:40 to 12:00 page 108

Xiaoju Wang (Laboratory of Inorganic Chemistry, Process Chemistry Centre, Abo
Atkadenmi University, Turkn, Finland)

A Mediatorless Lactose/Glucose Biosensor Using Cellobiose De-
hydrogenase and Au Nanoparticles
12:00 to 12:20 page 50

Ku-Ning Chang (Iustitute of Applied Mechanics, Taipei, Taiwan), Yi-Ching Kuo,
Ying-Hua Chen, Ching-Sung Chen, Chih-Kung Lee

A Labelfree Impedance Array Biosensor for Detection of Multiple
Antibody-Antigen Interactions Based on a Novel Conductive Linker

12:20 to 13:50

Lunch



9t Spring Meeting of the International Society of Electrochemistry

Wednesday, 11 May, 2011 - Afternoon

Chaired by: Dermot Diamond, Co-chair: Virginia Ruiz

13:50 to 14:10 page 112

Wensheng Yang (State Key Laboratory of Chemical Resource Engineering, Beijing
University of Chemical Technology, Bezjing, China), Xu Chen, Qing Xie

Nanosheet-Based Titania Microspheres with Hollow Core-Shell
Structure Encapsulating Horseradish Peroxidase for the Fabrication of
a Mediator-Free Biosensor
14:10 to 14:30 page 64
Xirong Huang (College of Chenristry and Chemical Engineering, Jinan, China)
Fabrication of Nanoporous Metal Materials for Biosensing Applications

14:30 to 14:50 page 111
Quan-Hong Yang (Tianjin University, Tianjin, China), Wei Lu
Graphene-DNA hybrids: novel electrochemical sensor

14:50 to 15:10 page 79

Ulriika Mattinen (Process Chemistry Centre, Laboratory of Analytical Chemistry,
Abo Akademi, Abo/ Turkn, Finland), Maija Blomquist, Johan Bobacka, Ari
Ivaska, Kalle Levon, Andrzej Lewenstam

Use of Electrospun Polyaniline for Sensor Applications

15:10 to 15:30 page 84

Hiroshi Nishihara (Department of Chemistry, School of Science, The University of
Tokyo, Tokyo, Japan), Yasunori Inoue, Kohsuke Ito, Masae Konno, Hirokazu
Matsumoto, Mariko Miyachi, Kazuo Nakazato, Yusuke Shibata, Yoshinori
Yamanoi

Photosensing System Composed of Photosystem I and Molecular Wire
on Electrode

15:30 to 15:50
. Coffee Break

15:50 to 16:00
Closing
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9t Spring Meeting of the International Society of Electrochemistry

Lecture Hall

Chaired by: Ritu Kataky, Co-chair: Roébert E. Gyurcsanyi

13:50 to 14:10 page 101

Vladimir Vetterl (Institute of Biophysics AS CR, vwi., Brno, Czech Republic),
Lukas Foijt, Stanislav Hason

Two-dimensional Condensation of Nucleic Acids Components and
Oligodeoxynucleotides at the Mercury Electrodes
14:10 to 14:30 page 65
Norahim Ibrahim (University of Bath, Bath, United Kingdom)
Poly-Adenylic Acid and DNA Films Based on Layer-by-Layer Deposition
with Positively Charged Carbon Nanoparticles
14:30 to 14:50 page 58

Marian Filipiak (Pognan University of Economics, Chair of Biochemistry and
Microbiology, Poznan, Poland), Daniela Gwiazdowska, Marta Ligaj, Mariusz
Tichoniuk

Electrochemical sensors for Aeromonas hydrophila

14:50 to 15:10 page 100

Yves Van Ingelgem (SURFE;, '7jje Universiteit Brussel, Brussels, Belginm), Annick
Hubin, Sven Verguts

Use of multisine EIS in the development of advanced screening
techniques for cell cultures

15:30 to 15:50
. Coffee Break

15:50 to 16:00
Closing
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9t Spring Meeting of the International Society of Electrochemistry

Monday, May 9, 2011

P-001
Cristina-Andreea Amarandei (University “Politehnica” of Bucharest, Bucharest,
Romania)
Enzymatic activity of glucose oxidase covalently wired potassium
ferricianyde to electrically conductive polypyrrole films
P-002
Lucio Angnes (Instituto de Quimica, Universidade de Sdo Paulo, Sio Paulo,
Brazil)
Determination of nimesulide in pharmaceutical products using square
wave voltametry and flow injection analysis
P-003

Kaori Asano (Tokyo University of Science, Chiba, Japan), Masayuki Itagaki,
Isao Shitanda, Kunihiro Watanabe

Characterization of Glucose Oxidase and Glycerol-containing
Microcapsule Immobilized Electrode

P-004
Maria Valnice Boldrin Zanoni (Instituto de Quimica, UNESE Araraquara,
Brazil), Talita da Silva Rego, Daniela Pereira dos Santos

Voltammetric determination of hair dye in wastewater by multiwalled
carbon nanotubes modified electrode

P-005

Yémima Bon Saint Come (NsysA ISM Bordeaux I, Pessac, France), Mathieu
Etienne, Janine Gajdzik, Rolf Hempelmann, Alexander Kuhn, Héléne Lalo,
Alain Walcarius, Zhijie Wang

Bioelectrocatalysis on optimised electrodes

P-006

Christopher Brett (Departamento de Quimica, Faculdade de Ciencias e
Tecnologia, Universidade de Coimbra, Coimbra, Portugal), Dilek Kul, Rasa
Pauliukaite

Multi-Walled Carbon Nanotube/Poly(Nile Blue) Modified Glassy Carbon
Electrode as Ascorbic Acid Sensor

P-007
Rui Campos (Department of Chemistry, Durbam University, Durham, United
Kingdom), Ritu Kataky
Electron Transfer Rate Constant for Bilayer Lipid Membranes Modified
with Ubiquinone-10 and alpha-tocopherol
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P-008
Ricardo Carvalho (Dept. de Quimica, Faculdade de Ciéncias e Tecnologia,

Universidade de Coimbra, Coimbra, Portugal), Aziz Amine, Christopher Brett,
Adil Mandil

Metal and Nanoparticle Modification of Screen Printed Electrode
Sensors for Amino Acid Determination

P-009
Anna Celebanska (Institute of Physical Chemistry, Polish Academy of Sciences,
Warsaw, Poland), Adam Lesniewski, Marcin Opallo, Dorota Tomaszewska
The Carbon-Ceramic Nanoparticulate Electrode for Dopamine Sensing

P-010
Mohamed Chehimi (University Paris Diderot, Paris, France), Sarra Gam-
Derouich, Naima Maouche

Dopamine imprinted polymers: a comparative study between
polymethacrylate and polypyrrole sensing layers

P-011
Venkata Chelikani (Lincoln University, Christchurch, New Zealand), Keith
H. R. Baronian, Alison J. Downard, Ravi Gooneratne, Gotthard Kunze, Neil
Pasco, Frankie J. Rawson
Direct electrochemical detection of NADH for quantification of
oestrogen

P-012
Xu Chen (State Key Laboratory of Chemical Resource Engineering, Beijing
University of Chemical Technology, Beijing, China), Wensheng Yang, June Zhu

Carbon Nanotube-Graphene Nanosheet Hybrid Films for Highly
Sensitive Electrochemical Sensing of Biomolecules

P-013
Luiz Henrique Dall Antonia (Departamento de Quimica, Universidade
Estadual de Londrina, Londrina, Brazil), Robert F. H. Dekker, Aneli M.
Barbosa, Analice Padovan Cortes, Vitor Leite Martins

Producing a biocomposite film using laccase and botryosphaeran layer-
by-layer for dopamine bio-sensing

P-014
Karolien De Wael (Antwerp University, Chemistry Department, Antwerp,
Belgium)
New Biosensors:The Use of Gelatin as a Matrix for the Immobilization
of Horse Heart Cytochrome ¢
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9t Spring Meeting of the International Society of Electrochemistry

P-015
Gabriele Favero (Department of Chemistry and Drug Technologies, Sapienza
University of Rome, Roma, Italy), Franco Mazzei, Sara Rea, Antonio Sindoni
Mesoporous Conducting Polymers for Enzymatic Electron Transfer-
based Applications

P-016
Zdenka Fohlerova (Department of Biochemistry, Faculty of Science, Masaryk
University, Brno, Czech Republic), Petr Skladal, Klara Sujanova, Jiti Zeravik
Development of the 4-Channel Biosensor for Determination of
Carboxylic Acids in Wine

P-017
Mariana Emilia Ghica (Departamento de Quimica, Universidade de Coimbra,
Coimbra, Portugal), Christopher M.A. Brett
Carbon Film-Carbon Nanotube Modified Electrode Sensors for
Epinephrine

P-018
Pierre Gros (Université de Toulouse, Laboratoire de Génie Chimique, UMR
CNRS 5503, Toulouse, France), Anne Galinier, Fadhila Sekli-Belaidi

PEDOT-modified voltammetric microsensor for the simultaneous assay
of ascorbic and uric acids in blood serum

P-019
Julien Gross (Institut de Chimie, Université de Strasbourg, Strasbourg, France),
Petra Hellwig, Bernd Ludwig, Frederic Melin, Thiomas Meyer, Yashvin
Neehaul, Arnaud Petrowick
Characterization of the complex c1-¢552 from Thermus thermophilus:
the protein-protein interaction

P-020
Mehmet Gumustas (Ankara University, Faculty of Pharmacy, Department of
Analytical Chemistry, Ankara, Turkey), Sibel A. Ozkan
A Novel Sensor forAntibiotic Drug Ertapenem Based on Electrochemical
Oxidation Using Boron Doped Diamond Electrode

P-021
Niloufar Hosseininasab (Department of Chemistry, Sharif University of
Technology, Tehran, Iran)
Pyrolytic Graphite Electrode Modified with Nano-diamonds Decorated
with Silver Nanoparticles as an Efficient Sensor for Voltammetric
Determination of Thioridazine
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P-022
Zahra Kamalzadeh (Department of Chemistry, Sharif University of Technology,
Tehran, Iran), Reyhaneh-Sadat Saberi, Saeed Shahrokhian

Electrochemical determination of Sumatriptan at a glassy carbon
electrode modified with a bilayer of multi walled carbon nanotube and
poly-pyrrole doped with new coccine

P-023

Wiladyslaw W. Kubiak (AGH University of Science and lechnology, Faculty
of Materials Science and Ceramics, Krakéw, Poland), Robert Piech, Katarzyna
Golen, Beata Paczosa-Bator

Heparin Determination by Cathodic Stripping Voltammetry Method

P-024
Justyna Kupis (AGH - University of Science and Technology, Faculty of Material
Science and Ceramics, Krakow, Poland) Jan. Migdalski, Andrzej Lewenstam

Electrochemical characterization of poly(3,4-ethylenedioxythiophene)
(PEDOT) doped with taurine

P-025

Justyna Kupis (AGH - University of Science and Technology, Faculty of Material
Science and Ceramics, Krakow, Poland) Ulriika Mattinen, Teresa Blaz, Jan
Migdalski, Andrzej Lewenstam

Biomimetic membranes based on conducting polymer films doped
with ATP, ADP and AMP ligands

P-026
Paula Lopes (Department of Chemistry, Durham University, Durham, United
Kingdom), Ritu Kataky

Ion Amperometry at Liquid/liquid Interfaces for the Detection of
Substances of Interest

P-027
Xiaoquan Lu (College of Chemistry & Chemical Engineering, Northwest
Normal University, Lanzhou, China)
Electrochemical Biosensing Based on Nanocomposites

P-028
Sangaranarayanan M. V. (Department of Chemistry, Indian Institiute of
Technology, Madras Chennai, India), Ramya Ramkumar

Development of catechol sensors with polypyrrole synthesized using
Quillaja Saponin
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9t Spring Meeting of the International Society of Electrochemistry

P-029
Franco Mazzei (Department of Chemistry and Drug Technologies, Sapienza
University of Rome, Rome, Italy), Luciano Catlucci, Massimo Di Fusco,
Gabriele Favero, Cristina Tortolini
Fullerene-Gold Nanoparticle Nanocomposite Electrode for the
Development of Laccase-based Biosensors

P-030
Frederic Melin (Institut de Chimie, Université de Strasbourg, Strasbourg,
France), Christian Blanck, Hsin-Yang Chang, Robert B. Gennis, Julien Gross,
Petra Hellwig, Bernd Ludwig, Thomas Meyer, Marc Schmutz
Electrochemistry of Soluble Proteins from the Respiratory Chain
Immobilized on Gold Nanoparticles

P-031
Sibel A. Ozkan (Ankara University, Faculty of Pharmacy, Department of
Analytical Chemistry, Ankara, Turkey), Burcu Dogan-Topal
A Novel Sensitive Electrochemical DNA Biosensor for Assaying of
Anticancer Drug Leuprolide

P-032
Antonio M. Peres (Escola Superior Agrdria, Instituto Politécnico de Braganga,
Braganga, Portugal), Luis G. Dias, Adélio A.S.C. Machado, Mara E.B.C. Sousa,
Ana C.A. Veloso
A Hybrid Electronic Tongue for Direct Classification of Baby Liquid
Foods with or without Gluten

P-033
Glauco Pilon dos Santos (Department of Analytical Chemistry, Sdo Paulo
State University (UNESP), Araraquara, Brazil), Marcos Vinicius Foguel,
Marcello Mascini, Antonio Aparecido Pupim Ferreira, Petr Skladal, Gustavo
Stoppa Garbellini, Hideko Yamanaka
Immobilization of Oligopeptides on Gold CDtrode for the Development
of Biomimetic Sensor for Pesticides

P-034
Aniela Carmen Pop (Department of Applied Chemistry and Engineering of
Inorganic Compounds and Environment, Politehnica University of Timisoara,
Timisoara, Romania), Elida Ilinoiu, Florica Manea, Corina Orha, Stephen J.
Picken, Adriana Remes, Joop Schoonman, Nicolae Vaszilcsin
Non-enzymatic Detection of Glucose using Silver-Modified Zeolite-
Multiwalled Carbon Nanotube-Epoxy Composite Electrode
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P-035
Ionel Catalin Popescu (Department of Physical Chemistry, Babes-Bolyai
University, Cluj-Napoca, Romania), Vasilica Lates, Liana M. Muresan

Graphite Electrode Modified with New Phenothiazine Derivatives as
Amperometric Transducer for NADH Detection

P-036
Shokoufeh Rastgar (Sharif University of lechnology, Tebran, Iran), Saced
Shahrokhian

Multi-walled carbon nanotubes decorated with Fe,O, nanoparticle for
modification of glassy carbon electrode: Application to simultaneous
voltammetric determination of guanine and adenine in DNA

P-037
Christian Rothgingel (Universitiit Siegen, FB 8, Organische Chemie 1, Siegen,
Germany), Martin Grininger, Gilbert N6ll, Yaming Yu
Investigation of Electron Transfer through DNA Monolayers

P-038
Christian Rothgingel (Universitit Siegen, FB 8, Organische Chemie, Siegen,
Germany), Martin Grininger, Gilbert Néll, Yaming Yu
Electrochemical Switching of the Flavoprotein Dodecin on Surfaces

P-039
Reyhaneh Sadat Sabeti (Department of Chemistry, Tehran, Iran), Saced
Shahrokhian

Electrochemical Study of Lamotrigine at Pyrolytic Graphite Electrode:
Pyrolytic Graphite Electrode versus Modified Glassy Carbon Electrode

P-040
Gulnara Safina (Department of Chemistry, University of Gothenburg,
Gothenburg, Sweden)

Arrays of Chemically Modified Ultramicroelectrodes for Multi-
component Bioanalysis

P-041
Lotfali Saghatforoush (Department of Chemistry, Payame Noor University,
Khoy, Iran), Mohammad Hasanzadeh, Nastin Shadjou
A New Biosensor Based on Schiff-base Iron (III) Complexes Modified
Carbon Paste Electrode for Simultaneous Determination of Anti-
inflammatory Drugs
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9t Spring Meeting of the International Society of Electrochemistry

P-042
Florica Manea (Materials for Energy Conversion and Storage, Department of
Chemical Engineering, Delft University of Technology, Delfi, Netherlands), Georgeta
Burtica, Sorina Motoc, Stephen J. Picken, Aniela Carmen Pop, Adriana Remes,
Joop Schoonman
Electrochemical Determination of Ibuprofen using Silver-Modified
Zeolite-Carbon based Electrode

P-043
Adama Marie Sesay (CEMIS-OULU, University of Oulu, Sotkamo, Finland),
Adina Arvinte, Maarit Hattuniemi, Mariana Pinteala, Vesa Virtanen
Mixed Metal Oxide Composite Materials for Sensitive Sensing of
Monosaccharides

P-044
Rostam Shabani (Islamic Azad University, Firoozabad Branch, Firoozabad,
Iran), Abdolreza Rahpima

Electrocatalytic Determination of Ascorbic Acid by Gold-Cysteamine-
Lysine-Cu?+ Self Assembled Monolayer Modified Electrode

P-045
N. Ye Stasyuk (Chemical Faculty, Ivan Franko National University of Lviv,
Lviv, Ukraine), G.7.. Gayda, M.V. Gonchar, Ye.P. Koval’chuk, R.Y. Serkiz,
O.V. Smutok
Application of Recombinant Human Arginase I in Analytical Bio-
technology

P-046
Anil Suti (Department of Chemistry, University of Durham, Durham, United
Kingdom), Rui Campos, Ritu Kataky, Lars-Olof Palsson, Datius G. Rackus,
A. Christine Richardson, Nicholas Spiller
Novel Bio-inspired Sensory Material for Implantable Tissue Applications

P-047
Saori Tanaka (Tokyo University of Science, Chiba, Japan), Masayuki Itagaki,
Isao Shitanda, Kunihiro Watanabe
Analysis of Bienzyme-type Lactose Biosensor Response by Wavelet
Transformation

P-048
Pierre Temple-Boyer (LAAS-CNRS, Toulouse, France), Céline Christoph,
Pierre Gros, Jérome Launay, Emmanuel Questel

Electrochemical microdevices as a promising analytical tool for in vivo
exploration of oxidative stress



9t Spring Meeting of the International Society of Electrochemistry

P-049
Graziella Liana Turdean (Dept. of Physical Chemistry, Babes-Bolyai University,
Cluj Napoca, Romania), Ionel Catalin Popescu
Amperometric Detection of Catecholat Graphite Electrode Modified
with Pt Nanoparticles

P-050

Annelies Verstraete (Department of Analytical Chemistry, Ghent, Belgium),
Annemie Adriaens, Karolien De Wael, Winnie Dejonghe, Peter Dubruel,
Sandra Van Vlierberghe

Gelatin on a gold electrode:its electrochemistry and its ability to entrap
a redox enzyme

P-051
Vladimir Vetterl (Institute of Biophysics AS CRv.v.i., Brno, Czech Republic),
Miroslav Fojta, Stanislav Hason, Frantisek Jelen, Jan Lata, Sona Stepankova
Electrochemical Detection of Purine Metabolites in Human Urine

P-052
Karel Vytras (Department of Analytical Chemistry, University of Pardubice,
Pardubice, Czech Republic), Petra Motkova, Jarmila Vytrasova
Methods for DNA Isolation and Detection of Fungal DNA

P-053
Xiaoping Wu (Department of Chemistry, Fuzhou University, Fuzhou, China),
Luping Chang, Liuming Yang
A Cost-effective Carbon Black / Graphite Composite Electrode (CB/
CPE) for Sensitive Detection of Dienestrol Based on the Enhancement
Effect of Cetyltrimethylammonium Bromide

P-054
Wensheng Yang (State Key Laboratory of Chemical Resource Engineering,
Beijing University of Chemical Technology, Beijing, China), Xu Chen, Xiaojun
Wang

Direct Electrochemistry of Glucose Oxidase on a Mn;O Nafion
Composite Film Modified Electrode
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9t Spring Meeting of the International Society of Electrochemistry

Tuesday, May 10, 2011

P-055
Metin Ak (Chemistry Department, Pamukkale University, Denizli, Turkey),
Levent Toppare, Ibrahim Yagmur
Electro-responsive Properties of Star-shaped SNS Derivative

P-056
Masahiro Akiya (Biomedical Engineering, Tokyo City University, Japan),
Takamichi Hirata, Ryouta Kagiwada
Compact-sized LB Film Taste Sensor

P-057
Madalina M. Barsan (Departamento de Quimica, Universidade de
Coimbra, Coimbra, Portugal), Christopher M. A. Brett, Edilson M. Pinto

AuQCM and Modified AuQCM Electrodes as Substrates for
Phenazine Monomer Polymerization

P-058
Christopher Bell (Imperial College London, London, United Kingdom),
Costas Anastassiou, Danny O’Hare, Kim Parker, Jennifer Siggers
Theory of Large-Amplitude AC Voltammetry for Reversible Redox
Systems

P-059
Ying-Hua Chen (Institute of Applied Mechanics, Taipei, Taiwan), Ching-
Sung Chen, Shih-Yuan Lee, Chih-Kung Lee

A Mechanism Research of Charge Transfer Resistance by the Use of
Conductive Atomic Force Microscopy and Electrochemical Method

P-060
Sara Dale (Department of Chemistry, University of Bath, Bath, United
Kingdom), Chatlie Cummings, Frank Marken
Salt Matrix Voltammetry

P-061
Vytautas Daujotis (Department of General and Inorganic Chemistry,
Vilnius University, Vilnius, Lithuania), Deivis Plausinaitis, Rimantas
Raudonis, Magne Waskaas
Wall Electric Polarization as a Stability Modifier for Wall-bounded
Water Flow



9t Spring Meeting of the International Society of Electrochemistry

P-062
Eleonora de Oliveira Jorge (Uppsala University, Department of Materials
Chemistry, Uppsala, Sweden), Pontus Forsberg, Mikael Katlsson, Fredrik
Nikolajeff, Leif Nyholm
On-Chip Electric Field Driven Electrochemical Detection using Boron-
Doped Diamond Microelectrodes

P-063
Catherine Debiemme-Chouvy (Laboratoire  Interfaces et  Systemes
Electrochimiques - UPR15 du CNRS - UPMC, Paris, France), Laith Al-Mashat,
Samuel Ippolito, Kourosh Kalantar-Zadeh, Wojtek Wlodarski
Conductometric Hydrogen Gas Sensor Based on Electrochemically
Deposited Polypyrrole Nanowires

P-064
Evgenia Dmitrieva (Leibniz Institute for Solid State and Materials Research,
IFW Dresden, Center of Spectroelectrochemistry, Department of Electrochemistry
and Conducting Polymers, Dresden, Germany), Lothar Dunsch, Andrea
Kellenberger

The stabilization of charged states at phenazine-like units in
polyaniline under p-doping: An in situ ESR-UV/vis/NIR and ATR-FTIR
spectroelectrochemical study

P-065
Balazs Endrddi (University of Szeged, Szeged, Hungary), Gabor Bencsik,
Csaba Janaky, Csaba Visy
Electroreduction and Sensing of Dissolved O, and H,0, on a
Polypyrrole/Magnetite Hybrid Electrode

P-066
Gerd-Uwe Flechsig (Department of Chemistry, University of Rostock, Rostock,
Germany), Joseph Wang
Electro-catalytically Propelled Nanomotors for Chemical Sensing
Approaches

P-067

Eric de Souza Gil (Faculty of Pharmacy, UFG, Goiania, Brazil), Diogo Dias
Cordeiro
Electroanalytical Behavior of Rutin at Screen-Printed Electrodes
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9t Spring Meeting of the International Society of Electrochemistry

P-068
Carla Gouveia-Caridade (Departamento de Quimica, Faculdade de Ciéncias
e Tecnologia, Universidade de Coimbra, Coimbra, Portugal), Christopher M.A.
Brett, Alexandra Caldeira, Rasa Pauliukaite

Determination of TI(I) by Square Wave Anodic Stripping Voltammetry
with Bismuth Film Modified Electrodes

P-069
Malgorzata Grabarczyk (Faculty of Chemistry, Maria Curie-Sklodowska
University, Lublin, Poland), Anna Koper, Katarzyna Tyszczuk

Development of a Simple and Fast Voltammetric Procedure for
Determination of Trace Quantity of Bi (II)in Natural Water Samples

P-070
Malgorzata Grabarczyk (Faculty of Chemistry, Maria Curie-Sklodowska
University, Lublin, Poland), Mieczyslaw Korolczuk, Katarzyna Tyszczuk

Sensitive Adsorptive Stripping Voltammetric Method for Direct
Determination of Trace Concentrations of Lead in the Presence of
Cupferron in Natural Water Samples

P-071
Marcin Guzinski (Department of Chemical Technology, Chemical Faculty,

Gdansk University of Technology, Gdansk, Poland), Johan Bobacka, Maria
Bochenska, Ari Ivaska, ]. Kulesza, Andrzej Lewenstam, Tomasz Sokalski

All-solid-state lead(ID) electrochemical sensors based on electronically
conducting polymer and p-tert-butylcalix[4]thiomides as ionphores

P-072
Ning He (Abo Akademi University, Process Chemistry Centre, Laboratory of
Analytical Chemistry, Turku, Finland), Tom Lindfors

Water Uptake of Ion-Selective Membranes Measured with the Oven-
Based Coulometric Karl Fischer Titration Method

P-073
Alexander Horig (Kurt-Schwabe-Institut fiir Mess- und Sensortechnik e.V.
Meinsberg, Ziegra-Knobelsdorf, Germany), Monika Berthold, Frank Gerlach,
Winfried Vonau
Electrochemical sensors for analysis in chemical processes

P-074
Qiang Hu (Fuel Cells and Solid State Chemistry Division, Riso National
Laboratory for Sustainable Energy, lechnical University of Denmark, Roskilde,
Denmark), Karin Vels Hansen, Mogens Mogensen
Improved Internal Reference Oxygen Sensor with Composite Ceramic
Sensing Electrode
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P-075
Takeshi Irisako (Tokyo University of Science, Chiba, Japan), Masayuki Itagaki,
Isao Shitanda, Kunihiro Watanabe
Fabrication of Microelectrochemical Cell by Screen Printing

P-076

Natalia Ivanova (St Petersburg State University, Chemical Faculyy,
St.Petersburg, Russian Federation), Tatiana Bart, Alexander Grekovich,
Konstantin Mikhelson

Calcium Ion-selective Electrode for Measurements in the Presence of
Dodecylsulfate

P-077
Petri Kanninen (Department of Chemistry, Aalto University School of
Science and Technology, Espoo, Finland), 1.V. Anoshkin, Tanja Kallio, Esko 1.
Kauppinen, Ky6sti Kontturi, Virginia Ruiz
Immobilization of Pyrroloquinoline Quinone on Carbon Nanotubes

P-078
Veniamin Kondratiev (Sz.Petersburg State University, St.Petersburg, Russian
Federation)

Design of New Electrocatalytic Nanocomposite Electrode Materials for
Voltammetric Sensors

P-079

Wiladyslaw W. Kubiak (AGH University of Science and Technology, Faculty of
Materials Science and Ceramics, Krakdw, Poland), Boguslaw Bas, Filip Ciepiela,
Malgorzata Jakubowska

Rapidly renewable metal annular band electrodes

P-080

Wiladyslaw W. Kubiak (AGH University of Science and Technology, Faculty of
Materials Science and Ceramics, Krakow, Poland), Ewa Niewiara, Malgorzata
Wolska, Witold Reczyfiski

Application of the amorphous oxides for sample purification for
environmental analysis with voltamperometric sensors

P-081
Sadig Kuliyev (R&D Department, Vestel Defence Industry, Ankara, Turkey)

Electrochemical Identification of Hydrogen Purity for Usage in PEM
Fuel Cells
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9t Spring Meeting of the International Society of Electrochemistry

P-082
Mieczyslaw Lapkowski (Department of Chemistry, Silesian University of
Technology, Gliwice, Poland), Rainer Beckert, Krzysztof Idzik, Krzysztof
Karon, Przemyslaw Ledwon
Spectroelectrochemical properties of meta substituted monomers
with benzene as core center

P-083
Jooyul Lee (Materials Processing Division, Korea Institute of Materials Science,
Changwon, Korea), Kyu Hwan Lee

Adaptation of Pulsation and Organic Additives to Control the Mass
Transfer of Copper Electrodeposition

P-084
Jae-Hong Lim (Electrochemistry Research Group, Korea Institute of Materials
Science, Changwon, Korea), Kyu-Hwan Lee, Dong-Chan Lim, Ashok
Mulchandani, Nosang V. Myung

Gas Sensing Properties of Polyaniline Functionalized Single-Walled
Carbon Nanotubes

P-085
David Lloyd (Department of Chemistry, Aalto University, Espoo, Finland),
Ky6sti Kontturi, Lasse Murtomaki, Tuomas Vainikka

The application of hydrodynamic techniques to characterize
electrochemical processes in ionic liquids

P-086
Claudiu Manole (University Politehnica Bucharest, Bucharest, Romania),
Ioana Demetrescu, Mihaela Mindroiu, Cristian Pirvu

Monitoring Hydrophilic -Hydrophobic Character of a Surface Electrode
via TiO, Nano Particles Addition as Aspect of Interface Phenomena

P-087
Jan Migdalski (AGH - University of Science and Technology, Faculty of Material
Science and Ceramics, Krakow, Poland)
System for measuring bidirectional ionic transport

P-088
Sungmo Moon (Korea Institute of Materials Science, Changwon, Korea),
Yongsoo Jeong, Jooyoung Lee, Cheolnam Yang
Measurement of Area Specific Resistance of Metallic Interconnects for
SOFC
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P-089

Liana Maria Muresan (Department of Physical Chemistry, Babes-Bolyai
University, Cluj-Napoca, Romania), Andrea Furdui, Nicoleta Tosa, Codruta
Varodi

Electrochemical Sensing of Heavy Metal Ions at Carbon Paste Electrodes
Modified with New Dioxime Derivatives

P-090

Liana Maria Muresan (Department of Physical Chemistry, Babes-Bolyai
University, Cluj-Napoca, Romania), Roxana Bostan, Simona Varvara, Adriana
Vlasa

Carbon Paste Electrode for the Study of Patina Originating from the
Surface of Bronze Artefacts

P-091
Odysseas Paschos (Physics Department E19, Technische Universitaet
Muenchen, Garching, Germany), Alesya N. Bobrovskaya, Moritz Hantel,
Valentin N. Parmon, Anton N. Popov, Matthias Rzepka, Alexander N.
Simonov, Pavel A. Simonov, Ulrich Stimming

PdBi Catalysts for Hydrogen Reactions

P-092

Rasa Paulivkaite (Department of Functional Nanomaterials, Center for
Physical Sciences and Technology, Vilnius, Lithuania), Christopher M.A. Brett,
Orlando Fatibello-Filho, Mariana E. Ghica, Carla Gouveia-Caridade

Different Strategies for the Development of Electrochemical Sensors
Using Novel Nanotechnologies

P-093
Michel Perdicakis (Laboratoire de Chimie Physique et Microbiologie pour
lEnvironnement, Nancy Université, CNRS, Villers-les-Nancy Cedex, France)
Potentiometry Revisited: some Practical Considerations

P-094
Valentina Pifferi (Universiti degli Studi di Milano, Dipartimento di Chimica
Fisica ed Elettrochimica, Milano, Italy), Veronica Carrara, Luigi Falciola, Maria
Luisa Possenti
Square Wave Voltammetric detection of Furan on Platinum and
Platinum-based Screen Printed Electrodes
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P-095
Cristian Pirvu (University Politehnica Bucharest, Faculty of Applied Chemistry
and Material Science, Bucharest, Romania), loana Demetrescu, Claudiu
Manole, Simona Popescu
Electrochemical SPR Technique for i#n-situ Characterization of
Atifouling Hybrid PPy-NaPSS Coating

P-096
Elena Potapkina (Saint-Petersburg State University, Saint-Petersburg, Russian
Federation), Evgeniya Demyanchuk, Anna Denisova, Artiom Makatov,
Liubov Myund
SERS sensors based on the bifunctional ligands: the importance of
potential-dependent orientation control of adsorbed molecules

P-097
Ertugrul Sahmetlioglu (Nigde University, Faculty of Arts and Science,
Department of Chemistry, Nigde, Turkey), Aydin Demircan, Levent Toppate,
Ersen Turac
Synthesis and Characterization of Conducting Copolymer of
1-(4-methyl-3-thienyl)-2-(ferrocenyl)ethene with Edot

P-098
Maiara Salles (Instituto de Quimica, Universidade de Sio Paulo, Sio Paulo,
Brazil), Mauro Bertotti, Eric da Costa, Alex Lima

Construction of a PMMA Microarray Device for Metal Analysis at Very
Low Concentrations

P-099
Sayoko Shironita (Department of Materials Science and Technology, Nagaoka
University of Technology, Nagaoka, Japan), Tsukasa Sakai, Minoru Umeda

H,0, generation dependence on Nafion layer coated on Pt electrode
during oxygen reduction

P-100
Nelson R. Stradiotto (Department of Analytical Chemistry, Sido Paulo State
University, Araraquara, Brazil), Leonardo L. Paim
Electrochemical Behavior of Glassy Carbon Electrode Chemically
Modified with Cadmium Pentacyanonitrosylferrate in Presence of
Tetrahydrothiophene
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P-101
Girija Suresh (Indira Gandhi Centre For Atomic Research, Kalpakkam,
Chennai, India), U. Kamachi Mudali, Baldev Raj

Electrochemical Noise Monitoring of SS 304L in Nuclear Reprocessing
and Waste Storage Medium

Program

P-102
Andrzej Swiatkowski (Military University of Technology, Institute of
Chemistry, Warsaw, Poland), Stanislaw Biniak, Maciej Pakula, Stanislaw
Popiel, Monika Sankowska
Dispersed Carbon Electrode in Aqueous Electrolyte Solution: a System
Sensitive to the Amount of Oxygen Bonded to a Carbon Surface and
the Concentration of Oxygen or Added Organics in Solution

P-103
Pierre Temple-Boyer (LAAS-CNRS, Groupe M2D, Toulouse Cedex, France),
Céline Christophe, Pierre Gros, Jérome Launay, Laétitia Pont, David Rabely,
Fadhila Sekli, Bibiana Serrano
Integration of Electrochemical Microsensors on Flexible Film

P-104
Elizaveta Vereshchagina (Mesa+ Institute for Nanotechnology, University of
Twente, Enschede, Netherlands), Han Gardeniers, Rob Wolters

Chemical analysis and sensing using CMOS microcalorimetric sensors
and actuators

Tuesday Poster Presentations

P-105
Cecylia Wardak (Faculty of Chemistry, M. Curie-Sklodowska University,
Lublin, Poland), Joanna Lenik

Application of Ionic Liquids for Preparation of Membrane Phase of Ion-
Selective Electrodes Sensitive to Heavy Metal Ions

P-106
Cecylia Wardak (Faculty of Chemistry, M. Curie-Sklodowska University,
Lublin, Poland), Joanna Lenik

Ionic Liquids Improve Analytical Parameters of Zinc Ion-Selective
Electrodes with Solid Contact

P-107
Wensheng Yang (State Key Laboratory of Chemical Resource Engineering,
Beijing University of Chemical Technology, Beijing, China), Xu Chen, Yan Ding

LayeredTitanate Based Electrode for Determination of Lead:a Promising
Class of Materials Toward Heavy Metal
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P-108
Mustansara Yaqub (Dundalk Institute of Technology, Dundalk, Ireland),
Timothy McCormac, Camelia Ioana Onet, Wolfgang Schmidt
Redox Properties of Novel Metal Substituted Polyoxometallates
P-109
Setge Zhuiykov (Materials Science and Engineering Division, CSIRO,
Melbourne, Australia), Eugene Kats
Electrochemical DO Sensor Using Nanostructured ZnO-doped RuO,
Sensing Electrode
P-110
Stefan Zietek (ELGRAND Security System, Warsaw, Poland), Marek
Kielczewski, Andrzej Swiatkowski
Application of Electrochemical and Semiconductor Sensors in
Automated Equipment for the Detection of Chemical Contaminants
P-111
Nguyet Doan (Department of Chemistry, Aalto University, School of Science and
Technology, Aalto, Finland ) Chtistoffer Johans, Phil Bartlett, Kyost Kontturi
Optical properties of well ordered silver nanostructures by
electrochemical deposition using templates
P-112
Yulia Glazyrina (Urals State University of Economics, Ekaterinburg, Russian
Federation) Alisa Kozitsina, Natalya Malysheva, Svetlana Dedeneva, Khiena
Brainina, Valeriy Charushin, Gennadiy Rusinov, Alla Ivanova
Electrochemical Sensors Based on Nanoparticles of Metalls/Metall
Oxides for Clinical Diagnostics
P-113
Mojtaba Shamsipur (Department of Chemistry, Razi University, Kermanshah,
Iran) Mehdi Asgari, Maryam Shanchsaz
Novel Impedimetric Nanobiosensor Based on Biocatalysis of Catalase
at CdTe Quantum Dots/Nafion Modified Glassy Carbon Electrode for
Subnanomolar Detection of Hydrogen Peroxide
P-114
Bengi Uslu (Ankara University, Faculty of Pharmacy, Dept of Analytical Chemistry,
Ankara, Turkey) Butcin Bozal, Mchmet Gumustas, Burcu Dogan Topal, Sibel A.
Ozkan
Analytical Applications Of Voltammetric Methods ForThe Simultaneous
Determination Of Bisoprolol Fumarate And Hydrochlorothiazide In
Their Dosage Forms
P-114
Ioana Demetrescu (University Politehnica Bucharest, Bucharest, Romanid) M.
Grecu, D. Tonita, C. Ungureanu
Ha Ag Composite Coatings Pulse Electrodeposited, from Nanoscale
Engineering to Biomedical Application
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Finding Out Egyptian Gods’ Secret with

MicroElectrochemical Sensors:
Biomedical Properties of Egyptian Black Makeup Revealed by
Microamperometry at Single Cells

Christian Amatore
Ecole Normale Supérieure. Département de Chimie. UMR CNRS 8640
24 rue Lhomond. F-75231 Paris Cedex 05. France
email : christian.amatore@ens.fr

Ancient Egypt black eye make-up is reputed. However, surprisingly, most social
categorles used materials 51m11ar in textures and composition.

: ‘ﬁ The Louvre scientific laboratory added to this
puzzle by demonstrating that the basic material
used for such make-up was not natural but resulted
from a long and elaborate, thus expensive,
chemical transformation involving raw (galena,
cerussite) and artificial (laurionite, phosgenite) lead
materials. Ancient chemical procedures disclosed
in papyri (Dioscorides) could be cast in modern
chemical language and reproduced to afford the
same micrometric facetted crystals with identical
chemical composition and size. This is in fact the
first reported example of “industrial-scale” wet
chemistry.

A possible clue to the puzzle came upon remarking
that ancient Egypt was a wet country copiously
irrigated by the Nile and its overflows. A
comblnatlon of water, heat and rich organic matter is tantamount to bacterial soup. As
happens today in tropical countries, ancient Egyptians had to control endemic bacterial
diseases which proceed essentially through eye contact with contaminated water.

This prompted us to investigate the possible effects of the make-up composition on
single cells. These studies revealed that these crystals have specific anti-bacterial
effects absent from its raw materials, by provoking NO°®-based oxidative stress into
exposed cells. In turn, the released NO° induces chemical signalling and vasodilatation
of blood capillaries thus increasing the flux of macrophages to the eye further
protecting it from most bacterial intrusion.'

Hence, this study established that ancient Egyptians chemically engineered more than
26 centuries ago the first mass production of a bioactive material for its medicinal
properties.

Reference:

1. ITapsoba, S. Arbault, P. Walter, C. Amatore. Anal. Chem., 82, 2010, 457-460.
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Why Electrochemistry and What Can It Do For Us? The
Achievements of Electrochemistry and the Future

Christopher M.A. Brett
Departamento de Quimica, Faculdade de Ciéncias e Tecnologia,
Universidade de Coimbra, 3004-535 Coimbra, Portugal
brett@ci.uc.pt

The International Year of Chemistry is an excellent opportunity to celebrate the
achievements and future prospects of chemistry, and, today, focusing on
electrochemistry. Electrochemistry, through the investigation of oxidation and
reduction reactions, played a crucial role in the understanding of natural phenomena
and the development of the periodic table. It has become part of our everyday life and
in many ways is all-pervasive, being dependent on the essentially clean energy that
arises from the transfer of electrons, seen through many applications which range from
biological processes, sensors through to industrial processes and energy sources. This
lecture will illustrate the successes of electrochemistry in the energy, transport,
chemical industry, sensor and biosensor areas as well as contributions made in the area
of environment, health and food. Prospects for future progress and applications will
also be indicated.
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Nanoparticle Architectures for Improving Selectivity and
Sensitivity of Electrochemical Affinity Biosensors

J. Justin Gooding', Tan, Y. Goonz, Leo M.H. Lai', Guozhen Liu', Yu-Shan Lin',
Erwann Luais', Rose Amal®
!School of Chemistry and *School of Chemical Engineering
The University of New South Wales, Sydney 2052 Australia
Justin.gooding@unsw.edu.au

Nanoparticles have attracted enormous interest in biosensing related to a range of
unique properties they possess. Here we will present two aspects of using
nanoparticles in electrochemical sensing where the nanoparticles provide opportunities
to improve the selectivity and sensitivity of electrochemical biosensors

In the first aspect electrode are modified with self-assembled monolayers (SAMs) that
passivate the electrode. Gold nanoparticles (NP) are then attached to give electrode-
SAM-NP constructs. The electrode-SAM-NP system shows efficient electron transfer
to the underlying bulk gold electrode [1]. These electrode-SAM-NP constructs allow
detection of specific analytes whilst preventing nonspecific interaction of other species
in the sample with the underlying electrode; thus improving selectivity. These
biosesing interfaces are then applied to the detection of metal ions [2], antibodies and
other proteins.

The second aspect focuses on using gold coated magnetic nanoparticles as dispersible
electrodes that can be sent out into the sample, collect the analyte and bring it back to
an macroelectrode for detection. This strategy is shown to give highly sensitive
sensors that have much faster response times than classical macroscopic sensors. Here
how the particles are made [3] is discussed followed by modification strategies to
convert these nanoparticles into nanoelectrodes selective again for metal ions [4] and
proteins.

[1] J.B. Shein, L.M.H. Lai, P.K. Eggers, M.N. Paddon-Row, J.J. Gooding, Langmuir
25(2009) 11121.

[2] J.J. Gooding, J.B. Shein, L.M.H. Lai, Electrochem. Comm. 11 (2009) 2015.

[3] I. Goon, L. Lai, M. Lim, P. Munroe, J.J. Gooding, R. Amal, Chem. Mater. 21
(2009) 673.

[4] I. Goon, L M.H. Lai, M. Lim, R. Amal, J.J. Gooding, Chem. Comm. 46 (2010)
8821.
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Work Function Potentiometric Sensors

Jiri Janata, Mira Josowicz, Alex Jonke and Ryan West
School of Chemistry and Biochemistry
Georgia Institute of Technology
901 Atlantic Drive, NW, Atlanta, GA 30332-0400, U.S.A.
Jiri.janata@chemistry.gatech.edu

Electrical properties of organic semiconductors (OS) are controlled by the primary and
secondary doping'. These highly versatile materials have found sensing application in
modern potentiometric sensors for ions® as well as for potentiometric sensing of gases”.
Operation of the equilibrium ion sensors is governed by the modulation of the potential
at the interface between the solution and the selective material, according to the
Nikolskij-Eisenman equation. Exchange of ions with the OS can be seen as form of
secondary doping of the latter. For the operation of such potentiometric sensors a stable
and well-defined external reference electrode is needed”.

When OS are exposed to a gas or vapor that can donate or accept electrons a charge
transfer complex is formed between the OS and the gas. Such interaction is called
secondary doping, which results in modulation of work function (WF) of the OS.
Experimentally, the interaction can be measured with a Kelvin Probe or with a
chemically sensitive field-effect transistor (CHEMFET). The quantitative relationship
between the partial pressure of the dopant gas Pg and the shift of the WF-dependent
parameter of the transistor can be expressed as

Vo=Vi+ ﬂln(PG +Y K,P)
265 ;

In this equation, which formally resembles the Nikolskij-Eisenman equation, P; and K;
stand for partial pressure and selectivity coefficients of the interfering gases and 50
represents the fraction of charge shared between the OS and the primary gas. This
relationship allows not only the direct evaluation of the shared charge, but also yields
information about preferential donacity of different gases with respect to the OS. From
the sensing point of view the biggest difference and advantage of WF-CHEMFET vis-
a-vis ion sensors is the fact that no external reference electrode is needed because WF
of silicon is stable under normal operating conditions. That fact alone makes the WF-
CHEMFETs ideally suited for miniaturization, leading to gas-sensing arrays.

1. Jiri Janata and Mira Josowicz, Nature Materials, 2 (1), (2003) 19-24, “Conducting
polymers in electronic chemical sensors”

2. Johan Bobacka, Ari Ivaska and Andrzej Lewenstam, Chem.Rev. 108 (2008), 327-844,
“Potentiometric Ion Sensors”

3. Jiri Janata and Mira Josowicz, J.Solid State Electrochem. 13 (2009) 41-49, “Organic
Semiconductors in Potentiometric Gas Sensors”

4. Jiri Janata, Principles of Chemical Sensors, 2™ Edition, Springer, 2009, New York

5. Amir Saheb, Mira Josowicz and Jiri Janata, Anal.Chem., 80 (2008) 4214-4219 “Chemically
Sensitive Field-Effect Transistor with Polyaniline-Ionic Liquid Composite Gate”
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Chiral Sensing and its significance

Ritu Kataky, Co-Paula Lopes, Alice-Delcourt-Lancon, Lisa Murphy, Ruzniza Zawawi.
University of Durham, Science Laboratories, South Road, Durham, DHI 3LE,UK
Ritu.kataky@durham.ac.uk

Chirality is ubiquitous in nature. Information on chirality and the ability to determine
the enantiomeric excess is crucial to the basic understanding of biochemical processes
in industries such as the pharmaceutical and cosmetics industry amongst others.
Present methods of chiral detection and separation are based on chromatographic
techniques and spectroscopic methods such as circular dichromism
spectroscopy and NMR.

Electrochemical methods using enzymatic and non-enzymatic
methods can offer an attractive alternative to probe chirality and its
effects. In this paper, an overview of chemical and biochemical
chiral sensing and electrocatalysis will be debated. Can
electrochemical separation and sensing at a liquid-liquid interface
(Figure 1) and ion-selective potentiometry for chiral drugs offer
alternatives?'?.  For redox active molecules, such as the drug
precursor 1 phenyl ethanol, can amperometric chiral sensing be
elicited using chiral catalysts (Figure 2)’. The feasibility of using a
chiral biomimetic co-factor for separation and sensing will be
presented’ (Figure 3). Finally the effects of biopolymers on
inverting’ the chiral selectivity of oxidase enzymes will debated’.

' Electrochemical Chiral Sensing”, Ritu Kataky, Paula Lopes, Chem Commun (Hot
Article), 2009., 1490-1492

> “Enantioselectivity of potentiometric sensors with application of different
mechanisms of chiral discrimination”, Marzena Kaniewska Tomasz Sikora ,Ritu
Kataky, Marek Trojanowicz, J. Biochem. Biophys. Methods 70 (2008) 1261-1267.
3Chiral resolution of R and S 1 phenylethanol on Glassy Carbon Electrodes; : Ritu
Kataky Lisa Murphy, Alice Delcourt-Lancon,; Shilpa Kalakuntala, Paula Lopes,
J.Electroanalytical Chemistry, 633 (2009) 57-62

* "Potential of enzyme mimics in biomimetic sensors: a modified — cyclodextrin as a
dehydrogenase enzyme mimic". E.Morgan., R. Kataky, Biosensors and Bioelectronics,
18 (2003) 1407-1417

> “Modification of the chiral selectivity of D-glucose oxidase and L-lactateoxidase in a
collagen matrix”.,Ruzniza Md Zawawi, Ritu Kataky, PCCP, 2010, 12, 9183-9187.
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Nanoscale Electrochemical Sensors Prepared by
Electrodeposition

M. V. Mirkin, J. Velmurugan, Y. Wang, F. Gokmese, and E. Gokmese
Department of Chemistry and Biochemistry, Queens College— CUNY
Flushing, New York 11367, USA
mmirkin@gqc.cuny.edu

New methodologies have been developed for preparation of nanometer-sized
electrochemical sensors by electrodeposition at disk-type, polished or recessed
nanoelectrodes. The produced probes range from Hg nanoelectrodes to nanosensors
for reactive oxygen and nitrogen species [1] prepared by etching polished Pt
nanoelectrodes and depositing Pt black into the resulting cavity. The size and
geometry of such electrodes were verified independently by voltammetry,
chronocoulometry, scanning electrochemical microscopy (SECM), and scanning
electron microscopy (SEM). Needle-like, polishable nanoelectrodes are suitable for
quantitative SECM experiments. Potential applications include spatially resolved
amperometric and potentiometric experiments inside biological cells [2].

References

[1] C. Amatore, S. Arbault, A.C.W. Koh, Anal. Chem. 82 (2010) 1411.

[2] P. Sun, F.O. Laforge, T.P. Abeyweera, S.A. Rotenberg, J. Carpino, M.V. Mirkin,
Proc. Nat. Acad. Sci. 105 (2008) 443.
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Modeling the Time Response of Electrochemically
Controlled Membrane Electrodes

Eric Bakker, Ewa Grygolowicz-Pawlak
University of Geneva
Department of Inorganic, Analytical and Applied Chemistry
Quai E.-Ansermet 30, CH-1211 Geneva 4, Switzerland
eric.bakker@unige.ch

In recent years, the field of membrane based ion-selective electrodes has continuously
approached that of electrochemistry at the interface of two immiscible electrolyte
solutions (ITIES), giving rise to fruitful synergies and a range of possible new
applications. This includes the detection of ions that exhibit irreversible extraction
characteristics, the coulometric delivery of ions, the design of absolute electrochemical
sensors by means of a controlled current coulometric detection, and the design of novel
biosensors concepts.

This talk will discuss a simplified model on how the functioning of types of membrane
electrodes can be effectively described. This is achieved by combining phase transfer
equilibrium characteristics, on the basis of modern ion-selective electrode theory, with
mass transport kinetics, in a finite difference model.

This approach yields important design features of such sensor concepts that will be
discussed in view of recent experimental results. Required materials characteristics for
future sensor design will also be shown based on the results of the model.
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Potentiometric Biosensors Based on Thiolated Polyaniline

M. Blomguist"2, U. Mattinen', J. Bobackal, A. Ivaska' and K. Levon®
! Process Chemistry Centre, Laboratory of Analytical Chemistry, Abo Akademi
University, Biskopsgatan 8, 20500 Turku/Abo, Finland
Tel. +35822154551, Fax. +35822154479
email: maija.blomquist@abo.fi
The Finnish National Graduate Programme in Nanoscience (NGS-NANO), University
of Jyvdskyld, Finland
7 Chemical and Biological Sciences, Polytechnic Institute of New York University,
Six Metro Tech Center Brooklyn, NY, USA

Fast, easy-to-use and stable biosensors are needed for developing efficient and selective
analytical devices. Conducting polymers are suitable materials for biosensors because
of their ability to transduce molecular recognition into an electrical signal [1]. In order
to prepare electrochemical biosensors an essential step is to immobilize the biological
probe on the electrode surface. Thiolated probes can be easily attached on e.g.
polyaniline surfaces. Thiolation, however, alters the conjugated polymer backbone by
causing a steric hindrance and by changing the electrochemical behavior and properties
of the conducting polymer [2].

A promising approach for DNA recognition is to attach thiolated single-stranded
oligonucleotides (ssODNs) on polyaniline and to monitor the hybridization by using
potentiometry [3]. Non-specific binding can be blocked by co-immobilisation of
hydroxylated thiols to the electrode surface. The sensitivity of electrodes can be
optimized by a careful choice of the electrode material, the electrode surface, pH and
buffer solution.

Potentiometric sensor materials based on functionalized polyaniline were studied.
Polyaniline was electropolymerized on glassy carbon and ITO electrodes. Alkanethiols
and ssODNs were used to form functionalized polyanilines. The modification of
polyaniline was studied and the electrode membranes were characterized by cyclic
voltammetry, electrochemical impedance spectroscopy, ex situ FTIR spectroscopy and
in situ UV-vis spectroscopy in order to optimize the surface conditions. Also the
potentiometric response of the electrodes is presented.

Acknowledgement: Financial support from the Finnish Funding Agency for
Technology and Innovation (Tekes, Dnro 2920/31/08) is gratefully acknowledged.

References:

[1]J. Bobacka, Encyclopedia of Sensors, Ed. by C.A. Grimes, E.C. Dickey, M.V.
Pishko, Vol 2 (2006) 279.

[2] C-C. Han, W-D. Hseih, J-Y. Yeh, S-P. Hong, Chem. Mater. 11 (1999) 480.

[3] Y. Zhou, B. Yu, A. Guiseppi-Elie, V. Sergeyev, K. Levon, Biosens. Bioelectron. 24
(2009) 3275.
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A Calibration-Free Coulometric Detection System for
Remote Sensing Applications

R. P. Baldwin', S. Carroll', M. Marei', T.J. Roussel1%,and R.S. Keyn‘con2
" Chemistry Department University of Louisville, Louisville, Kentucky, USA
’Bioengineering Department, University of Louisville, Louisville, Kentucky, USA
rick.baldwin@louisville.edu

Advancements in microelectronics and microfabrication enable the possibility of
remote analytical systems for environmental, industrial, and security applications that
are capable of long-term autonomous operation. These particular design requirements
demand a robust and calibration free analysis method that can function without on-site
maintenance by trained personnel. One electrochemical analysis which performs
absolute measurements is exhaustive coulometry, where a precisely defined volume of
analyte is oxidized or reduced completely, leaving only the converted product in
solution. In principle, if the cell volume is accurately known and the electrolysis is
carried out to completion, the corresponding charge is an absolute determinant of the
analyte amount and concentration; and no additional experiment is required for
quantitation. Therefore, exhaustive coulometry greatly simplifies the over-all system by
eliminating the need for in-the-field calibration. The objective of this work is the
development of a microfabricated sensing platform suitable for coulometric analysis
and the examination of its performance in several potentially important applications.
The sensors consist of a silicon platform containing patterned gold electrodes (Figure
1) occupying an oval area of 4 mm x 8 mm. One electrode is converted via
electroplating to a Ag/AgCl pseudo-reference electrode. The designs and sizes of
electrodes are varied (ranging from two to six electrodes) in order to test the optimum
arrangement, to achieve better detection limits by reducing the working electrode area,
and to permit the incorporation of redundant sensing electrodes. The sensors are
incorporated onto the bottom part of a custom flow cell (Figure 2) that establishes a
fixed cell volume. The cell consists of two compartments that are separated by a semi-
porous membrane to isolate the working and counter electrode chambers.

Figure 1: Microfabricated sensor with Figure 2: First generation flow cell
(a) two and (b) six electrode design
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A Label-free Impedance Array Biosensor for Detection of
Multiple Antibody—Antigen Interactions Based on a Novel
Conductive Linker

Ku-Ning Chang®, Yi-Ching Kuo®, Ying-Hua Chen’, Ching-Sung Chen®,
Chih-Kung Lee™**
“ Institute of Applied Mechanics, National Taiwan University, Taipei, Taiwan
b Engineering Science & Ocean Engineering, National Taiwan University, Taipei, Taiwan
© Institute for Information Industry, Taipei, Taiwan
*Corresponding author. Tel.: (+886) 2 3366-5646; Fax.: (+886) 2 3366-5638
E-mail address:cklee@ntumems.net

Impedance biosensors show great promise for point-of-care applications due to
advantages such as low cost and ease of miniaturization. Label-free operation enables the
quantification of biomolecule in real time. In this manuscript, we demonstrated a label-
free array sensor for detecting multiple antibody-antigen interactions based on impedance
methodology. To enhance the redox reaction on the self-assembled monolayer (SAMs)
modified gold electrode, we used a novel low-impedance linker to replace conventional
long chain alkanethiol. Compare to the conventional long chain alkanethiol, this new
linker remarkably increases the redox current which can be easily observed in the cyclic
voltammetry results. Further examinations lead to the understanding that as the
impedance of gold electrode modified with this conductive linker is 3 orders lower than
the conventional 12-Mercaptododecanoic acid, matched corresponding parameters in
Randles circuit combined to offer this significant improvement in signal-to-noise ratio.
More specifically, the decrease in impedance indicates the increase in measurable current.
The higher current response makes the electronic circuit design much easier. We also
found the impedance response of antibody-antigen interaction is distinct at 4 Hz (Fig.1).
By simplification of Randles model and mathematical deviation with the help of this low-
impedance linker, we found the total impedance change is close to the change of electron
transfer resistance. This will help us simplify the analysis steps. Moreover, by applying
only one frequency to our proposed array, we can substantially reduce the detection time
from 24 minutes to 10 seconds. To further increase the signal-to-noise ratio, we used the
lock-in principle to extract clearer signal from the noisy environment. Using our
proposed array, it is viable to use compact instruments to detect multiple biomolecular
interactions with a small volume of sample which is crucial for reaching the point-of care
implementation we have in mind.

Frequency (Hz)

Fig.1 The impedance response of antiS100-S100 interaction at different concentrations.
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Why ‘Nano’? Is There Changed Electrochemistry at the
Nanoscale?

Richard G. Compton, M. C. Henstridge, C. Batchelor-McAuley, E. J. F. Dickinson,
F. W. Campbell, Y. Zhou, S. R. Belding
University of Oxford
Department of Chemistry, Physical & Theoretical Chemistry Laboratory, University of
Oxford, South Parks Road, OX1 30Z, UK
richard.compton@chem.ox.ac.uk
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Nanoparticles and nanomaterials are widely employed in electroanalytical sensors,
particularly in amperometric devices, with significant improvements in performance
often claimed, if not demonstrated. This lecture will present a critical overview seeking
to identify where authentic changed behaviour exists between the macro- and micro-
scale on the one hand and the nano-scale on the other. The following areas may be
addressed.

e Adsorption on nanoparticles and nanotubes.

e  The use of carbon nanotubes (CNTs) as electrode modifiers and the roles of (i)
impurities in the CNTs arising from their manufacture via CVD, and (ii) the role
of the CNTs in changing the mass transport regime to the electrode by virtue of
altering a flat surface to a nanoporous one.

e  The role of nanomaterial porosity in general.

e  The investigation of electrode kinetics at nanoparticulate materials where the
heterogeneity of the surface must be considered for correct mechanisms and
kinetics to be inferred.

e  The modelling of transport to nano-sized electrodes where the diffusion and
diffuse layers are of comparable size.

Modifying a planar
macroelectrode  surface  to
make it nanoporous  can
enhance selectivity, e.g. for
dopamine over  common
interferences.[1]

[1] M.C. Henstridge, E.J.F. Dickinson, M. Aslanoglu, C. Batchelor-McAuley, R.G.
Compton, Sens. Actuators B 145 (2010) 417-427.
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On the use of ionic liquids to immobilize biomolecules onto
different sensing platforms

Susana I. Cérdoba de Torresi, Leonardo T. Silveira, Kelly Suely Galhardo, Roberto M.
Torresi
Instituto de Quimica, Universidade de Sdo Paulo,C.P. 26077, 05513-970 Sdo
Paulo(SP), Brazil

*storresi@iq.usp.br

The dissolution of biomolecules and the maintenance of their effective reactivity
require the preservation of their highly ordered structure, a condition that is difficult to
achieve. Ionic liquids are presented as suitable compounds for this purpose because
most of them seem to have ability to solubilize proteins without denaturation"
Therefore, many methods are attempted to immobilize proteins using carbon
nanotubes, hydrogels, nanoparticles, hybrid compounds, ionic liquids and others™”.
Recently, the investigation of room temperature ionic liquids in biosensors has been
increasing attention because their unique chemical and physical properties, such as high
chemical and thermal stabilities, negligible vapor pressure, good ionic conductivity and
ability to dissolve a wide range of organic and inorganic compounds.*’

In the present work the different methods of immobilization of glucose oxidase (GOx)
and cytochrome c using the ionic liquid tetrafluoroborate of 1-butyl-2,3-dimethyl
imidazolium (BMMIBF,) will be studied showing their electrochemical behaviour and
amperometric detections.

Table 1. Comparison of different glucose biosensors

Biosensor GOx Sensitilvity ,

(mg) (LA mmol” L cm™)
GC/CuHCNFe/Ppy/Gox/BMMIBE,/Glut 0.05 17.1
nanoCuHCNFe/Ppy/Gox/BSA/Glut ¥ 0.07 12.0
Au/Chit/BMMIBF,/Gox © - 52

GC: glassy carbon; CuHCNFe/PPy: hybrid of Copper hexacyanoferrate/polypyrrole ; Glut: glutaraldehyde ;
Chit: chitosan; Au: gold; BSA: bovine serum albumin

In the case of glucose oxidase (table 1) the method of immobilization enhances the
performance of the biosensors more than the amount of immobilized protein. Besides,
our results has shown that the use of ionic liquids improve the detection of glucose due
the biomolecule stabilization avoiding denaturation; consequently, increasing the
sensitivity. Moreover, cytochrome ¢ with chitosan hydrogel studies presented a good
electrochemical estabilization in presence of ionic liquid without conformational
structural changes.

! Armand, M., Endres, F., MacFarlane, D.R., Ohno, H., Scrosati, B., Nature Mater., 2009, 8, 621.
2 Gongales, V.R., Salvador, R.P., Alcantara, M.R., Cérdoba de Torresi, S.L, J. Electrochem. Soc.,
2008, 155 (9) K140.Zhang, Y., Zheng, J., Electrochim. Acta, 2008, 54, 749.

3 Zeng, X., Li, X., Xing, L., Liu, X., Luo, S., Wei, W., Kong, B., Li, Y., Biosens. Bioelectron.,
2009, 24 (9), 2898.
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Enzyme stabilization by vegetable polysaccharides in layer
by layer electrodes

Vitor Leite Martins, José Luiz Bott Neto, Marcelo Ferreira, Luiz H. Dall’Antonia*
Departamento de Quimica/ Universidade Estadual de Londrina - C.P. 6001
86051-990 — Londrina (PR), Brazil;

Email: luizh@uel br

A major difficulty in constructing enzyme biosensors is related to the stability of the
biological molecule. One technique that has received great attention for better
immobilization of bio-component in the construction of biosensors is layer-by-layer
reducing the denaturation of the enzyme by incorporation of friendly molecules, easy
construction and low cost. Electroactive nanostructured membranes have been
produced by the layer-by-layer (LbL) technique, and studied the electrochemical
enzyme stability. Fluor tin oxide (FTO) glass electrodes were modified with up to four
bilayers of laccase (Novozym ® 51003) and electrolyte PDDA (poly
(diallyldimethylammonium chloride). On the other hand, some electrodes was build up
using a four trilayers incorporating also different vegetable polysaccharides. We used
starches from corn and cassava as alternatives enzyme friendly molecules. The
adsorption of laccase was studied by monitoring the mass uptake with a quartz crystal
microbalance and the enzyme electrochemical activity was determined by 2,2'-
azinobis-3-ethylbenzothiazoline-6-sulfonate (ABTS) in solution.

Parameters such as pH and scan rate were
assessed at this stage and demonstrated
that for the electrode constructed with
cassava starch shows the best response
for ABTS measured by cyclic
voltammetry (Figure 01). Also the
electrodes were tested to detect phenol.
When the electrodes were immersed in
air-saturated 0.1 M KClI in 0.1 M acetate
buffer, pH 5.5 solution containing phenol, 701

——BAREFTO

LACASE/PDDA/CORN TRILAYEF
|—— LACASE/PDDA/CASS TRILAYER|

70

j/pAcm?
o

the cathodic peak current of laccase
increased. The biosensor had a good
operational and storage stability.

The sensitivity found for this electrode
was 0.56 mA cm’ mol' L. Thus the
interaction  between  laccase  and
polysaccharide played an important role
in the direct electron-transfer behavior as
well as a high-electrocatalytic activity.

00 05 10
E/V vs. Ag/AgCI
Figure 1 - Cyclic voltammetry for

modified electrodes with laccase in a
solution containing 0.02 mmol L™ ABTS
electrolyte. Electrolyte of all experiments
was 0.1 M KClin 0.1 M acetate buffer
pH 5.5, scanrate 25 mV s .

The use of modified starch from cassava emerged as an effective and inexpensive
compared to the modified corn starch. It is believed that the cassava starch provides a
better film forming and more rigid layer applied, yet it is known that the cassava starch
has a molecular chain greater than that of corn starch.
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Mesoporous platinum microelectrodes as sensors for the
detection of small organic molecules (SOMs) in direct
SOMs fuel cells

Salvatore Daniele, Dario Battistel , M. Antonietta Baldo, Carlo Bragato
Department of Physical Chemistry, University of Venice
Calle Larga, S. Marta 2137, 1-30123 Venice, Italy, tel. +390412348630, fax:
+390412348594

sig@unive.it

Fuel cells powered by small organic molecules (SOMs) such as methanol, ethanol and
formic acid have rapidly progressed due to rising energy demands, depletion of fuel
reserves and environmental pollution issues. Polymer electrolyte membrane fuel cells
based on SOMs are promising, in particular, for application in portable electronic
devices. A problem related to the efficiency of direct SOMSs fuel cells is the crossover
of the fuel through the polymer. The latter phenomenon affects the overall fuel cell
efficiency, because it reduces fuel utilization, while SOMs can act as poison for the
cathode material. Therefore, SOMs sensors are required to detect their level both in the
fuel fed in the anodic compartment of the cell and in the cathodic zone where SOMs can
permeate through the membrane.

Electrochemical methods are suitable to this purpose, as they allow an easy and rapid
detection of compounds even on line with simple and relatively inexpensive
apparatuses. Electrochemical SOMs sensors can be developed by exploiting miniature
electrodes, based on the same catalyst materials typically employed as anode for the
efficient electrooxidation of SOMs. Platinum-based catalysts are some of the most
efficient materials for SOMs oxidation. However, platinum is susceptible to poisons,
which strongly adsorbs onto the electrode surface active sites resulting in a dramatic
decrease in catalytic efficiency. However, under given conditions, the activity of
platinum towards the electrooxidation of SOMs can be promoted by using either
nanostructured platinum electrodes or platinum electrodes modified by foreign metal
ad-atoms.

This paper focuses on the use of platinum microelectrodes modified by a film of
mesoporous platinum, which can prepared by templating techniques from lyotropic
liquid crystalline phases of non-ionic surfactants. In particular, the normal topology
hexagonal (H;) liquid crystalline phase has been used as a template for the synthesis of
mesoporous platinum thin films via the electrochemical reduction of platinum salts
dissolved in the aqueous domain of the liquid crystalline phases. The effects of SOMs
concentration, temperature, anions and irreversibly adsorbed bismuth atoms on current
responses are investigated in detail.
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Ultra thin overoxidized polypyrrole membrane for the
design of amperometric biosensor.

Catherine Debiemme-Chouvy, Gwendoline Navarro
UPRI15 du CNRS, Laboratoire Interfaces et Systéemes Electrochimiques,
University Pierre et Marie Curie, 4 place Jussieu, 75252 Paris Cedex 05, France
E-mail: catherine.debiemme-chouvy@upmc.fr

Biosensors are important to various fields such as food safety, medical diagnostics,
environmental regulation, and many others. For enzymatic sensors, the enzymes are
linked to polymeric substrates or entrapped in it. The activity, stability, and quantity of
the immobilized enzyme impact the sensitivity of such devices. Moreover for
enzymatic amperometric biosensor the redox interferents have to be rejected. Recently,
numerous oxidase-based biosensors have been developed for a wide range of analyte.
Hydrogen peroxide is a side-product of the reactions catalyzed by the oxidase enzymes
which means that the concentration of H,O, should be directly related to the

concentration of the substrate i.e. the analyte.

analyte + 0, —29%¢ 5 product + H,0,

Transduction : H,0, > O,+2¢ +2H"

In order to develop glucose amperometric biosensor, it has been shown that an ultra
thin (10 nm) overoxidized polypyrrole membrane (OPPy) obtained directly in one step
by pyrrole electropolymerization' allows ascorbic acid and dopamine rejection”.
Moreover this membrane leads to rapid and excellent H,O, determination® (Fig.1).
Finally, glucose oxidase (GOD) was entrapped into the OPPy membrane leading to a
glucose biosensor. Its response in the presence of various glucose concentrations is
shown in Fig. 2. Its sensitivity is very good.

10 - 140 —
: N .
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Fig. 1. H,0, determination. Intensity vs. | Fig. 2. Glucose determination. Current
H,O, concentration recorded at an | density vs. glucose concentration at an
OPPy/Pt  electrode  polarized at | OPPy-GOD/Pt electrode polarized at
0.65V/SCE. Q = 600 rpm 0.65V/SCE. Q = 600 rpm

[1] C. Debiemme-Chouvy, Electrochem. Solid State Lett. 10 (2007) E24-E26
[2] C. Debiemme-Chouvy, Biosens. Bioelectron. 25 (2010) 2454-2457
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Novel Glutathione Biosensor based on
Electrochemiluminescence of Quantum Dots Composites

Lynn Dennany®, Matthias Gerlach®, Shane O’Carroll®, Tia E. Keyesb, Robert J.
Forster®, Paolo Bertoncello™®
“ Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, G1
1XW, United Kingdom
*Biomedical Diagnostics Institute, Dublin City University, Dublin 9, Ireland
“College of Engineering, Multidisciplinary Nanotechnology Centre and Centre for
NanoHealth, Swansea University, Swansea SA2 8PP, United Kingdom
lynn.dennany@strath.ac.uk

Since pioneering works from Bard’s group that reported for the first time the
electrochemiluminescence (ECL) properties of CdSe', and CdTe nanocrystals?,
analytical applications of the ECL from QDs have increased dramatically over the last
years. This is primarily due to the significant advantages of the ECL over conventional
spectroscopic techniques, in particular, low background signals and the ability to
control both time and position of the light emitting reactions accurately”.

Positively charged 4-(dimethylaminoethanethiol) (DAET)-protected core-shell
CdSe/ZnS quantum dots (QDs) were incorporated within negatively charged Nafion
films. The ECL behaviour of such films was characterized using hydrogen peroxide
and peroxidisulfate as the coreactants. The results showed an enhancement of the ECL
signal for the Nafion/QDs composite film in comparison with the bare QDs deposited
on the electrode surface when hydrogen peroxide was used as a coreactant.
Interestingly, Nafion/QDs composite films were completely insensitive when
peroxidisulphate was used as the coreactant, as an indication of the permselectivity of
Nafion towards negatively charged species. To show the suitability of Nafion/QDs
composite films for ECL detection, we have investigated the ECL quenching of
Nafion/QDs composite film at different concentrations of glutathione. The results
showed a linear relation of the quenching of the ECL signal with the increase of the
concentration of glutathione using hydrogen peroxide as the coreactant. These results
pointed out the suitability of Nafion/QDs composite films for electroanalytical

applications. ECL
H202 *=620nm

Applied Current—1.5V

Fig. 1: Schematic of ECL production from
Nafion/QD films.

! Myung, N., Ding, Z.F., Bard, A.J., 2002. Nano Lett. 2, 1315-1319. Myung, N., Bae, Y., Bard,
A.J.,2003. Nano Lett. 3, 1053-1055.

2 Bae, Y., Myung, N., Bard, A.J., 2004. Nano Lett. 4, 1153-1161.

3 Forster, R.J., Bertoncello, P., Keyes, T.E., 2009. Annu. Rev. Anal. Chem., 2, 359-385.
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How can Scaled-Up Deployments of Ion-Selective
Electrodes in Remote Autonomous Instruments be
Achieved?

Dermot Diamond*, Fernando Benito Lopez, Robert Byrne, Aleksandar Radu, Giulia
Rella and King Tong Lau
CLARITY Centre for Sensor Web Technologies
National Centre for Sensor Research, Dublin City University, Dublin 9, Ireland
Dermot.diamond@dcu.ie

The primary market for Ion-Selective Electrodes is for profiling blood electrolytes in
clinical samples, a situation has remained unchanged for the past 30 years. This is
despite the pioneering breakthroughs of the past 15 years or so that have driven down
the limit-of-detection by several orders of magnitude, in principle opening up new
applications in areas like environmental monitoring.

However, in spite of some early indications that ISEs with these enhanced
characteristics could meet the analytical requirements of, for example, detecting heavy
metals in drinking water, the literature has remained disappointingly silent in terms of
convincing practical methods for using these sensors in new applications. History tells
us that adoption of new technologies does not happen easily, typically taking many
years if successful. Often established, less effective technologies can survive,
remaining in place despite the existence of a superior technology. The reasons for this
are complex, but it is clear that established technologies can only be dislodged by a
new approach that offers such a clear advantage that there can be no debate about the
relative merits of the case, and adoption depends on changing work practices and/or
retraining of operators.

Therefore the dramatically improved performance of ISEs that has been clearly
demonstrated in recent years is not enough in itself to ensure adoption by end-users.
The entire analytical approach must be sound, and offer obvious advantages in terms of
the quality of the data, ease of use, acceptable cost, and reliability. Often the enhanced
performance is obtained through relatively complex conditioning steps, and
maintenance of this performance over time is challenging, as membrane characteristics
can shift dramatically, particularly when the sensors are moved from the lab to the
field, and exposed to real samples. Coping with these circumstances typically involves
introduction of a complex washing and calibration process, which in turn requires
fluidic handling components such as pumps and valves, that drastically drive up the
price of the equipment, making scaled deployments impossible.

In this paper, I will present practical solutions to these issues, based on the use of
arrays of low-cost ISEs and a simple fluid handling system that in principle could allow
multiple measurements to be made reliably at low cost at remote locations. The
example of Pb*" determinations in water samples will be used to exemplify the
approach.
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Electrochemical sensors for Aeromonas hydrophila

Marian Filipiak, Marta Ligaj, Mariusz Tichoniuk, Daniela Gwiazdowska
Chair of Biochemistry and Microbiology, Poznan University of Economics,
al. Niepodleglosci 10, 61875 Poznan/Poland
marian.filipiak@ue.poznan.pl

Aeromonas hydrophila are ubiquitous waterborne bacteria associated with some human
infections. The microorganism is distributed in aquatic environment, sewage, drinking
water, it was isolated from wide range of foods [1]. The bacteria can grow at low
temperatures (4° C) and wide range of pH (4 — 10). Because of their broad metabolic
capabilities identification of Aderomonas spp. by conventional methods is difficult.
The aim of this work is to develop a simple method of detecting Aeromonas hydrophila
with the use of electrochemical biosensors. A recognition element of biosensing
devices was a DNA probe covalently immobilized on carbon paste (CPE) or gold
(AuE) electrodes. Surfaces of the both electrodes were specifically prepared in order to
bind DNA probes in a way facilitating an efficient detection. The carbon paste
electrode was modified with stearic acid and ethylenediamine, as previously described
[2]. The recognition layer of Au electrode was prepared by mixed self-assembled
monolayer consisting of thiolated DNA probe and diluent molecules of
mercaptohexanol [3]. A probe was a DNA fragment at the sequence
5’CAGCCCACCACCGTCTTGAC complementary to target DNA specific for
aerolysin gene (aerd). Aerolysin is a cytotoxic enterotoxin responsible for the
pathogenicity of A. hydrophila. A recognition event in the biosensors was a
hybridization between an immobilized probe and target DNA detected by an
electrochemical response of hybridization redox indicators. In the CPE biosensor two
compounds, tris(2,2’- bipyridyl)cobalt(Ill) complex and daunomycin were used as
hybridization indicators whereas methylene blue and Hoechst 33258 were applied for
Au biosensor. Performance of recognition interfaces was carefully evaluated by some
electrochemical parameters and optimized. Both biosensors were used for the detection
of synthetic oligonucleotides (10 uM) serving as target DNA in the presence of non
complementary DNA fragment. Also the detection of specific fragment of aerolysin
gene from Aeromonas hydrophila (0.15 pg cm™) amplified with Polymerase Chain
Reaction (PCR) was carried out by the biosensors. All evaluated procedures gave rise
to successful detection of Aeromonas hydrophila bacteria. Some typical features of
both biosensing devices are compared and discussed.
This work is supported by the Polish Ministry of Science and Higher Education (Grant
No. N N312 2067 36.
References:
1. Foodborne disease outbreaks: guidelines for investigation and control. World
Health Organization 2008.
2. M. Ligaj, M. Tichoniuk, M. Filipiak, Bioelectrochemistry 74 (2008) 32.
3. M. Tichoniuk, D.Gwiazdowska, M.Ligaj and M.Filipiak, Electrochemical detection
of foodborne pathogen Aeromonas hydrophila by DNA hybridization biosensor,
Biosensors and Bioelectronics 26 (2010) 1618-1623
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Molecularly imprinted polymer-based electrochemical
sensors: a new strategy combining aryl diazonium surface
chemistry and surface-initiated photopolymerization.

Sarra Gam-Derouich and Mohamed M. Chehimi*
ITODYS, Université Denis Diderot & CNRS (UMR 7086),
15 rue Jean de Baif, 75013 Paris (France); Phone +33-1-57276863.
Presenter: S. Gam-Derouich, gamderouich@hotmail.fr
*Corresponding author: Dr M. M. Chehimi, chehimi@univ-paris-diderot.fr

Molecularly imprinted polymer grafts (MIPs) were prepared by surface-initiated
photopolymerization using covalently attached 4-benzoyl phenyl groups acting as
photoinitiators and dimethyl aniline as co-initiator (hydrogen donor). Dopamine was
chosen as the template molecule (T), methacrylic acid as the functional monomer (F),
and ethylene glycol dimethacrylate (EGDMA) as the crosslinking monomer (C). The
electrodes were gold-coated silicon wafers or Indium Tin Oxide electrodes (ITO). The
photoinitiating 4-benzoyl phenyl groups were grafted through the electrochemical
reduction of the corresponding 4-benzoyl benzenediazonium tetrafluoroborate.
Electrografting took less than 5 minutes and was found to be efficient to graft a dense
aryl layer of ~2-3 nm. The ultrathin MIP grafts were prepared in chloroform/methanol
over a short period of 15 min. Dopamine was electrochemically or solvent-extracted
and the resulting MIPs served for its electrochemical detection by stripping
voltammetry.

The Gold-MIP and ITO-MIP hybrids were then incubated in PBS solutions of
dopamine to rebind the latter and further served as electrodes for the electrooxidation of
the immobilized dopamine. The electrochemical detection by stripping voltammetry
was found to be specific and selective towards dopamine. Indeed, the electrodes
modified by non-imprinted polymers (NIPs) gave a flat response due only to a
capacitive current. Selectivity was tested with L-3,4-dihydroxyphenylalanine (L-dopa)
as interferent. The dopamine-imprinted MIP graft gave again a flat response compared
to the detection of dopamine. The detection limit was better than 1 nanomole for a
starting T/F/C ratio of 1/4/15 in the presence of photoinitiator-modified ITO.

The strategy devised so far is new, very fast and efficient for the specific and selective
detection of dopamine. The same strategy can be extended to a broad range of
templates. The originality of the process of fabrication of the electrochemical sensors
described above lies in the combination of the surface chemistry of diazonium
compounds and photopolymerization for the production of ultrathin MIPs. The whole
process is versatile and easy to implement by a non-specialist. All these scientific and
technical characteristics enabled us to recently patent this process [1] hence the high
potential for industrial applications.

Reference

[1]. M. M. Chehimi, S. Gam-Derouich, A. Madani. French patent No 10/56918,
1st/9/2010. Ultrathin layers of molecularly imprinted polymers confined to a support
and use thereof.
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Template Synthesis of Macroporous Copper
Hexacyanoferrate/Polypyrrole Transducers. Influence of
Pore Size on H,O, Detection.

Vinicius R. Gongales*, Alann de Oliveira P. Bragatto, Tania M. Benedetti, Roberto M.
Torresi, Susana I. Cérdoba de Torresi
Instituto de Quimica, Universidade de Sao Paulo, Av. Prof. Lineu Prestes,
748. CEP: 05508-000 Butantd, Sdao Paulo, SP, Brazil.
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The chemical approach to nanoscience has generated nanostructured transducers direct
to increase sensitivity, selectivity and durability of electrochemical sensors."! Among
the strategies presented in literature, the utilization of three dimensional close packed
arrays of monodisperse polystyrene particles have attracted attention because their
potential to produce high density deposited materials, since the compounds are
electrodeposited inside the template voids and around the surface of the colloidal
particles. When the template is removed, there is no shrinkage of the material and the
resulting film is a true cast of the template structure.'”) Here, this technique is used to
synthesize =~ macroporous  copper  ferricyanide/polypyrrole  (CuHCNFe/Ppy)
transducers.””) Spherical particles with different diameters (300, 460, 600 and 800 nm)
were applied with this purpose and all the transducers were evaluated by their
performance on H,O, detection. The analytical results are depicted on table 1, where it
is also possible to find data referent to a bulk CuHCNFe/Ppy transducer. Systems had
their charge controlled to produce sensors with the same amount of CuHCNFe/Ppy.

Table 1. Analytical performances of CuHCNFe/Ppy transducers.

300nm | 460nm 600nm | 800nm Bulk

Sensitivity (nA em” mM™) | 202 218 188 195 206
Detection Limit (M) S/N=3 107 10 10~ 10 10
. up to up to up to up to up to
Linear Range (mM) 325 | 350 | 250 | 200 | 425

The analytical measurements were performed at electrodes able to be observed at
FESEM microscope, where homogeneous nanoporous films were visualized at all
proposed sizes. One of the possibilities to explain the similarity among all sensors can
be related with the macroporous transducers wettabilities. Contact angle measurements
have shown that the interaction at material/solution interface is not so favorable in half
height macroporous systems (8 > 100° for all situations) as in bulk CuHCNFe/Ppy (6 =
66°). This fact can be related to the air remaining inside the pores, which makes the
accessibility to all active sites difficult. Efforts have been driven now to develop a
vacuum cell, in order to remove the air localized into the macroporous transducer
before adding the electrolyte solution utilizing in the H,O, detections.

[1] Walcarius, A.; Kuhn, A. Trends in Analytical Chemistry, 2008, 27, 593.

[2] Bartlett, P.N.; Netti, M.C. et al. Chem. Mater., 2002, 14, 2199.

[3] Gongales, VR; Cérdoba de Torresi, SI; et al. J. Electrochem. Soc., 2008, 155, K140.
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11Ionophore-Modified Nanopores as Solid-State Ion-
Channels for Potentiometric Sensing

Roébert E. Gyurcsanyi,'” Gyula Jagerszki,” TakacsAgoston,' Istvan Bitter’
'Department of Inorganic and Analytical Chemistry, Budapest University of
Technology and Economics, Szt. Gellért tér 4, Budapest, H-1111, Hungary
robertgy@mail.bme.hu
Research Group for Technical Analytical Chemistry of the Hungarian Academy of
Sciences, Szt. Gellért tér 4, Budapest, H-1111, Hungary
Department of Organic Chemistry and Technology, Budapest University of
Technology and Economics, Budafoki ut 8, Budapest, H-1111, Hungary

The superb selectivity of ion-selective electrodes (ISEs) made possible the separation-
free monitoring of ionic activities in complex matrices, such as blood. Although
clinical applications of ISEs account for more than a billion of blood electrolyte
measurements per year, comprising a large share in the in vitro diagnostic sensor
market, chemists still consider ISEs primarily as simple, routine tools for direct
potentiometry and potentiometric titrations. However, not only application wise, but
also theoretically ion-selective potentiometry experienced recently a dramatic progress
that enabled ultimately their use for ultra-trace analysis.

Still ISEs have important limitations originating from the formulation of commonly
used polymeric ion-selective membranes (ISMs), e.g., limited life-time due to leaching
out of active components and extraction of lipophilic sample components with
selectivity-altering effect into ISMs. This communication introduces novel ionophore
modified nanostructures and their use for ion sensing in an attempt to relieve the above
mentioned major limitations of ISEs." Most importantly, shows that by using the
selectivity filters of biological ICs as inspiration, fully synthetic ion channels based on
ionophore-modified gold nanopores can be constructed for selective potentiometric
detection of ions.” Using dithiolane functionalized silver ionophores excellent
selectivities and detection limits in the lower nanomolar ranges were obtained for Ag+.
This required adjusting the hydrophobic, ion exchange, and selective ion complexation
properties within Au nanopores of less than 5 nm effective diameter by modifying their
surface with a mixed self-assembled monolayer consisting of three different thiol
derivatives having distinct functionalities. The new ISE construction preserves the
exquisite selectivity of ionophores in a robust, solvent-free, solid-state membrane
format with all active components covalently immobilized. This new concept of
inducing ion selectivity is likely to be extended to other type of complexing agents and
nanoporous materials, which beyond sensing might find application in ion separation
and characterization of relevant host-guest interactions.

1. G. Jagerszki, A. Griin, 1. Bitter, K. Téth and R. E. Gyurcsanyi, Chem. Commun.,
2010, 46, 607-609.

2. G. Jagerszki, A. Takécs, I. Bitter and R. E. Gyurcsanyi, Angew. Chem. Int. Edit.,
2010, accepted (anie.2010038499)
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Miniaturized cylindrical porous electrodes for sensing
applications

M. Heiml, S. Reculusa2, N. Mano2, S. Ravainez, A. Kuhn'
L ISM , University of Bordeaux 1, avenue Pey-Berland, 33607 Pessac, France
2 Centre de Recherche Paul-Pascal-CNRS, University of Bordeaux, 115 avenue Albert
Schweitzer, 33600 Pessac, France
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A large active surface area and good mass transport are essential for electrochemical
devices used in analysis, catalysis and energy conversion systems.!'! A promising way
to elaborate materials combining those properties was demonstrated in previous works
with the elaboration of planar macroporous electrodes.”) Here we propose a
miniaturized cylindrical device exhibiting small overall geometries and a controlled
degree of porosity."!

The Langmuir-Blodgett (LB) technique is used to transfer a desired number of layers of
monodisperse silica beads onto cylindrical gold wires of various diameters ranging
from 250 to 25um. The voids present in these silica opals can be filled in a subsequent
electrodeposition step with metals (see Fig.1a) or conducting polymers (see Fig.1c).
Potentiostatic electrodeposition leads to current oscillations that arise from a periodic
change of available surface area in the colloidal template. They present a very precise
way of controlling the filling degree of the template. Dissolution of the inorganic
template reveals the macropores on the gold wire.

The associated gain in electroactive area is beneficial for electrocatalytic processes (see
Fig.1b) leading to a higher efficiency of the device or to an increased sensitivity or
lower detection limits for sensor applications.

Intensity per om of electrode A

b) c)
SEM images of macroporous a) gold (pore size 690nm) and c) polypyrrole (pore size
420nm) on a 50um gold wire. b) Electrocatalytic activity of gold wires (d = 50pm)

with increasing thickness of macroporous overlayers (0.05MH,SO,, O, sat., SmV/s)

[1] A. Walcarius , A.Kuhn, Trends in Anal. Chem. 2008, 27, 593

[2] Szamocki, R. Reculusa, S. Ravaine, S. Bartlett, P. N., Kuhn, A., Hempelmann R.,
Ang. Chemie Int. Ed. 2006, 45, 1317.

[3] Reculusa, S. Heim, M. Gao, F. Mano, N. Ravaine, S. Kuhn, A., Adv. Funct. Mater.
2010, in press, DOI: 10,1002/adfm.201001761
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Electrodeposition of Gold Nanoparticles on Glassy Carbon
for Hg(II) Trace Determination in Aqueous Media

Teddy Hezard,“***" Katia Fajerwerg,"® David Evrard,™®
Brigitte Dubreuil,™ Philippe Behra,™ Pierre Gros
(a) Université de Toulouse, Laboratoire de Génie Chimique (UMR CNRS/INPT/UPS 5503)
Mail: hezard(@chimie.ups-tise.fr Phone:+33 (0)5 61 558171
(b) Université de Toulouse, INPT, Laboratoire de Chimie Agro-industrielle (UMR 1010),
ENSIACET, 4 allée Emile Monso, F-31030 Toulouse cedex 4 FRANCE
(¢) INRA, Laboratoire de Chimie Agro-industrielle, F-31030 Toulouse FRANCE
(d) Laboratoire de Chimie de Coordination (CNRS — UPR 8241),
205 route de Narbonne, F-31077 Toulouse cedex 4 FRANCE
(e) Université Paul Sabatier, 118 route de Narbonne, F-31062 Toulouse cedex 9 FRANCE
(f) RTRA « Sciences et Technologies pour I’Aéronautique et [’Espace »,
23 avenue Edouard Belin, F-31400 Toulouse FRANCE

Mercury is considered to be amongst the highest toxic heavy metals. It is toxic in
almost all its species, mainly as organic forms such as methylmercury, whatever the
level of its occurrence in the environment. Hence, it is of dramatic importance and a
challenging purpose (since very low levels down to picomolar are commonly
encountered in naturals waters) to develop fast response time, sensitive and selective
sensors for monitoring its concentration.

Recently, metallic nanoparticles (NPs) appeared as a new promising research field for
the analysis of ultra-trace elements. They offer many advantages for low-level
determination thanks to very high active surface area, enhancement of mass transport
and catalysis. Gold NPs (AuNPs) have been reported for Hg(II) determination by
means of stripping voltammetry. Indeed, Au has a great affinity for Hg which increases
the preconcentration effect during the first step of stripping techniques. To the best of
our knowledge, no study dealing with the optimizing of the electrodeposition
conditions of AuNPs on glassy carbon (GC) electrode for the detection of very low
Hg(IT) concentrations has been reported till now.

We report here a comparison between three techniques of AuNPs electrodeposition on
GC, namely cyclic voltammetry, chronoamperometry and potentiostatic double-pulse,
aiming at low Hg(II) concentration measurements. The characterization of the modified
surfaces using FEG-SEM and AFM techniques as well as XPS and XRD analyses will
be reported. These different techniques were used to characterize several physico-
chemical parameters of the deposited AuNPs, such as surface composition,
morphology, average diameter and density. The data for the three electrodeposition
strategies will be compared and discussed on the basis of electrochemical
measurements of Hg(II) in 0.01 M HCI by square wave anodic stripping voltammetry.

0 200 400 600 800 1000
0 . . . . . E/mV

f| Typical cyclic voltammograms of
f4—— 2" scan 0.25 mM HAuCl, in 0.1 NaNO; at a GC
(d6c = 3 mm) electrode, v =50 mV s™'.

Cross-over : nucleation, growth

1t scan
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Fabrication of Nanoporous Metal Materials
for Biosensing Applications

Xirong Huang
Key Laboratory of Colloid and Interface Chemistry of the Ministry of Education of

China, Shandong University, Jinan 250100, PR China
Tel./ fax: +86 531 88365433
E-mail address: xrhuang@sdu.edu.cn

Nanoporous metal materials such as nanoporous gold (NPG) and nanoporous copper
(NPC) are fabricated by two methods. One is the dealloying of alloys. During the
dealloying, the active metal is leached out and the left noble one will self-diffuse and
aggregate, forming pores and ligaments. For example, NPG can be obtained by
dealloying Au/Ag alloy. The other is the electrochemical treatment of bulk pure metals,
i.e., square-wave potential perturbation. During the treatment, a repeated
electrochemical oxidation/reduction made the metal atoms removable. At the same
time, the produced H, bubbles would act as a template for the formation of pores. For
the former one, the microstructure (pore and/or ligament size) of NPG was tuned by
changing the ratio of alloy components, dealloying time, or post-treatment. For the later
one, the microstructure of the nanoporous film was adjusted by changing the treatment
time, the applied potential step, frequency, and the size of the H, bubbles, etc.

The NPG exhibited an excellent electrocatalytic activity towards the oxidation of
glucose, ascorbic acid and dopamine; while the NPC had an excellent catalytic effect
on the electroreduction of nitrate and H,0,. Based on these properties, several
electrochemical sensors with high selectivity and sensitivity have been developed.

The obtained nanoporous metals were also used as carrier for the immobilization of
enzymes. In addition to the microstructures of NPG and NPC, the effects of the
immobilization strategies including physical adsorption, electrostatic attraction and
covalent coupling, on the enzymatic properties were investigated. Both NPG and NPC
were demonstrated to be good substrates for enzymes. For laccase, an efficient direct
electron transfer phenomenon was observed on NPG. Based on the electrocatalytic
activity of NPC towards the reduction of the oxidized aniline and the biocatalytic
activity of horseradish peroxidase on NPC by adsorption, an electrochemical sensor for
aniline has been developed. Similarly, an electrochemical biosensor for ethanol or
glucose was also developed on the basis of an enzyme-modified NPG; its high
performance was due to the good biocatalytic activity of alcohol dehydrogenase or
glucose oxidase on NPG and the electrocatalytic activity of NPG towards the oxidation
of NADH or H,0,.

References:

1. H. Qiu, L. Xue, G. Ji, G. Zhou, X. Huang, Y. Qu, P. Gao, Biosen. Bioelectron. 24
(2009) 3014.

2. H. Qiu, C. Xu, X. Huang, Y. Ding, Y. Qu, P. Gao, J. Phys. Chem. C 113 (2009)
2521.

3. H. Qiu, L. Lu, L. Xue, X. Huang, Electrochim. Acta 55 (2010) 6081.

4. H. Qiu, L. Lu, X. Huang, Z. Zhang, Y. Qu, Bioresour. Technol. 101 (2010) 9415.
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Poly-Adenylic Acid and DNA Films Based on
Layer-by-Layer Deposition
with Positively Charged Carbon Nanoparticles
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The deposition of nano-composite films is described based on combining negatively
charged poly-adenylic acid (or ssDNA or dsDNA) and positively charged carbon
nanoparticles (ca. 10 nm diameter with amine functionalities [1]). A layer-by-layer
process is developed to vary the film thickness from ca. 10 nm to 40 nm (based on
AFM images). Voltammetric responses are investigated in phosphate buffer solution. A
capacitive current component is observed due to the carbon nanoparticles.

© = Carbon nanoparticles ~ TTT = Poly adenic acid (PAA)
o o
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Figure 1. Schematic drawing of the layer-by-layer deposition of negatively charged
DNA and positively charged carbon nanoparticles.

Experiments with Co(phen);’* [2] show binding of the cobalt metal complex depending
on the thin film composition and structure. Hybridisation processes are investigated by
voltammetry.

[1] J.D. Watkins, R. Lawrence, J.E. Taylor, S.D. Bull, G.W. Nelson, J.S. Foord, D.
Wolverson, L. Rassaei, N.D.M. Evans, S.A. Gascon, F. Marken, Physical Chemistry
Chemical Physics 12 (2010) 4872.

[2] M.T. Carter, M. Rodriguez, A.J. Bard, Journal of American Chemical Society 111
(1989) 8901.
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Potentiometric/Amperometric Rod-type YSZ-based Gas
Sensor Attached with Mn-based Solid Reference-electrode

H. Jin', V. V. Plashnitsa’ And N. Miura’

Interdisciplinary Graduate School of Engineering Sciences, Kyushu University,
’Research and Education Center of Carbon Resources, Kyushu University,
Art, Science and Technology Center for Cooperative Research, Kyushu University,
Kasuga-shi, Fukuoka 816-8580, Japan
mr-j-han@mms.kyushu-u.ac.jp

Recently, we discovered that Mn-based spinel-type oxides sensing-electrode (SE) used
in YSZ-based gas sensors were insensitive to most of hazardous gases as well as
independent of the change in oxygen concentration at temperature below 600°C'. In
this present study, we examined the preliminary gas sensing characteristics of
miniaturized planar-like rod-type YSZ-based sensors using different SEs and Mn,O; as
reference-electrode (RE) operated under potentiometric/amperometric mode.

Initially, the sensing characteristics of the miniaturized planar-like rod-type YSZ-based
sensor attached with Mn,O3-RE were examined at 550°C by using the potentiometric
technique. The developed sensor using a pair of Pt-SE and Mn,O;-RE exhibited
negligible responses to all examined gases, whereas the sensor using Au-SE vs. Mn,0O;-
RE was found to respond well to C;Hy, providing also the high responses to CO,
unsaturated HCs and hydrogen. However, it is well-known that Au-SE is not stable
enough over the sensor’s wide operational temperature. Thus, the substitution of Au-SE
to other more stable materials seems to be necessary.

At the second step, the sensing performance of the miniaturized planar-like rod-type
YSZ-based sensor was evaluated at 550°C in
amperometric mode. As a result (Fig. 1), the
sensor using three-electrode system, namely
In,O3-SE, Pt counter-electrode (CE) and Mn,03-
RE exhibited a comparatively large response and
high selectivity to NO,. Moreover, the sensor

showed rather quick response and recovery rates | i{ionli’[’/mf:d(;h
atta}nlng a steady-state response in a short period | ! ;‘ia‘:’::l/::;;_so‘nv
of time. 6, ;
It can be concluded that Mn,0; appears to be a
highly promising material for its implementation
as an all-solid-state RE and also could be
successfully utilized in YSZ-based gas sensors for
the monitoring of concentrations of various
hazardous gases under both potentiometric and
amperometric modes.

o &S A Db en
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Fig. 1: Cross sensitivities to
various gases at 550°C for the rod-
type YSZ-based sensor using
In,0;-SE, Pt-CE and Mn,05-RE in
amprerometric mode.

1. N. Miura, S. Nakakubo, D. Terada, and Y. Shimamoto, Book of abstract for the 1 5™
International Conference on Solid-State Ionics, (2005), 586.
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Scanning Electrochemical Microscopy with Nanoprobe
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® Groupe Nanosystémes Analytiques, Institut des Sciences Moléculaires, CNRS UMR
5255, Université Bordeaux 1, ENSCPB, 16 avenue Pey-Berland, 33607 Pessac, France
‘Laboratoire de Chimie Physique et Microbiologie pour I’Environnement, Nancy-
University, CNRSUMR?7564, 405 rue de Vandoeuvre, 54600 Villers-lés-Nancy, France
frederic.kanoufi@espci.fr

Scanning Electrochemical Microscopy (SECM) has been widely used to investigate
surface reactivity. To a lesser extent, it was used promisingly as a surface modification
technique able to decorate surfaces with various organic functionalities at the
micrometer or nanometer scale. For example, it was successfully devoted to the local
deposition or etching of polymers and to the local etching of self-assembled
monolayers. The surface patterning by SECM requires to move the tip over the
substrate, slowing down the writing process as each structure has to be written
individually. It corresponds to an inherent limitation of such a scanning technique. The
ability to pattern surfaces with micro/nanostructures in a parallelized and high-
throughput manner with stamp electrodes, as in microcontact printing (LCP) with
masks, is important for applications in biosensing, plasmonics, nanoelectronics, etc.
Here, we present a new type of multiscaled electrochemical probe for SECM, which
consists of a high density electrode array of 6000 nanotips fabricated by chemical
etching of an optical fiber bundle. The electrochemical and SECM behavior of these
probes have been characterized experimentally and confronted to simulations. The
SECM behavior is mainly governed by the fiber bundle macrostructuration (its
convexity) rather than its microstructuration (the nanotips). ' Such new SECM probes
are then used to pattern a non-conductive polytetrafluoroethylene (PTFE) surface. The
positioning of the probe arrays is achieved by SECM approach curves combined with
shear-force measurement. The imprint of the probe nanostructures on the substrate is
obtained by confining the diffusion layer generated at each single nanotip. This allows
to pattern sub-micrometer arrays on PTFE surfaces which could be applied for parallel
biosensing.

10 um

'Deiss, F. ; Frétigny, C. ; Combellas, C.; Sojic, N., Kanoufi, F. Anal. Chem. 2010, 82, 5169.
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Corrosion of Zinc in Chloride Media Analyzed by Zn**
and pH Potentiometric Microsensors

0.V. Karavai, A.C. Bastos, A.A. Ferreira, M.L. Zheludkevich, M.G.S. Ferreira
DECV/CICECO, Universidade de Aveiro
Campus Universitario de Santiago, 3810-193 Aveiro, Portugal
olga.karavai@ua.pt

Zinc is an important metal in materials science used in galvanizing of steel, as anode in
cathodic protection of iron and steel, in batteries, brass metallurgy, in protective
coatings and as catalyst. The drawback of zinc application is localized corrosion
occurrence. Metallic corrosion takes place in different forms, depending on the
surrounding medium. Some important parameters are pH, oxygen content, medium
resistivity, temperature and presence of aggressive or inhibitive species. To fully
describe the corrosion mechanism in confined places, it is necessary to know the local
distribution in solution of the chemical species that are important for the process. In
this case miniaturized ion-selective electrodes can be of great value.

In this work the corrosion of pure zinc immersed in NaCl was characterized
experimentally using Zn®" and pH potentiometric microelectrodes. The microelectrodes
were prepared from single-barrelled glass capillaries with tip diameter of 2 pum and
contain neutral carrier based cocktail as sensitive membrane. Values of corrosion
potential (E), pH and pZn (-log az,,.) were obtained in selected places of the corroding
sample. An interpretation of the local chemical environment can be done by
Geochemical Modeling Software. The stability and Pourbaix diagrams presented were
generated by the Medusa and Hydra [1] software for different Zn concentrations.
Experimental data (E, pH and pZn) were added to the diagrams enabling the
comparison between theory and experiment. Valid models will allow predicting
corrosion and its mitigation without the need of experimental work.

References:
[1] http://www kemi.kth.se/medusa/.
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Electrochemical Sensing of Metal Ions
Based on Molecular Switching
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Electrochemical studies with host compounds that are capable of selective association
with guest ions or molecules are getting recent interests for selective analytical sensing
of guests. One group of such hosts is macrocyclic calix[4]arene compounds which are
known as selective ionophoric hosts for a wide range of metal ions depending on the
ring size and on the modification with functional groups [1]. In this presentation,
selective associations such as antigen-antobody interaction and nucleotide base with
mercury ion are discussed.

The ability to detect trace amounts of mercury ion is important because of it’s toxic
effect on many living organisms. Most detection methods based on spectroscopic and
spectrometric methods require expensive instrumentation and complicated sample
preparation processes. In this study, we demonstrate a simple, easy and reusable
method for Hg*".

Hg”" detection is based on electrochemical signal by conformational change based on
the formation of T-Hg*~T complex formation [2,3]. The “signal-on” upon Hg>"
binding is attributed to the conformation change from open structure to hairpin
structure. Among the various metal ions studied, Hg”>" shows the highest signal gain
compare to the other metal ions. The sensor is reusable simply by unfolding the
ferrocene-labeled DNA in 10 uM cysteine at 80 °C to denature hairpin structure [4] and
then immersed in 1 M NaClO, electrolyte at room temperature. The regenerated
electrode is ready for reuse for Hg>" solution. A little decrease in response is due to the
loss of probe DNA from the electrode surface because of heating and rinsing in
addition to detaching of thiolate linkage. This sensor responds closely to the original
performance after three regeneration cycles. This sensor has good selectivity, with a
detection limit of 0.1 uM. It also offers simple, operational convenience and cost-
effective for mercury detection.

References
1) M. Gomez-Kaifer, P. A. Reddy, C. D. Gutsche, L. Echegoyen, J. Am. Chem. Soc.,
116 580 (1994).
2)Y. Miyake, H. Togashi, M. Tashiro, H. Yamaguchi, S. Oda, M. Kudo,Y. Tanaka, Y.
Kondo, R. Sawa, T. Fujimoto, T. Machinami, and A. Ono,. J. Am. Chem. Soc., 128
2173 (20006).
3) Donghoon Han, Yang-Rae Kim, Jeong-Wook Oh, Tae Hyun Kim, Rakesh Kumar
Mahajan, Jong Seung Kim, and Hasuck Kim, Analyst, 134, 1857 (2009).
4)R. Y. Lai, E. T. Lagally, S.-H. Lee, H. T. Soh, K. W. Plaxco and A. J. Heeger, Proc.
Natl. Acad. Sci., 103, 4017 (2006).
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In Situ Monitoring of the Electrochemical Degradation of
Polymer Films on Metals Using the Bending Beam Method
and Impedance Spectroscopy

G.G. Lang, M. Ujvari, F. Bazs6
Department of Physical Chemistry, Institute of Chemistry, Edtvos Lorand University
H-1518 Budapest, Pazmany P. s. 1/4, Hungary
langgyg@chem.elte.hu

Charge and mass transports in conductive polymer films can be investigated by elec-
trochemical methods. In many cases, if the positive potential limit is extended into the
region in which the (over)oxidation of the polymer takes place, an oxidation peak
(without a corresponding reduction peak) appears, but only little changes can be ob-
served in the properties of the cyclic voltammograms taken in the “stability region”
before and after “overoxidation”. In contrast to this, the impedance spectra recorded
after “overoxidation” differ completely from the spectra measured for electrodes kept
below the potential at which “overoxidation” of the polymer occurs. The “voltstresso-
grams” recorded by using the electrochemical bending beam technique before and after
overoxidation of the polymer film also show significant differences.

The most probable explanation for the observed electrochemical behavior relates di-
rectly to the structure of the film. The changes of the stress in a thin film, which is de-
posited onto a metal layer on one side of an insulator strip, and is immersed into an
electrolyte solution, can be estimated from the changes of the radius of curvature of the
strip. If the potential of this electrode changes, electrochemical processes resulting in
the change of the stress can take place only on the metal side of the sample. The change
in the stress induces a bending moment and the strip bends (Fig.1.).

| !
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Fig.1. Scheme of the electrochemical (optical) bending beam setup

While the degradation proceeds, it can be monitored in situ by observing the change of
the radius of curvature of the strip. Some selected results obtained using this method
are presented and discussed in the present work.

Acknowledgement: This work was supported by the grant OTKA-67994/OMFB-01078/2007 from the Hun-
garian Scientific Research Fund.
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Conducting Polymers as sensitive layers
for the electrochemical and gravimetric detection of
small organic molecules: influence of the chemical and
structural properties
of the layers on the recognition process
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Fougnion, Francis Garnier, Samy Remita Christine Pernelle.

Laboratoire de Conception des Capteurs Chimiques et Biologiques, LC3B, EA 4131,
Conservatoire National des Arts et Métiers, CNAM, 292 rue Saint-Martin, 75141 Paris
Cedex 03, France
youssef.lattach@cnam. fr

Sensitive layers based on conducting homopolymers (polyEDOT, noted PEDOT) and
copolymers (molecularly imprinted and non-imprinted poly(EDOT-co-AAT), noted
MICP and NICP respectively) are electrosynthesized on gold substrates and used for
the electrochemical [1,2] and gravimetric detection of atrazine [3]. These sensitive
layers are characterized by cyclic voltammetry and square wave voltammetry
techniques coupled to another method of signal transducing: surface acoustic wave
“SAW” as gravimetric transducing method. ATR-FTIR spectroscopy, and AFM
microscopy were used to study the effect of the chemical functionalities and of the
structural properties of these conducting polymers on the physical chemistry of the
interaction with atrazine targets and with the aim to improve the sensitivity of the
recognition process. In particular, due to the presence in their backbones of pre-shaped
functionalized cavities which keep the molecular memory of the targets, MICP layers
present a remarkable sensitivity, a low detection threshold (10® mol L") and a large
range of detection (10™ to 107 mol L™).

Refrences

[1] Pardieu, E.; Cheap, H.; Vedrine, C.; Lazerges, M.; Lattach, Y.; Garnier, F.; Remita,
S.; Pernelle, C. (2009), Anal. Chim. Act., 649, 236245

[2] Youssef Lattach, Francis Garnier, Fanny Hauquier, Christine Pernelle and Samy
Remita. Langmuir (submitted).

[3] Youssef Lattach, Najla Fourati, Fanny Hauquier, Chouki Zerrouki, Jean-marie
Fougnion, Francis Garnier, Samy Remita Christine Pernelle. Sensor letters (submitted)
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Progress towards Understanding Electroadsorption of
Ions in Nanoporous Carbons: EQCM Studies

M.D. Levi, S. Sigalov, G. Salitra and D. Aurbach
Department of Chemistry, Bar-1lan University
Ramat-Gan 52900
levimi@mail.biu.ac.il

Supercapacitors based on a variety of activated carbons containing nanoscale pores
present an important class of energy storage devices suitable for many applications.
They store electric energy in electric double layer (EDL) formed by excess (or
deficiency) of the electronic charge carriers on the porous carbon surface, counter-
balanced by the oppositely charged electrolytic ions transported from the bath solution.
Conventional view of ions adsorption in nanoporous carbon electrode can be
summarized as follows: At the potential of zero charge (pzc), the carbon electrode
surface does not bear any excess electric charge. When the potential is swept positively
with respect to the pzc, and hence the carbon pores walls become positively charged,
the anions from bath solution move to the nanopores interior in order to counter-
balance the positive charge of the carbon surface. In contrast, as the potential is shifted
negatively with respect to the pzc, its surface becomes negatively charged, and as a
result the cations from the bath solution are transported into carbon nanopores in order
to compensate the negative charge of electrode the surface.
We have recently discovered [1-4] that electrochemical quartz crystal microbalance
(EQCM) technique can be used to trace compositional and concentration changes in the
ionic part of the EDL of the activated carbon electrodes during their charging.
Determining experimentally the mass per charge ratio allows separation of the total
mass change into the individual population changes of ions (A7) and solvent molecules,
providing unique information on both equilibrium EDL structure, and dynamics of ions
and solvent insertion into nanoporous carbon electrodes. Comparison between the
experimental and theoretical A77Q ratios, provides insight into the composition of the
ionic part of the EDL of carbon electrode as a function of its charge density, solution
composition, presence of functional groups on carbon surface and doping impurities in
its bulk, cycling conditions, etc. This composition appears to be much more
complicated compared with the conventional view of ions adsorption outlined above.
References
1. M.D. Levi, G. Salitra, N. Levy, D. Aurbach, J. Maier, Nat. Mat. 8 (2009) 872.
2. M.D. Levi, N. Levy, S. Sigalov, G. Salitra, D. Aurbach, J. Maier, J. Am.
Chem. Soc. 132 (2010) 13220.
3. S. Sigalov, M.D. Levi, G. Salitra, D. Aurbach, J. Maier, Electrochem.
Commun. 12 (2010) 1718.
4. M.D. Levi, S. Sigalov, G. Salitra, D. Aurbach, J. Maier, Chem.Phys.Chem.
(in press).
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Nernst-Planck-Poisson model (NPP) as a comprehensive
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The majority of current theoretical interpretations of potentiometric ion-sensor response
focus on phase boundary potentials. They assume electroneutrality in the membrane and
equilibrium or steady-state, thus ignoring electrochemical migration and time-dependent
effects, respectively. These theoretical approaches, owing to their idealizations, make
theorizing on ion distributions and electrical potentials in space and time domains
impossible. Moreover, they may be in conflict with numerous experimental reports on
ion-sensors in which both kinetic (time-dependent) discrimination of ions to improve
selectivity, and non-equilibrium transmembrane ion-transport for lowering detection
limits, are deliberately used [1].

For the above reasons, the Nernst-Planck-Poisson (NPP) equations are employed to
model the non-equilibrium response in a mathematically congruent manner [2]. In the
NPP model, electroneutrality and steady-state/equilibrium assumptions are abandoned.
Consequently, direct prediction of selectivity, low detection limit variability over time,
and the influence of other parameters, i.e. ion charges, mobility, membrane thickness
and dielectric permittivity, on the ion-sensor responses are possible [3,4].

Unlike the other models the NPP can be used for the interpretation of Electrochemical
Impedance spectra (EIS) of ion-sensors without using the analogy-type concept of the
“equivalent electric circuit” but directly addressing the physicochemical properties of the
sensors modeled. Additionally, the NPP allows for physically relevant and adequate
solving the inverse problem i.e. searching for optimal sensor properties and
measurement conditions via target functions and effective algorithms. It is demonstrated
the interpretation of EIS spectra of ISEs.

The above theoretical approach is an important new tool in enhancing effectiveness of
practical use of ion-selective electrodes during fabrication and operation, e.g. by
avoiding or reducing the need for calibration.
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Water Uptake of Ion-selective Membranes and Its
Correlation with the Potential Stability of Solid-contact
and Coated-wire Ion-selective Electrodes
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In solid-contact ion-selective electrodes (SCISEs) an ion-to-electron transducer layer is
placed between the electrode substrate and the outer ion-selective membrane (ISM),
whereas the ISM is deposited directly on the electrode substrate in coated-wire
electrodes (CWEs). Due to the water uptake of the ISM thin aqueous layers or islands
of water can be formed at the different membrane interfaces involved in both of these
electrode configurations. The accumulation of water at these interfaces (substrate/SC
and SC/ISM (SCISE); substrate/ISM (CWE)) will convert both of these all-solid-state
electrode types partially into a conventional ISE with a very small inner solution
volume.

The diffusion of interfering ions through the ISM into the aqueous layers or the water
pools may lead to instability and drift in the electrode potentials and it is therefore
essential to use hydrophobic ISM membranes to decrease the water uptake of the
SCISEs and CWEs.' Outflux of accumulated primary ion in the ISM may also bias the
electrode potential at low sample concentrations and thus affect the limit of detection.
The water uptake of plasticized poly(vinyl chloride) (PVC), silicone rubber (SR) and
acrylate based ISMs was recently studied by the FTIR-ATR technique. > It was shown
that the water uptake of plasticized poly(vinyl chloride) (PVC) membranes were much
higher than for silicone rubber (SR; RTV 3140).

In this work, the water uptake of ISMs and its correlation with the potential stability of
Ca”"-selective SR and plasticized PVC based SCISEs and CWEs will be discussed. The
presentation focuses also on other aspects of the water uptake of ISMss.

'M. Fibbioli, W.E. Morf, M. Badertscher, N.F. de Rooij and E. Pretsch,
Electroanalysis, 12 (2000) 1286.

2T, Lindfors, F. Sundfors, L- Hofler and R.E. Gyurcsanyi, Electroanalysis, 17-18
(2009) 1914

* F. Sundfors, T. Lindfors, L. Hofler, R. Bereczki and R.E. Gyurcsanyi, Anal. Chem.,
81 (2009) 5925
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Lead(IT) is a major pollutant in the environment. The monitoring of Pb*" distribution is
undeniably crucial in preventing uncontrolled release of this component to ecosystems.
The requirements for the reliable determination of lead(Il) in industrial wastes and
environmental samples has resulted in a number of publications [1,2]. A lowering of
the detection limit of ion-selective electrodes (ISEs) became a significant part of
electroanalysis and created the possibility of measurements at extremely low
concentrations of analyte. The detection limit has been an issue of interest since early
stages of the history of ISEs and initially solid-state membranes were in focus [3,4].
The possibility of lowering the detection limit for ISEs with plastic membranes was
reported later[5].

Solid-state lead (II) ion-selective electrodes were used and their performance at low
concentrations of Pb*" ions was inspected by different methods. The electrodes were
applied in direct measurements of ultra-low concentrations of Pb**. The lowering of the
detection limit of Pb”"-ISE was achieved by a procedure based on concentration-time
dependent adsorption of the analyte to the surface of the membrane as well as tuned
galvanostatic polarization of the solid-state membrane. By this research we revitalize
the area of solid-state membranes used for lowering of the detection limit.

[17J. Sutter, A. Radu, S. Peper, E. Bakker, E. Pretsch, Anal. Chem. Acta 2004, 523, 53.
[2] S. Anastasova-Ivanova, U. Mattinen, A. Radu, J. Bobacka, A. Lewenstam, J.
Migdalski, M. Danielewski, D. Diamond, Sensors and Actuators B, 146 (2010) 199.

[3] A. Hulanicki, A. Lewenstam, Talanta 23 (9) (1976) 661.

[4] A. Hulanicki, A. Lewenstam and M. Maj-Zurawska, Anal. Chimi. Acta 1979, 107,
121.

[5] T. Sokalski, A. Ceresa, T. Zwickl, E. Pretsch, J. Am. Chem. Soc 1997, 119, 11347.
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Galvanostatic polarization of ion-selective electrodes (ISE) is a simple and effective
method of improving some analytical parameters (e.g. detection limit lowering) [1] or
obtaining data concerning concentration and mobility of ionophore and ions in the
membrane [2]. This method is also useful in diagnostics and response optimization of
all-solid state ISEs with conducting polymer solid contact as a medium undergoing
charge transfer reactions [3,4].

In this presentation versatility of chronopotentiometric method was shown on three
examples of applications to ISE membranes, concerning (i) studies on ion distribution
in the membranes, (ii) determination of amount of primary ions, and (iii) controllable
modification of membrane composition.

(i) Using mass spectrometry with laser ablation of the membrane material (LA ICP
MS), contents and spatial distribution of ions in the membrane under influence of
galvanostatic polarization as well as accumulation / release reversibility were studied
and compared with theoretical predictions.

(i1) Accumulation of primary ions in ISE-membrane under open circuit conditions, the
role of composition of conditioning solution for this process was studied on example of
silver-selective poly(vinyl chloride) based membrane. The obtained results were
consistent with data collected by LA ICP MS method.

(iii) Optimal potentiometric characteristics is dependent on membrane composition
and particularly on molar ratio of primary / interferent ions amount. A simple
galvanostatic method of controllable primary ions incorporation into the membrane
was proposed. A relation between membrane composition and potentiometric
calibration plots and their stability is presented.
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Electrochemical reactions of conducting polymers are considered as consecutive n
events of one electron charge transfer reaction each involving polymer chains and
balancing counterions. For those materials with a prevailing interchange of anions with
the ambient the reaction can be summarized as:

[(PPY WA)(S)dleer + A +US > [(PPY "N A)ert(S)aruleer T€ ()

Where pPy°" is a polymeric chain inside a dense gel. By statistical reasons over 99.9 of
the charge transfer occurs from chains located inside the film. This elemental reaction
transfer is not usual in electrochemical texts because there only electron transfers
through bidimensional solid or liquid interfaces are considered. The second reactant is
the anion, A required to keep the charge balance during the electron transfer is located
outside the film, in solution.

If the oxidation reaction of a polymer film occurs under flow of an anodic constant
curren (i,) the reaction rate will be defined by:

i,=F Vk, [AT [Pol'"=F V ky [AT [Pol']* exp {[(1-a) F (E-E)}/RT}
And the potential should evolve during the reaction time, t, as:
E, = Eo + {RT/(1-0)nF} {In(i,t/FV)—a In[A] - b In[Pol] — In k!

This is a sensing equation indicating that the potential evolution of the reactive material
with the time of current flow is a function of: the electrolyte concentration [AT] in
solution, volume changes (V, or mechanical conditions) and temperature (also included
in kaO)~

By changing one of the variables every time (keeping a constant value for the other
variables) the potential evolution of the reactive material is a sensor of the studied
variable. Consequently the consumed electrical energy (i/Edt) also senses the variable.
Polypyrrole materials having prevalent interchange of anion or prevalent interchange of
cations during the reaction and able to sense temperature, electrolyte concentration or
mechanical conditions should be presented.

New reactive and sensing devices, as tactile artificial muscles constructed with those
materials and sensing surrounding working conditions under flow of constant currents
are emerging. A new technological paradigm of biomimicking reactive sensing
actuators is rising.
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Systematic selection and design of metalloporphyrin based
oxygen sensors by tuning the donor-acceptor
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Metalloporphyrins and related Ny-macrocyclic complexes are well known catalysts for
oxygen reduction. The activity of these complexes for the oxygen reduction reaction
depends on the nature of the central metal atom, and the nature of substitution groups
on the porphyrin ring. We invoked the concepts of activity dependency on the number
of electrons in the d-orbital of the central metal, and the concept of molecular hardness
proposed by [1l], to plot the dependency of the activity of manganese bearing
porphyrins on the nature of substitution groups in the form of 3-D activity plots (Fig 1).
The 3-D plots reveal an activity trend which is dependent on the nature of substituents
at the meso positions of the ring. It is evident from the trend that higher activity is
promoted by electron donating groups notably pyridine and methoxy groups. Guided
by this systematic criterion, we present nano- and microfabrication of a very active
oxygen sensor using Manganese 5,10,15,20-tetra(4-pyridyl)porphyrin. Additionally, we
show that the problem of instability which is often associated with porphyrin
complexes can be overcome by intelligent attachment of the porphyrin complexes by
coupling individual metalloporphyrin units by means of suitable linkers using
electropolymerization. The preparation, optimization and specific properties of the
proposed micro sensor will be discussed.
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Figure 1: 3-D activity plots (potentials against Ag/AgCl/3M KCIl electrode)
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Use of conducting polymers, like polyaniline (PANI), in electrochemical sensors has
gained much interest and focus of researchers. This is due to the well-known attractive
characteristics of conducting polymers that enable simultaneous passage of current,
ion-to-electron transduction and functionalization of the polymer by e.g. covalent
binding of biological recognition sites to the polymer backbone. Electropolymerization
is often used to obtain a film of conducting polymer directly on electrically conducting
substrate [1].

Electrospinning of different polymer material results in thin fibers with diameters even
down to few nanometers, having very high surface area to volume ratio [2].
Electrospun conducting polymer fibers are promising materials in sensor applications
in addition to the film-type sensors [3]

Here suitability of elecrtospun PANI/PLA (polylactic acid) fibers as sensor material is
investigated and their electrochemical characteristics are compared to
electropolymerized PANI films. In the beginning of the work, fibers are spun on
aluminum foil changing the parameters (voltage, distance, concentration), and analyzed
with scanning electron microscopy. This is followed by spinning fibers directly on a
glassy carbon electrode surface, and so-formed GC/(PANI/PLA) electrodes are
characterized by impedance spectroscopy, cyclic voltammetry and potentiometry.
Results are compared to similar measurements on electropolymerized PANI films.

References:
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Micro- and Nanostructrures for Ion-Selective Electrodes

A. Michalska, A. Kisiel, E. Jaworska, E. Woznica, K Maksymiuk
Department of Chemistry, Warsaw University, Pasteura 1, 02-093 Warsaw, Poland
agatam@chem.uw.edu.pl

Micro- and nanostructures are reaching significant attention across electrochemical
community with special emphasis for catalysis purposes. Sensor applications,
especially ion-selective electrodes (ISEs) to our knowledge, have not benefit much
from these structures[1,2]. This presentation gives examples of recent research done in
our group focused on different micro- and nanostructures applications in ion-selective
electrodes to improve their operational parameters.

Polyacrylates are well established membrane materials yielding selective and stable
sensors despite relatively high impedance. An effective method of lowering electrical
resistance of poly(n-butyl acrylate) is introduction of Pt nanoparticles to the sensing
membrane[3]. As shown on example of K-selective sensor the analytical parameters of
Pt enriched membranes were well comparable with those of classical ones. In contrast
to Pt substrate coated wire electrodes, known for unstable potentials, introduction of Pt
nanoparticles to the membrane resulted in significantly increased stability of potential
readings even compared to conducting polymer based solid-contact arrangement.
Synthesis of microstructured materials, especially preparation of micro- and nano-
capsules is also extremely promising for sensor application. Microvessels can be used
to deliver reagents to the sensor structure. For example, polypyrrole based capsules
filled with electrolytes watery solutions can be used as tailored solid-contact
materials[4]. Choosing electrolyte and its concentration, different levels of saturation
of the Ca-selective membrane are achieved, enabling tuning of sensor analytical
performance (linear response range, selectivity) irrespectively of conditioning solution.
Similarly electrochemical parameters, resistance and capacitance of the electrode can
be altered in a significantly wider range compared to conducting polymer based solid-
contact ISEs.

[1] G. A. Crespo, S. Macho, F. X. Rius, Anal. Chem. 80 (2008) 1316.

[2] G. Jagerszki, A. Griin, 1. Bitter, K. Téth, R. Gyurcsanyi, Chem. Commun. 46
(2010) 607.

[3] E. Jaworska, A. Kisiel, K. Maksymiuk, A. Michalska, Anal. Chem.
DOI: 10.1021/ac1019864

[4] A. Kisiel, M. Mazur, S. Kusnieruk, K. Kijewska, P. Krysinski, A. Michalska,
Electrochem. Commun. 12 (2010) 1568.
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A method for measurement of ions in small (20-30 puL) sample volumes is developed.
The measurement is performed with planar galvanic cell containing several solid-state
ion selective electrodes and a reference electrode [1].

The key novelty is in applying routine microscope slide glasses. A drop of the sample
is placed by micropipette on glass and a flat multielectrode platform placed to allow
touch-contact with this drop. By virtue of a physical adhesion the sample evenly
spreads to cover all electrode spots. In this way the potentiometric measurement is
possible. The advantage of this unique measurement mode is in limiting evaporation of
the sample which results in long-term stability of readouts. The parameters of responses
are comparable to these known from a conventional measurements with ion-selective
electrodes. To prove the usability of the method the measurements were performed
with watery calibration solutions used in clinical analyzers, serum samples and in
selected pharmaceutical preparations.
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Lowering the Detection Limits of Ion-selective Electrodes
by Galvanostatic Polarization: Practical Achievements vs.
Fundamental Uncertainties
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26 Universitetsky Pr. Stary Peterhof, 198504, St.Petersburg, Russia
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Efforts aimed at lowering the detection limits of Ion-selective Electrodes (ISEs) with
ionophore-based membranes comprise the mainstream of the experimental and
theoretical research in the field of this kind of sensors [1]. Among various approaches
to improve the detection limit, those based on galvanostatic polarization of the
electrodes are of special interest. The easiness of the tuning the polarizing current
density makes this approach flexible and in this sense superior to other approaches
based on the optimization of the composition of the internal electrolyte, or the
composition and/or the geometry of the ISE membrane [2]. On the other hand,
measurements with ISEs under current suggest major change of the very concept of the
ISEs, traditionally considered as purely potentiometric sensors.

We recently succeeded with extending linear Nernstian response of Ca”" and Cd*' ISEs
down to 107" M by tuned galvanostatic polarization [3-5]. Simple linear relations
between the polarization and the current density, and between the optimal current
density and log of the analyte ion concentration, have been revealed experimentally.
From the practical point of view, these simple relations are very useful for tuning the
current density and obtaining linear Nernstian response. More of this, Ca*" and Cd*"
concentrations in artificial samples were measured with sufficient accuracy by the ISEs
in chronopotentiometric mode.

On the other hand, the fundamentals behind these practical achievements are under
question. The discussion will focus on the following issues: (i) how the polarization is
distributed between the aqueous phase and the membrane phase; (ii) what is the impact
of the background electrolytes in the sample phase and in the membrane phase to the
overall effect; and (iii) whether the polarization is of only concentration type while the
interface between the membrane and the sample is at electrochemical equilibrium.

1. Bobacka J., Ivaska A., Lewenstam A. Chem. Rev. 2008 108 329-351.
Szigeti Z., Vigassy T., Bakker E., Pretsch E., Electroanalysis 2006 18 1254-
1265.

3. M.A. Peshkova, T. Sokalski, K.N. Mikhelson, A. Lewenstam, Anal. Chem.
2008 80 p. 9181-9187.

4. M.A. Peshkova, T. Sokalski, K.N. Mikhelson, A. Lewenstam, Currier of St.
Petersburg Univ. 2010 Ser. 4 106-118 (Russ.)

5. M. A. Peshkova, K. N. Mikhelson, Russ. J. Electrochemistry 2010 46 1245—
1251.
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Ionic electroactive polymer (EAP) composites are materials that exhibit changes in
mechanical properties when stimulated by (relatively low) voltage. Ionic EAPs
typically consist of two layers of conductive material, separated by an ion-permeable
membrane. The system contains some mobile ionic groups. An electric potential
applied between the opposite conductive layers induces electro-osmosis. The resulting
transverse dislocation or re-orientation of ions causes bending of the whole sandwich.
Therefore, these types of composites can be used as actuators.

The opposite process occurs when EAP material undergoes deformation caused by an
external force. In case of many types of EAPs, the external deformation causes
transversal dislocation of ions in the composite, which can eventually be registered as
an open-circuit voltage [1], short-circuit current, or changes in impedance of different
parts of the composite [2]. Therefore, many EAPs can also be used as position or
motion sensors [3].

This work concentrates on the properties of Carbon-Polymer Composite (CPC). This
material consists of two layers containing carbon with high specific surface area and
sufficient electric conductivity, supported by polymer matrix. The carbon layers are
separated by a thin polymer membrane. The whole system contains ionic liquid as an
electrolyte. The electromechanical properties of CPC transducers are described e.g. in
[4], [5]- So far, the sensorial behavior of CPC material is still not studied in detail.

The current work is dedicated for investigation of charge formation processes caused
by external mechanical deformation of nanoporous system containing ionic liquid. In
the experimental section, the CPC material is bent with external force. Charge
formation is registered both as a change in voltage and short-circuit current between the
opposite electrodes. The mechanoelectrical transduction is investigated in wide
frequency range. A possible mechanism for describing this process is proposed.

[1] M. Shahinpoor, K.J. Kim, Smart Mater. Struct. 10 (2001) 819.

[2] A. Punning, U. Johanson, M. Anton, A. Aabloo, M. Kruusmaa, J. Intel. Mat. Syst.
Str. 20 (14) (2009) 1711.

[3] D. Pugal, K. Jung, A. Aabloo, K. Kim, Polym. Int. 59 (2010) 279.

[4] J. Torop, M. Arulepp, J. Leis, A. Punning, U. Johanson, V. Palmre, A. Aabloo,
Materials 3 (2010) 9.

[5] I. Takeuchi, K. Asaka, K. Kiyohara, T. Sugino, K. Mukai, H. Randriamahazaka, J.
Phys. Chem. C 114 (2010) 14627.
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Photosynthesis demonstrates the most efficient and optimized photoconversion
performance seen in nature, with a quantum yield of nearly 100%. This performance is
realized via a carefully tuned electron transfer pathway, through which photoelectrons
are transferred via a redox cascade in a stepwise fashion after photoinduced charge
separation occurs in the chlorophyll reaction center. The properties of photosystem I
(PSI), which constitutes a major component of the photosynthetic apparatus in nature,
were artificially reproduced by replacing vitamin K1 (VK1) with a synthetic mimic in
the PSI structure, to employ PSI as a photoelectric conversion component. We have
achieved that bio-conjugation between PSI, Au nanoparticles (AuNPs), and field-effect
transistor (FET) produced a bio-photosensor [1], and further developed related
photoelectronic conversion systems [2, 3]. The merit to include small AuNP between
PSI and electrode in the first system is to use the minute capacitance, which enables the
observation of the single electron transfer (SET) events in electrolyte solution even at
room temperature. The SET is not easily observed in aqueous solution because of the
high dielectric constant of water, but we have recently found that redox peaks of
AuNPs were observed in the presence of the two surfactants [4]. In the present study,

we sought to develop an enhanced 00
photodetection method by combining PSI= 2
. — 002 o
AuNPs and surfactants. Photosensing  “,® V_:K-!: I_:a"‘ ¥ o (F Fo
-like » si *on
performance. of a system composed of S ot AN L3 o4
PSI, VKI-like molecular wire, and 9% 35" %357 ¢ w
AuNPs in an aqueous solution was ° j{ TN b
. . .. G -008 o
increased considerably by the addition & g oy & oy o g L
of double surfactants, hexylamine and gj 010 :
Hygdrophobic envirorwent 020 400 600 800
dodecylbenzenesulfonate [5]. Au Times

Fig.1. PSI-molecular wire-AuNP photosensing system.
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Ionic liquids (ILs) have attracted an increasing amount of interest, owing to their low
volatility, non-flammability, high chemical and thermal stabilities, high ionic
conductivity, and broad electrochemical windows. In our group, ILs have been widely
used as dispersant, supporting electrolyte, stabilizer/protector, and/or modifier for the
functionalization of carbon nanomaterials and metallic nanocomposites, which
exhibited a promising application to electrochemistry and electroanalytical chemistry
due to their unique properties of ILs. In addition, to facilely immobilize ILs onto solid
substrates for its further electrochemical applications, we also designed polyelectrolyte-
functionalized ionic liquid (PFIL). The PFIL-modified electrode is wettability-
controllable and exhibits electrocatalytical activity toward the oxidation of various
target species. In view of the high conductivity, exchangeability of counter anions,
enhanced diffusion of target species across the film matrix, and large electrochemical
potential window of ILs, the PFIL was also used for the electrochemical detection in
supporting electrolyte-free solution, and enhanced electrochemical polymerization of
conducting polymer, etc. In conclusion, whether as “green solvents” or as
functionalized materials, imidazolium-based IL materials exhibited a significant
potential toward the application in electrochemistry and electroanalytical chemistry.
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On-chip Electrochemical and Mass Spectrometric
Detection Techniques

Leif Nyholm
Department of Materials Chemistry, The Angstrom Laboratory, Uppsala University,

Box 538, SE-751 21 Uppsala, Sweden
Leif Nvholm@mkem.uu.se

Electrochemical sensors and detectors are well-suited for use in conjunction with chip-
based analytical systems'. The main reason for this is that electrochemical devices can
be miniaturised without loss of performance employing standard microfabrication
techniques.

This presentation will focus on our research’” aiming at the development of on-chip
electrochemical detection techniques suitable for use in chip-based separation devices.
It will be demonstrated that an external electric field can be used to drive
amperometric detection anywhere within a microfabricated flow channel containing an
array of microband electrodes*’. This approach facilitates electrochemical detection in
lab-on-a-chip devices involving capillary electrophoretic separations, which otherwise
is difficult due to the interference of the separation voltage on the detection. The
influence of the electrode material on the stability of on-chip microfabricated
electrodes’ will also be discussed.

In addition, a PDMS based device® allowing an on-chip coupling of an electrochemical
cell to electrospray mass spectrometry (ESI-MS) with sub second transfer times will be
described. This on-chip coupling of an electrochemical cell to ESI-MS provides very
good possibilities to identify and quantitate electrochemically produced oxidation and
reduction products present in very small sample volumes.

Nyholm L. Analyst 2005, 130, 599.

Klett O., Bjorefors F., Nyholm L. Anal. Chem., 2001, 73, 1909.

Klett O., Nyholm L. Anal. Chem. 2003, 75, 1245.

Ordeig O., Godino N., del Campo J., Munoz F. X., Nikolajeff F., Nyholm L. Anal.
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Electronic Chips
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Hydrogen peroxide plays an important role in industrial, clinical and environmental
fields. It occurs naturally at low concentration levels in the air, in natural water, in body
fluids and in plant tissues and can be also present in foods and drinks. Considering the
H,0, high reactivity, which makes its precise quantification difficult, the development
of a rapid and precise method is highly desirable. In order to speed-up the routine work,
flow injection analysis (FIA) methods associated with different types of detectors have
been proposed for H,O, determination. A simpler but less versatile alternative to FIA,
the batch injection analysis (BIA) introduced by Wang and Taha [1], assures fast
response with comparable sensitivity. Electrochemical detectors have been widely used
for BIA applications, being the most popular, the voltammetric and amperometric
based on the use of conventional or chemically modified electrodes [2]. Despite the
attractive characteristics offered by microelectrodes such as high current density,
independence of sensitivity to hydrodynamic conditions and the ability of use in highly
resistive media, their use in BIA applications is still scarce. In the present study, a rapid
and highly selective method to determine low H,O, concentrations with amperometric
detection is proposed and evaluated. The BIA procedure is based on H,0, detection at
+0.6 V vs. Ag/AgCl on an array of gold microelectrodes modified with platinum. The
hydrogen peroxide determination was made by a differential measurement, quantifying
H,0, directly and after its enzymatic destruction with catalase in 10 mmol L
phosphate buffer solution, pH 7.0. The gold microelectrodes array (n=14) was obtained
from electronic chips developed for surface mounted device technology (SMD), whose size
offers advantages to assemble microelectrode arrays to be adapted in batch cells. The effect
of the dispensing rate, volume injected, distance between the platinum microelectrodes
and the pipettor tip, as well as the cell volume on the analytical response were
evaluated. By injecting 50 uL sample volume at 76.9 uL.s” flow-rate, the method
allows the H,O, amperometric determination in the concentration range from 0.8 pmol
L' to 100 umol L. The analytical frequency can attain 300 determinations per hour
and the detection limit was estimated in 0.25 umol L" (30). The anodic current peaks
obtained after a series of 23 successive injections of 50 uL of 25 pmol L' H,0, showed an
RSD < 0.9%. A practical application of the analytical procedure involved H,O, determination
in rainwater of Sdo Paulo City. A comparison of the results between the method here proposed
and a well-established FIA-spectrophotometric method showed good agreement (R* = 0.998).
[1]1J. Wang, Z. Taha, Anal. Chem. 63 (1991) 1053-1056.

[2] M. S. M. Quintino, L. Angnes, Talanta 62 (2004) 231-236.



88

%)
c
2
e
O
f—
c
()
N
o
-
o.
©
S

9™ Spring Meeting of the International Society of Electrochemistry

Heavily Nitrogen-Doped Nanocrystalline Diamond
Electrodes: Transition to Metal-Like Electrochemical
Behavior

Yu.V. Pleskov!, M.D. Krotova', V.G. Ralchenko?, A.V. Saveliev?
! Frumkin Institute of Physical Chemistry and Electrochemistry,
119991 Moscow, Russia
E-mail: pleskov@electrochem.msk.ru
’Prokhorov General Physics Institute, 119991 Moscow, Russia

Different diamond-like or diamond-based materials can be an inexpensive alternative
to the “traditional” polycrystalline diamond films. In this report, the electrochemistry
of the nitrogenated nanocrystalline diamond thin-films will be discussed, with relation
to their use as electrodes.

Ultrananocrystalline nitrogenated diamond films, a few microns thick, were grown on
polished Si substrates from Ar-CH4-H,-N, gas mixtures, using microwave plasma
CVD-reactors. The N, content in the feeding gas varied from 0 to 90%. The films are
characterized by spectroscopic and electrical measurements. The electrodes were
studied using cyclic voltammetry and electrochemical impedance spectroscopy in
solutions of indifferent electrolyte (1 M KCI) and “model” [Fe(CN)¢*"™* redox
couple.

The ultrananocrystalline nitrogenated diamond electrodes showed good
electrochemical properties. They demonstrated rather wide potential window (>1.5 V)
and low background current (~10 pA/cm?). With the increase of the N, content in the
feeding gas, the electrodes’ differential capacitance increased, the electrode reaction
in the [Fe(CN)s]*™* redox system became more reversible. By and large, with the
increasing of the nitrogenation the electrochemical behavior of “poor conductor”
gives way to that of metal-like conductor: in particular, the current peak separation in
cyclic voltammograms approaches 60 mV, a “theoretical” value for reversible
reactions. Some peculiar “saturation” of the electrochemical activity appears: at ~30%
N, in the feeding gas it does not change further. This “electrochemical” conclusion
agrees with the Raman spectra of the films, which show some stabilization of the
diamond-graphite structure in the material at ~30% N,.

Comparing the ultrananocrystalline nitrogenated diamond electrodes with
nitrogenated amorphous carbon (a-C:N:H) electrodes, we concluded that the
electrochemical behavior of the nitrogenated nanocrystalline diamond is mainly
determined by the N-containing amorphous carbon matrix, rather than the diamond
nanocrystallites proper.

The ultrananocrystalline nitrogenated diamond is a promising electrode material for
electrochemical applications.

This work was supported by the Russian Foundation for Basic Research, project 10-
03-00011.
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Electrografting of Diazonium Salt in Ionic Liquid
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Electografting of diazonium salts on solid substrates is an interesting way for the
preparation of functionalized materials with new promising properties for sensing
applications. However, when using electrochemical grafting, formation of multilayer
films was frequently observed. Recently, we have reported the electrochemical
reduction of diazonium cation in ionic liquid media [1]. By combining, electrochemical
investigation, FT-IR, AFM and XPS, we showed that formation of thin and less dense
layer in ionic liquid media [2].

Here, we investigated in buffered aqueous solution the electrochemical responses of an
organic film that was previously obtained from the electrochemical reduction of 4-
nitrophenyl (NP) diazonium salt in ionic liquid. To gain additional insights into the
structural uniformity of the tethered aryl overlayer, redox systems such as
Fe(CN "™ Ru(NH3 );3 *2_ and ferrocene methanol (FcMeOH) were used to probe the

electrochemical barrier properties of the phenyl groups by means of cyclic
voltammetry, and electrochemical impedance spectroscopy (EIS). We showed drastic
increase of the charge transfer resistance R« for Ru(NH3 );3’*2 redox system at pH = 2.3.

On the other hand, a drastic increase of R for Fe(CN )~ was observed at pH = 11.3. The

difference in the behaviors of the redox probes might be due to the electrostatic interaction
(repulsion) with the grafted groups. However, the hydrophobic/hydrophilic interaction
with the modified surface should be considered. In this context, the electrochemical
responses of FcMeOH were very instructive. We showed that Ree of FcMeOH varied
with pH; R« for FeMeOH in acidic medium (pH = 2.3) was higher than that was
observed in basic medium (pH = 11.3). Since R« was defined from the exchange
current density then it included both the standard rate constant and local concentrations.

These results indicated that the blocking effect of the grafted layer depended on the
charge and the hydrophobicity (hydrophilicity) of the redox probe as well as the nature of
the solvent of the electrolyte.

The electrografted NP groups can then be subsequently reduced to 4-aminophenyl
groups. This approach should serve to both lower the surface hydrophobicity and allow

for the subsequent attachment of a wide variety of biomolecules. The approach
developed here introduces new opportunities for chemical functionalization of carbon-based
interfaces toward applications in the field of bio- and nanotechnology, and to develop a new
class of sensors as “ion-channel sensors”.

1.J. Ghilane, P. Martin, O. Fontaine, J-C. Lacroix, H. Randriamahazaka,
Electrochem. Commun. 10 (2008) 1060 — 1063.

2.0. Fontaine, J. Ghilane, P. Martin, J-C. Lacroix, H. Randriamahazaka,
Langmuir 26 (2010) 18542 — 18549.
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Two types of MWCNTs- epoxy composite electrodes containing 20 % and 25 %, wt.
respectively MWCNTs (MWCNT20 and MWCNT?25) were obtained and tested for the
electrochemical sensing of pentachlorophenol (PCP). SEM images of surfaces of the
composites were taken to qualify the bulk distribution and the structure of the
conductive fillers (Figure 1). The electrical conductivities of both composites were
determined using the standard four point probe technique, and MWCNT25 electrode
exhibited the better conductivity. The electroactive surface areas of the composite
electrodes were determined using potassium ferricyanide. The assessment of both
composite electrodes for the electrochemical determination of PCP is described. Cyclic
voltammetry technique was used to characterize the electrochemical behaviour of PCP
in 0.1 M Na,SO, supporting electrolyte in order to establish the parameters for
amperometric/voltammetric determination of PCP. The linear dependence of the
current versus PCP concentration was reached in the concentration range from 0.75 to
15 uM PCP using cyclic voltammetry (CV), differential-pulsed voltammetry (DPV),
chronoamperometry (CA), and multiple-pulsed amperometry (MPA). Under the
conditions of CA application, the fouling of the electrode occurred, which was avoided
by MPA application that assures in-situ electrochemical cleaning of the electrode. The
best electroanalytical parameters of the sensitivity, the relative standard deviation, the
lowest limit of detection and the limit of quantification were obtained by MPA
application, revealing that both MWCNTs electrodes exhibited useful characteristics
for electrochemical determination of PCP from aqueous solution. In addition, some
mechanistic aspects regarding PCP oxidation on composite electrodes were discussed
by performing CV at different scan rates.

Fig.1-SEM images of electrode surfaces: a- MWCNT20; b- MWCNT25
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Potentiometric sensors based on carbon nanotubes.
From invention to innovation
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43007 Tarragona. Spain
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* NT Sensors, S.L. Av. Paisos Catalans, 18, 43007 TARRAGONA

The nanosensors group at Tarragona has recently shown that carbon nanotubes (CNTs)
can act as very efficient ion-to-electron signal transducers in potentiometric sensors,
including ion-selective electrodes (ISEs) and aptasensors [1,3]. The characteristics of
carbon nanotubes such as their large capacitance, hydrophobicity, insensitivity to light
or easy handling make them very appropriate as transducers, overcoming some
drawbacks of previous materials used in solid-contact potentiometric electrodes. In this
way, single-walled and multi-walled CNTs have been used to develop ISEs for
different cations and anions, and aptasensors for different biological compounds, with
improved analytical performance.

In this presentation we will show the process from invention to innovation, that is, the
different steps necessary to introduce the new electrodes in the market. We will first
review the main aspects of the scientific development. We will look at the steps
performed to protect the intellectual property in form of a patent. After failing to sell
the patent to any of the companies currently making ion-selective electrodes, we will
describe the process of creating the own spin-off “NT Sensors, S.L”. However, the big
challenge is not to establish a new company but to introduce a new product in a market
and to be able to grow up in this business world so different from the scientific
environment.

[1] Crespo, G.A.; Macho, S.; Rius, F.X. Anal. Chem., 80 (2008) 1316-1322.

[2] Crespo, G.A.; Macho, S.; Bobacka, J.; Rius, F.X. Anal. Chem., 81 (2009) 676-681.
[3] Zelada-Guillén, G.A.; Riu, J.; Duzgun, A.; Rius F.X. Angew. Chem. Int. Ed. 48
(2009) 7334-7337.

91

(2]
c
.0
—
O
—
c
[}
(4]
o
[ 8
o.
©
S




92

(2]
[ =
.0
—
O
h—
c
(]
(4]
(]
S
oo
©
S

9" Spring Meeting of the International Society of Electrochemistry

An Electrochemical Method to Monitor the Content of
Dissolved Alumina in Electrolytes of Aluminium
Electrolysis Cells

Sverre Rolseth', Henrik Gudbrandsen', Richard G. Haverkampz, and Jomar Thonstad®
ISINTEF Materials and Chemistry, NO 7465 Trondheim, Norway.
2School of Eng. and Advanced Techn., Palmerston North, 4442 New Zealand.
*Norwegian Univ. of Science and Technolgy, NO-7491 Trondheim, Norway
sverre.rolseth@sintef.no

In the established process for electrowinning of aluminium the feed material is alumina
which must be dissolved in a molten fluoride electrolyte. In modern electrolysis cells
the feed is added semi-continuously in small batches. Ideally the feed rate should equal
production rate of aluminium, less the unwanted losses. This is difficult to predict
precisely, and semi-empirical techniques are used to control the feed based on
knowledge of the main operating parameters. This has been incorporated into
mathematical models, and modern cells can now be run for weeks without an exact
knowledge of the alumina concentration during this time. In practice sampling and
analysis are carried out routinely to verify that the electrolyte composition is within a
target range. If too much alumina is added it may accumulate as sludge at the bottom of
the cells. If too little alumina is added a so-called anode effect may occur, manifested
as an abrupt rise in cell voltage because the transfer rate of oxide ions to the anode
becomes too low.

The anode effect phenomenon on a sensor electrode can be used to monitor the alumina
content of electrolyte. The principle is a controlled rapid increase in the current on a
small graphite anode immersed in the electrolyte. The limiting current for the anode
reaction is dependent upon the alumina concentration in the electrolyte, and a
relationship between the peak current and alumina concentration can be found and a
calibration curve established. At SINTEF a prototype of oxide analyser based on this
principle has been developed. A specially designed probe has been developed and the
system tested in an industrial cell. The critical current (Ipeak) plotted as a function of
time shows good agreement with analyzed alumina content (Fig. 1). The high
experimental scatter is compensated by the high frequency of measurement. The
measurements are continuously displayed on-line on the screen of the controlling
laptop computer where they also are stored for later analysis. Control experiments have
been run for 10 — 12 hours.

Figure 1. Alumina e

concentration measurements
in an industrial aluminium
electrolysis cell. ¢ Critical
current (Ipeak) - left scale; o
Analyzed alumina content of
bath samples - right scale.

35
r3.0
25
r20
15

Alumina conc. [wt-%]

| (peak) [A]

40 24N W A O O N ®
T

1.0
0.5

. . . b . 0.0
4:00 15:00 16:00 17:00 ' 18:00 19:00 20:00

Time [clock]

< llpeak] © Leco-analysis



9" Spring Meeting of the International Society of Electrochemistry

Pt Nanoparticle/Carbon Nanofiber-Modified Screen-
Printed Electrodes for Amperometric Detection of H,0,
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Sebastian (Spain)
2) Department of Applied Physics, Aalto University, P.O.Box 15100, FI-00076 Aalto
(Finland)
vruiz@cidetec.es

Nanostructuring electrode surface represents an effective way to increase sensitivity
and selectivity in electrochemical sensors. In particular, carbon nanotubes (CNT) and
nanofibers (CNF) promote electron transfer reactions at low overpotentials, which has
motivated extensive coupling of these nanomaterials with enzymes in biosensors.
Modification of CNT with Pt nanoparticles enables further lowering of the
overpotential for amperometric detection of H,0,, the enzymatic by-product of
oxidase-based biosensors and hence of great relevance. Pt nanoparticle deposition on
CNT/CNF-modified electrodes is normally conducted by electrochemical methods,
which leads to large particles and broad size distributions and cannot be regarded as a
fast and large-scale preparation method.

Here we will show the excellent sensing properties of nanostructured home-made
screen-printed electrodes (SPE) prepared by drop casting solutions of graphitized
carbon nanofibers (GCNF) decorated with well-dispersed ultra-small Pt nanoparticles
featuring very narrow size distribution (2-3 nm). The Pt/GCNF composites (left figure)
are prepared by chemical reduction of the Pt precursor. The analytical features for H,O,
detection of GCNF-modified SPEs with Pt nanoparticles deposited by electrochemical
and chemical routes (with same Pt loading per sensor) have been compared. Results
obtained show that Pt utilization in the composites prepared by the chemical route is
much higher, leading to considerably higher sensitivity and lower detection limits at a
low detection potential (+0.2 V vs Ag/AgCl pseudoreference electrode, right figure)
than the electrochemically prepared ones. The good electroanalytical properties of
these Pt/GCNF composites combined with the intrinsic advantages of SPE technology
represent a promising alternative towards the development of a straightforward,
reproducible and large-scale production method of oxidase-based biosensors.
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YSZ-based Sensors Using Oxide Sensing Electrodes for
Detection of Hydrocarbons in ppb Level
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Hydrocarbons (HCs) are one of the most serious air pollutants which emanate from
heavy industry and automobiles. Therefore, the development of highly sensitive HCs
sensors for monitoring applications remains a challenging issue. Recently, we reported
that the yttria-stabilized zirconia (YSZ)-based sensors using In,O;-based sensing
electrode (SE) and NiO-SE could detect ppb concentration levels of propene (C;Hg)
[1] and toluene (C;Hg) [2]. In this study, the detailed sensing characteristics of each
sensor was investigated for low concentration HCs sensing in atmospheric air.

The oxide-SEs and Pt-reference electrode (RE) were fabricated by applying the
respective paste on the surface of YSZ followed by sintering at 1000°C for 2 h in air.
The sensing characteristics of the fabricated sensors were evaluated at 450°C under the
wet condition (+1.35 vol.% H,0).

Among the various oxide-SEs tested for the sensing of HCs at the ppb level, sensors
utilizing In,O;-based SE and NiO-SE demonstrated high sensitivity and selectivity to
50 ppb C3H6 and C7H8, 10 0
respectively. Figure 1 shows the

electromotive force (emf) response

transients to C;Hg and C,Hg in the

concentration range of 10 to 300 >

ppb (or 150 ppb) for each of :E

sensors operated at 450°C under E

the wet condition. It is clearly seen 1 100 pph 0% by Nio-s 100 ppb
that both  sensors exhibited

relatively high emf responses to 0y In203 zw;[::’l,h L 5 oy
concentrations as low as several | GYSZFPOSE G5 o PR OO |
tens ppb of CsHg or C;Hg, with o %":;ln‘:ofnffn 06 b 'I!icr?lc}i‘l(linzm

acceptable 90% response and Fig. I Response transients to C;Hg and C;Hg

recovery time in the range of for the sensor using each of (a) In,O;-based
SE and (b) NiO-SE operating at 450°C under

several minutes. the wet condition.

[1] R-Wama, V. V. Plashnitsa, P. Elumalai, T. Kawaguchi, Y. Fujio, M. Utiyama, N. Miura
Electrochem. Commun., 156, 102 (2009).
[2] T. Sato, V. V. Plashnitsa, M. Utiyama, N. Miura, Electrochem. Commun., 12, 512 (2010).
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shitanda@rs.noda.tus.ac.jp

Dissolved oxygen sensor is useful for many applications of environment and
bioanalytical chemistry. In the present study, we fabricated a disposable-type thin
dissolved oxygen sensor by screen-printing technique. We used a Ag/C/CeQ; ink and a
polydimethylsiloxiane ink. We previously reported that silver-carbon-cerium oxide
(Ag/C/Ce0,) particle exhibits a good catalytic activity of oxygen reduction [1]. The use
of noble metal for preparation of the oxygen sensor can be reduced by using the
Ag/C/CeO, particle. In addition, a polydimethylsiloxiane film is known to have good
selective permeability of oxygen [2].

Figure 1 shows the schematic illustration of the screen-printing dissolved oxygen
sensor. A silver lead was formed on a polyimide substrate. Then, home-made
Ag/C/CeO, ink, resist ink (Taiyo ink Co. Ltd.) and polydimethylsiloxiane emulsion
(Dow Corning Toray Co. Ltd. BY 22-826 EX) were printed successively. The
electrochemical measurements were performed by two-electrode method in a
phosphate buffer solution in which oxygen concentration was controlled by flowing
oxygen and nitrogen gas before the measurement.

Figure 2 shows the linear sweep voltammogram of the oxygen sensor with different
concentration of oxygen. The oxygen reduction current increased with increase of the
dissolved oxygen concentration. It was found that the plot of the current increment at
1.5 V vs. oxygen concentration gave a straight line with good reproducibility. In the
present paper, we discuss the characteristics of the sensor with oxygen reaction
mechanisms on the Ag/C/CeO, particle.

[1] M. Itagaki, Y. Fujimura, I. Shitanda, K. Watanabe, and T. Hachiya, Anal. Sci. 22
(2006) 1315.

[2] E. Maekawa, N. Kitano, T. Yasukawa, F. Mizutani, Electrochemistry 77 (2009) 319.
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S11V§r 1pk -100.0 20 ppm
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Fig. 1 Schematic illustration of Fig. 2 Linear sweep voltammogram
the dissolved oxygen sensor. of dissolved oxygen sensor with

different concentration of oxygen.
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Changes in Performance of DNA Biosensor Caused by
Hydroxyl Radicals

Anna M. Nowicka', Agata Kowalczykl, Fritz Scholz?, Zbigniew S’[ojek1
'Department of Chemistry, University of Warsaw, ul. Pasteura 1, 02-093 Warsaw,
Poland
’Institut fiir Biochemie, Universitit Greifswald, Felix-Hausdorff-Strasse 4, 17-487
Greifswald, Germany
e-mail address: anowicka@chem.uw.edu.pl, stojek@chem.uw.edu.pl

Free radicals are generated in living cells by normal metabolism and by exogenous
sources, including carcinogenic compounds and ionizing radiations. Free radicals can
oxidize all kinds of biological macromolecules such as proteins, lipids and DNA.

The sensor used for the examination of the damage done by the radicals was based on
the self-assembly bonding of the capture probe (a 20-mer single stranded DNA),
diluted with MCH molecules, to the surface of a gold disc electrode. The sensor was
exposed to OH radicals at various stages of its preparation/activity. The visualization of
the changes in the performance of the sensor was done in two different ways. One was
related to the monitoring of the change in charge transfer resistance of the
ferrocyanide/ferricyanide couple and the other one to the voltammetric peak of
methylene blue bound to dsSDNA and ssDNA at the sensor surface. Both: the EIS and
voltammetric data let us conclude that the reaction between OH radicals and ssDNA,
compared to dsDNA, stronger influences the performance of the sensor. The
experiments presented in this work clearly indicate that the difference in the affinity of
the MB indicator to single and double stranded DNA can be successfully used for the
detection of nucleic acid damage. A significant change in the activity of the biosensor
appears when the percentage of damaged nucleotides is higher than circa 15%. A
disadvantage of our approach is the lack of a possibility of identification of the type of
the damage.
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Surface modification of carbon and metal electrodes by electrochemical reduction of
aryldiazonium salts has been the subject of intense research activity [1-3]. The aryl
modified electrodes have been used for various applications, including electrocatalysis
and electroanalysis [3]. The barrier properties of aryl groups grafted to an electrode
surface by the reduction of diazonium compounds have been extensively studied [1].
The electrochemical modification of glassy carbon (GC) and gold electrode surfaces
was carried out using the diazonium reduction method. The electrodes were grafted
with biphenyl, naphthyl, 4-bromophenyl, 4-decylphenyl and 4-nitrophenyl groups. The
surface modification was performed in acetonitrile containing 1 mM of the
corresponding diazonium salt. In order to alter the surface coverage of aryl groups, the
number of potential scans applied was varied.

The blocking behaviour of aryl films towards O, reduction in 0.1 M KOH was studied
using a rotating disk electrode. A clear blocking effect by the aryl layers on the kinetics
of O, reduction was observed [4,5]. The modifier films block those active sites of GC
responsible for the high reduction current at pre-wave potentials. The 4-bromophenyl-
modified GC electrode showed the highest blocking efficiency towards O, reduction.
However, none of the modifiers completely suppressed the O, reduction current.
Defects in the modifier film allow O, molecules to reach the underlying electrode.
Comparative measurements for evaluating the barrier properties of the aryl-modified
electrodes were also carried out using the Fe(CN)¢”~ redox probe [4,5]. Electrochemical
measurements were performed in 0.1 M K,SO, containing 1 mM K;Fe(CN)s using
cyclic voltammetry. A much larger extent of blocking was evident for the Fe(CN)>™"*
couple than for oxygen reduction. This effect was explained by hydrophobic properties
of the aryl films and by differences in size between the Fe(CN)s"~ ion and O, molecule.
The electrochemical response of dopamine on the aryl-modified electrodes was also
investigated and the blocking action varied depending on the surface modifier used.

References

[1]J. Pinson, F. Podvorica, Chem. Soc. Rev. 34 (2005) 429.

[2] R.L. McCreery, Chem. Rev. 108 (2008) 2646.

[3] J.J. Gooding, Electroanalysis 20 (2008) 573.
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Nickel modified boron doped diamond electrodes as
electrocatalytic sensors

Kathryn E. Toghill, Richard G. Compton
Oxford University
Department of Chemistry, Physical & Theoretical Chemistry Laboratory, South Parks
Road, Oxford, OX130QZ, United Kingdom
kathryn.toghill@chem.ox.ac.uk

The electrocatalytic properties of nickel and nickel modified electrodes have been
explored extensively since the early work of Fleischmann et al [1] in the 1970s. The
redox couple of Ni(OH),/NiOOH, formed in an alkaline medium, is highly catalytic
towards the oxidation of small organic molecules, specifically the Ni(IIl) species.
Nickel electrodes have therefore been used in the determination of alcohols, amines,
sugars and numerous other organic materials.

Over the past decade metal nanoparticle modified boron doped diamond (BDD)
electrodes have been used in the electroanalysis of a number of inorganic and organic
analytes [2-5]. BDD electrodes are versatile and sensitive analytical tools in their own
right, yet simple surface modification with a specific metal can greatly enhance these
properties. The heterogeneous nature of the semi-metallic BDD electrode is also found
to promote nanoparticle growth rather than film like modification. Thus nanoparticle
modified surfaces with favourable diffusional properties and high surface area to
weight ratios may be readily obtained.

Nickel nanoparticle modified BDD electrodes have been recently applied to the
electrocatalytic oxidation of glucose and small primary alcohols [3-5]. The success of
these systems are discussed, focusing on the consistent and simple modification of the
BDD celectrode, and the high sensitivity, linearity and low detection limits obtained in
conventional electrochemical analysis without chromatographic stages.

References
[1] M. Fleischmann, K. Korinek, D. Pletcher, Oxidation of organic compounds at a
nickel anode in alkaline solution, J. Electroanal. Chem. Interfacial Electrochem. 31
(1971) 39-49.
[2] K.E. Toghill, R.G. Compton, Metal Nanoparticle Modified Boron Doped Diamond
Electrodes for Use in Electroanalysis, Electroanalysis 22 (2010) 1947-1956.
[3] K.E. Toghill, L. Xiao, M.A. Phillips, R.G. Compton, The non-enzymatic
determination of glucose using an electrolytically fabricated nickel microparticle
modified boron-doped diamond electrode or nickel foil electrode. Sens. Actuators, B
B147 (2010) 642-652.
[4] K.E. Toghill, L. Xiao, N.R. Stradiotto, R.G. Compton, The determination of
methanol using an electrolytically fabricated nickel microparticle modified boron
doped diamond electrode. Electroanalysis 22 (2010) 491-500.
[5] N.R. Stradiotto, K.E. Toghill, L. Xiao, A. Moshar, R.G. Compton, The fabrication
and characterisation of a nickel nanoparticle modified boron doped diamond electrode
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Electrochemical characterization of Pt-loading carbon (Pt/C) is one of the central issues
to develop electrocatalytic performances from viewpoints of Pt size and Pt inter-
particular distance. However, it is difficult to evaluate the Pt/C architecture
electrochemically because of its nanometer-order structure. A modeled electrocatalyst
seems to be an effective way to understand the Pt/C. In order to fabricate a modeled
Pt/C, a nano-indentation technique was applied to an insulating polymer/glassy carbon
layered structure to deposit Pt nano particles on the scratched parts.

A glassy carbon plate (Tokai Carbon, GC-20SS) was cut into 1 cm”pieces, and its one
side was polished to a mirror finish. The arithmetic average roughness (R,) of the
polished surface was around 2.2 nm. The glassy carbon was immersed in a
perfluorinated resin solution (Asahi glass, Cytop, CTX-109), and it was pulled up using
a motorized micromanipulator. After this dip coating procedure, the glassy carbon was
dried at 150°C in an oven chamber for 1 hour to form a 10 = 1 nm thick polymer
overcoat layer. Subsequently, pinholes were formed to the insulating layer by an
indentation of AFM cantilever with a loading force of 0.9—4.5 uN and an interdistance
of 500 nm.

AFM image of the sample reveals that the shape of the pinholes resembles that of the
Si cantilever. The indentation depth is proportional to the loading force. And, the depth
is larger than the polymer thickness when the loading force is larger than 3.6 uN.

Next, the indentation sample with the loading force of 3.6 uN was used as a working
electrode for a Pt deposition. By using a
potentiostat, Pt plating was conducted ina 5
mmol-dm” H,PtCls + 40 mmol-dm™ HCI
for 5 s at an electrode potential of 0.12 V
vs. RHE. Figure 1 shows an SEM image of
the Pt deposited sample. The bright nine
dots are identified to be Pt by an SEM-EDX
analysis. It is realized from the figure that
the Pt deposition of 30-60 nm in diameter
successfully occurred at the indented sites 5 -

with the 500 nm interdistance. It is also 500 nm

known from the result that the small Pt

particles can be deposited in arbitrary  Figure I SEM image of nine AFM-
interdistance based on the indentation based indents after the Pt
method. electrodeposition.
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Electrochemical Impedance Spectroscopy (EIS) is considered one of the most powerful
techniques to investigate complex systems. Cell cultures brought into contact with
active species represent one of these very challenging systems. At present even a
number of EIS-based machines for the study of cell cultures are commercially
available. These applications however do not exploit the full potential of this technique
as they only focus on a very limited number of frequencies.

The present paper presents the initial results of a project aimed at more elaborately
exploiting the technique’s possibilities in this field of research. Starting point is a
commercially available array of test wells. Their inherent EIS behavior is thoroughly
investigated using a redox system with a well-known behavior: Ferri-Ferro cyanide.
Comparing the impedance response of this system in a classical 3-electrode setup with
the response in the test wells allows isolating out the key impedance characteristics of
the wells themselves. These are related to test well geometry as well as the materials
used in such a well.

In a second phase the response of cell cultures present in the test wells are investigated.
Deconvoluting this response with the aid of the known response of the well itself will
lead to the identification of the characteristic response of the cell culture present. This
operation will act as the first step in formulating a usable EIS model for the study of
cell cultures.

Once such a model is available, identification and quantification of specific processes
taking place in the studied cells is possible. This in turn will reduce the need to perform
additional complex or time-consuming experiments.
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In 1965 one of us (VV) has discovered, that purine and pyrimidine derivatives
currently occuring in nucleic acids posses an extraordinary high ability of self-
association at the electrode surface and can form there by a two-dimensional
condensation a monomolecular self assembled monolayer, a compact film'? By this
high condensation ability nucleic acid bases differ from most of the other purine and
pyrimidine derivatives which currently do not occur in nucleic acids. This property was
probably significant for the origin of life at the earth’. For the time being it is not
known why just only a restricted number of purine and/or pyrimidine derivatives show
the tendency to self-association. We have studied the effect of halogen substituents and
halogen ions in the supporting electrolyte on 2D condensation of cytosine. With
polymeric DNA and/or polynucleotides the 2D condensation was not observed up to
know. However, recently we have found that 2D condensation can be observed with
certain homopyrimidine oligodeoxynucleotides (ODN)® at negatively charged mercury
electrode surface. DNA adsorption at the electrode surfaces is of fundamental interest
for the development of DNA-based biosensors’.
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Solid-state single-rod measuring cells for electrochemical
analytics in the liquid phase

W. Vonau, F. Gerlach, A. Horig, K. Ahlborn, M. Berthold
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Kurt-Schwabe-Straf3e 4, D-04720 Ziegra-Knobelsdorf, Germany
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Potentiometry is an electrochemical method of analysis and the basis for a number of
chemosensors. Ton selective electrodes (ISE) and solid electrolyte gas sensors shall be
listed here. The former basically consist of the ion selective membrane and the internal
reference system that in most cases contains liquid components. This fact often limits
the applicability of the sensors substantially. So, e.g. temperature and pressure range
are limited and there is a position dependence on storage and usage of the electrodes
[1]. Most of the reference electrodes (RE) which have to be used in combination with
aforementioned indicator electrodes also show the same disadvantages. Here,
electrodes of the 2™ kind dominate, whereby silver chloride and calomel electrodes are
preferably applied in practical use. Both include aqueous chloride containing solutions
[2].

For a long time, a lot of work has being done to create solid state indicator as well as
reference electrodes. Embodiments that combine both kinds of half cells in solid design
which than form so-called single-rod measuring cells are considered quite effective.

In this contribution on the one hand solid-state potentiometric indicator electrodes
based on glass and metal oxid membranes for ion analysis as well as also for redox
potential determination are introduced. On the other hand experiments are presented
concerning the fabrication of all-solid-state REs based on filled polymers.

As result of extensive screenings of a number of epoxy and polyester resins which were
filled with varying amounts of KCI as reference electrolyte for electrochemical REs, it
was found that castings of special epoxy resins with >50 wt% salt and an internal
Ag/AgCl electrode represent a very suitable operational element. An important point is
that the polymeric covering of the reference element should be advantageously
designed in that way that the electrode impedance becomes lower than 200 MQ.
Potential changes when switching from one analyte solution to another is smaller than
4 mV. For REs based on extrinsic conducting polymers this is an excellent value. The
developed electrodes can resist temperatures up to 100°C!

Finally, using the examples of a pH and a redox combination sensor the coaction of
both all-solid-state half cells is demonstrated.
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Mesoporous TiO, (anatase) materials immersed in aqueous electrolyte are known to
behave as bulk electrical conductors at applied potential negative of the apparent flat
band potential, whilst exhibiting insulator properties at more positive potentials. In this
report we demonstrate a versatile cellulose nano-whisker-based surface carbonisation
method [1] that induces surface conductivity and thereby makes TiO, surface states and
surface reactions accessible to direct electrochemical control also in the positive
potential range.

cellulose
nanofibrils
air >
o calcination f
layer-by-layer anatase
PDDA deposition l carbon
poly-cation| 7 e
vacuum [~
carbonization
TiO; sol

A layer-by-layer electrostatic deposition process based on TiO, nanoparticles, cellulose
nano-whiskers, and poly(diallyldimethylammonium) or PDDA are employed to control
the ratio of surface carbon to TiO,. Dopamine binding at the anatase surface and redox
cycling aided by the thin carbon film in mesoporous TiO, are demonstrated and
dopamine is detected at micromolar concentration.

[1] Vuorema A, Sillanpdd M, Rassaei L, Wasbrough MJ, Edler KJ, Thiclemans W,
Dale SEC, Bending S, Wolverson D, Marken F, Electroanalysis 22 (2010) 619.
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Ten years elapsed from introduction of silver solid amalgam electrodes in voltammetric
analysis of electrochemically reducible organic compounds [1]. During these ten years,
working electrodes based on silver amalgam have gone through extensive
development [2]. Polished silver solid amalgam electrodes (p-AgSAE) and mercury
meniscus modified silver solid amalgam electrodes (m-AgSAE) were the first variants
applicable not only for sensitive voltammetric determinations, but for amperometric
detection in flowing systems (HPLC and FIA)[2,3] as well. Recently developed
polished silver solid amalgam composite electrodes (p-AgSA-CE) [2], which under
certain circumstances behave as an array of microelectrodes, can be very useful as well
as silver solid amalgam paste electrodes with an organic pasting liquid (AgSA-PE) [4]
or silver amalgam paste electrodes without pasting liquid (AgA-PE)[2] with an
extremely easy renewability of their surface. At present, very promising results were
obtained with solid amalgam microelectrodes based on single silver amalgam crystals
(SCAgAE) [5]. Possibilities, advantages and limitations of these useful electrode
materials will be demonstrated at a number of methods for the determination of
biologically active organic compounds developed in our UNESCO Laboratory of
Environmental Electrochemistry in the last five years. The determined analytes were
hazardous organic chemical carcinogens and genotoxic environmental pollutants,
pesticides, antitumor, antibiotic and antivirotic drugs, and explosives containing
electrochemically reducible nitro, nitroso, azido, and oxo groups.

Financial support of this work, provided by The Ministry of Education, Youth and
Sports of the Czech Republic (Projects MSM 0021620857, LC 06035, and RP 14/63),
by the Grant Agency of the Czech Republic (Project P206/10/P087), and by the Grant
Agency of Charles University in Prague (Projects SVV 261204, 89710/2010/B-Ch/PrF,
and 267711/2011/B-Ch/PrF), is gratefully acknowledged.
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As notoriously known, electrochemical stripping analysis developed from classical
direct current polarography employing dropping mercury electrode, which was replaced
by either stationary mercury drop or mercury film electrodes However, the toxicity of
mercury or more precisely, well-known toxicity of its salts, initiated researchers and
electrochemists to search for new electrode materials. In 2000, the bismuth film
electrode was first introduced in anodic stripping voltammetry, exhibiting an
impressive electroanalytical performance which compared favorably to its mercury
analogue [1]. Since that time, bismuth-based eclectrodes have been presented in
numerous interesting configurations and dimensions, and by now, they have been
generally accepted in many electroanalytical laboratories (see an extensive review [2]
and references therein published in a special issue of Electroanalysis dedicated to a
decade of bismuth electrodes in contemporary analytical electrochemistry).

The first attempt to prepare an analogous antimony-based film electrode (SbFE) was
not very successful because the same medium appeared less suitable [3]. Nevertheless,
such electrodes were subsequently investigated in more acidic solutions using a glassy
carbon and carbon fiber substrate electrodes [4]. In this contribution, we are focused on
preparation of antimony films onto surface of carbon paste electrodes (SbF-CPEs) and
their applications in electrochemical stripping analysis in both voltammetric and
chronopotentiometric modes. As shown, SbF-CPEs exhibit some unexpected behaviour
and offer measuring of trace concentration levels of numerous metal ions. In case of
stripping chronopotentiometry, SbF-CPEs are prepared in situ and the excess Sb(III)
salt serves as a chemical oxidant. Compared with similar total substitution of
traditionally used Hg(Il) by Bi(IIl) salts, the use of Sb(IIl) offers higher sensitivity.
Corresponding examples are given [5-8].
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Sports of the Czech Republic (projects MSM0021627502 and LC06035).

References:

[1] J.Wang, J. M. Lu, S. B. Ho¢evar, P. A. M. Farias, B. Ogorevc: Anal. Chem. 72
(2000) 3218.

[2] I. Svancara, C. Prior, S. B. Hocevar, J. Wang: Electroanalysis 22 (2010) 1405.

[3] R. Pauliukaite, R. Metelka, I. Svancara, A. Krolicka, A. Bobrowski, K. Vytras, E.
Norkus, K. Kalcher: Sci. Pap. Univ. Pardubice, Ser. A 10 (2004) 47.

[4] S.B. Hocevar, 1. Svancara, B. Ogorevce, K. Vytras: Anal. Chem. 79 (2007) 8639.
[5] L. Svancara, S. B. Hocevar, L. Baldrianova, E. Tesarova, B. Ogorevc, K. Vytras,
Sci. Pap. Univ. Pardubice, Ser. A 13 (2007) 5.

[6] E. Tesarova, L. Baldrianova, S. B. Hocevar, 1. Svancara, K. Vytras, B.
Ogorevc:Electrochim. Acta 54 (2009) 1506.

[7] E. Tesarova, K. Vytras: Electroanalysis 21 (2009) 1075.

[8] A.M. Ashrafi, K. Vytras: prepared for publication.

105

(2]
c
.0
—
O
—
c
[}
(4]
o
[ 8
o.
©
S




106

(2]
[ =
.0
—
O
h—
c
(]
(4]
(]
S
oo
©
S

9" Spring Meeting of the International Society of Electrochemistry

Nanostructured Carbon Electrodes

Gordon Wallace
ARC Centre of Excellence for Electromaterials Science, Intelligent Polymer Research
Institute, AIIM Facility, Innovation Campus, University of Wollongong, NSW 2522, Australia
gwallace@uow.edu.au

Carbon electrodes have found widespread application in a wide range of
electrochemical applications including energy storage, energy conversion, medical
bionics and electroanalysis.
The world of carbon electrodes has been revolutionized more recently with the
development of nanostructured carbon electrodes - this includes electrodes based on
carbon nanotubes and graphene. These nanodimensional building blocks can be used to
enhance electron transfer kinetics improving sensitivity and the carbon chemistries
developed over the years (1) can be used to anchor electro catalytic and/or molecular
recognition sites to enhance selectivity.
Here we will describe advances in the preparation and utilization of
e Aligned carbon nanotube electrodes and their modification with conducting
polymers (2) or electrocatalytic nanoparticles (3).
e Carbon nanoweb electrodes that have demonstrated very high electrochemical
surface area (4).
e Nanostructured mats: we have found that additional functionality can be introduced
into carbon nanotube mats by impregnating with a range of polymer materials (5).
e Carbon nanotube fibers: wet spinning approaches have been developed to produce
long lengths of carbon nanotube fibers with excellent mechanical and electrical
properties (6).
e Graphene electrodes: we have developed simple chemistries to isolate graphene
sheets (7). These can be assembled into novel electrode structures by filtration (8).
References
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International Journal of Nanotechnology 2008, 5 (2), 331-351.
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Highly Sensitive Detection of Cancers based on New
Electrochemical Probes and Multifunctional Nano-Interface

Xuemei Wang, Xiaojing Wu, Juan Zhao, Xiaolu Zhang
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xuewang(@seu.edu.cn

The efficient diagnosis and therapy of cancers is still a hot topic in the relative
biomedical areas involving in the disease diagnostics and treatments as well as patient
care. The multidrug resistance (MDR) is often one of the major obstacles in cancer
therapies due to disease-causing organisms to withstand a wide variety of structurally
and functionally distinct drugs or chemicals. Diagnosis and therapy in combination
with nanotechnology may offer an alternative promising and overcome the difficulty.
And the early diagnosis based on nanobiotechnology could be crucial for a successful
treatment of cancer.

In this study, we have explored the possibility of the application of new
electrochemically active supramolecular probes (such as tetrathiafulvalene derivatives)
combining nanomaterials in relevant biomolecular recognition and high-sensitive
detection of cancers. Especially, we have developed a new strategy for the fast and
high sensitive recognition of the drug sensitive genes and relative cancer cells by
combining the molecular probe and functionalized nanocomposites interface, such as
nano-Ti0, interface, the interface of TiO,/CNT, B-CD/CNT, CNT/ TiO,/Au, Au/PLA
or graphene nanocomposites, with the electrochemical detection. Our observations
demonstrate that the modified electrode based on specific nanocomposites with the new
molecular probes could provide a multifunctional interface for the rapid and high
selective identification of cancer cells, with a broad detection range and low detection
limit. It is evident that different types of cancer cells could be readily distinguished on
the relevant nanocomposites modified indium tin oxide (ITO) electrode or glassy
carbon electrode, which have the promising application to be adopted as a significant
way to detect and identify various cancer cells and advance the clinic diagnosis and
monitoring of tumors with the aim of successful chemotherapy of human cancers.
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A mediatorless lactose/glucose biosensor using cellobiose
dehydrogenase and Au nanoparticles

Xiaoju Wangl, Roberto Ortizz, Mikael Bergelinl, Johan Bobackal, Roland Ludwig3 R
Lo Gorton®
'Process Chemistry Centre, Abo Akademi University, Biskopsgatan 8, 20500,
Abo/Turku, Finland
’Department of Analytical Chemistry/Biochemistry, Lund University, 22100, Lund,
Sweden
Y BOKU-University of Natural Resources and Life Sciences, Muthgasse 11/1/56, 1190
Vienna, Austria
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Cellobiose dehydrogenase (CDH) is an extracellular enzyme produced by a variety of
different fungi. CDH consists of two domains, which are connected by a linker region,
containing one flavin adenine dinucleotide (FAD) and one heme b as cofactors. CDH is
an emerging enzyme in the field of biocatalysis, applied in biosensors and biofuel cells
[1].
A lactose/glucose biosensor was fabricated by immobilizing Corynascus thermophilus
cellobiose dehydrogenase (CfCDH) on Au nanoparticles (AuNPs) (around 20 nm)
modified Au electrode. CtCDH was covalently bound by the amine group in the protein
to the amine group-terminated thiol absorbed on AuNPs. The immobilized CtCDH on
the AuNPs surface is capable to catalyze the oxidation of a series of sugars, such as
cellobiose, lactose and also glucose, in the absence of any redox mediator. Direct
electrochemistry of the heme domain in CftCDH was observed on AuNPs, which has a
redox potential of E;p, = -122 mV vs Ag|AgCl(s). The heme in the cytochrome b
domain of CtCDH functions as a build-in mediator to communicate the electron
transfer from the catalytic FAD domain to AuNP surface.

The performance parameters for this AuNP/CtCDH amperometric biosensor at
physiological pH=7.4 are displayed in Table 1.

Table 1. Analytical parameters of the AuNP/ctCDH biosensor for lactose and glucose

Sugar Linear range Sensitivity Detection limit R’
(mM) (nA/mM) (mM)

Lactose 0.01-0.5 1.02x10° 0.01 0.999

Glucose 1-20 6.62 1 0.963

References
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simultaneous AFM and SECM imaging
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Combined AFM-SECM (atomic force microscopy-scanning electrochemical
microscopy) has recently emerged as a promising technique for high resolution
simultaneous topographical and electrochemical imaging [1-4]. Compared to traditional
SECM using ultramicroelectrodes, the lateral resolution of AFM-SECM with
bifunctional AFM probes can be significantly improved to the sub-micron or
nanometer level. Moreover, the tip-substrate distance can be precisely controlled using
the AFM feedback loop.

We have demonstrated a reliable microfabrication process for bifunctional AFM-
SECM cantilevers [5]. Integrated cone-shaped nanoelectrodes of boron-doped diamond
(BDD) or gold were fabricated from commercially available AFM probes. The
electrode fabrication process is based on mature semiconductor processing techniques,
including focused ion beam machining and highly selective reactive ion etching.
Nanometer sized BDD electrodes for AFM-SECM applications have been fabricated
for the first time. Compared to traditional electrode materials such as gold or platinum,
BDD electrodes have a larger potential window in water, lack surface electrochemistry
like oxide formation and dissolution and are remarkably resistant to electrode
deactivation and fouling. These properties make them ideally suited for imaging in
complex electrolytes containing e.g. corrosion inhibitors or biomolecules. The
geometry of the tips has been determined by scanning electron microscopy. Their
electrochemical behavior was studied by cyclic voltammetry. The amperometric tip
response will be compared to a general expression for the steady state limiting current
derived from numerical simulations of conical electrodes as function of their insulation
sheath thickness and cone aspect ratio [6].
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A highly selective potassium ion sensor based on
amphotericin B artificial ion channel

Maozeng YUE, Tao HU, Liuming YANG , Xiaoping WU*
Key Laboratory of Analysis and Detection Technology for Food Safety, Ministry of
Education; Department of Chemistry, Fuzhou University , Fuzhou , 350108 , China,
*Correspondence, E-mail: wapple(@fzu.edu.cn

Potassium ion plays a leading role in the regulation of intracellular enzymatic function,
membrane transport and electrical functioning of excitable tissues. All of these
functions are remarkedly affected by changes in extracellular potassium levels, since
most of the potassium ions are intracellular[1]. As a result, the detection of potassium
levels provides valuable information on a variety of diseases and disorders, such as
nephropathy, endocrinopathy and cardiopathy. Several methods are extensively
employed to detect K' ion, including flame photometry, potentiometry,capacitance
measurement, SPR spectroscopic analysis[2] and liquid chromatography. Because
some of these methods are limited by complex instrumentation, potentially expensive
and troublesome operation, ion-selective electrode (ISE) is the most commonly used
method currently. However, interference from foreign ions in the sample hinder the
specificity of ISE.

It is well known that the antimycotic activity of amphotericin B (AmB) depends on its
ability to form ion channels that cause membrane leakage[3]. In this paper, artificial
ion channels were formed from AmB and Ca®” in hybrid bilayer membranes (HBMs),
and were characterized by atomic force microscope (AFM) and UV spectroscopy. The
biomimetic membrane and transmembrane ion transport of channels were studied by
means of  electrochemical measurement, including cyclic voltammetry (CV),
electrochemical impedance spectroscopy (EIS) and amperometric i-t curve, for
designing ion sensor with highly specificity. Results showed that the AmB induced
voltage-dependent K ion channels across HBMs, and the conductance of channels can
be enlarged by decreasing AmB concentration to a certain extent. The channel currents
were inhibited in the presence of tetracthylammonium (TEA), a potassium channel
blocker. The ion channels-containing biomimetic membrane showed highly selectivity
and sensitivity toward potassium ion over other cations and anions. From a simple
amperometric i-t curve analysis, we were able to determine potassium ion
concentration in a wide range of 3.5%x10° mol/L to 1.5x10? mol/L in a 50 mmol/L
Tris-HCI buffer solution with a pH 7.2 at the detection potential of -0.2V. The
detection limit was 4.8x107 mol/L, and the RSD was 2.4%. This K ion channel sensor
was applied to the detection of potassium level in serum and drinking water.
Experimental results showed an useful methods feasible for the simple and selective
detection of potassium ion in clinical, environmental and industrial samples.
Acknowledgements: This work was supported by funding from National Natural Science
Foundation (21075017 ) and NCET-06-0572 of China.
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Graphene-DNA hybrids: novel electrochemical sensor
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Graphene, which was available for experimental studies in 2004, is bringing new epoch
for the development of many fields such as electronics, optics and composites. Due to its
unique electrical property, high surface area and high-activity surface, graphene is also
considered as candidate for sensors. Several reports have shown that graphene and
graphene-based materials can exhibit extremely low detection limits for a variety of
gases and vapors, meanwhile graphene has been used as a biosensor for the detection of
DNA and other biomolecules". Our group has made great efforts on large-scale
production of graphene'”, assembly of graphene-based macro- and micro-structure
materials ¥ and their applications on electrochemical energy storage!” *' and
electrochemical detection'. Since monolayer graphene is hard to manipulate at the
macro-state and graphene-based membrane is a potential material for biosensor, we
propose a convenient method to prepare ordered graphene oxide membrane at the
liquid-air interface, and have extended this method for graphene-composite membrane
and the assembly of conductive graphene membrane using graphene oxide as sticking
component and template. Preliminary results show that all these graphene-based
membranes are candidate materials for sensors and have good electrochemical detection
performance. In this talk, we will report the latest advances in our group on
electrochemical sensing based on graphene and lay the emphasis on the graphene-DNA
hybrid. As we reported previously ' %, graphene can combine with single-stranded DNA
by a self-assembly process under strong ultrasonication. Graphene-DNA membrane
modified electrode reveals enhanced electron transfer on the electrode surface compared
to the unmodified electrode, and demonstrates good sensing performance towards
hydrogen peroxide and other species, which is characterized by large detection range,
rapid response and high sensitivity.

[1] W.R. Yang, K.R. Ratinac, S.P. Ringer, P. Thordarson, J.J. Gooding, F. Braet, Carbon
Nanomaterials in Biosensors: Should You Use Nanotubes or Graphene?, Angew Chem. Int. Edit.,
49 (2010) 2114.
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Q.H. Yang, Low-Temperature Exfoliated Graphenes: Vacuum-Promoted Exfoliation and
Electrochemical Energy Storage, Acs Nano, 3 (2009) 3730.

[3] C.M. Chen, Q.H. Yang, Y.G. Yang, W. Lv, Y.F. Wen, P.X. Hou, M.Z. Wang, H.M. Cheng,
Self-Assembled Free-Standing Graphite Oxide Membrane, Adv. Mater, 21 (2009) 3007.
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and planar graphene conductive additives for lithium-ion batteries, J. Mater. Chem., 20 (2010)
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Nanosheet-Based Titania Microspheres with Hollow Core-
Shell Structure Encapsulating Horseradish Peroxidase for
the Fabrication of a Mediator-Free Biosensor

Wensheng Yang, Qing Xie, Xu Chen
State Key Laboratory of Chemical Resource Engineering
Beijing University of Chemical Technology, Beijing 100029, China
E-mail: yangws@mail.buct.edu.cn

Hollow spheres with complex core-shell structure have attracted increasing interest as a
result of their superior properties, such as lower density, high specific surface area,
delivering ability and surface permeability [1-3]. The present study was designed to
synthesize the nanosheet-based titania (Ti0O,) microspheres with hollow core-shell
structure and investigate immobilization of horseradish peroxidase (HRP) on the
spheres. The morphology and structure of TiO, microsphere are characterized by X-ray
diffraction, scanning electron microscopy and transmission electronic microscopy.
Spectroscopic and electrochemical researches reveal the TiO, microsphere is a
biocompatible immobilization matrix for enzymes with good enzymatic stability and
bioactivity. Due to the nanosheet-based hollow core-shell structure of TiO,
microsphere, the direct electron transfer of HRP is facilitated and the prepared
biosensor displays good performance for the detection of H,O,, with lower detection
limit of 0.05 puM in the wider linear range of 0.4 to 140 uM, fast response and excellent
long-term stability. The nanosheet-based TiO, microsphere with hollow core-shell
structure could be used efficiently for the entrapment of other redox-active proteins and
may find wide potential applications in biosensors, bioelectronics, biocatalysis and
biomedical devices.
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Fig. 1 (a) SEM and TEM (insert) images of the nanosheet-based TiO, microsphere with
hollow core-shell structure. (b) Current-time curves of the HRP-TiO,—Nafion/GC
electrode for successive addition of H,O, in a stirred pH 7.5 phosphate buffer solution.
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Modification of Solid-state Cu,O-doped RuQO,-based
Sensors Aiming Improvement of Their Antifouling
Resistance
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Doping of nanostructured sensing electrode (SE) by another nano-oxide has been shown
to be an effective method of achieving improvement in both physical properties and
electrochemical response of the SE. Specifically, solid-state sensors using 5, 10, 15 and
20 mol % Cu,O-doped RuO,-SEs were fabricated and tested in the real sewerage (South-
Eastern Water Treatment Plant, Carrum, Australia) for 3 months in order to explore their
antifouling capabilities. It was found that 10 mol % Cu,0-doped RuO,-SE provides the
highest DO sensmVlty at various temperatures with the sensitivity slope of -46

5 mV/decade. Moreover, selectivity
measurements revealed that the presence
of such dissolved ions as PO, SO,*,
Ca®", Mg®", Li", NO*, F, Na", K" and CI
in the test solution had no significant
effect on the sensor’s emf. Improvement
in the sensing characteristics and
selectivity ~ was  attributed to the
enhancement of the SE structure and to the
optimization of electrochemical catalytic
activity of the oxide-SE/measuring
solution interface. Cu,O-doping of the
RuO,-SE not only extended sensing
characteristics of the device, but also
improved its antifouling resistance.
Although both 10 and 20 mol % Cu,0O-
doped RuO,-SEs have similar morphology
and micro-structure, further analysis of the
areas affected by bio-fouling during the
field trial confirmed that the SE containing
20 mol % Cu,O was less affected by bio-
fouling development compare to the SE
with 10 mol % Cu,0O-doped RuO, (Fig. 1).

Fig. 1 ~ SEM image of 10 mol % Cu,0O-
doped RuO,-SE with heavy deposits of bio-fouling (A); SEM image at the same scale of
20 mol % Cu,0-doped RuO,-SE with no apparent bio-fouling on the SE grain boundaries

(B).
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Enzymatic activity of glucose oxidase covalently wired
potassium ferricianyde to electrically conductive
polypyrrole films

Cristina Andreea Amarandei*, Eleonora-Mihaela Ungureanu*, Mihaela Leonida**,
Magdalena-Rodica Bujduveanu, Alexandru-Anton Ivanov
* Faculty of Applied Chemistry and Material Sciences, University "Politehnica” of
Bucharest, Str. Gh. Polizu 1-7, 011061, Bucharest, Romania
**Fairleigh Dickinson University, 1000 River Road, H-DH4-4-03, Teaneck, NJ 07666-
1914, USA

em_ungureanu2000@yahoo.com

The surface functionalization of an electrically conductive polypyrrole film (PPY) with
potassium ferricyanide for the covalent immobilization of glucose oxidase (GOD) has
been carried out. The ferricyanide was introduced directly in the pyrrole polymerization
solution. It then served as an anchor via its cyanide groups for the covalent
immobilization of GOD. The results were compared with those obtained in similar
conditions without ferricyanide. The surface composition was characterized by X-ray
photoelectron spectroscopy (XPS). The activity of the immobilized GOD was
compared with that of free GOD and the kinetic effects were also obtained.

The cyclic voltammetric (CV) response of the GOD-functionalized PPY substrates was
studied in a phosphate buffer solution under an argon atmosphere. The CV results
support the mechanism in which ferricyanide acts as mediator to transfer electron
between the electrode and enzyme, and hence regenerating the enzyme in the
enzymatic reaction with glucose. High sensitivity and linear response of the enzyme
electrode was observed.
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Determination of nimesulide in pharmaceutical products
using square wave voltametry and flow injection analysis
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CEP: 05508-000 e-mail: luangnes@iq.usp.br

Nimesulide (N-(4-nitro-2-phenoxyphenyl)-methane-sulphonamide) - a methanesulphonic
acid anilide derivative - is a relatively new non-steroidal anti-inflammatory drug with
analgesic and antipyretic properties that does not induce gastrointestinal ulceration.
This compound is administrated in the treatment of chronic rheumatoid arthritis or
osteoarthritis, inflammation of genitourinary system, otorhinolaryngological diseases,
odontostomatological practice and in postoperative pain. It is almost completely
transformed to 4-hydroxynimesulide in both forms, free and conjugated and this
metabolite appears to contribute to the anti-inflammatory activity of the compound.
The determination of nimesulide in pharmaceutical formulations and other samples has
been carried out mainly by high-performance liquid chromatography and
determinations utilizing voltammetric methods are relatively scarce. In this
communication, we describe the development and validation of a procedure for the direct
determination of nimesulide in pharmaceutical products by reductive square wave
voltammetry (SWV) without pre-treatment of sample. Alternatively the oxidation of
nimesulide was investigated on pyrolitic graphite electrode, a substrate on which intense
fouling occurs. During this study, it was verified that the use of pulses to clean the
electrode was an effective strategy to solve this problem. Main results are shown bellow.

SWY of nimesulide FIA measurements
5-
' <
~N
u 50s
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‘ = A
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204 _
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Left side: SWV of (a) supporting electrolyte (NaOH = 1.0 mol L™); (b) 4.35 x 10; (c)
8.37 x 107; (d) 1.21 x 10™; (e) 1.56 x10™; (f) 1.88 x10™; (g) 2.19 x10™*; (h) 2.47 x10™%;
(i) 2.99 x10% (j) 3.45 x 107 (k) 3.86 x 107 (1) 424 x 10® mol L. Right:
Amperometric signals for oxidation of 5 x 10° mol L' nimesulide on a pyrolitic graphite
electrode: (A) using a constant potential, fixed at 1.3 V. (B) Amperometry with multiple
pulse (E; = 1.3 V for 100 ms; E, = 1.6 V for 150 ms; E; = 0.2 V for 150 ms). Carrier
solution: H,8O, = 0.1 mol L. Flow rate: 2.0 mL min'; volume injected: 75 L.
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Characterization of Glucose Oxidase and Glycerol-
containing Microcapsule Immobilized Electrode
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Tokyo University of Science Noda, Chiba 278-8510, Japan
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An enzyme-immobilized electrode is normally stored with buffer solution in a
refrigerator prior to use. Long storage stability is expected to improve if the enzyme-
immobilized electrode can be stored in a freezer with an antifreeze agent. Recently, we
investigated electrochemical responses of a glucose oxidase (GOx)-containing
microcapsule immobilized electrode [1].

In the present work, we newly prepared a GOx and glycerol-containing microcapsule
and investigated electrochemical response of the microcapsule-immobilized electrode.
Microcapsules containing GOx, glycerol and phosphate buffer solution were prepared
by interfacial polymerization method. The microcapsules were subsequently
immobilized on the surface of a screen-printed carbon electrode with the mediator
(tetrathiafulvalene) by nitrocellulose film. The microcapsule-immobilized electrodes
were stored in a freezer and thawed in a refrigerator for 2 hours before the
measurement.

Fig. 1 shows the cyclic voltammograms of the microcapsule-immobilized electrode
perfomed in the 67 mmol dm™ phosphate buffer solution with and without glucose. The
glucose concentrations are 0 mmol dm™ (dashed line) and 35 mmol dm™(solid line),
respectively. In 35 mmol dm™ glucose solution, the oxidation current increased
between 0.1 V and 0.4V, and the redox peak was not observed, which was observed in
the absence of glucose. Fig. 2 shows amperometric response of the microcapsule-
immobilized electrode to glucose. As can be seen in the figure, the oxidation current
increased in response to the injection of glucose. These results proved that the GOx in
the microcapsule retained the enzymatic activity and showed the catalytic oxidation
reaction with mediator and electrode.
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Fig.1 Cyclic voltammograms of the microcapsule- Fig.2 Amperometric response of the
immobilized electrode in the absence of glucose microcapsule-immobilized electrode to

(solid line) and in 35 mM glucose (dashed line) glucose
[1] I. Shitanda, M. Konya, M. Itagaki, K. Watanabe, Y. Asano, Electrochemistry, 76
(2008) 569
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The usage of hair colors has increased dramatically worldwide and it is a very
important segment in the industrial hair dyes. A great concern has been addressed to
the use of hair dyes, since the principal ingredients of synthetic hair dye are aromatic
amines or they can generate it after oxidation/reduction processes, which consequent
mutagenic and carcinogenic properties. Consequently, development of reliable
analytical methods for checking the prescribed level of marker compounds in
commercial hair dyes or in surface water containing residues due inadequate treatment
of effluents have become utmost important. The present work describes the
development of a voltammetric sensor for determination of hair dyes in wastewater
using a glassy carbon electrode modified with multiwalled carbon nanotubes
(MWCNT). Voltammetric measurements were performed with an AUTOLAB
PGSTAT 30 potentiostat connected to a microcomputer controlled by software GPES
4.9 for data acquisition. A three electrode system (EG&G PARC) consisting of an SCE
as reference electrode, a platinum wire as auxiliary electrode and a modified glassy
carbon electrode as working electrode were used. The electrode was coated by
dispersion of 5 yL of solution containing 1 mg mL" MWCNT in dimethylformamide
(DMF), added to the surface glassy carbon electrode pre-cleaned with dry alumina. The
electrode was dried at 55°C for 20 min and kept at room temperature for 24 h.. Cyclic
voltammograms obtained for oxidation of 1x10™ mol L' of Basic Brown 16 dye in BR
buffer 0.04 mol L' pH 7.0 on modified electrode presents a well defined peak at
+0.38V higher 10 times in relation to the conventional electrode. A well-defined anodic
peak is observed in the anodic scan, with ratio of i,./i,c equal to 1 and values AEp =
Epa - Epc = 60 mV, indicating that the hydroxyl group of the dye is oxidized in a
reversible one-electron process. Several experimental parameters were investigated
such as different procedures in the modification of the film, influence of pH, scan rate,
accumulation time and different forms of loading the dye into the film. After
optimization of the best experimental conditions it was possible to construct calibration
curves of the Basic Brown 16 dye determination using square wave voltammetry from
500 to 0.01 ymol L™, following the equation: I, (uA) = 1.63x10” + 0.682 C (C = umol
L") correlation coefficient of 0.997 for n = 9. The limit of detection [3 x (standard
deviation of blank) / sensitivity] was 2.94 x 10”7 mol L™" The method was successful
applied to the determination of Basic Brown 16 dye in wastewater samples.
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Biosensors commonly use enzymes such as dehydrogenase or oxidoreductase as key
elements for substrate detection [1]. The immobilization of these biomolecules, the
efficiency of electron transport and the substrate diffusion to the sensor working
electrode are major challenges that can be addressed by an appropriate design of the
electrode surface.

To solve partially these problems we propose in the present work macroporous gold
working electrodes [2] which have their inside coated with an ultra-thin layer of
mesoporous silica that serves as a matrix for encapsulating biomolecules. The bio-silica
layer is obtained using a sol-gel technique [3] where the polycondensation step is
triggered by electrogeneration of local pH changes. The thickness, the roughness and
permeability of the film have been investigated as well as the homogeneity of the
coating and the interconnection between the pores in the presence of the silica layer [3].
In order to further increase the charge transfer from the gold electrode via a mediator,
the co-factor and the redox-active enzyme to the substrate or analyte, the conductivity
of the hybrid layer has been improved by incorporating gold nanoparticles (AuNP) in
the silica layer. The mediator is chemically adsorbed at their surface via a self-
assembled monolayer.

Gold electrade

Hybrid layer; enzymes
entrapped in Silica

AuNP with SAM of
mediator around

o E
Figure: Scheme of a section of the macroporous gold electrode, the inside of the pores

is coated with a silica/enzyme hybrid layer containing Au NP with mediator adsorbed at
their surface.

Co-factor and substrate in
solution

[1]: A.J. Bard, M. Stratmann; Encyclopedia of electrochemistry, Bioelectrochemistry 9
(2002), Wiley-VCH,

[2]: R.Szamocki, S.Reculusa, S.Ravaine, P.N. Bartlett, A. Kuhn, R. Hempelmann,
Angew. Chem. Int. Ed, 45 (2006) 1317

[3]: F. Qu, R. Nasraoui, M. Etienne, Y. Bon Saint Céme, A. Kuhn, J. Lenz, J. Gajdzik,
R. Hempelmann, A. Walcarius, Electrochemistry Communications, (2010) in press
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Carbon nanotubes (CNT), single-walled (SWCNT) and multi-walled (MWCNT), have
been recently used extensively due to important properties such as high electrical
conductivity and high surface area. They also show good chemical stability to
biomolecules, and thus have been used in electrochemical sensors and biosensors [1,2].
Nile blue (NB) is one of the well-known electroactive phenoxazine dyes. Poly(Nile
blue) (PNB) has been used as a redox mediator to prepare sensors and biosensors for
the oxidation of some important biomolecules such as NADH and NADPH [3].
Multiwalled carbon nanotubes and poly(Nile blue) modified GC electrodes have been
prepared. After MWCNT was dispersed with N,N-dimethyl formamide (DMF), coating
of GC electrodes was done by using three different loadings of MWCNT in DMF: 20
puL 0f0.2%, 10 pL of 1.0%, and 20 pL of 1.0%.

Polymerisation of Nile blue A was performed either directly on the surface of GC
electrodes beneath a MWCNT layer (PNB/MWCNT) or on the top of a MWCNT
coating (MWCNT/PNB). Polymerisation was carried out in 0.1 M phosphate buffer
solution (PBS) at pH 6.0 containing 0.5 mM NB, using potential cycling in the
potential region from -0.6 V to +1.2 V. The number of cycles for electropolymerisation
was 17 for PNB/MWCNT and 5 for the MWCNT/PNB modified electrode - thicker
PNB films led to unstable modification for the MWCNT/PNB electrode.
Characterization of the modified electrodes was carried out by cyclic voltammetry
(CV) mainly in 0.1 M PBS at pH 5.3, since best results were obtained in this buffer [4].
The MWCNT, PNB/MWCNT, and MWCNT/PNB modified electrodes were used for
the electrochemical determination of ascorbic acid by using CV and fixed-potential
amperometry in 0.1 M PBS at pH 5.3. The results were compared for all
MWCNT/DMF loadings. The best results were obtained for PNB/MWCNT electrodes
prepared using 17 polymerisation cycles of PNB and 20 pL of 0.2% MWCNT/DMF
dispersion. The linear range was up to 50 pM and up to 10 uM for CV and
amperometry, with limits of detection (LOD) of 9.2 pM and 1.6 pM, respectively.

References:

1. C.G. Gouveia-Caridade, R. Pauliukaite, C.M. Brett Electrochim. Acta 53 (2008) 6732.
2. M.E. Ghica, R. Pauliukaite, O.F. Filho, C.M.A. Brett, Sens. Actuators B 142 (2009) 308.
3. M.E. Ghica, M.M. Barsan, C.M.A. Brett, Anal. Lett. 43 (2010) 1588.

4. D. Kul, R. Pauliukaite, C.M.A. Brett, in preparation.
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Ubiquinone-10 is an integral component of the respiratory chain that mediates electron
transfer in the inner mitochondrial membrane. a-tocopherol protects cell membranes
from oxidation by reacting with lipid radicals produced in the lipid peroxidation chain
reaction. The reduced form of ubiquinone can react with the oxidized o-tocopherol
reactivating its capabilities.

A study of the charge transfer across tethered bilayer lipid membranes and across
bilayer lipid membranes between two aqueous solutions was carried out using cyclic
voltammetry and electrochemical impedance spectroscopy, using K;Fe(CN)s and
Ru(NH;)4Cl; are probe molecules.

The bilayers were then modified with ubiquinone-10, a-tocopherol and a mixture of
both. The electron transfer rates constant were determined and a comparison was made
for the modified and unmodified bilayers. The interaction between ubiquinone and a-
tocopherol was analyzed.
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Amino acids are often added to food samples during their preparation in order to
correct for possible dietary deficiencies [1]. So, nowadays the determination of amino
acids is important, because of the burgeoning interest and concern with the food that is
consumed. Over the past decade, numerous procedures involving high-performance
liquid chromatography HPLC have been successfully developed and implemented for
the determination of amino acids, but in recent years a detection methodology that does
not require derivatization is preferred, when available, for convenience and simplicity.
One of the possibilities for the rapid determination of amino acids is using
electrochemical methods. Since amino acids have at least two active functional groups
(depending on pH): —NH, and —COOH, they have the ability to complex some
transition metals (e.g. nickel [2] and copper [3]). One of the easiest metal ions to
complex is the Cu(Il) ion, which can form different complexes depending on the pH,
besides complexing with ligand (amino acid), as well as with H', in acidic solution, or
OH’, in alkaline solution, at the same time [4].

The aim of this work was to study and optimize different metal and nanoparticle
modified electrodes in a variety of media as potential sensors for the electrochemical
detection of the amino acids tryptophan and tyrosine, in the presence and in the absence
of copper.

Screen-printed electrodes (SPE), being one of the most interesting alternatives in the
design of electrochemical sensors, reported as sensors for biomedical, environmental
and industrial analysis, were used in this work as the substrate for different
modifications (copper, carbon nanotubes, carbon black and gold) in order to improve
amino acid determination. The results of these studies will be reported.

[1] H.D. Belitz, W. Grosch, R. Schieberle,. Food Chemistry, 3" edition, Springer,
Berlin (2004).

[2] B.S. Hui, C. O. Huber, Anal. Chim. Acta 134(1992) 211

[3] J.N. Ye, R.P. Baldwin, Anal. Chem. 66 (1994) 2669.

[4] H. Masuda, A. Odani, T. Yamazaki, T. Yajima, O. Yamauchi, Inorg. Chem.
32 (1993)
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Many people of the world have a various neurological afflictions arising by abnormal
dopamine concentration or transmission into the intercellular fluids, for example
schizophrenia or Parkinson’s disease [1]. The fast and simple determination of
dopamine deviation is most important for treatment these sick people. Electrochemical
detection is simple, cheap and increasingly popular [2].

The layer-by-layer technique has been frequently used for electrode modification [3].
Usually film is formed by sequential deposition of polyanions and polycations or these
polymers and nanoparticles [4]. Such electrodes were earlier applied to
neurotransmitters detection [5]. Multilayers formed by electrostatic interaction between
different particles only are almost ignored as electrode materials.
Following earlier proposition [6] we designed nanoparticulate
film electrode from phenyl sulfonate functionalized carbon
nanoparticles and tetraalkylammonium functionalized porous
silicate submicroparticles. The latters were obtained using
modified Stober method [7].

The electrodes were 800
prepared by 1 to 24
immersion and withdrawal - 4ot
steps and examined by SEM, ; ol
AFM cyclic voltammetry and different pulse =
voltammetry. The electrodes exhibits well defined 400
voltammetry of dopamine separated from signal . ) )
corresponding to oxidation of ascorbic and uric 0.0 04 08

. . EfV vs. AglagCl
acid (see voltammogram).The peak current is

proportional to the number of immersion and withdrawal steps. This signal is also not
disturbed by presence of NADH, citric acid and tryptophan. The detection limit was
calculated as 0.1 uM. The electrodes operate in pH 4.5 - 8.

[1] O. Arias-Carrion, E. Poppel, Acta Neurobiol. Exp. 67 (2007) 481.

[2] R. O’Neill, Sensors 5 (2005) 317.

[3] F.N. Crespilho, V. Zucolotto, O.N. Oliveira Jr., F.C. Nart, Int. J. Electrochem. Sci.
1 (2006) 194.

[4] G. Decher, Science 277 (1997) 1232.

[5] S. Srivastava, N.A. Kotov, Acc. Chem. Res. 12 (2008) 1831.

[6] A. Lesniewski, J. Niedziolka-Jonsson, C. Rizzi, L. Gaillon, J. Rogalski, M. Opallo,
Electrochem. Commun. 12 (2010) 83.

[7] A. Lesniewski, J. Niedziolka-Jonsson , J. Sirieix-Plenet, L. Gaillon, M Opallo,
Electrochem. Commun. 11 (2009) 1305.
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Molecularly imprinted polymers (MIPs) have attracted a great deal of interest over the
recent 5 years given their ability to recognize specifically and selectively molecules,
proteins and even microorganisms. These sensing materials can be prepared as
powders, colloids and thin films. The latter option is particularly interesting because it
limits diffusion of the analytes to the artificial recptor sites within the sensing layers.
When grafted as thin films on substrates, MIPs are amenable to the detection of the
analytes by e;g. surface plasmon resonance (SPR) or by electrochemistry. The second
option is simple, versatile, easy to implement and has the advantage to detect analytes
concentrations in the picomole range.

In this context, this paper aims at comparing two completely different approaches for
the preparation of MIP grafts: (i) by radical polymerization using diazonium-derived
initiators grafted on the electrode surface; (ii) by electropolymerization of pyrrole. Both
methods are conducted in the presence of the template dopamine molecule.

In method (i), one can take advantage of the vast choice of functional and crosslinking
monomers and their initial ratios to trap the template and form the MIPs. The
performances of the sensor can be optimized by the solvent nature, working
temperature and the polymerization initiating system. Although polymethacrylates are
insulating, it is possible to reduce the thickness of the MIPs in order to be able to
electrochemically detect the template. Method (ii) is simpler because it neither requests
an initiator, nor a crosslinker due to the rigidity of polypyrrole and its well known
partial crosslinked structure. However, in the case of dopamine imprinting, it is
necessary to coat first a pristine polypyrrole thin layer prior to electropolymerization of
pyrrole in the presence of dopamine; this will prevent oxidation of dopamine before the
onset of pyrrole electrooxidation.

Nevertheless, either electropolymerization or radical polymerization permit to detect
dopamine at concentrations lower than 1 nanomole provided that square wave
voltammetry is used for the detection of dopamine after rebinding by the MIP grafts.
The two approaches for the MIP-based sensors will be described and compared.
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School of Biological Sciences, University of Canterbury, Private Bag 4800,
Christchurch, New Zealand.

*Corresponding author email: venkata.chelikani@lincolnuni.ac.nz

Candida albicans and some other yeast species are known to have an oestrogen binding
protein (EBP), which oxidises NAD(P)H to NAD(P)" (Feldman et al., 1982, Restrepo
et al., 1984, Skowronski and Feldman,1989). When oestrogen is present, it binds to an
NAD(P)H oxidation site and leads to an increase in the concentration of NAD(P)H
(Madani et al., 1994). Our previous research has shown that oestrogen can be
quantified by measuring NAD(P)H using double mediator electrochemical system
using whole cells as the detection element (Baronian and Gurazada 2007). A single
hydrophilic mediator was used to quantify 17f-oestradiol using cell lysate in a
modification to the whole cell method which reduced the incubation time, expanded the
response curve and avoided catabolic responses to sample molecules. We have used
modified electrodes to directly detect NAD(P)H in cell lysate to further simplify the
assay. The modified electrodes oxidised NAD(P)H at lower potentials to avoid
interference by oxidants such as ascorbic acid. We also purified EBP using 175-
oestradiol affinity chromatography and provided it with NADH. In these experiments
we can differentiate ‘with’ and ‘without oestrogen’ samples.

References

Baronian, K.H.R., Gurazada, S., 2007. Biosens. Bioelectron. 22, (11), 2493-2499.
Feldman, D., Do, Y., Burshell, A., Stathis, P., Loose, D.S., 1982. Science, 218, 297-
298.

Madani, N.D., Malloy, P.J., Rodriguez-Pombo, P., Krishnan A.V., Feldman, D., 1994.
Proc. Natl. Acad. Sci. 91, 922-926.

Restrepo, A., Salazar, M.E., Cano, L.E., Stover, E.P., Feldman, D., Stevens, D.A.,
1984. Infect. Immun. 46, 346-353.

Skowronski, R., Feldman, D., 1989. Endocrinology 124, 1965-1972.
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Sensitive measurement of biomolecules is a critical need both for modern biochemical
and biomedical research and in the practical applications of clinical diagnostics and
treatment. Electrochemical sensors and biosensors have been widely used for this
purpose. Carbon-based nanomaterials, such as carbon nanotubes (CNTs) and graphene
have been shown to be ideal for electrochemical sensing applications since they are
conductive, biocompatible, easily functionalized, and possess very large surface areas
[1-3]. However, to our knowledge, combing the CNTs and graphene and applying their
hybrid or composite in the electrochemical sensing has been not yet reported.

In the present work, the single-walled carbon nanotube (SWCNT)-graphene nanosheet
(GNS) hybrid film was prepared and characterized by scanning electron microscopy
(SEM). Electrochemical behaviors of K;[Fe(CN)s] and six kinds of important
electroactive biomolecules were studied at the SWCNT-GNS modified glassy carbon
electrode (SWCNT-GNS/GC electrode). Remarkably enhancing electrochemical
responses toward seven probe molecules were observed at the SWCNT-GNS/GC
electrode relative to that at only SWCNT/GC or GNS/GC electrode, which was
attributed to the synergetic effects between SWCNTs and GNSs. The sensing
performance of the SWCNT-GNS/GC electrode towards dopamine (DA) and
acetaminophen (APAP) was investigated. The current response of the oxidation (i)
process was directly proportional to the analyte concentration within 0.1-65.5 uM and
0.05-64.5 uM for DA and APAP, respectively, and the detection limits were 16 nM and
38 nM for DA and APAP, respectively, which are more sensitive than those of
previously reported those based on only CNTs or graphene modified electrodes. The
results clearly demonstrated that highly sensitive detection was obtained at the
SWCNT-GNS/GC electrode. These indicate that the SWCNT-GNS hybrid film may be
a better choice for constructing electrochemical sensing of some biomolecules.

References

[1]J.J. Gooding, Electrochim. Acta 50 (2005) 3049.

[2] C.B. Jacobs, M.J. Peairs, B.J. Venton, Anal. Chim. Acta 662 (2010) 105.

[3] Y. Shao, J. Wang, H. Wu, J. Liu, I.A. Aksay, Y. Lin, Electroanalysis 22 (2010)
1027.
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" Departamento de Quimica/ Universidade Estadual de Londrina - C.P. 6001
86051-990 — Londrina (PR), Brazil;
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C.P. 6001, CEP 86051-990 — Londrina (PR), Brazil;
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P7B 5EI.
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Currently, there is much interest in designing functional membranes for bio-sensing
applications because of their possible use in clinical analysis . The use of enzyme
electrodes is an inherently sensitive method for the detection of their substrates. Films
incorporating a polyphenol oxidase laccase and the exopolysaccharide botryosphaeran
were developed through a layer-by-layer assembly by alternate adsorption with
oppositely charged polycations. Laccase and botryosphaeran were isolated from
extracelular culture fluids (ECF) where the ascomyceteous fungus Botryosphaeria
rhodina MAMB-05 was grown under specific and optimal fermentation conditions
previously determined. The deposition of five tetralayers onto FTO (fluorine-doped tin
oxide)-coated glass plates was followed by cyclic voltammetry profile showing that the
current density peak increased gradually with the concomitant addition of each layer,
and demonstrated a uniform deposition. These biocomposites retained enzymatic
catalytic activity which was proportional to the number of coated enzyme layers. The
system was in favor of the substrate accessibility to laccase active site, thus the affinity
to substrate was improved greatly to 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic
acid) diammonium salt (ABTS). The major advantages of this biosensor can be for
detecting different substrates (ABTS, catechol, and O,), possessing high affinity and
sensitivity, durable long-term stability, and facile preparation procedure. The electrodes
were tested for dopamine detection. When they were immersed in an air-saturated 0.1
M KCI (pH 5.5) solution containing ABTS and dopamine, the current peak for laccase
oxidation increased. Varying the dopamine concentration the current peaks augment
linearly for electrodes with laccase and the polyssacaride. The sensitivity found for this
electrode was 0.67 mA cm” mol™ L. Based on this work, protein films can be used to
electrochemically stabilized the enzyme, that catalyze the reduction of various
substrates of biological or environmental significance, suggesting that the films have a
promising potential in fabricating biosensors or bioreactors.
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Protein film formation by cross-linking and the incorporation of enzymes in hydrogels,
adsorbed to electrode surfaces, are new and innovating aspects in the field of
bioelectrochemistry. Both offer new perspectives in the development of stable
biosensors. In this work we will address the second route. Different types of gelatin,
modified or thiolated, have been selected as a possible hydrogel for the encapsulation
of proteins or enzymes. Gelatin is a water soluble protein, composed of a variety of
amino acids [1]. Through amide bonds it forms a linear polymer with a molecular
weight between 15000 and 250000 Da [2]. This hydrophilic polymer network is able to
swell in water by absorbing a large amount of water (one tenth to one thousand times
their dry weight). Due to the hydrophilic groups or domains, the hydration and native
configuration of the encapsulated biomolecules is ensured. Because of the high degree
of swelling in water, hydrogels possess other desired characteristics: rapid diffusion of
the substrate of the enzyme and the formed reaction product, often an increased enzyme
stability and an increased mobility of the counter ions, which is important for fast
charge transfer reactions. Horse heart cytochrome ¢ has been chosen as a redox protein
as it has often been considered as a model system for biological electron transfer [3]
and for bioelectrocatalysis [4]. The redox protein was incorporated in different types of
gelatin and then immobilized on a gold surface. A full electrochemical characterization
of the modified electrode has been performed. Promising prospectives for the
development of a new type of biosensor are revealed.

[1] J.E. Eastoe, A. A. Leach, in ‘The science and technology of gelatin’, (Eds. Ward
A.G., Courts A.), Academic Press, New York (1977) Chapter 3.

[2] S.B. Lee, H.W. Jeon, Y.W. Lee, Y.M. Lee, K.W. Song, M.H. Park, Y.S. Nam, H.C.
Ahn, Biomaterials 24 (2003) 2503.

[3] K. Miki, T. Ikeda, H. Kinoshita, Electroanalysis 6(8) (1994) 703.

[4] W.R. Hagen, Eur. J. Biochem. 182 (1989) 523.
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In the course of the last years the interest of the researchers were addressed towards the
development and characterization of enzymatic devices based on electron transfer,
mainly biosensors and biofuel cells.

The main problems affecting the development of such electrochemical devices is (i) for
biosensors the interference of electroactive species eventually present in the sample
under investigation and (ii) for biofuel cells the poor current density generally
achievable. To solve this problems several approaches have been followed: in this
respect a paramount issue is represented by the efficiency of communication between
the electrodic materials and the redox proteins employed in the biodevices to assure an
optimal electron transfer. Usually, the choice of proteins is made taking into account
their peculiar characteristics, particularly their capacity to exchange the charge with
redox mediators (mediated electron transfer (MET)) as well as with the electrode
surface (direct electron transfer (DET).

Although the employment of direct electron transfer (DET) displays the most
interesting features to this end, it is limited to only those few enzymes whose redox
centre is readily accessible. Moreover, since DET can be exploited only after a proper
immobilization procedure, a lot of research efforts are focused on the modification of
electrodic surfaces with nanostructured polymers able to supply a suitable environment
for entrapment of enzymes maintaining its catalytic properties and, at the same time,
allowing a good accessibility to the target analyte, redox mediators and an efficient
communication with the electrode surface.

In this research we studied the performances of innovative nanostructured mesoporous
layers of some conducting polymers such as polypyrrole (PPy) and polyaniline (PANI)
obtained by electropolymerization of the corresponding monomers around polystyrene
nanoparticles taken as template.

The obtained modified electrodes display not only an enhanced electrochemically
active surface thus ensuring higher enzyme loading but also interesting electron
transfer properties towards some typical redox enzymes for biosensors and biofuels
cells construction.
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Wine is a comlex fluid in which the carboxylic acids play important role. Mainly,
tartaric, malic and lactic acids influence acidity and tartness of wine. The carboxylic
acids level depends on the area of grape’s growth, climatic conditions and effectivity of
the fermentation process.

The four-channel flow-through amperometric biosensor developed in our laboratory
was used for determination of carboxylic acids. This biosensor was designed as a two
electrode configuration consisting of four platinum working electrodes and Ag/AgCl as
a common reference electrode. The Pt electrodes were first coated with the copolymer
formed from the mixture of o-phenylenediamine and resorcinol. Thus formed
protecting layer eliminated electroactive interferences as ascorbic acid and phenolic
compounds. The four different upper biocatalytic layers contained: 1) sarcosine
oxidase, 2) the mixture of sarcosine oxidase and fumarase, 3) lactate oxidase, and 4)
bovine serum albumin; the layers were prepared by cross-linking with glutaraldehyde.
In all cases, hydrogen peroxide generated by oxidases was monitored at 600 mV vs.
Ag/AgCl. The principle of the detection was based on the inhibition of sarcosine
oxidase by carboxylic acids except lactic and tartaric acids. Lactic acid was followed
by lactate oxidase. For the determination of tartaric acid, a novel system was proposed:
transformation of tartaric acid using fumarase resulting in a metabolite inhibiting
sarcosine oxidase. The level of tartaric acid was calculated as a difference between
signals from channels 1 and 2. The developed system was used for analysis of real
wine samples and the obtained data were compared with capillary electrophoresis
analysis.

This project was supported by the Ministry of Education, Youth and Sports of Czech
Republic, Programme NPV II no. 2B08035.
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Epinephrine is an important neurotransmitter of catecholamines, which is synthesised
in the adrenal medulla and sympathetic nerve terminals and influences metabolic
processes, especially carbohydrate metabolism [1]. Among the various methods used
for the detection of catecholamines, electrochemical sensors offer the advantages of
rapidity, low cost, high sensitivity, and low detection limit.

Carbon nanotubes (CNTs) represent promising modifier structures with the ability to
promote electron transfer reaction of many compounds by increasing their reaction
rates and/or decrease the overpotential [2]. CNTs immobilised into a chitosan matrix
using  l-ethyl-3-(3-dimethylaminopropyl)  carbodiimide  together = with  N-
hydroxysuccinimide (EDC-NHS) were recently used for the determination of hydrogen
peroxide [3], glucose [4] and dipyrone [5].

Novel electrodes have been prepared and explored as potential sensing systems for
epinephrine’s electrochemical determination. This was achieved by modifying carbon
film electrodes (CFE) with functionalised multi-walled carbon nanotubes using the
chitosan immobilization method described above. The resulting electrode was
successfully used for the detection of epinephrine by cyclic voltammetry (CV),
differential pulse voltammetry (DPV) and fixed potential amperometry (Amp), after
identification of the potential for oxidation by cyclic voltammetry in different pH
electrolytes. From the techniques investigated, the highest response was obtained by
DPV using preconcentration, permitting a rapid determination with the lowest detection
limit and the least positive potential for epinephrine oxidation, without any influence
from ascorbic acid. The sensor was applied to the analysis of epinephrine injection
solutions.

[1] T. Xiaorong, S. Yuanxi, Y. Bing, H. Fei, Z. Xingyao, Wuhan Univ. J. Nat. Sci.
2 (1997) 479.

[2] G.A. Rivas, M.D. Rubianes, M.C. Rodriguez, N.F. Ferreyra, G.L. Luque,
M.L. Pedano, S.A. Miscoria, C. Parrado, Talanta 74 (2007) 291.

[3] R. Pauliukaite, M.E. Ghica, O. Fatibello-Filho, C.M.A. Brett, Anal. Chem.
81 (2009) 5364.

[4] MLE. Ghica, R. Pauliukaite, O. Fatibello-Filho, C.M.A. Brett, Sens. Actuat. B
142 (2009) 308.

[5] R. Pauliukaite, M.E. Ghica, O. Fatibello-Filho, C.M.A. Brett, Comb. Chem. High
Throughput Screen 13 (2010) 590.
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The assay of ascorbic (AA) and uric (UA) acids has been the subject of tremendous
interest for many years. Despite their electrochemical properties, the detection of both
species on unmodified electrode surface is hazardous because of the overpotential
required. In order to increase the sensitivity and selectivity, many protocols for surface
modification have been tested [1]. Our attention has been focused on electrogenerated
poly(3,4-ethylenedioxythiophene) (PEDOT) film since this polymer exhibits good
electrical conductivity and biocompatibility [2], thus making possible experiments in
biological samples.

The voltammetric microsensor was first tested in AA and UA model mixtures [3].
PEDOT electropolymerization parameters (film thickness, monomer concentration,
potential range...) were optimized in order to improve the analytical performances and
the metrological data (Table 1). Experiments were then carried out in human blood
serum and urine by square wave voltammetry (SWV). Measurements were performed
directly into the biological samples without preliminary treatment nor dilution. The
results compared favorably with those obtained by standardized methods (HPLC and
enzymatic methods). It was also verified that the mean biochemical species (dopamine,
cysteine, N-Acetyl-L-cysteine and xanthine) did not interfere with AA and UA
detection. Contrary to bibliographic data [4], the sensitivity for UA increased around
30% when AA was present in the sample. An EC’ mechanism of UA regeneration has
been highlighted based on both thermodynamic and electrochemical kinetics
considerations. This phenomenon has to be taken into account particularly when AA
and UA are present in similar concentrations.

[1] A. Malinauskas, R. Garjonyte, R. MaZeikiene, 1. Jureviciute, Talanta 64 (2004) 121-129.
[2] N.K. Guimard, N. Gomez, C.E. Schmidt, Prog. Polym. Sci. 32 (2007) 876-921.

[3] F. Sekli-Belaidi, P. Temple-Boyer, P. Gros, J. Electroanal. Chem. 647 (2010) 159-168
[4] S.S. Kumar, J. Mathiyarasu, K.L. Phani, Y.K. Jain, V. Yegnaraman, Electroanalysis

17 (2005) 2281-2286.

Table 1. Analytical performances of the microsensor in SWV for the assay of AA and UA.

Detection potential Sensitivity ~ Detection limit Linear range  repeatability (n =5)
(mV) WARMT.em?)  (uM) (uM) (%)
AA -96 5.75 25 5-500 2.8

UA 257 84.90 0.65 0.8-250 3.0
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The interaction between proteins is a crucial phenomenon in the biological function of
the cell. Signals from the external cell wall are mediated to the inside by protein—
protein interactions of signaling molecules.' Electron transfer is often accompanied by
protein-protein interactions.” In this study, we focus on the interaction between two
proteins from the respiratory chain of Thermus thermophilus : the cytchrome css),
which transfers electrons to the ba; oxidase and the cytochrome c¢; one of the
constituents of the ubiquinol-cytochrome ¢ oxidoreductase [cytochrome bc; complex,
complex II].

The complex formed between these two proteins has been studied with a combined
electrochemical, UV/VIS and FTIR spectroscopic approach with the help of the
OTTLE (Optically Transparent Thin-Layer Electrochemical) cell.> FTIR difference
spectroscopy is a sensitive method to detect the structural changes upon electron
transfer and coupled proton transfer and changes occurring in the protein upon complex
formation can be described. The midpoint potentials of the proteins have been
determined by following the redox dependent changes in the UV/Vis and compared
with the values obtained after immobilization of the proteins on gold nanoparticles
(AuNPs). The study of individual proteins and the protein complex reveals a
modification of the midpoint potentials. These shifts are tentatively attributed to
variations on the heme propionate modes, as interpreted on the basis of the FTIR data.
Other changes in signals reflecting the reorganization of the hemes, of the polypeptide
backbone and amino acid side chains are discussed.

Monday, May 9, 2011

1. S.Jones, J.M. Thornton, Proc. Natl. Acad. Sci. 93 (1996) 13.

2. C.A. Cunha, M.J. Romao, S.J. Sadeghi, F.Valetti, G. Gilardi, C.M. Soares, J. Biol. Inorg. Chem. 3
(1999) 360.

3. D. Moss, J. Nabedryk, J. Breton, W. Mintele, Eur. J. Biochem. 187 (1990) 565.
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Ertapenem (ERT) is a member of carbapenem group antibiotics that is structurally
related to beta-lactam antibiotics. To the best of our knowledge, no scientific literature
regarding the electrochemical behavior and voltammetric determination of ERT has
been published. The electrochemical behavior of ertapenem at the surface of a boron-
doped diamond electrode (BDDE) is described. ERT exhibits two irreversible anodic
responses that are diffusion-controlled at a BDDE. Its responses were obtained in
aqueous media over a broad pH range (pH 2-12), as determined by cyclic, linear
sweep, differential pulse (DPV) and square wave (SWV) voltammetric techniques
BDDE. 0.1 M H,SO,, acetate, phosphate and Britton-Robinson buffers were tested as
the supporting electrolyte to find the optimal pH value. These responses are irreversible
in nature, and diffusion-controlled.

Different parameters were tested to optimize the conditions for the determination of
ertapenem. The optimal pH value was 2.0 for Britton-Robinson buffer. A linear
voltammetric response for the first peak of ertapenem was obtained in the concentration
range of 2.0 to 12 ug.mL’] and 1.0 to 12 pg.mL" for DPV and SWV techniques,
respectively. For the second peak, the linearity was obtained between the range 2.0 and
12 pg.mL™" for both methods.

The developed voltammetric methods were successfully applied to determine the
quantity and the content uniformity of ertapenem in pharmaceutical formulations.
Preparation of the sample was easy and did not require any previous treatments.
Selectivity trials revealed that the oxidation signals of the drug were not disturbed by
the presence of excipients or degradation products. The necessary statistical validation
reveals that the proposed methods are free from significant systematic errors.

Monday, May 9, 2011
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Efficient Sensor for Voltammetric Determination of
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shahrokhian@sharif.edu

Nowadays, carbon-based nanomaterials have attracted enormous interest due to their
excellent electrical, chemical and mechanical properties, which make them suitable for
developing nano-electronics and electrochemical sensors [1-3]. Recently, nano-
crystalline diamond (also called nanodiamond, ND) as a novel carbon material, because
of its special properties such as high surface area, biocompatibility and non- toxicity,
can be used in fabrication of electrochemical sensors [4-5].

In this region, metal nanoparticles have attracted much attention too. As a result,
interesting class of carbon nanostructures derivatives were formed by deposition of
metallic nanoclusters on their surfaces. Furthermore, uniform dispersion of metallic
nanoparticles decorated on their surfaces can yield ideal nanocatalysts for application
in chemically modified electrodes [6-7].

In this work, nano-diamonds decorated with silver nanoparticles (AgNPs-NDs) was
used as an effective and new modifier for electrode surface modification. The
decoration of NDs with AgNPs improved colloidal dispersion of the decorated NDs in
water, affording uniform and stable thin films for improving the surface properties of
the working electrode. The resulting modified electrode was used for sensitive
voltammetric determination of Thioridazine (TR). Because of enchantment of surface
area peak current for TR increased significantly. The effect of different experimental
parameters, such as deposited amount of the modifier suspension, pH, accumulation
potential and time, and scan rate on the voltammetric response of TR was investigated
using cyclic voltammetry. Under optimal conditions, the modified electrode showed a
wide linear response to the concentration of TR in the range of 0.08—-10 uM with a
detection limit of 10nM. The proposed method was successfully applied in
determination of TR in biological samples with satisfactory results. The modified
electrode showed excellent sensitivity, selectivity, long-term stability and remarkable
reproducibility.

Keywords: Thioridazine; Nanodiamond; Ag Nanoparticles; Modified Electrode;
Cyclic Voltammetry

[1] M. Musameh, J. Wang, A. Merkoci, Y. Lin, Electrochem. Commun. 4 (2002) 743.
[2]J. Wang, M. Li, Z. Shi, N. Li, Z. Gu, Electrochim. Acta 47 (2001) 651.

[3] L. Streeter, G.G. Wildgoose, L. Shao, R.G. Compton, Sens. Actuators B 133 (2008)
462.

[4] W. Zhao, J.J. Xu, Q.Q. Qiu, H.Y. Chen, Biosens. Bioelectron. 22 (2006) 649.

[5] N. Gibson, O. Shenderova, T.J.M. Luo, S. Moseenkov, V. Bondar, A. Puzyr,
K.Purtov,  Z.Fitzgerald, D.W. Brenner, Diamond Relat. Mater. 18 (2009) 620.

[6] Huang, J., Liu, Y., Hou, H., You, T., Biosens. Bioelectron. 24 (2008) 632—-637.

[7] Tzitzios, V., Georgakilas, V., Oikonomou, E., Karakassides, M., Petridis, D.,
Carbon, 44 (2006) 848—853.
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*Corresponding author:_shahrokhian@sharif.edu

The high application potential of conducting polymers (CP) in chemical and biological
sensors is one of the main reasons for the intensive investigation and development of
these materials [1, 2]. In this work, a promising electrochemical sensor was developed
based on a layer by layer process by electropolymerization of pyrrole in the presence of
new coccine (used as doping anion) on the surface of the multi-walled carbon nanotube
(MWCNT) pre-coated glassy carbon electrode (GCE). The electrochemical behavior of
sumatriptan was investigated on the surface of modified electrode using linear sweep
voltammetry. Sumatriptan, a triptan drug including a sulfonamide group, is used in
human medicine for the treatment of acute migraine episodes (vascular headaches) [3].
The results showed a remarkable increase in the anodic peak current of sumatriptan in
comparison to bare GCE. The effect of experimental variables on the electrode
response, such as drop size of MWCNT suspension, pH of the supporting electrolyte,
accumulation time and the number of cycles in the electropolymerization process was
investigated. Under optimal conditions, the modified electrode showed a linear
dynamic range of 4.0x10® — 6.0x10° M with a detection limit of 2.0x10® M. The
prepared electrode showed high sensitivity, selectivity, stability and good
reproducibility in response to sumatriptan. This sensor was successfully applied for the
accurate determination of trace amounts of sumatriptan in pharmaceutical preparations.

References

[1] U. Lange, N. V. Roznyatovskaya, V. M. Mirsky, Anal. Chim. Acta 614 (2008) 1.
[2] M. D. Shirsat, C. O. Too, G. G. Wallace, Electroanalysis 20 (2008) 150.

[3] M. Ghalkhani, S. Shahrokhian, Talanta 80 (2009) 31.
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Heparin is an important component of biological fluids in the human and animal
organisms. It is an anticoagulant possessing a broad spectrum of action, capable of
retarding all phases of the blood coagulation process and reflecting (directly or
indirectly) the degree of functional activity of the population of mast cells responsible
for heparin production in vivo [1, 2]. Monitoring of the heparin content in biological
fluids, drugs and other pharmaceutical products is an important problem in modem
analytical chemistry.

At present, many methods had been proposed for the determination of heparin,
including spectrophotometry [3], fluorometry [4], HPLC [5] and electroanalytical
methods [6].

In the work the differential pulse cathodic stripping voltammetry (CSV) is applied for
the determination of heparin traces using a hanging mercury drop electrode. The effects
of various factors such as: preconcentration potential and time, pulse height, step
potential and supporting electrolyte composition are optimized. The linear range,
detection limit and repeatability of the method are determined. The proposed method
was successfully applied for the determination of heparin in pharmaceutical products.
The method was validated by studying the recovery of heparin from the spiked
pharmaceutical samples.

Acknowledgements
This work was supported by AGH University of Science and Technology
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This work shows for the first time a possibility of using conducting polymer (CP) films
p-doped with taurine ligand (Tau = C2ZH6NO3S") as artificial biological membranes in
order to study membrane potential formation mechanism [1].

Taurine is present both animal and human body where it acts as monodentate ligand
toward cations [2]. It is engaged in several essential biological processes, including
Ca’" transport processes. The results obtained indicate that sensitivity toward calcium
and magnesium cations can be induced by soaking polymer films doped with taurine in
the solution containing these ions.

The PEDOT-Tau films electropolymerized by Cyclic Voltammetry (CV), after soaking,
exhibited close-to-Nernstian response in the open-circuit. To obtain background
information, important for in-deep understanding of a dynamic response, the films
studied with Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Analysis
(EDAX), X-ray Photoelectron Spectroscopy (XPS), Laser Ablation Inductively
Coupled Plasma Mass Spectrometry ICP-MS (ICP-MS-LA), Atomic Force Microscopy
(AFM) and Electrochemical Impedance Spectroscopy (EIS).

Acknowledgements

Johan Gadolin Scholarships at Process Chemistry Center is gratefully acknowledged
for financial support.

References

1. B. Paczosa-Bator, T. Blaz, J. Migdalski, A.Lewenstam , Bioelectrochemistry, 71
(2007) 66-74.

2. E. C. O’Brien, E. Farkas, K. B. Nolan, Interaction of Taurine with metal ions,
Plenum Publishers, New York, 2000

3. E. Bottari, M.R. Festa, Talanta 46 (1998) 91-99

139

(%]
c
.0
e
o
e
c
o
(4]
o
S
o
[
)
D
[
O
a

Monday, May 9, 2011



140

(%]
c
.0
e
o
i
c
o
(%]
o
S
a
[
)
L
[
O
a

Monday, May 9, 2011

9" Spring Meeting of the International Society of Electrochemistry

P-025

Biomimetic membranes based on conducting polymer
films doped with ATP, ADP and AMP ligands

Justyna Kupis', Ulrika Mattinen®, Teresa Blaz', Jan Migdalski' and Andrzej
Lewenstam'”

'AGH - University of Science and Technology, Faculty of Material Science and

Ceramics, Krakow, Poland
’Process Chemistry Centre, c/o Centre for Process Analytical Chemistry and Sensor
Technology (ProSens), Abo Akademi University, Turku, Finland
Abo Akademi University, Biskopsgatan 8, 20500 Abo-Turku, Finland;

Andrzej. Lewenstam@abo.fi

Poly(3,4-ethylenedioxythiophene) films (PEDOT films) doped with biologically active
ligands: adenosine triphosphate (ATP), adenosine diphoshate (ADP) or adenosine
monophosphate (AMP) were deposited from the solution containing 0,1M sodium salt
of ATP, ADP or AMP and 0,01M EDOT and sensitized towards calcium or magnesium
ions by chemical or electrochemical methods.

It was shown earlier [1], that the conducting polymer films doped with biologically
active ligands, e.g. ATP, may be used as a model biological membranes to study the
mechanism of membrane potential formation, in particular to study the competitive
binding of cations to biologically active ligands and to observe the resulting effect on
transient membrane potential during equilibration.

In this work PEDOT films doped with ATP, ADP or AMP were used to study the
influence of calcium and magnesium ions on the potential transient of such films and to
allow comparison of the responses.

References

1. B. Paczosa-Bator, T. Blaz, J. Migdalski, A.Lewenstam , Bioelectrochemistry, 71
(2007) 66-74.
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Ion Amperometry at Liquid/liquid Interfaces for the
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In this research, the interface between two immiscible electrolyte solutions (ITIES) was
used as a method for the growth of Human Embrionic kidney 293 cells (HEK cells).
The HEK cells were cultured on a liquid-liquid interface formed when aqueous culture
media is overlaid onto a nontoxic, hydrophobic substrate. Figure 1 shows that the cells
are spread and divided at the interface between the two immiscible phases.

Figure 1 — Phase contrast micrograph of HEK cells at the culture media/Flurocarbon
interface after 48h of incubation.

When properly stimulated the cells release potassium, in order to be validate the
method used in the detection of the potassium released by the cells a study of
potassium facilitated ion transfer was done using a miniaturized ITIES. The potassium
detection was made using valinomycin as ionophore in a 1,2 — dichloroethane/
potassium aqueous solution interface.

The detection of two drugs, ephedrine and propranolol, was investigated in order to
demonstrate a different practical utility of the system, chiral discrimination. In this
case, the liquid-liquid electrochemistry provided a mean for the detection of the
transfer of ionized chiral molecules facilitated by a chiral ionophore (lipophilic
cyclodextrins).

These results illustrate the opportunities acquired by the use of ion amperometry at
liquid-liquid interface as an alternative mean for the detection of various substances of
interest.
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Electrochemical Biosensing Based on Nanocomposites

Xiaoquan Lu
(Key Laboratory of Bioelectrochemistry & EnVironmental Analysis of Gansu ProVince,

College of Chemistry &Chemical Engineering, Northwest Normal UniVersity, Lanzhou
730070)

E-mail: luxg@nwnu.edu.cn.

In recent years, with the combination between analytical chemistry and bioscience, the
rapid development of bioanalysis and sensing research, the research and application of
bioelectrochemistry and biological sensors have been a focal point in the fields of
analytical chemistry. Among them, electrochemical sensors research based on
functionalized carbon nanotubes, Au/ Polypyrrole/ Prussian blue nanocomposites and
biological self-assembly membrane have aroused wide concern among the people.
Therefore, we have constructed a series of electrochemical biological sensing interfaces
which have good property , the main contents include following aspects, (1)
Preparation and studies of Hydrogen peroxide biological sensors based on
sol-gel/MWNTS fixing horseradish peroxidase. (2) Preparation and studies of
Hydrogen peroxide biological sensors based on L—Cysteine/SWCNTS fixing
horseradish peroxidase. (3) The preparation of modified electrodes based on Au/
Polypyrrole/ Prussian blue nanocomposites and its detection for the Hydrogen peroxide.
(4) Epinephrine sensors based on PPY/AuNPs/SWCNT nanocomposites. (5)
Physiological buffer sensor based on Prussian blue membrane nanostructures. (6)
Detection of double-function sensors for porphyrin based on phosphates self-assembly
membrane. (7) Molecular imprinting sensor based on indirect measurement of aspirin.
Thanks for the financial aid of the Natural Science Foundation of China. (nos.
20775060, 20875077, 20927004, 20965007 and 20945003)
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Introduction

The developement of catechol sensors is an active area of research[1]. In this investigation,
the development of catechol sensors with polypyrrole synthesized using Quillaja Saponin is
studied using amperometric and impedance studies.

Experimental

The polymerization of pyrrole is carried out at platinum electrodes using the surfactant
Quillaja Saponin. The cyclic voltammetric, amperometric and impedance measurements
were performed using the electrochemical workstation CH660A(CH Instruments, USA). The
working electrode was Pt with a diameter of 2mm while the reference electrode was a
saturated calomel electrode, Pt wire being the counter electrode in a three-electrode
arrangement[2]. In the case of impedance and amperometric experiments for detection of
catechol , the working electrode is represented as Pt/Ppy/KCl/Tyr where Tyr denotes
Tyrosinase

Results and Discussion

Fig 1A provides the typical Nyquit and Bode’ plots for the polypyrrole-coated electrodes at
a catechol concentration of 24 puM. while Fig 1B depicts the amperometric response of
Pt/Ppy/KCl/Tyr electrode in presence of catechol. The linear concentration regime is
obtained from nanomolar to micromolar range indicating the specific influence of the
surfactant.

3 854 . B
Al? . 1.04 .

0.9

Current(uA)
o
o
.

0.64

100 200 300 400 500
Concentration of Catechdl)

Fig 1. (A) Typical Nyquist (a) and Bode’ plots (b) and (c) pertaining to Pt/Ppy/KCl/Tyr at a
catechol conentration of 24 uM. The points denote the experimental values while line denotes the
fitting of the data using the equivalent circuit(B)The variation of the steady state
chronoamperometric current with concentration of catechol. Inset epicts the Lieweaver-Burk plot.
Summary

The electrochemically synthesized polypyrrole in presence of the surfactant Quillaja Saponin
is shown to be effective for detection of catechol in the nanomolar to micromolar
concentrations.
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Fullerene-Gold Nanoparticle Nanocomposite Electrode for
the Development of Laccase-based Biosensors.

Massimo Di Fusco, Cristina Tortolini, Luciano Carlucci,
Gabriele Favero, Franco Mazzei
Department of Chemistry and Drug Technologies — Sapienza University of Rome
P.le Aldo Moro, 5 — 00185 Roma ITALY
franco.mazzei@uniromal..it

One of the main problems affecting the development of first generation electrochemical
biosensors for the analysis of real matrices is the interference of electroactive species
eventually present in the sample under investigation. To solve this problem several
approaches have been followed: among them, third generation biosensors based on
direct electron transfer (DET) display the most interesting features to this end. In this
work we present a novel Laccase electrochemical biosensing platform based on the
coupling of two different materials (gold nanoparticles and fullerene) displaying
interesting electrochemical features. Gold nanoparticles (AuNPs), exhibit interesting
electrocatalytic behavior and have been already widely used for sensing applications;
on the other hand, fullerenes are a very promising family of electroactive compounds
although they have not been fully employed yet in biosensing.

The new type of nanocomposite material described in this research, relies on the ability
of fullerene to be functionalized with high efficiency through reactions initiated by a
zwitterionic complex: this procedure allow us to insert in the fullerene surface several
alkyl thiols able to react with the gold surface of the nanoparticles as well as of the gold
electrode used as support. In fact, in a first step the functionalized fullerene was bound
on the gold electrode surface, after that the gold nanoparticles were bound onto the
fullerene modified electrode. This two steps have been preventively studied onto a gold
disk by means of an electrochemical surface plasmon resonance technique.

Finally, Laccase has been immobilized onto the gold nanoparticles surface; the
resulting biosensor has been characterized putting in evidence that the synergy on
electrocatalytic activity provided by the nanocomposite material, enhances the
sensitivity of the biosensor opening interesting perspectives in the realization of
electron transfer based biosensors.
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Chain Immobilized on Gold Nanoparticles
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4. Department of Biochemistry, University of Illinois, Urbana, IL 61801
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In order to exploit the properties of redox proteins for biofuell cells and biosensors, an
efficient immobilization of the enzymes on the electrodes is required.'” The
immobilization method must provide a suitable environment for the enzyme since this
will directly affect the lifetime of the bio device. It must also allow a high loading of
enzymes in order to get a good current density. Another crucial aspect is to achieve an
efficient electron transfer between the electrode and the immobilized enzymes.

One of the most promising methods of immobilization is the use of gold nanoparticles.”
Their high surface to volume ratio allows a high loading of enzymes and they act as a
relay in the long-range electron transfer between the electrode and the cofactors. In
addition, they are considered as quite biocompatible.

Using gold nanoparticles of about 15 nm diameter and various modifiers, we have
successfully immobilized cytochrome ¢ from Horse heart, cytochromes c;, cytochrome
css; and Cuy from Thermus thermophilus. The immobilization procedure has been
followed by electron microscopy and Surface-Enhanced Infrared Spectroscopy. The
electrochemical behavior of the immobilized enzymes has been studied by cyclic
voltammetry. In particular, the electron transfer rates between the enzymes and
electrode have been determined and compared. These studies have opened the way to
the immobilization of larger membrane proteins from the respiratory chain and first
results will be discussed.

I. Willner, E. Katz, Angew. Chem. Int. Ed. 39 (2000) 1180.

J. Kim, H. Jia, P. Wang, Biotechnol. Adv. 24 (2006) 296.

S. D. Minteer, B. Y. Liaw, M. J. Cooney, Curr. Opin. Biotech. 18 (2007) 228.

Y. Xiao, F. Patolsky, E. Katz, J. F. Hainfeld, I. Willner, Science 299 (2003) 1877.
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A Novel Sensitive Electrochemical Dna Biosensor For
Assaying Of Anticancer Drug Leuprolide

Burcu Dogan-Topal Sibel A. Ozkan
Ankara University, Faculty of Pharmacy, Department of Analytical Chemistry, 06100
Tandogan, Ankara, Turkey
ozkan@pharmacy.ankara.edu.tr

The investigations of drug-DNA interactions would provide new compounds to be
tested for an effect on a biochemical target, for the design of DNA biosensors, which
will further become DNA microchip systems. DNA biosensors eliminate the need for
some difficult analyze technique. The anticancer drug, leuprolide (LPR) bound to
double-stranded fish sperm DNA (dsDNA) which was immobilized onto the surface of
an anodically activated pencil graphite electrode (PGE), was employed for designing a
sensitive biosensor.

The mechanism of the interaction was investigated and confirmed by differential pulse
voltammetry using two different interaction methods; at the PGE surface and in the
solution phase. The decrease in the guanine oxidation peak current was used as an
indicator for the interaction in acetate buffer at pH 4.80. The response was optimized
with respect to accumulation time, potential, drug concentration, and reproducibility for
both interaction methods.

The linear response was obtained in the range of 0.20 — 6.00 ppm LPR concentration
with a detection limit of 0.06 ppm on DNA modified PGE and between 0.20 and 1.00
ppm concentration range with detection limit of 0.04 ppm for interaction in solution
phase method. LPR showed an irreversible oxidation behavior at all investigated pH
values on a bare PGE. Differential pulse adsorptive stripping (AdSDPV) voltammetric
method was developed for the determination of LPR. Under these conditions, the
current showed a linear dependence with concentration within a range of 0.005 and
0.20 ppm with a detection limit of 0.0014 ppm. Each determination method was fully
validated and applied for the analysis of LPR in its pharmaceutical dosage form. The
utility of this electrochemical biosensor for interaction between ds-DNA and LPR is
cost effective and it provides rapid detection. The proposed electroanalytical method is
experimentally convenient, sensitive, selective and rapid so that it requires only small
amounts of materials.
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A Hybrid Electronic Tongue for Direct Classification of
Baby Liquid Foods With or Without Gluten
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IBB — Center of Biological Engineering, University of Minho, Braga, Portugal
5LAQUIPAI — Dep’ Quimica, Faculdade Ciéncias da Universidade do Porto, Portugal
peres@ipb.pt

People suffering from celiac disease are gluten intolerant and inadvertent ingestion of
gluten proteins must be avoided. Several techniques have been proposed to
detect/quantify gluten proteins in foodstuffs: immunochemical methods, mass tandem
spectrometry and polymerase chain reaction as well as gluten sensors [1]. Recently, a
potentiometric electronic tongue (ET) with lipo/polymeric membranes has been used to
detect gliadins, which are gluten proteins, in foodstuffs [2]. However, the use of these
techniques requires the previous extraction of gluten proteins. This step can be a
possible drawback since it is not possible to guarantee that the extraction has a 100%
yield since the protein types overlap in solubility and extractability [3]. In this work,
the feasibility of a hybrid multi-sensor ET, which combines repeated cross-sensitivity
and ion selective sensors (Fig. 1), to discriminate gluten-free and gluten-containing
liquid baby foods has been evaluated. The device was constructed using a screen-
printed technique and directly applied in the liquid infant food samples. No extraction
or dilution/dissolution step was required. In total, 5 “gluten-free” and 10 “gluten-
containing” liquid baby foods of different flavors were purchased at local supermarkets
and analyzed. The preliminary results obtained from the principal component analysis
(Fig. 2) show that the signals profiles recorded by the hybrid ET possessed valuable
information allowing grouping the samples in mainly two groups. In fact, linear
discriminant analysis allowed the correct classification of 95% of the samples (leave-
one-out cross-validation process)
being only one baby liquid food
containing gluten misclassified as
gluten-free. ~ Although  further
studies are needed, the satisfactory
preliminary results described here
presumably  demonstrate  the
ability of the hybrid ET to be used
as a rapid and disposable practical
tool for quality control of liquid
foods for babies suffering from
gluten intolerance. Figure 1 ' vy e food vk glukon

= Baby liquid food without glaten

~ Figure 2
= r'/.o’ '\__.\\
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05{ ‘g ® »

Factor 2 (14,6% variance explained)
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[1] L. De Stefano et al., J. Proteome Res. 5 (2006) 1241-1245.
[2] A-M. Peres et al., Talanta 83 (2011) 857-864.
[3] F.M. Dupont et al., J. Agric. Food Chem. 53 (2005), 1575-1584.
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Immobilization of Oligopeptides on Gold CDtrode for the
Development of Biomimetic Sensor for Pesticides

Glauco Pilon dos Santos™', Marcos V. Foguel', Gustavo S. Garbellini', Antonio A.
Pupim Ferreira', Petr Skladal’, Marcello Mascini®, Hideko Yamanaka'
!Sdo Paulo State University (UNESP), Brazil; *Masaryk University, Czech Republic;
3Universily of Teramo, Italy
Rua Professor Francisco Degni, s/n - 14800-900 - Araraquara/SP - Brazil
“glauco@iq.unesp.br

Enzymes have been used in the construction of devices to quantify substrate by
catalytic reaction. The disadvantages of biological materials as instability and high
production cost are well known. Therefore, the design and development of artificial
oligopeptides as a mimic of the acethylcholinesterase (AChE) binding site, preserving
the highly selective biological properties, was the approach used in this work. The aim
of this study is the development of a biomimetic sensor, based on the immobilization of
the oligopeptide on gold electrode, in order to obtain a screening analytical tool for
pesticides (carbamate and organophosphate) in food samples. The oligopeptide
proposed was synthesized by solid phase peptide synthesis methodology and
immobilized on gold surface by the thiol group. Due to the high affinity of this group
with gold, CDtrodes, electrodes constructed from gold recordable compact discs
(CD-Rs), were employed. The Au-CDtrodes have shown an electrochemical
performance comparable with commercial gold electrodes, presenting many advantages
as simplicity of construction, low cost and if necessary, disposable.

The CD-R polymer layer was removed by concentrated HNOs;, and the gold surface
was submitted to a voltammetric pretreatment of 10 cycles in 0.5 mol L™ sulfuric acid
solution in the potential range from +0.2 to +1.5 V at a scan rate of
100 mV s”. Electrochemical measurements were carried out in a potentiostat/
galvanostat AUTOLAB employing a conventional cell: Au-CDtrode (Agom = 0.071
cm’), Ag|AgClKClsa), Pt wire (Ageom = 4 cm’) as working, reference and auxiliary
electrodes, respectively. The Au-CDtrode was characterized by atomic force
microscopy, presenting an average height of 140 nm about the recording tracks and
50.4 nm of roughness. The cleaning step and the modification of the surface with
1 x 10° mol L oligopeptide by incubation for 1h at 25 °C were analyzed by diffuse
reflectance infrared Fourier transform spectroscopy. A surface recovery of 68% was
obtained using cyclic voltammetry.

As the oligopeptide mimics the active site of the AChE enzyme, the affinity with the
organophosphate pesticide dichlorvos was monitored by square wave voltammetry, in
the potential range from -03 to -14 V, with a frequency of
100 Hz, amplitude of 50 mV and scan increment of 2 mV, using 0.05 mol L' NaClo,
as supporting electrolyte. The response of the peptide modified electrode presents a
current peak of 10 pA at -1.2 V. After the 1 x 10” mol L pesticide pre-concentration
step and incubation for 30 min at 25 °C, this signal decreases significantly, suggesting
the affinity reaction. The proposed strategy represents a promising tool on the
development of biomimetic sensors. FAPESP (2010/04663-6), IRSES (230849).
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Non-enzymatic Detection of Glucose using Silver-Modified
Zeolite- Multiwalled Carbon Nanotube-Epoxy Composite
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! “politehnica” University of Timisoara, P-ta Victoriei no.2, 300006 Timisoara,
Romania
’Department of Condensed Matter, National Institute of Research-Development for
Electrochemistry and Condensed Matter Timisoara, Plautius Andronescu 1, 300224
Timisoara
? NanoStructured Materials, Department of Chemical Engineering, Delft University of
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*Materials for Energy Conversion and Storage, Department of Chemical Engineering,
Delft University of Technology, Julianalaan 136, 2626 BL, Delft, The Netherlands
e-mail address: aniela.pop@chim.upt.ro

In this paper, a silver-modified zeolite-multiwalled carbon nanotube-epoxy composite
electrode (AgZ-CNT-Epoxy) was obtained, characterized and tested for non-enzymatic
detection of glucose. SEM imaging has been used to provide qualitative information
about distribution of multiwalled carbon nanotube and Ag-doped zeolite zones and
some surface features of this composite electrode (Figure 1). The prepared AgZ-CNT-
Epoxy composite electrode showed good mechanical strength and good electrical
conductivity (0.14 Sem™), which was determined using the standard four probe
technique. The electrocatalytic oxidation of glucose in alkaline medium directly at
AgZ-CNT-Epoxy composite electrode was investigated using cyclic voltammetry
(CV). A series of resultant CVs obtained directly over the concentration range 0.1 mM
— 1 mM glucose is illustrated in Figure 2. The anodic current peaks corresponding to
AgO formation increased progressively linearly with glucose concentration. A very
unexpected and unusual oxidation peak occurred immediately after the reduction of
AgO to Ag,O on backward scanning in cathodic sense, which increased also linearly
with glucose concentration. This modified electrode exhibited electrocatalytic effect
towards glucose oxidation allowing its determination in aqueous solution.

L
Fig.1.SEM image of AgZ-CNT- Fig.2.Detail of CVs recorded at AgZ-
Epoxy surface CNT-Epoxy in 0.1 M NaOH supporting

electrolyte (curve 1) and in the presence
of various glucose concentrations: curves
2-6:0.2-1 mM glucose
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Graphite Electrode Modified with New Phenothiazine
Derivatives as Amperometric Transducer for NADH
Detection

Vasilica Lates, Liana M. Muresan, Ionel Catalin Popescu
“Babes-Bolyai” University, Department of Physical Chemistry, 11 Arany Janos St.
RO-400028 Cluj-Napoca, Romania
cpopescu@chem.ubbcluj.ro, Fax: +40-264-590818

The adsorption of electrocatalytical active species onto carbonaceous electrode
materials represents a simple and inexpensive procedure, leading to modified
electrodes highly suitable for NADH electrocatalytic oxidation [1,2].

Two newly synthesized phenothiazine derivatives, 3,7-di(m-aminophenyl)-10-ethyl-
phenothiazine (DAEP) and 3,7-di(m-hydroxyphenyl)-10-ethyl-phenothiazine (DHEP),
were used to modify solid graphite electrodes by adsorption from DMSO solution.
Cyclic voltammetry and rotating disc electrode measurements, performed under
different experimental conditions (pH, potential scan rate, rotation speed and NADH
concentration) allowed to: (i) notice that both compounds undergo a quasi-reversible
one electron / one proton redox process (ks = 0.73 s ' for DAEP and 0.38 s~ for
DHEP), occurring at a formal standard potential which is not affected by the nature of
substituents at positions 3 and 7; (ii) estimate the pK, values of the adsorbed mediators
(6.9 for DAEP and 7.8 for DHEP); (iii) evaluate the second order rate constants for
NADH electrocatalytic oxidation (KgpsnapHj0 = 6014 M s! for DAEP and
kobs,[NADH]=0 =134 1\/[71 571 for DHEP)

Based on the mediators’ structure, an explanation for the higher electrocatalytic
efficiency noticed for DAEP mediator was attempted.

Table. Electrocatalytic parameters for NADH oxidation at G/DAEP and G/DHEP
electrodes. Experimental conditions: supporting electrolyte, 0.1 M phosphate buffer

(pH 7).

kubs [INADH]|=0 k+2 I(M r
Compound M's! 57 mM nmol cm™
DAEP 6014.4 337.8 56 0.77
DHEP 134.2 101.4 755 2.99
References

[1] L. Gorton, J. Chem. Soc., Faraday Trans., 1, 82:1245-1258, 1986.

[2] Gorton L, Dominguez E, (2002) in Bard AJ, Stratmann M (Eds:), Encyclopedia of
Electrochemistry, Vol. 9, Bioelectrochemistry, (Ed: G. S. Wilson), Wiley-VCH,
Weinheim, pp. 67 — 143.
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Multi-walled carbon nanotubes decorated with Fe;O,
nanoparticle for modification of glassy carbon electrode:
Application to simultaneous voltammetric determination of
guanine and adenine in DNA
S. Shahrokhian® *, S. Rastgar®, M. Adeli®
“Department of Chemistry, Sharif University of Technology, Tehran 11155-9516, Iran
®Institute for Nanoscience and Technology, Sharif University of Technology, Tehran,

Iran
Shahrokhian@sharif.edu.ir

Guanine and Adenine are important components found in deoxyribonucleic acid and
play fundamental roles in life process. The abnormal changes of the bases in organism
suggest the deficiency and mutation of the immunity system and may indicate the
presence of various diseases. Therefore, the determination of these bases has great
significance to the bioscience and clinical diagnosis. The unique properties of
nanoparticle materials (enhanced mass transport, high surface area, improved signal-to-
noise ratio) can often be advantageous in electroanalytical techniques. Generally,
electrocatalysts with small particle size and high dispersion will result in high
electrocatalytical activity. So, Controlling the size and distribution of nanoparticles on
a substrate remains one of the main challenges of materials science. Carbon nanotubes
properties (high surface area, unique physical properties, morphology and high
electrical conductivity), can make them extremely attractive as supports for
heterogeneous catalysts. Due to these excellent properties, we synthesized a composite
of MWCNTs decorated with Fe;O4 nanoparticles. The prepared modified electrode
(Fe304/CNT/GC) offers dramatic improvements in the stability and sensitivity of
simultaneous voltammetric measurements of guanine and adenine in pH 7.0 phosphate
buffer solution compared to individual CNT/GCE or bare GCE. The surface
morphology and nature of the composite film deposited on glassy carbon electrode has
been characterized by transmission electron microscopy (TEM), cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS) techniques. A remarkable
enhancement in microscopic area of the electrode together with the catalytic role of the
composite modifier resulted in a considerable increase of the peak current, and negative
shift in the oxidation potentials. The mechanism of the electrocatalytic process on the
surface of the modified electrode was analyzed by obtaining the cyclic voltammograms
at various potential sweep rates and pHs of the buffer solutions. A wide linear dynamic
range of 0.02uM-10uM with a detection limit of 3nM for guanine and A linear
dynamic range 0.08uM - 60uM with a detection limit of 12nM for adenine were
obtained. The modified electrode was successfully applied for highly sensitive
simultaneous determination of trace amounts of Adenien and Guanine in DNA.

References
[1TH. Yin, Y. Zhou, Q. Ma, S. Ai, Process Biochemistry 45 (2010) 1707-1712.
[2] F. W. Campbell, R. G. Compton, Anal. Bioanal. Chem. 396 (2010) 241-259.

151

(%]
c
.0
e
o
e
c
o
(4]
o
S
o
[
)
D
[
O
a

Monday, May 9, 2011



152

(%]
c
.0
e
o
e
c
o
(4]
)
S
a
[
)
L
[
O
a

Monday, May 9, 2011

9" Spring Meeting of the International Society of Electrochemistry

P-037

Metal and Nanoparticle Modification of Screen Printed
Electrode Sensors for Amino Acid Determination
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Universidade de Coimbra, 3004-535 Coimbra, Portugal
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Ric_CCarvalho@hotmail.com

Amino acids are often added to food samples during their preparation in order to
correct for possible dietary deficiencies [1]. So, nowadays the determination of amino
acids is important, because of the burgeoning interest and concern with the food that is
consumed. Over the past decade, numerous procedures involving high-performance
liquid chromatography HPLC have been successfully developed and implemented for
the determination of amino acids, but in recent years a detection methodology that does
not require derivatization is preferred, when available, for convenience and simplicity.
One of the possibilities for the rapid determination of amino acids is using
electrochemical methods. Since amino acids have at least two active functional groups
(depending on pH): —NH, and —COOH, they have the ability to complex some
transition metals (e.g. nickel [2] and copper [3]). One of the easiest metal ions to
complex is the Cu(Il) ion, which can form different complexes depending on the pH,
besides complexing with ligand (amino acid), as well as with H", in acidic solution, or
OH/, in alkaline solution, at the same time [4].

The aim of this work was to study and optimize different metal and nanoparticle
modified electrodes in a variety of media as potential sensors for the electrochemical
detection of the amino acids tryptophan and tyrosine, in the presence and in the absence
of copper.

Screen-printed electrodes (SPE), being one of the most interesting alternatives in the
design of electrochemical sensors, reported as sensors for biomedical, environmental
and industrial analysis, were used in this work as the substrate for different
modifications (copper, carbon nanotubes, carbon black and gold) in order to improve
amino acid determination. The results of these studies will be reported.

[1] H.D. Belitz, W. Grosch, R. Schieberle,. Food Chemistry, 3" edition, Springer,
Berlin (2004).

[2] B.S. Hui, C. O. Huber, Anal. Chim. Acta 134(1992) 211

[3] J.N. Ye, R.P. Baldwin, Anal. Chem. 66 (1994) 2669.

[4] H. Masuda, A. Odani, T. Yamazaki, T. Yajima, O. Yamauchi, Inorg. Chem.
32 (1993)
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Dodecin from Halobacterium salinarum 1is a dodecameric, hollow-spherical
flavoprotein which contains six flavin binding sites. In each binding site, two flavins
are arranged in an aromatic tetrade between two tryptophan residues. Dodecin binds
not only native but also artificial flavins with high binding affinities. Reduction of the
flavin ligand induces the dissociation of the holocomplex into apododecin and free
flavin. Inspired by the binding mode and the redox characteristics of dodecin, we are
developing electrochemically active flavin modified electrode surfaces (electrode —
molecular wire - flavin) which are able to bind or release apododecin triggered by the
redox potential. Possible applications range from the control or transport of single
molecular assemblies containing apododecin, up to the development of
bioelectrochemical data storage devices with an electrochemical input (write) and an
optical (fluorescence sensitive) output (read). Starting with electrode surfaces of some
mm?, our further interest will be the miniaturization of this setup down to the single
molecule level. In first experiments we employed an artificial flavin linked to a
goldnanoparticle (Au-NP) and [1,1'-biphenyl]-4,4'-dithiol as a potential molecular
wire-like system as shown below.!"! By surface plasmon resonance (SPR) and by
faradaic impedance spectroscopy the stepwise surface modification as well as the
binding and the release of apododecin upon reduction of the flavin are investigated. For
this purpose a homemade cell to do SPR and impedance spectroscopy measurements in
the same setup was developed

ET flavin

binding site
Au —S K, @
N

® o apo-
O )\NN/\/ N dodecin
S— Au-NP H N)\L\

[1] O. Lioubashevski, V. I. Chegel, F. Patolsky, E. Katz, . Willner, J. Am. Chem.
Soc., 2004, 126, 7133-7143.
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Electrochemical study of lamotrigine at pyrolytic graphite
electrode: pyrolytic graphite electrode versus modified
glassy carbon electrode

Reihaneh Sadat Saberi®, Saeed Shahrokhian®*
“Department of Chemistry, Sharif University of Technology, Tehran 11155-9516, Iran
shahrokhian@mehr.sharif.ir

Lamotrigine (LTG), 3,5-diamino-6-(2,3-dichlorophenyl)-1,2,4-triazine is a new-
generation antiepileptic drug registered for treatment of patients with refractory partial
seizures. Lamotrigine is thought to act at voltage-sensitive neuronal membranes and
inhibit the release of excitatory amino acid neurotransmitters, in particular glutamate
and aspartate, which play an important role in the generation and spread of epileptic
seizures[1,2]. The electrochemical behavior of Lamotrigin (lamot) at the pyrolytic
graphite electrode was investigated in detail by the means of cyclic voltammetry.
During the electrochemical reduction of Lamot, an irreversible cathodic peak was
appeared. Cyclic voltammetric studies indicated that the reduction process has an
irreversible and adsorption-like behavior. The observed reduction peak was attributed
to a two electrons-two protons process referring to the reduction of N=N group in the
ring to the corresponding HN—NH. The prepared electrode showed an excellent
response toward the electro-reduction of Lamot leading to a significant improvement in
sensitivity as compared to the Carbon nanotube, carbon nanoparticles and carbon nano
diamond modified glassy carbon electrodes. Lamot was determined by this simple bare
pyrolytic graphite electrode in a wide dynamic range of 0.08-100 pM and low detection
limit of 60 nM.

[1] M. Bialer, S.I. Johannessen, H.J. Kupferberg, Epilepsy Res. 34 (1999) 1.
[2] S. Shorvon, H. Stefan, Epilepsia 38 (1997) 45.
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Arrays of Chemically Modified Ultramicroelectrodes for
Multicomponent Bioanalysis
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Selective simultaneous determination of bioanalytes in complex mixtures is of great
interest for researchers and finds applications in analytical chemistry, medicine and
environmental monitoring. The simultaneous detection of multiple analytes can be
successfully carried out using the array of electrodes and amperometry as a detection
technique because of its high sensitivity and rapidity. Arrays of micro- and
nanodimensions have a great potential to be applied both for intra- and extracellular
measurements. Chemical modification of the electrodes can improve the performance
of the array. For instance, electrodes individually modified with different ligands can
be used for multianalyte detection. An array of electrodes modified with the same
ligand could be applied for obtaining the spatially resolved image of biocomponents
released from a cell, e.g. release of insulin from pancreatic B-cells. Modification helps
to increase the sensitivity of detection, minimizes the possible interference from other
electrochemically active components, and makes it possible to detect components
which are generally electrochemically inactive.

The purpose of this research is to develop different types of micro- and
ultramicroelectrode arrays for the simultaneous measurement and monitoring of
bioactive compounds (e.g., oxygen, glucose, insulin, glutamate). The electrodes in the
array are individually addressable and chemically modified. The research has been
started from the development of a two microelectrode array for simultaneous detection
of glucose and insulin. The array is fabricated by inserting a carbon fiber into each
barrel of a multibarrel glass capillary followed by pulling the capillary to form a sharp
tip containing two disk-shaped electrodes. The surface for glucose sensing was
modified with glucose oxidase entrapped into a polymer film grown by cycling the
enzyme and monomer containing solution at certain potential range or carrying out
potentiostatic electropolymerization of the monomer and enzyme mixture. The
performance of the electrode can be improved by including the electroactive mediators
which facilitate the electron transfer between the immobilized biocatalyst and the
electrode surface. Insulin can be electrocatalytically oxidized on a surface modified
with a mixture of ruthenium salts electrodeposited by cycling between -0.2 and 1.1 V
vs Ag/AgCl. The electrochemical properties of the array and its surface structure were
characterized by cyclic voltammetry, amperometry and scanning electron microscopy.
The modified electrodes in the array were tested on glucose and insulin solutions. The
expanded array containing 7 barrel electrodes for the detection of larger number of
bioanalytes is under development. The future plans include the fabrication of up to 25
individually addressable microelectrodes using photolithographic technique. Total
working surface of such arrays is 15-30 um. They can be applied for monitoring of the
analyte released from a single cell.
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A New Biosensor Based on Schiff-base Iron (III)
Complexes Modified Carbon Paste Electrode for
Simultaneous Determination of Anti-inflammatory Drugs

Lotfali Saghatforoush ', Mohammad Hasanzadeh® . Nasrin Shadjou *°
“Payame Noor University (PNU), "Toosi University of Technology (KNTU)
“ Department of Chemistry, Faculty of Science, Payame Noor University (PNU), P.O.
Box 58168- 45164, Khoy, Iran, fax: +98 461 2332556.
b Department of Chemistry, Faculty of Science, K. N. Toosi University of Technology
(KNTU),, Tehran, Iran
saghatforoush@gmail.com

A new chemically modified electrode is constructed based on Fe (III) Schiff base
modified carbon paste (Fe (II)-SBMCP) electrode. The electrode was evaluated as a
sensor for sub-micromolar determination of Mefenamic acid and Indomethacin in
aqueous solutions. The measurements were carried out by application of the differential
pulse voltammetry (DPV) method in phosphate buffer solution with pH 3.5. Fe (II)
loaded in Schiff base can increase anodic peak currents by adsorption of Mefenamic
acid and Indomethacin on electrode surface. The prepared electrode shows
voltammetric responses with high sensitivity and selectivity for Mefenamic acid and
Indomethacin in optimal conditions, which makes it very suitable for simultaneous
determination of these compounds. A linear relationship was found for Indomethacin in
the 0.2-150 pmol.L" range containing 10uM Mefenamic acid with a calibration
equation of Ip (nA) = 28.593¢ (umol.L™) + 21.79 (R* = 0.9990) and a detection limit of
0.08 pmol.L™".

Keywords: Schiff base, Mefenamic acid, Indomethacin, Modified electrode.
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Electrochemical Determination of Ibuprofen using Silver-
Modified Zeolite-Carbon based Electrode
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The electrochemical bahaviour of ibuprofen (IBP) was investigated at two types of
composite electrodes, i.e., silver-modified zeolite-multiwalled carbon nanotube-epoxy
(AgZCNT) and silver-modified zeolite-expanded graphite-epoxy (AgZEG) composites
electrodes, in comparison with comercial glassy carbon (GC) electrode. All
electrochemical measurements were carried out using a potentiostat/galvanostat
PGSTAT 30 (Eco Chemie, The Netherlands) controlled with GPES 4.9 software and a
three-electrode cell, with a saturated calomel electrode as reference electrode, a
platinum counter electrode and composites and respective, GC working electrodes. The
electrochemical investigation of ibuprofen oxidation and detection on the tested
electrodes was achieved using cyclic voltammetry (CV), chronoamperometry (CA) and
pulsed voltammetric/amprometric techniques. For example, two series of CVs recorded
at AgZEG and GC electrodes, respectively are shown in Figure 1. Some aspects
regarding the mechanism of IBP electrooxidation on the tested electrodes are
discussed. In comparison with GC electrode, both composite electrodes exhibited an
electrocatalytic effect towards ibuprofen oxidation allowing its determination in
aqueous solution with improved electroanalytical perfomance. The electrochemical
detection of IBP using composite electrodes revealed a good accuracy based on the
comparison with spectrophotometric results.

Monday, May 9, 2011
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Fig.1.CVs recorded in 0.1 M Na,SO, supporting electrolyte (curve 1) and in
the presence of various IBP concentration: curves 2-6:10-50 mgL™" IBP at:
a-GC electrode; b-AgZEG composite electrode
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Mixed Metal Oxide Composite Materials for Sensitive
Sensing of Monosaccharides

Adama-Marie Sesay', Adina Arvintel’z, Maarit Hattuniemil,
Mariana Pinteala® & Vesa Virtanen'

! CEMIS-OULU, University of Oulu, Salmelantie 43, 88600 Sotkamo, Finland
Petru Poni” Institute of Macromolecular Chemistry, 414 Grigore Ghica Voda Alley,
700487 lasi, Romania
adama.sesay@oulu.fi

New hybrid materials based on mixed metal oxide nanoparticles and carbon nanotubes
materials (CNT) homogenously dispersed in a Nafion polymer were synthesized for
electrocatalytic sensors application. Ni and Co mixed oxides exhibit interesting and
improved electrocatalytic activities and the possibility of utilizing these materials as
anode electrodes for the oxidation of carbohydrates is evaluated in the present work. A
screen-printed electrode body is used as platform for immobilization of the
nanocomposite to build the CNT-Ni-Co-oxide electrodes.

The electrochemical performance of these composite based sensors was investigated by
electrochemical methods, in terms of sensitivity, detection limit and stability towards
carbohydrates detection in alkaline media. Cyclic voltammograms of the modified
electrode show a stable and well defined redox couple in alkaline media due to the
synergy of Ni(II)/Ni(Ill) system with Co(Il)/Co(III). The modified electrode shows
excellent electrocatalytic activity toward monosaccharides oxidation at reduced
potential (250-300 mV vs Ag/AgCl) in alkaline solutions. Six monosacharides were
determined amperometrically at the surface of this new modified electrode with high
sensitivity over a wide range of concentrations, from 0.02 up to 12.12 mM. Low
detection limit of 5 uM could be obtained.

The electrochemical activities of the electrodes depend on both the catalytic properties
of the material and the electrode surface area. SWNT played an important role,
providing an electro-conductive network and having a large active surface area, helping
the metal oxide to be better dispersed and exposed toward solution. The electrocatalytic
properties toward carbohydrates detection are improved when metal oxides are
composited with carbon nanotubes material. The morphological features of CNT-Ni-
Co-oxide/Nafion composite were characterized by atomic force microscopy (AFM).
Such performance characteristics compare favorably with those of previously reported
metal oxide-modified electrodes and/or CNT-modified electrodes for carbohydrates in
alkaline solution, and indicate great promise for measurements of sugars in flow
systems.
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Iran
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Electrocatalytic activity of Cu®" immobilized on the topside of Gold-cysteamine-glutar
aldehyde-Lysine (Au-CA-GA-Lys) self assembled monolayer (SAM) electrode investigated
by differential pulse voltammetry (DPV) and cyclic voltammetry (CV) method. A new gold
SAM electrode constructed. This electrode illustrated a selective and reproducible
adsorption for Cu®* . Preparation steps of the modified electrode were studied by CV. In the
absence of Cu®" , DPV redox peak for ascorbic acid is observed at about 400 mv with
anodic current equal to 0.5 pA vs.Ag/AgCl for 1.0x10* M of ascorbic acid. At presence
of Cu*" on the modified electrode, anodic peak observed at 300 mv vs.Ag/AgCl with 4.5
nA for 1x10° M of ascorbic acid. This electrocatalytic acitivity of copper ion could be
apply for determination of trace concentration of ascorbic acid. The differential pulse
voltammetric response of the SAM modified electrode was linear against the concentration
of the ascorbic acid in the ranges of 1x10% - 1x10™® and 5x10® - 1x10°® with R*= 0.9978
and R*= 0.9981 respectively at pH=6.0. RSD were determined as 3.6% by DPV.
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Application of Recombinant Human Arginase I in
Analytical Biotechnology
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Koval’chuk Ye.P.!
!Chemical Faculty, Ivan Franko National University of Lviv, Kyryla and Mefodia str. 6,
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Ukraine;
Branch Campus of the Faculty of Biotechnology, Rzeszow University, ul. Sokolowska
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E-mail address: kovalch@franko.lviv.ua; Chemical Faculty, Ivan Franko National
University of Lviv, Kyryla and Mefodia str. 6, 79005 Lviv, Ukraine

For enzymotherapy of some malignant diseases (melanoma, hepatocarcinoma) is very
perspective the use of arginine-catabolizing enzymes. Proliferation of some cancer cells
are strongly depended on arginin concentration. Monitoring of arginin content in serum
blood is very essential for treatment control of some cancers.

The progress of nanotechnology opens the possibility to create bioselective elements
based on nanoparticles, which have unique properties not inherent to microsized
objects. Nanosized materials have high surface, which is very important for the
immobilization of enzymes.

The goal of this work is the development of a new biosensor for L-arginine assay based
on recombinant arginase I (EC 3.5.3.1; L-arginine amidinohydrolase) isolated from
overproducing yeast strain Hansenula polymorpha NCYC 495 and immobilized on gold
nanoparticles (nAu). nAu were synthesized by reduction of HAuCl, and functionalized
using 16-mercaptohexadecanoic acid. The enzyme was immobilized on modified nAu
using carbodiimide-pentafluorophenol method. The yield of arginase-nAu was 93 % of
initial enzyme activity. Arginase-nAu were characterized by scanning electron
microscopy (CEM), transmission electron microscopy (TEM), atomic force microscopy
(AFM) and X-ray spectroscopy. Storage stability of arginase-nAu was compared to the
control enzyme in solution.

Potentiometric bi-enzyme biosensor selective to L-arginine was developed. The
bioselective layers include arginase-nAu or arginase I (without nAu) and commercial
urease immobilized in alginate membrane on the surface of ammonium-selective
electrode. Some physico-chemical (t°-, pH-optimum) and enzymological (Ky value,
sensitivity, selectivity and storage stability) characteristics of the developed
potentiometric sensor were investigated. The biosensor exhibits a good response to the
target analyte with the linear range from 0.1 to 40 mM and detection limit below 10° M
of arginine. Moreover, biosensor was sufficiently stable and gives a fast response to
analyte (fys0, varies from 3 to 5 min). The constructed biosensor was tested on the real
samples of pharmaceutical products (Tivortin, Cytrarginine, Aminoplazmal 10% E). A
good correlation between results obtained by biosensor assay when compared to the
arginine content declared by commercial producers.
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We describe the synthesis of a novel poly(vinyl alcohol) [PVA] hydrogel doped with
liposomes, which is a candidate for synthetic implantable tissue. Cross-linking in the
hydrogel has been achieved by freeze-thaw cycles. Thus, uniquely, the synthesis of the
hydrogel involves no chemical cross-linkers, many of which are potentially
carcinogens, or a temperature or chemical / pH trigger for the gelation process, which
helps preserve the chemical environment within the liposomes. The integrity of the
liposomes during the freeze-thaw cycles has been ensured by the use of a
cryoprotectant (trehalose). Also, this method is considerably more advantageous than
photoinitiated cross-linking not only as it avoids the use of potentially toxic initiators
but also because the latter technique cannot be effectively applied to thick samples.
Liposomes, which are closed sacs formed by phospholipid bilayers, may be regarded as
prototype cells. The incorporation of ion channels, which can produce stimulus-
initiated ionic currents, in the liposomal membrane enables the mimicking of the
sensory action of the cell membrane. The liposome-doped hydrogels are considerably
more robust and stable than similar systems that have been extensively studied for
sensory applications, such as free-standing as well as supported bilayer lipid
membranes (BLMs). The hydrogels have been characterised by scanning electron
microscopy (SEM), transmission electron microscopy (TEM), fluorescence
microscopy, time-resolved fluorescence spectroscopy, cyclic voltammetry and
electrochemical impedance spectroscopy.

Fluorescence micrograph of liposomes containing 5-carboxyfluorescein embedded in
hydrogel matrix (the scale bar corresponds to 40 microns).
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Analysis of Bienzyme-type Lactose Biosensor Response by
Wavelet Transformation
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shitanda@rs.noda.tus.ac.jp (I.Shitanda)

Lactose sensor is important to diagnose lactose intolerance patients. In the present
study, we prepared bienzyme lactose sensor based on [-galactosidase and glucose
oxidase". Lactose is disaccharide, and hydrolyzed by f-galactosidase to glucose and
galactose. Thus, the lactose concentration can be determined by measuring the
generated glucose concentration. However, if a sample contains lactose and glucose, it
is not easy to distinguish the lactose and glucose responses. The wavelet transformation
(WT) has been shown a powerful tool for the deconvolution of the electrochemical
signals”. The WT can decompose a signal as a function of the frequency in time
domain.

The several signals with different time constants can be distinguish by using the WT. In
the present study, the bienzyme lactose sensor responses were analyzed by the WT for
simultaneous determination of lactose and glucose concentration.

Figure 1 shows current changes of the lactose biosensor in response to addition of (a) 1
mM lactose, (b) 0.1 mM glucose, (c) 1 mM lactose and 0.1 mM glucose solutions,
respectively. As you can see, the reaction time constant of glucose is about four times
larger than that of lactose. Figure 2 shows power spectrum density (PSD) signal of the
lactose biosensor response with time and pseudo-frequency calculated by WT. As
shown in Fig.2, the PSD signal related to the response of lactose was detected in low
frequency range around 0.1 Hz. On the contrary, the PSD signal related to the response
of glucose was detected in high frequency range around 20 Hz. These results indicated
that simultaneous detection of lactose and glucose can be achieved by combination of
bienzyme-type lactose biosensor with wavelet transformation.
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Figl. Current changes of the lactose biosensor in response to Fig2. PSD signal of the lactose biosensor response with time and
addition of (a) 1 mM lactose, (b) 0.1 mM glucose, (¢) 1 mM pseudo-frequency calculated by WT (a) 1 mM lactose, (b) 0.1 mM
lactose and 0.1 mM glucose solutions, respectively. glucose, (¢) 1 mM lactose and 0.1 mM glucose solutions, respectively.
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Electrochemical microdevices as a promising analytical
tool for in vivo exploration of oxidative stress
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Electrochemical devices represent a powerful tool to explore directly and easily
oxidative stress on human skin. Among the involved species, the low molecular weight
antioxidants (LMWA) are able to transfer electrons to reduce and eliminate pro-
oxidants, molecules responsible for oxidative stress. Cyclic voltammetry was
performed to detect LMWA and to evaluate the antioxidant capacity of skin [1].
However, the method used suffered from two major drawbacks. Firstly, the
measurements involved handmade fabricated microelectrodes. This production way is
time-consuming and each microelectrode must be characterized to check the active
surface. Secondly, the device, composed of a working microelectrode, a commercial
reference electrode and a macroscopic counter electrode, was bulky and complex for
routine analysis. Now, thanks to microtechnologies, generic microelectrodes and
electrochemical microdevices can be mass fabricated with multiple geometries.
Nevertheless, to obtain reliable and reproducible results, the electrochemical
measurements require a prior knowledge of the microelectrodes materials, and more
especially of the surface states and properties. Integrated electrochemical microdevices,
involving the working, counter and reference electrodes, were fabricated thanks to
"Silicon & Polymers" microtechnologies. The thin film metallic materials used, i.e.
gold, platinum and silver, were characterized by cyclic voltammetry to study the
quality and the definition of active surface. Finally, the silver electrode was oxidized to
obtain the integrated reference electrode. To explore the global antioxidant capacity of
the skin, the microdevices were directly placed on the inside of the forearm (Fig. 1.).
The recorded cyclic voltammogramms (Fig. 2.) showed well defined anodic current,
induced partially by the electrochemical oxidation of the antioxidant species. Such
current-potential curves were compared to those obtained with electrochemical
standard devices, evidencing a good agreement between the different results.

[1] A. Ruffien-Ciszak et al., J. Pharm. Biomed. Anal. 40 (2006) 162.

v -

Fig.1. Electrochemical microdevice Fig.2. Cyclic voltammogramm obtained
directly on the skin directly on the forearm with microdevice
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Amperometric Detection of Catechol
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Graziella Liana Turdean, lonel Catalin Popescu
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11, Arany Janos St., 400028 Cluj-Napoca, Romania
*E-mail: gturdean@chem.ubbcluj.ro

In last years many research effort have been performed in the field of electroanalytical
chemistry in order to improve the design of electrochemical biosensors, looking for
better analytical characteristics in terms of sensitivity, selectivity, reliability, simplicity
and low cost. Additionally, the exponential growth observed in the fields of
nanoscience and nanotechnology, results into a rapid advance of using of nanomaterials
(i.e. nanometer-sized particles) in the areas of bio-electro-analysis and new electrode
materials. At the present it is well-known that the performance of biosensors depends
significantly on the strength of interactions existing between the immobilized
biomolecules and the electrode material. In this context, the use of nanomaterials for
the construction of biosensing devices constitutes one of the most exciting approaches
[1-3].

In this context, the electrochemical investigation of two new modified electrodes based
on Pt-nanopaticles (Pt-NPs), deposited on graphite powder entrapped either in
polypyrrol (pPy) or in Nafion® polymeric films was performed under different
experimental condition (scan rate, pH and catechol concentration). The voltammetric
response of the modified electrodes towards catechol was significantly enhanced by the
presence of Pt-nanopaticles. The electroanalytical parameters for both modified
electrodes, compared with those corresponding to the unmodified electrodes,
recommend them as amperometric transducers for tyrosinase based amperometric
biosensors.

References

[17 J. M. Pingarro, P. Yanez-Sedeno, A. Gonzalez-Cortes, Electrochim. Acta 53 (2008)
5848.

[2] X.-Q. Yang, L.-H. Guo, Anal. Chim. Acta 632 (2009) 15.
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Bio-electronic devices, that employ enzymes as bioactive interfaces, can provide real-
time reliable information about the chemical composition of their surrounding
environment. An improved immobilization of the enzyme onto the electrode surface
can be obtained by incorporating this biological recognition element into a
biocompatible matrix. In this strategy, the preservation of the native configuration of
the enzymes and therefore the enzymatic activity can be ensured.

The embedding matrix, under investigation in this work, is the water soluble protein
gelatin, an example of a physically crosslinked hydrogel. There are different types of
gelatin available, with type A and type B gelatin being the most common. Although
different research groups have reported on the use of gelatin as immobilization matrix,
the electrochemical behaviour of gelatin studied at electrode surfaces has not been
published yet to our knowledge.

In the presented work, the electrochemical behaviour of gelatin coated gold electrodes
in physiological pH conditions is studied in a potential window -1.5 till 1.0 V vs SCE
(saturated calomel reference electrode) by performing cyclic voltammetry. Redox
processes due to the gold surface, the used HEPES (2-[4-(2-hydroxyethyl)-
piperazinyl]ethanesulfonic acid) buffer solution and the gelatin layer are identified. A
similar electrochemical behaviour is observed for gelatin A and gelatin B. The
deposition of gelatin onto the gold surface is confirmed by attenuated total reflection-
infrared (ATR-IR) spectroscopic analyses.

To avoid the interference of the above mentioned redox reactions, applying a reduced
potential window is necessary to study the immobilization of a redoxactive enzyme in
the gelatin matrix. The challenge of the ongoing research is to identify and clarify the
redox processes occurring at the gold electrodes, modified with a gelatin layer,
containing an enzyme. The selected enzyme currently under study is alcohol
dehydrogenase.
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Electrochemical Detection of Purine Metabolites in
Human Urine

Stanislav Hasofi!, Vladimir Vetterll, Frantisek J elenl, Miroslav Fojtal, Sona
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and Faculty of Medicine, Masaryk University
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A sensitive electrochemical method was developed for simultaneous determination of
uric acid (UA), xanthine (XAN), hypoxanthine (HYP) (products of purine catabolism
in human), allopurinol (ALO), and oxypurinol (OXY) (a drug used in treatment of
purine catabolism disorders and its metabolite, respectively). It is demonstrated that
differential pulse voltammetry in connection with a special prepared electrode can
serve as a simple and efficient tool for monitoring transformation of purine catabolites
(HYP - XAN - UA) catalyzed by xanthine oxidase (XO) as well as inhibition of this
pathway by ALO. The mechanically treated electrodes have been tested in analysis of
real clinical samples of human urine.
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Aflatoxins B1 and B2 are secondary metabolites produced by the aflatoxigenic species
of the filamentous fungi Aspergillus flavus and A. parasiticus when they infect corn,
cotton, peanuts, and tree nuts. These compounds are known to be toxic and
carcinogenic to animals and humans. A positive correlation between aflatoxin
contamination of agricultural commodities and primary human hepatocellular
carcinoma has been documented. For this reason, efforts to reduce and eventually
eliminate aflatoxin contamination from food and feed have been undertaken by
scientists [1].

Convectional methods for identifying and detection fungi rely on microscopic or
culture techniques, which are time consuming. DNA-based detection (method like
PCR) is more sensitive, specific and had been employed for the detection of
aflatoxinogenic fungi [2]. We are focused on the detection of Aspergillus species by
using plate techniques, by molecular biological methods (PCR) and electrochemical
detection of DNA hybridization gene encoding of aflatoxin production.

In this contribution, we compared a few DNA extraction methods for Aspergillus
species and tested the resulting DNA as to its suitability for PCR and for
electrochemical detection of DNA. We detected the specific section of gene encoding
the production of aflatoxin B1. For the electrochemical detection were used different
carbon electrodes (carbon paste electrode, screen printed carbon electrode, glassy
carbon electrode and 3-electrode sensor from BVT Technologies). Specific sequence of
DNA was immobilized onto a surface of the carbon electrode. Unoccupied surface was
blocked and hybridization between the target DNA and biotin-DNA probe followed.
Then the conjugate of streptavidin with alkaline phosphatase was added and bound to
the biotin labelled probe. The electrode was placed into voltammetric cell containing
buffer with substrate for alkaline phosphatase. The product of enzymatic reaction
quantified voltammetric technique (DPV, SWV, LSV). Numerous variables of the
assay protocol were characterized and optimized. Then, the procedure was used for the
detection of pure culture of Aspergillus species and DNA of Aspergillus species
isolated from real samples of feed and foodstuffs.

Acknowledgments: This work was supported by the Ministry of Education, Youth,
and Sports of the Czech Republic (projects MSM0021627502 and LC06035).
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Based on the Enhancement Effect of
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*Correspondence, E-mail: wapple(@fzu.edu.cn

Dienestrol(DIES) is a synthetic non-steroidal estrogen used as growth promoters in
culturing. In the last decade, the dienestrol residue in related animal products has
attracted attention due to its high estrogenic potency and toxic effects on public
health.The use of DIES is strictly banned in the EU by Directive 96/22/EC and
Ministry of agriculture of China. Different methods including chromatography have
been developed over years for monitoring the illegal use of DIES. However, it is
always difficult to rapidly and precisely monitor for abuse of DIES especially in tissue
samples due to the complexity of biological matrices and the lower accumulate levels.
The carbon paste electrode has been widely applied in the electroanalysis owing to its
ease of fabrication and modification, and renewable surface. Various carbon materials
have been used for the construction of CPE to improve sensitivity, selectivity and
stability, Carbon black, known for its abundance defect sites and high surface area, is
commonly applied in gaseous phases analysis, fuel cell and lithium battery.As far as we
know, few applications have been reported using CB as an sensing material for sensors.
A simple and low-cost dienestrol sensor was prepared and investigated based on
CB/CPE in the presence of CTAB below CMC. Higher sensitivity and stability, better
electron transfer and electrocatalytic properties than the CPE towards DIES were
observed by FSEM, EIS and CV, which were attributed to the high
surface-area-to-volume ratio of CB. Moreover, abundance CTAB molecules adsorbed
on the CB/CPE surface via hydrophobic interaction, altered the structure of
electrode/solution interface and enriched DIES on the electrode surface. The oxidation
peak current of DIES increased greatly and the oxidation potential lowered, indicating
the electron transfer between DIES and the eclectrode becomes easily. A new
electroanalytical method for DIES has been established by DPV, and the linear range
was from 1.0x10* to 1.1x10° molL™" with the detection limit of 3.7x10” molL"'
(S/N=3). The proposed sensor was successfully applied to fish muscle samples analysis.
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In recent years, transition metal oxide nanomaterials have attracted considerable
attention in the area of electrochemical biosensor. Among various kinds of transition
metal oxide nanomaterials, manganese oxides have been the target of many studies
because of its outstanding structural flexibility properties. Direct electron transfer
between proteins and electrodes has also attracted considerable attention since it can
serve as a model system to understand electron transfer mechanisms in biological
systems, and also provide a foundation for the construction of electrochemical
biosensors. As one of manganese oxides, Mn;O4 has been the key topics because of
their potential applications in electrochemical areas, including Li-ion batteries,
electrochemical supercapacitors [1, 2]. However, as far as we know, there is no report
on the direct electron transfer based on Mn;O4 nanomaterials.

In this study, we first reported an application of Mn;O, octahedral nanoparticles (Fig. 1)
prepared by a simple hydrothermal method in the fabrication of an electrochemical
biosensor. The direct electrochemistry of glucose oxidase (GOD) immobilized in the
modified electrode based on a composite film of Mn;O,4 octahedral nanoparticles and
Nafion has been investigated with a fast electron transfer rate of 18.6 s (Fig. 2).
Considering lower cost and ready preparation of Mn;O,4, the Mn304 based modified
electrode should have wide applications in third-generation biosensors, bioelectronics
and electrocatalysis.

Current / pA
=3
=3

00 01 02 03 04 05 06 -07
E/V vs. Ag/AgCl

Fig. 1. TEM image of Mn;0, Fig. 2. CV curves of Mn;O4-Nafion/GCE (a),
nanoparticles GOD-Nafion/GCE(b), GOD-Mn;0,-
Nafion/GCE (c) in 0.1 M PBS (pH 7).
References
[11P Li, C Nan, Z Wei, J Lu, Q Peng, Y Li, Chem. Mater. 22 (2010) 4232.
[2] CHu, Y Wu, K Chang, Chem. Mater. 20 (2008) 2890.
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metinak@pau.edu.trs

Building super-structured CPs is of great interest because of the novel properties that
could arise from such structures.[8—11] Branched conducting polymers with
electronically-connected nodes are excellent candidates among this family of super
structured CPs; with such polymers, there should be no need for inter-chain coupling or
inter-chain electronic transfer to ensure high electronic conductivity. Moreover, this
type of material possesses a three dimensional structure which could also improve the
conductivity.[1]

In this work, we synthesized a new star-shaped SNS derivative (2,4,6-tris(4-(2,5-
di(thiophen-2-yl)-1H-pyrrol-1-yl)butylamine)-1,3,5-triazine) (Fig.1). Electrochemical
and electrochromic properties of SNS derivative were investigated.

NS
N s
NS < _
_<NH S
N
HN— N N
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s
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Fig.1 Star-shaped SNS derivative
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A single-channel compact-sized taste sensor using a polyion-complex Langmuir-
Blodgett (LB) film is reported. A sensing film consisting of dioctadecyldimethyl
ammonium bromide (DOABr ) was deposited in 20 layers on an evaporated Au film
with potassium polyvinyl sulfate (PVSK) as an under layer. The measuring
parameters were the maximum potential change depending on the adsorption effect and
the stability potential change depending on the disadsorption effect. The sensor holder
is easy to carry and is used to measure only with dipping taste solutions. Five basic
taste substances were discriminated completely with these parameters.

Figurelshows a schematic of the new type of sensor holder used for measuring taste
substances. The holder is made of a poly dimethyl siloxane (PDMS) resin plate and a
taste sensor with glass plate is attached to the other side of the unit The holder were
dipped into sample solutions each containing one of five basic taste materials. The
solutions flowed at a suitable rate into a sensor chamber through a small hole 5 mm in
diameter. A salt bridge was also attached by connecting a reference electrode to one
side of the holder and connected to KCL saturated solution by measuring the other
reference electrode in the solution. Figure 2 shows a taste map for the five basic taste
substances that had a low concentration of 5 mM. Five basic substances were clearly
discriminated with small variance by using two of the maximum potential change and
the stability potential change as measuring parameters.

Sensor plate
310

Sa |t— brldg e Saltiness  : Sodium chloride
S Soumess : Citric acid Soumess
£ 9290 [ | Sweetness : Sucrose
PDM = Bitterness : Theophylline "E‘
. g Umami : MSG
u % 270 + (Concentration :5 mM)
< Umami
o]
.................. E |
= B0 1 sattiness Bitterness
Qﬂ §_ I Sweetness .-I—|
i\ 230
|
0 X 210 f
=
L 190
150 170 190 210 230 250 270

[mm] Stability potential change [mV]

To taste solutions
Fig. 1 New taste sensor holder Fig. 2 Taste map for five basic tastes
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The electrochemical quartz crystal microbalance (EQCM) is a powerful tool that can be
successfully employed to investigate electroactive films deposition mechanisms at
quartz crystal based substrates, enabling the monitoring of both mass and current
change during the deposition process.

Neutral red (NR) and methylene blue (MB), as electroactive phenazine monomers, can
be electropolymerized, the corresponding polymers being widely used in sensors and
biosensors. Interest has focussed on investigating how counterions and protons are
involved in the redox process of the phenazine polymer, monitoring the mass change
correlated to the ion exchange during the redox process [1]. The polymerization
process of phenazine monomers is complex, and is still unclear, the aim of this work
being to investigate the electropolymerization process by potential cycling of the
monomers MB and NR on different substrates based on gold piezoelectric quartz
crystals (AuQCM), with simultaneous gravimetric monitoring.

MB monomer was deposited at AuQCM and nanostructured ultrathin sputtered
AuQCM (AuQCM/C), prepared as described in [2], and NR on AuQCM and on layer
by layer films of hyaluronic acid with myoglobin deposited on AuQCM (AuQCM-
{HA/Mb}¢, made following the procedure in [3]. The purpose was to investigate how
the monomer chemical structure together with electrode morphology and surface
roughness can influence the electropolymerization mechanism and properties of the
phenazine-modified electrodes. The polymerization process of MB and NR differ
which can be attributed to their different chemical structures and hydrophilicity. The
substrates also influence the polymerization, ascribed to dissimilar monomer
interaction with and adhesion at the electrode surface, which initiate the process. Cyclic
voltammetry and electrochemical impedance spectroscopy were used to analyze the
electrochemical properties of the PNR-modified electrodes and were compared with the
unmodified AuQCM.

By comparing the results obtained at different AuQCM based substrates, valuable
information can be obtained for future application of these modified electrodes in
sensor and biosensor devices.

[1] D. Benito, C. Gabrielli, J.J. Garcia-Jarenio, M. Keddam, H. Perrot, F. Vicente,
Electrochem. Commun., 4 (2002) 613

[2] E.M. Pinto, C. Gouveia-Caridade, D.M. Soares, C.M.A. Brett, Appl. Surf. Sci., 255
(2009) 8084

[3] M.M. Barsan, E.M. Pinto, C.M.A. Brett, Electrochim. Acta, 55 (2010) 6358



9" Spring Meeting of the International Society of Electrochemistry

P-058

Theory of Large-Amplitude AC Voltammetry for
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Ac voltammetry [1] is a powerful technique for interrogating electrochemical systems
using an applied voltage. The voltage input consists of a dc ramp, E4.(t)=E;,-vt, with a
superimposed sinusoidal excitation, E,.(t)=-AEsin(wt). Existing theoretical results for
the current response assume small amplitude sinusoidal excitations and the “slow scan
limit approximation’’ [2], where the frequency, ®, of the sine-wave is on a much faster
time-scale than the rate of the dc ramp, v. However, there are no theoretical estimates
of the limits of accuracy of the slow scan limit approximation and the assumption of
small amplitude sinusoidal excitations is very restrictive. Here we derive theoretical
results valid for sinusoidal excitations of any magnitude, and include rigorous estimates
for the error induced by the slow scan limit approximation. We also show how the
Hanning window [3] can be used in conjunction with the FFT to remove the effects of
spectral leakage and isolate the purely faradaic higher harmonics in the presence of
large capacitance, as shown by the distinct peaks in the power spectrum in Figure 1.
Using these results, we detail protocols for deriving the parameters describing the
underlying electrochemical system from the experimental current response. The half-
wave potential, E'j,, can be deduced easily from the symmetry of the harmonic
envelopes, as shown in Figure 2, while other parameters can be deduced from different
features of the harmonic envelopes and the dc response. These simple protocols will
greatly enhance the capability and applicability of this technique.
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Figure 1: Power spectrum of FFT using Figure 2: Envelope of 2nd harmonic with
Hanning window. symmetry about E4(t)=E"},.
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Electrochemical impedance spectroscopy (EIS) has been widely used in applications
such as corrosion and biosensor over these decades. For the development of
electrochemical sensor, the condition and property of electrode surface play a crucial
role. The factors of how the surface property affects the electrochemical response have
been studied for years; however, a more detailed research of the mechanism is still
required. In a faradaic EIS, a Randles model is often used to fit the measured
impedance data and the circuit element of charge transfer resistance (R.) dedicates the
most of the impedance change. Apart from the energy potential of the redox pair, steric
hindrance and electrostatic force are the two well known factors responded for the R,
change. To further investigate how these two factors affect the R, element, we used
both conductive atomic force microscopy (CAFM) and electrochemical method as
tools. In this study, two novel conductive linkers, HS-CgH;S,-(CH,),-COOH (n=3, 6),
were used to form the self-assembled monolayers (SAMs) on the gold electrode.
Besides, another two conventional thiol linkers, HS-(CH,),,-COOH (12MCA) and HS-
(CH,),-NH, (Cysteamine) were also used for comparison. From the results of CAFM,
it can be found that the conductivity of both conductive linkers is significantly higher
than conventional thiol linkers. By the help of these conductive linkers, the steric
hindrance effect of the conventional thoil linkers can be reduced greatly, especially for
HS-CgH;S,-(CH,);-COOH whose resistance is in the same order as that of the bare
gold electrode. However, from EIS experiments performed in pH 7.2 PBS with 1 mM
Fe(CN)s*, which is the condition usually applied in measurement of antibody-antigen
interaction, we found that both conductive and non-conductive linkers with carboxyl
functional groups shows the same orders of Ry, which are around 1 MQ. This is due to
the deprotonation of carboxyl groups in high pH condition and induces large repulsive
electrostatic force. In contrast, the R of cysteamine is nearly the same with bare
electrode because of the protonation of NH, group. This result indicates that the steric
hindrance plays a much minor role between these two effects. This fundamental
understanding can be very helpful in various kinds of surface researches and EIS
biosensor development. For example, for faradiac type biosensors, conductive SAMs
has recently been developed to lower the impedance baseline. Once the impedance
baseline is lower, the measured current can be three orders higher than in the use of
conventional long chain thiol linker, and further improve the sensor sensitivity and
detection limit. By this understanding, we can further design a series of conductive
linker to improve the sensor performance.
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Salt Matrix Voltammetry

Sara E. C. Dale, Charlie Y. Cummings, Frank Marken
Department of Chemistry, University of Bath
Claverton Down, Bath, BA2 74Y, UK
S.Dale@bath.ac.uk

The triple phase interface between electrode | ammonium chloride salt crystal | gas is
investigated. It is shown that through microscopic contacts between the salt crystals
and the electrode it is possible to carry out voltammetry and electroanalysis. Humidity
plays an important role in this process due to the existence of a thin layer of water on
the salt crystals therefore allowing a current to pass. The negative portion of the
potential window is controlled by the amount of oxygen present in the system.
Removal of the oxygen by means of passing argon gas through the electrochemical cell
increases the size of the potential window allowing the possibility for gas sensing
applications. Electro-deposition of copper is also investigated and it is shown that
copper deposits are only weakly bound to the electrode surface.

working electrode

(A) (B) e

7 e, IS contact points | L
| paels sy - \ electron transfer
= . e o - conducting pathways «¥.__and microphase
argon out > R agann | redox reaction
- » ) 5
A
4§ >
ammonium chloride Dt

with redox system

SCE counter/reference
electrode

Figure 1. Schematic drawing of the electrochemical cell with an SCE counter/reference
electrode and a gold disc working electrode. A redox system is immobilised onto the
ammonium chloride crystals and gas such as argon is passed through the cell with
defined relative humidity. (B) Schematic drawing of the redox process at the salt |
electrode | gas triple phase boundary based on ion mobility across the salt crystal
surface.
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Wall Electric Polarization as a Stability Modifier for
Wall-bounded Water Flow

Vytautas Daujotis, Deivis Plausinaitis, Magne Waskaas* and Rimantas Raudonis
Department of General and Inorganic Chemistry, Vilnius University,
LT-01513 Vilnius, Lithuania; e-mail: vytautas.daujotis@chf-vu.lt
*Faculty of Technology, Telemark University College, Kjolnes Ring 56, N3918
Porsgrunn, Norway

Stability modifiers, which are used to effect a desired change in wall-bounded flows,
are those methods of flow control that alter the shape of velocity profile to minimize
the linear growth of unstable waves in boundary layers [1]. Increase of net energy gain
in two Norwegian hydroelectric power stations has proved that positive electric
polarization of the wall is an efficient method for reduction skin-friction drag in water
boundary layers [2]. Hypotheses for this reduction include the change of interfacial
water properties during polarization of the wall [2, 3]. However, the precise mechanism
of this effect is not clear yet what hampers to efficiently realize its potential benefits.
Here we show that the measured averaged viscosity and density values of interfacial
water on gold electrode decreases and increases, respectively, when the electrode
potential is shifted towards the potential of zero charge. We found that the polarization
of the wall towards pzc lowers the viscosity near the surface and makes the viscosity
gradient along a normal from the wall surface less negative. That increases water flow
velocity gradient near the wall and minimizes the linear growth of unstable waves, i.e.
the wall electric polarization is likely to function as a stability modifier for wall-
bounded water flow. The electric polarization is simple and low energy consuming
what is a great advantage over the other stability modifiers such as wall heating or
cooling, wall motion, suction, shaping. We anticipate our results to be starting point for
more sophisticated and effective use of applied potential to actively manipulate a wall-
bounded liquid flow field to effect a desired change.

References

[1] M. Gad-el-Hak, Flow Control: Passive, Active, and Reactive Flow Management,
Cambridge University Press, New York, 2006.

[2] M. Waskaas , V. Daujotis , K. E. Wolden , R. Raudonis , D. Plausinaitis, Russ. J.
Electrochem. 44 (2008) 602.

[3] D. Plausinaitis, M. Waskaas, R. Raudonis, V. Daujotis, Electrochim. Acta 51
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On-Chip Electric Field Driven Electrochemical Detection
using Boron-Doped Diamond Microelectrodes

Eleonora O. J. orgel, Mikael Karlssonz, Pontus Forsbergz, Fredrik Nikolaj effz, Leif
Nyholm'
'Department of Materials Chemistry, Angstrom Laboratory, Uppsala University.
Box 538, SE-751 21 Uppsala, Sweden.
’Department of Engineering Science, Angstrém Laboratory, Uppsala University,
Box 534, SE-751 21 Uppsala, Sweden.
eleonora.jorge(@mkem.uu.se

The miniaturisation of electrochemical devices has been gaining renewed attention as a
consequence of the rapid development within the field of lab-on-a-chip systems'. This
owing to the fact that electrochemical devices can be readily miniaturised without loss
of performance through the use of standard microfabrication techniques.

The main on-chip application of electrochemistry entails electrochemical detection
(ED) in capillary electrophoresis (CE)'?. The main problems associated with this
application are interferences due to the presence of the CE electric field™* and
uncertainties in the positioning of the electrodes'?. Klett et al.” demonstrated that the
influence of the separation electric field on ED can be eliminated by ensuring that the
detection and reference electrodes are positioned on an equipotential surface. It has
also been shown® that the separation electric field can be used for detection by
measuring the current between two microband electrodes in the end column detection
mode. The electric field can then be use to drive amperometric detection anywhere
within a microfabricated flow channel containing an array of microband electrodes’.
Our present study® aims at the development of electric field driven ED techniques for
inclusion in chip-based devices. Following the procedure described elsewhere’ it will
demonstrate that by using a different and more stable electrode material, the external
electric field can be employed to drive amperometric detection between two electrodes
in an array of 20 boron-doped diamond microband electrodes. This enables the ED of
electroactive species such as ferro/ferricyanide, ascorbic acid and dopamine.

1. Nyholm L. 4nalyst 2005, 130, 599.

2. Xul.-J., Wang A.-J., Chen H.-Y. Trends Anal. Chem 2007, 26, 125.

. Wang K., He F.Y., Liu A.L., Xu J. J., Chen H.Y., Xia X.H. Langmuir. 2006, 22,
7052.

. Matysik F. -M. J. Chromatogr. A 1996, 229, 742.

. Klett O., Bjorefors F., Nyholm L. Anal. Chem. 2001, 73, 1909.

. Klett O., Nyholm L. Anal. Chem. 2003, 75, 1245.

. Ordeig O., Godino N., del Campo J., Munoz F.X., Nikolajeff F., Nyholm L. Anal.
Chem. 2008, 80, 3622.

8. Jorge E.O., Karlsson M., Forsberg P., Nikolajeff F., Nyholm L. In preparation.
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Conductometric Hydrogen Gas Sensor Based on
Electrochemically Deposited Polypyrrole Nanowires

C. Debiemme-Chouvy'?, L. Al-Mashat’, S. J. Ippolito4, K. Kalantar-Zadeh®, W. Wlodarski’
" UPR15 du CNRS, Laboratoire Interfaces et Systémes Electrochimiques,
4 place Jussieu, 75252 Paris Cedex, France.
2 University Pierre et Marie Curie, 4 place Jussieu, 75252 Paris Cedex 05, France
3 Sensor Technology Laboratory, School of Electrical and Computer Engineering, RMIT
University, Melbourne VIC 3001, Australia.
* School of Applied Sciences, RMIT University, Melbourne VIC 3001, Australia.

E-mail address: catherine.debiemme-chouvy@upmc.fr

Nanostrucrued conducting polymers and their nanocomposites are considered attractive
materials for gas sensing due to their high surface to volume ratios and room
temperature operation [1,2]. Controllable deposition of polypyrrole (PPy) nanowires
can be achieved through electropolymerization [3]. In this work, PPy nanowires were
electrodeposited on an conductometric interdigitated transducer and characterized with
scanning electron microscopy (SEM) as shown in Fig. 1, as well as Raman
spectroscopy (Fig. 2). The sensor was tested towards different concentrations of H, gas,
at room temperature (Fig. 3).
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Fig. 1. SEM images of the sensor's surface.
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Fig. 2. Raman spectrum of PPy. Fig .3. H, gas sensor dynamic response.

[1]1L. Al-Mashat, H. D. Tran, W. Wlodarski, R. B.Kaner, K. Kalantar-zadeh, Sens.
Act. B: Chem. 134 (2008) 826.

[2] L. Al-Mashat, K. Shin, K. Kalantar-zadeh, J. D. Plessis, S. H. Han, R. W. Kojima,
R. B. Kaner, D. Li, X. Gou, S. J. Ippolito, W. Wlodarski, J. Phys. Chem. C 114
(2010) 16168.

[3] C. Debiemme-Chouvy, Electrochem.Comm. 11 (2009) 298.
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The stabilization of charged states at phenazine-like units
in polyaniline under p-doping: An in situ ESR-UV/vis/NIR
and ATR-FTIR spectroelectrochemical study

E. Dmitrieva, A. Kellenberger, L. Dunsch
Leibniz Institute for Solid State and Materials Research, IFW Dresden, Center of
Spectroelectrochemistry, Department of Electrochemistry and Conducting Polymers,
Helmholtzstrasse 20, D-01069 Dresden, Germany. Tel:+49 351 4659 660; Fax:+49
3514659811,
e-mail: L.dunsch@ifw-dresden.de

Since the early works on polyaniline (PANI) structures [1,2] it is obvious that
phenazine rings have to be considered as a part of the polyaniline chain. The role
of phenazine-like units on the stabilization of charged states in PANI was studied
by in situ FTIR and ESR-UV/vis/NIR spectroelectrochemistry. The comparative
FTIR studies of electrochemically prepared PANI and its copolymers with different
ratios of phenosafranine monomer give evidence on the existence of phenazine-like
units in PANI. During p-doping of PANI in situ FTIR spectra with characteristic
vibrations of linear structures are observed together with a new peak at 1540 cm’'
attributed to the changes induced in the phenazine-like units (Fig.). The potential
dependence of IR bands at 1572, 1476, 1318, 1250 and 1145 cm’ observed during
oxidation was compared to that of the ESR and the absorption data [3] and points
to the diamagnetic species like n-dimers formed at higher oxidation level of PANI.
By the potential dependence of the IR line at 1540 cm™ it was shown that the part
of m-dimers in the polymer is stabilized at the link of the phenazine unit to the
linear PANI segment while the linear aniline segment stabilizes the polaron and the
polaron pair in the PANI structure in the initial oxidation [4]. By the combination
of in situ ATR-FTIR and in situ ESR-UV/vis/NIR spectroelectrochemistry on the
role of the phenazine structure in the stabilization of charged states during p-do-
ping of polyaniline can be clarified.
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Fig. (a) In situ ATR-FTIR spectra during the anodic oxidation of PANI. Potential
dependence of the spectroscopic data during oxidation of PANI (b) and its
copolymer (c).

[1] R. Willstdtter , C.W. Moore, Ber. Dtsch. Chem. Ges. 40, 2665 (1907)

[2] L. Dunsch. Dissertation, Bergakademie Freiberg (1973)

[3] E. Dmitrieva, Y. Harima, L, Dunsch J. Phys. Chem. B. 113, 16131 (2009)

[4] E. Dmitrieva, A. Kellenberger, L. Dunsch, PCCP (2011), DOI:
10.1039/c0cp01264e
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Electroreduction and Sensing of Dissolved O, and H,0, on
a Polypyrrole/Magnetite Hybrid Electrode

Balazs Endrédi,, Csaba Janaky, Gabor Bencsik and Csaba Visy
Department of Physical Chemistry and Materials Science, University of Szeged
Rerrich square 1, Szeged H-6720, Hungary
Email: endrodi.balazs@stud.u-szeged.hu

Conducting polymer based magnetic (nano)composite electrodes are still in the focus
of research and development, because these materials show both high electric
conductivity and magnetic susceptibility and can be used for instance as electrocatalyst
in several electrochemical processes.

Although polypyrrole and PEDOT [1] layers are proved to be active in the electro-
catalytic oxygen-reduction reaction alone, they are often combined with different
ferrites to enhance the activity. Magnetite (Fe;04) nanolayers are prominent candidates
for electrocatalytic applications due to the redox switching between Fe''/Fe*". This
behavior can be exploited in different processes, such as the O, or H,0O, reduction.
Magnetite/Polypyrrole hybrid layers were electrochemically deposited on gold
electrode by exploiting the chemical interaction between the nanoparticles and the
conducting electrolyte (K-tetraoxalate) [2]. These electrodes showed sensitivity during
the electrochemical measurements toward the dissolved molecular oxygene, which
effect could be enhanced by illumination with white light, where the photocurrent was
the consequence of the electrochemical decomposition of the intermediers, primarly the
hydrogen-peroxide.

To justify this theorem independent measurements were carried out which aimed at the
electrochemical decomposition of hydrogen-peroxide. Our chronoamperometric
experiments proved, that the hybrid electrode can detect really small, even 40 uM of
concentration H,O, in aqueous phosphate buffer (c=0.5M, pH=7), and can be calibrated
with excellent linearity. This brings up the opportunity of its application in
electrochemical sensors.
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Based on our results, further studies on the detection of H,O, in the presence of oxygen

are in progress, and will be presented.

[1] Bencsik, G.; Lukacs, Z.; Visy, C., Analyst 2010, 135 (2), 375-380.
[2] Janaky C., et al., J. Phys. Chem. C, 2010, 114, 19338-19344.




9" Spring Meeting of the International Society of Electrochemistry

P-066

Electro-catalytically Propelled Nanomotors for Chemical
Sensing Approaches
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b) University of California San Diego, Dept. of Nanoengineering
La Jolla, CA 92093, USA

Nanomotors open new opportunities for both microfluidics and chemical sensing. Such
flow systems can be considered nanofluidic chips where the solid phase is moved
instead of the liquid. The movement of electro-catalytically propelled nanomotors can
be controlled by several means:

First we illustrate how to influence the movement of bimetallic nanowire motors by
applying short heat pulses to accelerate them or to slow them down. The accelerated
motion observed during the heat pulses is attributed to both the thermal activation of
the redox reactions of the hydrogen peroxide fuel at the platinum and gold segments
and to the decreased viscosity of the aqueous medium at elevated temperatures. The
thermally influenced motion during repetitive temperature pulses is highly reversible
and fast.[1]

We also report on the electrochemically controlled movement of bimetallic
nanomotors. By placing a gold microwire electrode in close proximity to the plane of
the nanomotors and applying different potentials, we achieved a cyclic ‘on’ and ‘off’
electrochemical activation of the nanomotor motion. These effects can be attributed to
the depletion of hydrogen peroxide or formation of dissolved oxygen during either
negative or positive polarization.[2]

Furthermore, we exhibit the first example of motion-based chemical sensing based
upon bimetallic nanomotors. We performed highly selective and sensitive detection of
silver(I) based upon the dramatic acceleration of Au-Pt nanomotors in the presence of
this analyte. Remarkable specificity was observed in comparison to ten other metal
ions. The surprising effect of silver ions upon the speed of Au-Pt nanomotors is
attributed to the electroless deposition of silver onto the wires in the presence of the
fuel hydrogen peroxide.[3] A similar effect had been observed when using Au-Ag
alloys as the second component of the nanomotors. This composition obviously leads
to enhanced electrochemical reactivity at the nanomotor surface.

[1] S. Balasubramanian, D. Kagan, K. M. Manesh, P. Calvo-Marzal, G.-U. Flechsig, J.
Wang, Small 5 (2009) 1569.

[2] P. Calvo-Marzal, K. M. Manesh, D. Kagan, S. Balasubramanian, M. Cardona, G.-
U. Flechsig, J. Posner, J. Wang, Chem. Commun. (2009) 4509.

[3] D. Kagan, P. Calvo-Marzal, S. Balasubramanian, S. Sattayasamitsathit, K. M.
Manesh, G.-U. Flechsig, J. Wang, J. Am. Chem. Soc. 131 (2009) 12082.
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Electroanalytical Behavior of Rutin at Screen-Printed
Electrodes

Eric de Souza Gil, Diogo Dias Cordeiro
UFG - Faculdade de Farmacia
Av. Universitdaria com 19 Avenida s/n, Setor Universitario CEP: 74605-220 - Goidnia -
Goids - Brasil
e-mail: ericsgil@gmail.com

Electroactive groups in the structure of rutin could turn electroanalytical techniques an
interesting alternative for the determination of this analyte. However, the capacity of rutin
or its oxidation products to adsorb strongly on the working electrode surface!’! may limit
the application of these methods for the determination of this flavonoid, which can be
circumvented with the use of disposable electrodes. This study aimed to determine the
electroanalytical behavior of rutin using screen-printed electrodes as working electrodes.
It was found that the electrochemical profile of rutin is consistent with that observed in
other types of carbon electrodes in previous works'”, in an adsorption-involved and a
pH-dependent oxidation process. The replacement of electrodes between the analysis
ensured rapid analysis, good reproducibility and repeatability, adequate linearity (r =
0.998) and low detection limit (62.22 ug mL™), as can be seen in Figure 1:
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Figure 1 — Cyclic voltammograms (left) and differential pulse voltammograms (right) of
five successive additions of rutin standard solution and their respective calibration
curves at screen printed carbon electrodes (Phosphate buffer 0.1 molL™, pH 5.0-6.0)
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Determination of TI(I) by Square Wave Anodic Stripping
Voltammetry with Bismuth Film Modified Electrodes
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® Department of Functional Nanomaterials, Center for Physical Sciences and
Technology, Savanoriy Ave. 231, LT-02300, Vilnius, Lithuania
gouveiacaridade@qui.uc.pt

During the last decade, bismuth film electrodes (BiFEs) have become attractive in
electroanalytical research as substitutes for mercury electrodes in stripping
voltammetry. A Bi film on a solid electrode substrate has similar electrochemical
properties to mercury films in terms of potential window and ability to electrodeposit
other substances on its surface, due to the ease of the nucleation process, by formation
of intermetallic compounds or fused alloys[1,2]. The sensitivity of Bi electrodes
depends on BiF deposition conditions and electrode substrate, electrolyte medium, and
deposition time [2].

Thallium is a toxic metal, most used in the electronic and pharmaceutical industries, so
that is important to monitor the quantities of Tl in industrial residues and in quality
control in the pharmaceutical industry. Anodic stripping voltammetry at BiFE has been
applied for heavy metal determination, in particular Cd and Pb [2]. However, other
metal ions, such as TI(I), In(IIT), Cu(Il) and Hg(II) [3,4] can also be determined using
square wave anodic stripping voltammetry (SWASV).

In this work, electrodes modified with BiF were applied to the determination of TI(I),
as well as Zn(Il) and Pb(Il) in acetate buffer pH 4.0, by SWASV, separately and as
mixtures. The bismuth films were electrochemically deposited in situ onto glassy
carbon and carbon film electrodes (GCE and CFE). The BiFE was also tested for the
determination of these heavy metals in tap water and juice samples.

It was found that the sensitivity to Tl on Bi film electrodes does not depend on the
presence of the other ions. The sensitivity was better at carbon film electrode
substrates, 0.183 pA cm” nmol™! L, although the limit of detection, ~2 nmol L"l, did not
depend on the electrode substrate.

1. J. Wang, J. Lu, S.B. Hocevar, P.A.M. Farias, B. Ogorevc, Anal. Chem.
2000, 72, 3218.

2. 1. Svancara, C. Prior, S.B. Hocevar, J. Wang, Electroanalysis 2010, 22, 1405.

3. J. Wang, J. Lu, U.A. Kirgés, S.B. Hocevar, B. Ogorevc, Anal. Chim. Acta
2001, 434, 29.

4. 1. Cesarino, C. Gouveia-Caridade, R. Pauliukait[] E.T.G. Cavalheiro, C.M.A. Brett,
Electroanalysis 2010, 22, 1437.
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Development of a Simple and Fast Voltammetric
Procedure for Determination of Trace Quantity of Bi (I1I)
in Natural Water Samples

Malgorzata Grabarczyk, Anna Koper, Katarzyna Tyszczuk
Faculty of Chemistry, Maria Curie-Sklodowska University
M.C. Sklodowska sq. 3, 20-031 Lublin, Poland
e-mail: mgrabarc@poczta.umcs.lublin.pl

In recent years bismuth has become environmentally significant element because its
chemical and physical properties have led to its use in various areas of life (e.g.,
semiconductors, cosmetic preparation, medicines, alloys, metallurgical additives and
recycling of uranium nuclear fuels). As a consequence, bismuth determination in
environmental and biological materials is desirable and important.

The main aim of this work was to set a new electrochemical method for the
determination of trace amounts of bismuth based on adsorptive stripping voltammetry
at a hanging mercury drop electrode (HMDE) using cupferron as a complexing agent.
This technique is favor among the different electrochemical methods because of high
speed of operation, excellent sensitivity and precision. The effects of various
parameters were studied in order to obtain optimal conditions. The accumulation of
Bi(III)-cupferron complex was carried out at +0.05 V for 30 s from the stirred solution
and then, after the equilibration time of 5 s, the voltammogram was recorded by
applying the potential scan from +0.05 to -0.4V. Although a various number of the
procedures for Bi (III) determination have been proposed, only in some procedures the
interferences from organic matter were taken into account. The most common
interfering compounds are surfactants and humic substances. It is known that they are
easily adsorbed at the HMDE surface and disturb the voltammetric signal of the
determinated metals. There are no propositions of procedures where the effect of these
interferences has been precisely examined and eliminated. All kinds of surfactants such
as anionic (SDS), cationic (CTAB), nonionic surfactant Triton X-100, and a humic acid
(HA) were tested in proposed procedure. As it was assumed, these compounds caused
significant suppress the AdSV response. In this work, to develop elimination of these
substances, the adsorptive properties of Amberlite XAD-7 resin were exploited. The
addition of resin eliminates the unwanted negative influence of the cationic and anionic
surfactants on bismuth peak heights, even 10 ppm of these surfactants do not affect the
voltammetric signal. In the case of Triton X-100 the concentration of 5 ppm causes a
decrease of the voltammetric signal to 50 % of its original value.

The novelty of the procedure investigated in this study lies in the fact that bismuth
speciation can be performed directly in natural water samples containing organic
substances without matrix removal or any sample pretreatment. The experimental
results of the analysis of the samples collected from Bystrzyca river and Lake
Zemborzyce gave good recoveries. It holds great promise for exploiting this method for
environmental and industrial monitoring of Bi (III).
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Heavy metals are essential pollution of water samples as being dangerous for human
health. Among them lead is of particular interest because of its toxicity and widespread
presence in the environment. Even small amounts of lead that enter the environment
can result in its elevated concentrations and consequently in its accumulation.
Therefore, the great emphasis is laid on the monitoring of lead in environment.

In the last years, a variety of techniques have been developed for trace determination of lead
in water samples, among them adsorptive stripping voltammetry (AdSV) has been
recognized as a powerful tool owing to its sensitivity connected with relatively inexpensive
instrumentation. The use of several complexing agents, e.g., oxine, a combination of
dimethylglyoxime and oxine, xylenol orange for the adsorptive collection of complexes
with lead on the hanging mercury drop electrode (HMDE) has been previously described.
In these procedures it was ascertained that organic matter present in natural samples caused
interferences so UV-digestion of samples had to be employed before Pb(II) determination.
Among those procedures, only in two cases the problem connected with organic matrix of
natural water samples was examined more precisely and it was found that just as little
amount of Triton X-100 (nonionic surfactant) and SDS (anionic surfactant) as 0.02 ppm
reduced the peak current of Pb(I) to 88 % of the initial value and 0.5 ppm of Triton X-100
caused the complete suppress of peak for Pb(II).

In this communication, the possibility of direct AASV determination of Pb(II) in natural
samples without need of UV-digestion is described. This procedure is based on the
adsorptive accumulation of Pb(Il) complexes with cupferron (N-nitroso-N-
phenylhydroxylamine) using hanging mercury drop electrode (HMDE). In standard
condition the presence of even 5 ppm and 3 ppm of SDS and Triton X-100,
respectively does not influence the peak current of Pb(Il). The effect of cationic
surfactant was also tested and it was stated that CTAB representing cationic surfactant
does not decrease Pb(Il) peak current even at its concentration equal to 30 ppm. There
are no procedures of Pb(Il) determination using AdSV where the effect of humic
substances (HS) has been investigated. In the presented communication such
experiments was executed and it was found that 1 ppm of HS does not disturb Pb(II)
signal whereas 2 ppm of HS decreases it to 74 % of initial value.

The presented procedure was successfully applied to determine lead in natural waste
water samples such as a river water samples. Major advantage of the proposed
procedure is a considerable reduction of analysis time, whole time of measurement is
about 5 min. whereas in the procedures described previously UV irradiation even for 2 h
is recommended before analysis in order to destroy organic matter.
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All-solid-state lead(II) electrochemical sensors based on
electronically conducting polymer and p-tert-
butylcalix[4]thiomides as ionphores.

M. Guzinskil‘z, M. Bochenska', J. Kuleszal, T. Sokalski2, J. Bobackaz, A. Lewenstamz,
A. Ivaska®
'Department of Chemical Technology, Chemical Faculty, Gdansk University of
Technology, ul. Narutowicza 11/12 80-233 Gdansk, Poland
Abo Akademi University, Process Chemistry Centre, Laboratory of Analytical
Chemistry, Biskopsgatan 8, FI-20500 Abo-Turku, Finland

Monitoring of the activity of chemical or biochemical species in the environment is an
important issue in time of growing industry and technology [1]. The selective binders
and carriers used in analytical sensors are often based on the calixarene structure due to
specific properties of this macrocyclic molecules [2]. We present here three derivatives
of p-tert-butylcalix[4]thiomides 1, 2 and 3 (Figure 1.) which differ by the type of
carried thioamide group. Compounds 1 — 3 were applied as ionophores in solid-contact
ion-selective membrane electrodes with conducting polymer as ion-to-electron
transducer. Potentiometric measurements were carried out to study the analytical
performance of the electrodes. The potentiometric response of the electrodes were
studied for a series of cations to determine potentiometric selectivity coefficients. The
obtained analytical parameters of the solid state-ISE were compared to the results with
ion selective electrodes with internal filling solution.

[1] “Chemical Principles of Enitonmental Pollution”, eds. B. J. Alloway, D. C. Ayres,
Stanley Thornes Publishers, Cheltenham, 1998
[2] “Calixarenes 20017, eds. Z. Asfari, V. Bohmer, J. Harrowfield and J. Vicens,
Kluwer Academic Publishers, Dordrecht, 2001
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Water uptake of ion-selective membranes measured with
the oven based coulometric Karl Fischer titration method

Ning He, Tom Lindfors
Abo Akademi University, Process Chemistry Centre, Laboratory of Analytical
Chemistry
Biskopsgatan 8, FIN-20500 T urku/Abo, Finland
Ning.He@abo.fi

In solid-contact and coated-wire ion-selective electrodes (SCISEs; CWEs), thin
aqueous layers or scattered islands of water can be formed at the substrate/solid-contact
(SC) or the SC/ion-selective membrane (ISM) interfaces due to the water uptake of the
outer ion-selective membrane (ISM). The diffusion of interfering ions through the ISM
into the aqueous layer or the water pools may lead to drifting potentials and it is
therefore essential to use hydrophobic ISM membranes to decrease the water uptake of
the CWEs and SCISEs." The aqueous water layer test was proposed by Fibbioli et al. to
prove the presence of the water layer in CWEs and SCISEs.” In the case of the SCISE,
the water uptake can affect the limit of detection (LOD) and also result in decreased
adhesion of the ISM/solid-contact (SC) and the SC/substrate interface.

The water uptake of ISMs has previously been studied by the FTIR-ATR technique and
it was shown that the water uptake of plasticized poly(vinyl chloride) (PVC)
membranes were much higher than for silicone rubber (SR; RTV 3140).>* It was also
recently shown that a Ca*"-selective SCISE based on polyaniline nanoparticles and
silicone rubber was beneficial in obtaining a LOD of 2x10” M. The water uptake of
SCISEs was also recently studied by Veder et al.’

This work will focus on the quantification of the water uptake of plasticized PVC and
SR based ISMs measured by the oven based coulometric Karl Fisher (KF) titration
method. Two different membranes types were studied: 1) Membranes consisting of
only the membrane matrix (plasticized PVC and SR; 2) Membranes containing the
membrane matrix, 0.8 wt% Ca’ -ionophore (ETH5234) and 0.45 wt% lipophilic salt
(potassium tetrakis[3,5-bis(trifluoromethyl)phenyl] borate (KTFPB). The membranes
were asymmetrically (from one side) and symmetrically (from both sides) contacted
with deionized water and CaCl, electrolyte solution for 0-48 hours. The water content
of the PVC and SR membranes determined with the coulometric KF-method is
compared to water uptake measured for the same membrane types with the FTIR-ATR
technique.

'M. Fibbioli, W.E. Morf, M. Badertscher, N.F. de Rooij and E. Pretsch,
Electroanalysis, 12 (2000) 1286.

* M. Fibbioli, K. Bandyopadhyay, S.G. Liu, L. Echegoyen, O. Enger, F. Diederich, D.
Gingery, P. Bithlmann, H. Persson, U.W. Sutter and E. Pretsch, Chem. Mater., 14
(2002) 1721.

* T. Lindfors, F. Sundfors, L. Hofler and R.E. Gyurcsanyi, Electroanalysis, 17-18
(2009) 1914

4F. Sundfors, T. Lindfors, L. Hofler, R. Bereczki and R.E. Gyurcsanyi, Anal. Chem.,
81 (2009) 5925

5J.-P. Veder, R. De Marco, G. Clarke, R. Chester, A. Nelson, K. Prince, E. Pretsch and
E. Bakker, Anal. Chem., 53 (1981) 1970

187

(%]
c
.0
e
o
e
c
o)
(4]
)
S
o
[
)
o
[
O
a

Tuesday, May 10, 2011



188 9" Spring Meeting of the International Society of Electrochemistry

P-073

Electrochemical sensors for analysis in chemical processes
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The process analysis uses online- as well as atline- analytical methods. Online-analyses
are applied directly and without sampling in a current production or manufacturing
process on site. Atline-methods comprise manual or (semi-) automated sampling and
measurement near by the production chamber [1]. In particular, the online- process
analytics becomes increasingly important, for example in chemical and pharmaceutical
manufacturing, in agriculture or in environmental protection. Many processes are
characterized by high pressures and temperatures resulting in on-site measuring
systems with particular high demands. Because of this issue it is necessary to consider
during a development the material resistance and leakage problems in addition to basic
sensory functions.
The poster presents suitable electrochemical sensors for the determination of redox
potential and conductivity (see Figure 1) at temperatures > 150 °C and pressures up to
150 bar. The sensing elements exposed to the process media are made of special
screen-printed sensors and guarantee a high and long-term stability. The tightness of
the sensor heads to the ambient medium could be achieved by a newly developed
embedding of the screen-printed sensors.
The determination of the redox potential as a typical example for the use of
potentiometric sensors requires an electrochemical reference electrode. The extreme
conditions need a solid-state design. Figure 2 shows the set-up of the newly developed
half-cell based on an polymer filled with a solid-state electrolyte [2].
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Figure 1: Specific Conductivity of aqueous KCI / NaCl — so- Figure 2: Schematic drawing of the

lutions up to 150 °C measured with a screen-printed conduc- reference half-cell
tivity sensor

References:

[1] www.bam.de/en/kompetenzen/fachabteilungen/abteilung 1/fgl4/index.htm
(date: 20.04.2010)

[2] S. Ruder: Zur Herstellung von Feststoff-Bezugselektroden 2. Art fiir elektro-

chemische Messungen. Diploma Thesis, Mittweida (2010)
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Improved Internal Reference Oxygen Sensor with
Composite Ceramic Sensing Electrode
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Oxygen sensors are widely used in industries for combustion control and environment
pO, monitoring. The typical potentiometric oxygen sensor, usually operated at high
temperature such as 750 °C, employs air as reference gas and Pt as both electrodes.
This type of sensor needs a duct to deliver reference air. This limits miniaturization and
application adaptability of the sensor. Using Pt as electrodes and applying the sensor at
high temperature also implies high fabrication and operation cost.

We developed an internal reference oxygen sensor (IROS), which is free of reference
air and uses the equilibrium pO, of Ni/NiO as internal reference (IR). The sensor uses
composite ceramics as the sensing eclectrode instead of the precious metal Pt. The
sensor voltage agrees with theoretical voltage down to 400 °C, even lower (Fig. 1) for
some of the ceramic electrodes. Within 200 hrs operation, including thermal (260 - 660
°C) and pO, (varying from < 7e-3 atm to 1 atm) cycling, no voltage drop occurred for
the cell with composite ceramic as sensing electrode. If the NiO starting material in the
IROS is not reduced sufficiently before operation, its voltage will drop too early during
long term operation due to the unavoidable tiny leakage of oxygen into the IR.
However the degradation is recoverable by reducing the NiO again. After the recovery,
the cell again had theoretical response voltage and worked stably (Fig. 2). The time
constants of the sensor were characterized with -electrochemical impedance
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Fabrication of Microelectrochemical Cell
by Screen Printing

Takeshi Irisako, Isao Shitanda, Masayuki Itagaki, Kunihiro Watanabe
Department of Pure and Applied Chemistry, Faculty of Science and Technology,
Tokyo University of Science, Noda, Chiba 278-8510, Japan
e-mail address: shitanda@rs.noda.tus.ac.jp (I.Shitanda)

There has been a considerable recent interest in the micro-electrochemical cells owing to
their promise for a wide range of future technological applications [1]. In this work, the
micro-electrochemical cell was fabricated by screen printing. Screen-printing has the
following characteristics: drawing precise pattern of micron order, a wide variety of inks,
printing thick film and low cost. As mentioned above, we think that screen-printing is
adequate to fabricate the micro-electrochemical cell.

Figure 1 shows the micro-electrochemical cell. Two glass slides (glass slide A, and B)
are used as substrates. A flow channel was formed on the glass slide A by printing a glass
paste. Carbon working and counter electrodes were formed on the glass slide B. Ag/AgCl
reference electrode was also formed on the glass slide B. Glass slide A has two holes to
inject and eject a solution. The glass slides were sealed by using ultraviolet curing UV
ink which printed on the each glass slides.

Figure 2 is the cyclic voltammogram (CV) obtained by the micro-electrochemical cell at
different flow rates. The concentration of K3Fe(CN)g is 10 mM and the potential scan rate
is 20 mV / s. Diffusion limit current was observed below -0.2 V and these current
depended on the flow rate. In the present paper, we discuss the characteristics of the
microelectrochemical cell.
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Fig. 1 Schematic illustration of the micro-
electrochemical cell
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Fig. 2. CV obtained by the

microelectrochemical cell at different

flow rates in 10 mM K;3Fe(CN)g
solution. The scan rate was 20 mV/s.

[1]1 K. Ueno, N. Kitamura, Analyst, 128 (2003) 1401
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Water hardness ions reduce the efficiency of surfactants as detergents. Therefore, control
of water hardness ions, e.g. Ca’" in the presence of surfactants is of practical relevance.
Ion concentration in various samples is routinely measured by ion-selective electrodes
(ISEs), which are supposed to obey the Nernst law. The target ion activity in calibrators
is related to the ion total content and the ionic strength of the calibrator by e.g. the
Debye-Huckel theory. However, use of ISEs, in particular of Ca**-ISEs in the presence of
surfactants is problematic because of 2 major obstacles: (i) surfactants, being relatively
lipophilic, interfere with the response of ionophore based ISEs, and (ii) metal ions, e.g.
Ca’" interact with surfactant ions and micelles, so the metal ion activity cannot be directly
related to its total content.

In this work we tried to find a formulation for a Ca*'-ISE membrane capable of working
in the presence of a typical surfactant: sodium dodecylsulfate (SDS), and, in parallel, to
find a way of estimation of Ca®" ion activity in mixed aqueous solutions containing SDS
and CaCl,. PVC membranes of 11 formulations with various Ca*"-selective ionophores
and ion-exchangers and different plasticizers have been studied together with a DS -
selective electrode based on tetradecylammonium, and a Na'-selective glass electrode.
The correction for CaDS, precipitation was made using the DS ion activity measured
with the DS™-ISE. The content of Ca®" ions in the DS™ micelles was estimated using Na*
ion activity measured with the Na'-ISE, and assuming different values of Ca*/Na"
exchange constant between micelles and solution phase (Kcana). The Keana value was
therefore an adjustable parameter, which, when true, must be constant.

The results suggest that all the membranes studied can be divided into 3 groups. Group 1
includes membranes with low-selective ion-exchangers: thenoyltrifluoroacetone and
potassium tetrakis(p-chlorophenyl)borate. These ISEs showed strong interference from
Na' and, possibly, also CaDS". Group 2 includes membranes based on neutral ionophores
ETH 129 and ETH 1001, and also a membrane based on charged ionophore calcium
bis(tetramethylbutylphenyl)phosphate (CaR;) in dioctylphenylphosphonate. These ISEs
showed strong interference from DS ions. Group 3 consists of moderately selective
membranes which showed promising results in pre-micellar solutions. Among these
membranes, the one based on CaR, in trioctylphosphate showed near-Nernstian response
also in micellar solutions when the assumed value of the adjustable parameter was
constant: Kcana =200, whatever was the total content of CaCl,. Thus Ca>*-ISEs with this
membrane appear promising for Ca>" control in the presence of surfactants.
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¢) CIDETEC-IK4 - Centro de Tecnologias Electroquimicas. Parque Tecnologico de
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petri.kanninen@tkk.fi

Pyrroloquinoline quinone (PQQ) is the cofactor of many alcohol or sugar oxidising
enzymes, which are candidates for biosensors. Because of its fast redox kinetics, it can
also be used as a mediator for less reactive biomolecules. It is then vital to study the
electrochemistry of PQQ to understand how these enzymes and molecules work in
sensor applications. However, PQQ does not react readily on metal or carbon
electrodes and surface modification is usually required [1]. In this study, we present a
simple way of immobilizing PQQ on carbon nanotubes.

Few-walled carbon nanotubes (FWCNT, diameter 10 nm) were drop-casted on a glassy
carbon electrode. Then the electrode was dipped in PQQ solution. After dipping, the
electrochemical response of the electrode was studied by cyclic voltammetry (CV). The
results at different pH values are presented in Figure 1. The response is strong and
reversible over a wide pH range compared to some other techniques [2]. Stability of the
electrodes was also studied and different immobilization substrates were compared.

30 .
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Figure 1. CVs measured from the PQQ-FWCNT electrodes at pH 1-11 (at 10 mV/s).

1 E.Gatz, D.D.Schlereth, H.-L.Schmidt, J Electroanal Chem 367 (1994) 59
2 H.-J.Jao, P.-Y.Tsai, C.M.Wang, J Electroanal Chem 606 (2007) 141
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'Department of Chemistry, St. Petersburg State University, Universitetskii pr.26,
Petrodvoretz, St.Petersburg, 198504, Russia
Scientific &Technical Company “Volta”, Nab.Obvodnogo canala 150,
St. Petersburg, 190020, Russia
vkondratiev@mail.ru

Miniaturisation of electrode systems is today an unquestionable trend in
electroanalytical chemistry. Development of electrochemical sensors on the base of
metal nanoparticles is one of novel and perspective way for fabrication of miniaturized
electrode systems. Modification of electrode surfaces by catalytically active metal
deposits with nanosize dimensions allow to obtain ensembles of nanoelectrodes. It
also leads to improvement of electroanalytical properties of such systems in
comparison to traditional macroelectrodes and , in most cases, allows to decrease of the
cost of electrodes, especially made from noble metals.

In this work, we investigate the performance of a novel electrode materials based on a

set of gold and palladium ensembles in PEDOT matrix. For fabrication of metal
ensembles we used an electroless deposition of gold and palladium nanoparticles in
PEDOT films on GC substrates. The density of particles on the electrode surfaces and
into volume of polymer films was varied by time of deposition and concentration of
metal ions into solutions. The structural morphology and chemical composition of
electrodes were characterized by SEM, TEM and EDX-analysis.
Electrochemical behavior of nanoparticles array electrodes was studied in solutions of
phosphate buffer (0.2M PBS) in the absence and presence of hydrogen peroxide with
different concentrations. It was found that in both cases the electroreduction process
predominantly proceed on palladium or gold nanopartiles. The obtained kinetic data
show that with an increase of density of Au particles on the glassy carbon surface and
in composite films the limiting currents of electroreduction are increased and reach a
saturation at highest Au-loading. Similar behavior with much more expressed catalytic
activity in respect H,O, electroreduction was observed in the case of PA/PEDOT/GC
electrodes. The porous network structure of PEDOT support an effective dispersion of
Pd and Au particles and facilitates an easy access of reagents to the catalytic sites.
Amperometric method was used to examine the sensitivity of different sizes of AuNPs
and PdNPs immobilized electrodes towards the detection of H202. The comparison
between all investigated systems was made. The authors are thankful to the Russian
Fund for Basic Research for financial support of this work (grant Ne 10-03-00793) and
Saint-Petersburg State University for a research grant 12.15.313.2010.
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Rapidly renewable metal annular band electrodes
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Faculty of Materials Science and Ceramics AGH University of Science and Technology
30-059 Krakow, al. Mickiewicza 30, Poland
kubiak@agh.edu.pl

Metallic and amalgam electrodes are widely used in electrochemistry for several dozen
years [1,2]. Voltammetric measurements require application of the electrodes which are
characterized by the perfectly repeatable and reproducible surface and long periods of
parameter stability. Additionally, the regeneration / activation / modification procedure
applied between recordings should be short and simple. The mechanical and chemical
polishing or electrochemical activation are recommended in the literature as renovation
methods suitable for solid electrodes. However, these methods are time-consuming and
require transfer of the working electrode between systems specified by the different
chemical and physical parameters. Therefore the solid electrodes are relatively rarely
applied in the routine analytical practice.

An original construction of Au and Ag annular band electrodes and a simple device for
fast electrochemical renovation of the electrode surface before each measurement, is
presented in the work.

The practical usefulness of the presented electrodes, device and method of the fast
electrode surface renovation was confirmed in a large number of experiments. The
applied electrodes were renovated short before the measurement and are stored inside
the device between recordings. The electrode was reactivated either before the series of
measurements or before each one. Long time stability of metrological parameters of the
electrode and reliability of the device components were observed. The analytical
applicability of the metallic annular band electrodes was confirmed in quantitative
determination of Pb(II) and Cd(II) at nanomolar concentrations in the synthetic
solutions with and without surfactants and in the certified reference materials. The
experiment was performed using underpotential deposition stripping voltammetry
(UPD-SV). A very low rate of surfactants adsorption on these electrodes in comparison
to HMDE was observed. Also the advantage of the tested electrodes was possibility of
working in the presence of oxygen. The advanced signal processing procedures were
applied for curves transformation and extraction of the maximum relevant information
from the experimental data [3].

Acknowledgements
This work was supported by AGH University of Science and Technology grant (Project
No. 11.11.160.799).
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Voltamperometric sensors due to wide range of linear signal response in relation to the
analyte concentration, high sensitivity and selectivity, relative inexpensive
instrumentation and possibility of miniaturization are favorable in the environmental
analysis. In case of portable instruments, the voltammetric sensors may be applied in
the field. The main disadventage of such sensors is their sensitivity to non-specific
interferences from organic compounds, especially if the contaminants have surface
active properties. Besides compounds of antropogenic origin, like surfactants, in the
environment there are presented humic and fulvic acids, products of putrefaction
processes. In the most common analytical practice to remove them, several methods of
sample digestion are applied. The important disadventage of such metods is the
difficulty to use them on the spot and complete loss of speciation. The alternatives are
more gentle methods consisting in adsorption of the surface active substances on
various adsorbers. Most of them may be used in the field. However, not complete
removal of the interfering organic compounds, the possibility of adsorption (i.e. loss) of
analyte and interaction with the sensor are the weakness of the mentioned procedure.
Several amorphous oxides have been examined as the adsorbers. Among others the
most promising are silica dioxide [1] and titanium dioxide. Due to large specific area
exceeding 50 m?/g they adsorb readily surface active substances. Selectivity and
efficiency of adsorption depends on type of supporting electrolyte, its concentration
and pH. The microstructure of adsorber is very important for efficiency of adsorption
as well as for class of surfactants which are effectively removed. Not only the specific
area, but also the pores and particle size distribution is important factor in the adsorber
choice.

In the present work the different ceramic micro- and nanopowders of titanium dioxide
[2] were tested in order to selectively remove surface active substances. The process is
enhanced by photocatalitic properties of some types of TiO, powders.
Acknowledgements
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Hydrogen, for using in fuel cells is generally produced by variety technologies with
different grad of purity. Hydrogen produced from hydrocarbon fuels or other organic
compounds generally contents sulphur compounds particularly H,S and it needs
preliminary purification before using in fuel cells applications.

PEM fuel cells are very sensitive to purity of hydrogen than other fuel cells. Last time
many attempts for using hydrogen which produced from sodium borohydride (SBH) by
hydrolysis method at present of different kind of homogen and heterogen catalysts.
Determination of purity of produced hydrogen is very difficult in this case with variety
of boran compounds probably are formed in the reactions.

Present research deals with to studying of purity of hydrogen which produced by
catalytic hydrolysis of SBH. For this, working condition of anode electrode-catalysts in
PEM fuel cell is applied to indicator electrode in simple electrochemical system.

This system alloys to establish H, quality.
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Spectroelectrochemical properties of meta substituted
monomers with benzene as core center

Mieczyslaw Lapkowski®®, Przemyslaw Ledwon®, Krzysztof Karon®,
Krzysztof R. Idzik®, Rainer Beckert
“The Silesian University of Technology, Faculty of Chemistry, Strzody 9, 44-100
Gliwice, Poland
bCentre of Polymer and Carbon Materials, Polish Academy of Sciences, Sowinskiego 5,
44-121 Gliwice, Poland
“Institute of Organic and Macromolecular Chemistry, Friedrich Schiller Universitit
Jena, Humboldstrafie 10, D-07743 Jena, Germany
mieczyslaw.lapkowski@polsl.pl

Electrochemical sensors and detectors being inherently sensitive and selective towards
electroactive species, fast and accurate, compact, portable and inexpensive are very
attractive for quick on-site monitoring of various species including dangerous
chemicals like carbon oxide, pollutants, environmental monitoring or even clinical
analysis. Although many such devices are already used new materials for its production
are still widely examined. Among all conductive polymers start to play very important
role.

Generally, in conjugated polymers meta-substitution is avoided due to the conjugation
interruption, and hence worse conductivity than polymers with para-substitution.
However, in some cases meta-linkage could be very useful e.g. when considering
receiving of dendrimers or conducting foam-like or crosslinked layers being more
sensible for environment and/or resistant for mechanical damage.

A series of various symmetric monomers containing meta-linkage were studied.
Monomers consist of benzene as core center and attached thienyl, furyl, EDOT and
carbazole groups.

All monomers are electroactive and undergo at least two-step oxidation, moreover
polymerize in the first oxidation step. Electric and optic properties of polymers depend
on aryls linkers and their length.

Attached hydroxyl group to central benzene ring improves electric and optic properties
of monomers and polymers. The same effect is not observed for attached methoxyl
groups. Polymers with hydroxyl groups have much better conductivity and show better
stability in common organic solvents during multiple doping than analogous polymers
without hydroxyl groups. Moreover, during oxidation and reduction of
poly(2,4,6-tri(2-thienyl)-1-phenol) cyclic voltammetry reveals sharp peak which
intensity and shape depends on measurement condition, for example proton
concentration, film thickness and interruption between scans. That may indicate pure
redox reaction. Different behavior of poly(2,4,6-tri(2-thienyl)-1-phenol) on conditions
indicates that this polymer could be considered as active material in future sensor
research.

Two carbazole compounds were compared — where two carbazole groups were N-
linked through benzene in relative metha and para position. Only slight difference in
oxidation potential were observed. This suggests that other factor than configuration
seems to play more important role in the case.
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Adaptation of Pulsation and Organic Additives to Control
the Mass Transfer of Copper Electrodeposition

Joo-Yul Lee, Kyu Hwan Lee
Materials Processing Division, Korea Institute of Materials Science
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Various kinds of electromagnetic shielding materials have been available in electronic
devices and display panels. Electromagnetic shielding by using metallic sheet is
thought the most effective, but it has shortcoming not to emit the accumulated heat
within the devices. So, mesh shaped metallic materials with high aperture are applied
particularly in the high frequency IT/electronic devices. For this purpose, it is critical to
control the mesh shape in the perpendicular direction so as not to reduce optical
properties of electromagnetic shielding films.

In this research, the copper plating was deposited by pulse reverse current method
with additives. The effect of organic additives, 1-(3-sulfoproyl)-2-vinylpyridineium
hydroxide (SVH) and thiourea (TU), on the precision copper electrodeposition was
investigated with optical, electrochemical and x-ray diffraction techniques. It was
found that SVH played a role as an accelerator and TU as an inhibitor during the
electroreduction of cupric ions in acidic Cu electroplating solution. Through
electrochemical measurements, TU showed more strong interaction with cupric ions
than SVH and dominated overall Cu electroplating process when both additives were
present in the solution. In the case of three dimensional Cu electrodeposition on the 20
pm-patterned Ni substrates, SVH controlled the upright growth of Cu electrodeposits
and so determined its flatness, while TU prohibited the lateral spreading of Cu in the
course of pulse-reverse pulse current adaptation. With microscopic observation, we
obtained the optimum organic additives composition, that is, 100 ppm SVH and 200
ppm TU during the current pulsation.

Tuesday, May 10, 2011
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Gas Sensing Properties of Polyaniline Functionalized
Single-Walled Carbon Nanotubes

Jae-Hong Lim®, Kyu-Hwan Lee®, Dong-Chan Lim* Ashok Mulchandani®, and Nosang
A% Myungb
a) Electrochemical Processing Group, Korea Institute of Materials Science,
Changwon-Si, Kyungnam 641-010, South Korea
b) Department of Chemical and Environmental Engineering, and Center for
Nanoscale Science and Engineering, University of California-Riverside, CA

92521
e-mail address: lim@kims.re.kr

Chemical gas sensors have been widely used to detect and monitor various gaseous
analytes in many applications including environmental pollution, industrial emission,
medical diagnosis, and aerospace. Conventional chemical gas sensors often rely on
various bulk-type sensing materials. However, these sensors often have a low
sensitivity since they require a large amount of adsorbed gaseous molecules to affect
the bulk properties of them. To improve sensing performance, low-dimensional
nanostructures, such as carbon nanotubes and metal oxide nanowires/nanodots have
been employed to overcome the fundamental limitations of film-based sensors. The
ultrahigh surface-to-volume ratio and unique size dependent properties of nanomaterials
have resulted in very promising improvements in sensing performance. '

In this work, the electrical and gas sensing properties of PANI functionalized SWNTs
were systematically investigated to develop a better understanding of the sensing
mechanism by the measurement of temperature-dependent I-V and FET transfer
characteristics. SWNT networks were AC dielectrophoretically assembled prior to the
electrochemical functionalization of SWNTs in order to increase the sensing
performance of PANI-SWNTs,. The sensitivity and detection limit of PANI-SWNT
networks toward NH3, NO,, and H,S were established.

References

1. Kolmakov, A.; Moskovits, M. Annual Review of Materials Research 2004, 34, (1),
151-180.

2. Kong, J.; Franklin, N. R.; Zhou, C.; Chapline, M. G.; Peng, S.; Cho, K.; Dai, H.
Science 2000, 287, (5453), 622-625.

3. Zhang, T.; Mubeen, S.; Myung, N. V.; Deshusses, M. A. Nanotechnology 2008, 19,
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4. Zhang, T.; Mubeen, S.; Yoo, B.; Myung, N. V.; Deshusses, M. A. Nanotechnology
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The application of hydrodynamic techniques to
characterize electrochemical processes in ionic liquids
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The use of forced convection in the characterization of electrochemical systems finds a
wide range of applications ranging from electrochemical titration down to nanomolar
concentrations, to kinetic studies for fuel cell catalysts. The two major benefits being
the ability to readily differentiate heterogeneous and homogeneous processes and to
develop theoretical models that exclude transient behaviour. lonic liquids are a
relatively new class of low temperature molten salts with a wide range of potential
electrochemical applications, for instance in lithium batteries and electrowinning.

This work demonstrates the use of a RDE (Rotating Disc Electrode) to study the
heterogeneous reaction of [Cu(I1)Cl,]* to [Cu(I)Cl5]* in a RTIL (Room Temperature
Ionic Liquid) analogue based on choline chloride and ethylene glycol. Particular
attention is paid to the dual problems of high viscosity and poor conductivity in ionic
liquids, compared to aqueous systems. This work shows that the sensitivity and
throughput of hydrodynamic techniques can be extended to treat relatively rapid
heterogeneous kinetics by utilizing direct, non-linear fitting of experimental data in
preference to classical methods, such as those based on Kountecky-Levich plots.
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Monitoring Hydrophilic —-Hydrophobic Character of a
Surface Electrode via TiO, Nano Particles Addition as
Aspect of Interface Phenomena

C. Manole®, C. Pirvu®, M. Mindroiu®, I. Demetrescu ™
“ Faculty of Applied Chemistry and Material Science,
University Politehnica Bucharest, Polizu 1, Bucharest, Romania
* joana_demetrescu@yahoo.com

The development of nanotechnology is important for many fields able to improve
human life and nanosizing effect of materials become a subject of many studies in the
last decade.

Taking into account that interactions between cells and biomaterial surfaces are
assisted by structures on cell membranes and are responsive to signalling processes that
take place at very small dimensions, biocompatibility as an expression of the cell
behaviour may be strongly depended on the nanotopography features. In this idea well
known biomaterials as Ti and Ti alloys properties is related more recently to the
possibility to get a better cellular response due to a nanostructure in the entire bulk or at
surface level.

The paper aims on the effect in surface features of TiO, nanoparticles addition on the
polypyrole coating obtained electrochemically electrode surface via electrochemical
polymerization in LiClO, as electrolyte. The main surface studied property is the
hydrophilic character, which is very important in bioapplication, taking into account
that the balance hydrophilic — hydrophobic strongly influence cell adherence, spreading
and viability. The hydrophilic character was evaluated from contact angle
measurements and surface analysis was completed with scanning electronic
microscopy and with atomic force microscopy. For all deposited films Mott Schottky
determinations were performed and the obtained flatband potential has a variation as a
function of TiO2 concentrations due probably to nanoparticles agglomeration.
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System for measuring bidirectional ionic transport

Boguslaw Bas', Jan Migdalski', Teresa Blaz'and Andrzej Lewenstam'
'AGH - University of Science and Technology, Faculty of Material Science and
Ceramics, Krakow, Poland
’Process Chemistry Centre, c/o Centre for Process Analytical Chemistry and Sensor
Technology (ProSens), Abo Akademi University, Turku, Finland
Abo Akademi University, Biskopsgatan 8, 20500 Abo-Turku, Finland;
Andrzej. Lewenstam@abo.fi

The system containing two planar mutielectrode galvanic cells designed to monitor ion
concentrations at the surface of an ion permeable membrane is described.

The membrane separates two solutions containing ions to be measured.

A distance between the membrane and the multielectrode platforms can be precisely
regulated by two independent micro screws without changing  orientation of the
electrodes. A minimal distance between the membrane and flat multielectode platforms
on each side of the membrane is 0.1 mm. It is set by a separator to avoid direct contact.
A change of the solutions on either side is via inlet and outlet tubes incorporated in the
platforms. The characterization the system performed proved that it can be used for
measurements in which instead of the porous membrane a biological cell cultures
placed on this membrane are used

Acknowledgment
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Interconnects for SOFC
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Korea Institute of Materials Science
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sungmo@kims.re.kr

Metallic interconnects for solid oxide fuel cell (SOFC) have received special attention
because of their high electric conductivity, good mechanical property and low cost.
However, at present, their commercialization is still very limited due to performance
degradation with operation time at high temperature in air. In this work, area specific
resistance (ASR) of various metallic interconnect materials was measured with time at
750 °C using four points method. The measurement of ASR was performed on half side
of the specimen by attaching a Pt mesh with Ag paste only one side and Pt wires are spot-
welded directly on the other side of the specimen and on the Pt mesh. The half side ASR
measurement showed the same trend with both side ASR measurement method but lower
ASR values, sometimes negative values of ASR. The negative ASR value seemed to
result from the thermoelectric voltages generated between different metals contacting
each other. The real ASR values were obtained by measuring and compensating the
thermoelectric voltages. In addition, the ASR values were measured during heating and
cooling of various metallic substrates and coatings deposited cathodically and anodically
in aqueous solutions. The changes of ASR values are discussed in terms of the formation
and growth of oxide films and their electric conductivities.

203

(%]
c
=
—
O
—
c
(]
(%
o
| =
o
1o
[
_—
[
(o]
o

Tuesday, May 10, 2011



204

(%]
c
.0
e
o
e
c
o
(%]
)
S
a
[
)
L
[
O
a

Tuesday, May 10, 2011

9" Spring Meeting of the International Society of Electrochemistry

P-089

Electrochemical sensing of heavy metal ions at carbon
paste electrodes modified with new dioxime derivatives

Liana Maria Muresan', Andrea Furdui', Codruta Varodiz, Nicoleta Tosa’
'"Babes-Bolyai University Department of Physical Chemistry, 11Arany Janos St.
400028 Cluj-Napoca, Romania
? National Institute for Research and Development of Isotopic and Molecular
Technologies, 65-103 Donath St., RO-400293 Cluj-Napoca, Romania
limur@chem.ubbcluj.ro

The bioactivity of various oximes and their metal complexes induced steadily growing
interest in oxime co-ordination compounds [1]. Chelating ability of oximes is utilized
in trace metal analysis and for isolation, separation, and extraction of various metal
ions [2]. On the other hand, biological functions of oximes and their in vivo metabolism
are evidently dependent on their chelation with metal ions [3].

In this context, the chelation ability of two newly synthesized dioxime derivatives, Syn-
bicyclo[3.3.1]nonane-3,7-dione-3,7-dioxime (syn) and Anti-bicyclo[3.3.1]nonane-3,7-
dione-3,7-dioxime (anti), were used to prepare modified carbon paste electrodes for
heavy metal ions detection. Their electrochemical behavior was investigated by cyclic
voltammetry and the optimum conditions concerning the electrode preparation in order
to obtain the maximum sensitivity and the best selectivity for the detection of heavy
metal ions have been investigated.

References
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Carbon paste electrode for the study of patina originating
from the surface of bronze artefacts
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limur@chem.ubbcluj.ro

Recently, in an attempt to characterize the effect of inhibitors on the electrochemical
behaviour of patina isolated from the bronze substrate, the use of a cavity
microelectrode was reported [1]. In order to avoid the influence of bronze substrate on
the electrochemical response of the patina, the present work proposes the using of
carbon paste electrodes for its investigation. Thus, a carbon paste electrode
incorporating patina originating from the surface of different bronze artefacts was
prepared and used to study the efficiency of some non-toxic compounds (2-mercapto-5-
acetylamino-1,3,4-thiadiazole, MAcT, 2-mercapto-5-amino-1,3,4-thiadiazole, MAT,
cysteine and alanine) as corrosion inhibitors in aqueous electrolytes containing sodium
sulphate and sodium hydrogen carbonate.

The obtained results show the beneficial influence of the tested inhibitors on the
electrochemical behaviour of patina, the strongest effect being noticed in the case of 2-
amino-5-mercapto-1,3,4-thiadiazole.

5+ —— NO INHIBITORS
*403
___T___Eg-smml,:f Fi.gure. Inﬂgenge of
NN thiadiazole derivatives on
. - the anodic and cathodic
£ 7. polarization curves of
< ] T, i carbon paste electrode
o 5 -;', incorporating patina
oL Experimental conditions:
1 A 0.2g/l Na,SO, + 0.2¢/l
9 B NaHCO; (pH=3); scan
I rate, 10 mV/min.
-10 —_—
-0.4 0.2 0.0 02
E/Vvs. SCE
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’Boreskov Institute of Catalysis, Pr. Akademika Lavrentieva 5, 630090, Novosibirsk,
Russia
*Bavarian Center for Applied Energy Research (ZAE Bayern) Division 1, Walther-
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Institute for Advanced Study (IAS) of the Technische Universitdit Miinchen
odysseas.paschos@ph.tum.de

Recent advances in electrocatalysis have shown that the choice of materials is a key
factor affecting the activity of the catalyst. Currently Pt is commonly used as it exhibits
high activity towards hydrogen oxidation (HOR) and evolution (HER) reactions' 2. It
would be beneficial to identify a more abundant and cost-effective catalyst that exhibits
comparable activity to that of Pt towards HOR and HER. Density functional theory
(DFT) calculations have shown that nanostructuring Pt with Bi can enhance the
electrocatalytic activity towards HER®. Considering the nature of HER and HOR, one
can assume that Pt-Bi surface alloys should also exhibit increased activity towards
HOR. Based on the promotion effect of bismuth the focus of this work was to
investigate the Pd-Bi system. Pd-Bi catalysts supported on high surface area Sibunit
were prepared and characterized for their activity towards HER and HOR using half-
cell configurations. The catalysts showed superior specific activity, reaching values
similar to those of pure Pt.
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Electrochemical (bio)sensors are still very attractive due to their fast response and
simple sample pre-treatment. With the miniaturisation of the sensors and development
of nanotechnologies, electrochemical sensors are also having novel techniques applied
to their development.

Carbon nanotubes (CNTs) have attracted enormous interest from electrochemists in
recent years. Their application to sensors and biosensors continues to be very
promising. The major problem in developing electrochemical CNT-based (bio)sensors
is their insolubility in all solvents. Various strategies have been used to minimize this
problem either through covalent or non-covalent functionalisation; functionalised
CNTs are easier to disperse in different solvents and polymers [1].

Functionalised multiwalled carbon nanotubes have been used to develop a new type of
biosensor, casting them either by cross-linking into a chitosan film using different
cross-linkers on graphite-epoxy composite electrodes [2,3], entrapping in a Nafion film
[4], or by forming a gel with room temperature ionic liquid [5]. The electrochemical
behaviour of the electrodes was evaluated by cyclic voltammetry and electrochemical
impedance spectroscopy.

The bioanalytical properties, sensitivity, selectivity, and continuous-measurement
lifetime of the biosensor were evaluated at different potentials and will be presented.
Perspectives and future work about alternative nanostructure formation for sensor and
biosensor preparation will be discussed.

1. L. Agiii, P. Yafiez-Sedefio, J. M. Pingarrén, Anal. Chim. Acta 622 (2008) 11.

2. R. Pauliukaite, M.E. Ghica, O. Fatibello-Filho, C.M.A. Brett, Anal. Chem. 81 (2009)
5364.

3. M.E. Ghica, R. Pauliukaite, O. Fatibello-Filho, C.M.A. Brett, Sens. Actuat. B 142
(2009) 308.

4. C. Gouveia-Caridade, R. Pauliukaite, C.M.A. Brett, Electrochim. Acta 53 (2008)
6732.

5. R. Pauliukaite, K.D. Murnaghan, A.P. Doherty, C.M.A. Brett. J. Electroanal. Chem.,
633 (2009) 106-112.
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Potentiometry Revisited: some Practical Considerations
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Potentiometry is one of the most popular, if not the most popular, electrochemical tech-
nique. It is used daily by millions of people around the world and constitutes for many
of them the only known electrochemical technique. Because of its extreme versatility
and ease of implementation, potentiometry is used worldwide by a broad range of
scientists and engineers, from chemists to biologists to geologists with extremely
different objectives. As long as the potentiometric measurements are used qualitatively
for analytical purposes: titrations or the monitoring of processes, if the measurements
are reproducible, the exact meaning of the potentials measured has no great importance.
On the other side, if the measurements are used for the determination of thermodyna-
mic data or for prediction calculations, severe experimental precautions must be taken.
In the environmental chemistry area, the precise determination of redox potentials (E;)
of soils is of crucial importance in the context of the underground storage of the nuclear
spent fuel. Indeed, E, is required for the reliable prediction of the future fate of radionu-
clides emanating from a nuclear waste repository after the corrosion of the containers.

In 1984, Lindberg and Runnells' pointed out high discrepancies between E,, values directly
measured in the field and those computed on the basis of individual species concentrations
that have been determined by applying standard analytical methods. In 1999, the editors of
'Redox: Fundamentals, Processes and Applications”, were writing ‘this book should help
to find the real value of measured E;, of sediments and natural waters'. However, this book,
which is the sum of 15 individual, sometimes excellent, contributions, presents problems
rather than gives solutions. Recently, in the framework of a collaborative project’ funded
by the Euratom Community, we participated in a four-day intercomparison exercise where
researchers from 15 different organizations measured E; for six series of samples
comprising artificial, natural or microbial solutions and suspensions. There are also
discrepancies not only between calculated and measured values but even worse between
values measured by the different investigators for the same sample.

In this paper, considering: i) the composition and a possible evolution of the different
samples with time as well as catalytic processes which can take place at the electrodes
surfaces, ii) the shape of the voltammetric curves that we recorded during this exercise,
ii) the nature of the electrodes and the hydrodynamic conditions used, iii) the pre-
treatment of the electrodes, iv) the characteristics of the electronic devices used for the
measurement of Ej, we try to explain the discrepancies that were observed between the
E}, values measured during this exercise. Moreover, we propose practical rules for the
determination of E} as a function of the nature of under measurement samples.

'R.D. Lindberg and D.D. Runnells, Science, 225 (1984) 925.

2 J. Schiiring H.D. Schulz W.R. Fischer J. Boéttcher W.H.M. Duijnisveld (Eds.),
Springer-Verlag, New York 1999.

3 'Recosy', Seventh Framework Program [FP7/2007-2013], grant agreement n°212287.
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Furan, a volatile oxygen heterocyclic compound, is classified as a possible human
carcinogen by International Agency for Research on Cancer (IARC, 1995). Together
with its derivatives (furaldehyde, furfuryl alcohol), furan, which is responsible of the
flavour of many foods, is formed by commercial or domestic heat treatment in canned,
jarred and roasted foods [1], when thermal degradation of carbohydrates, such as
glucose, lactose and fructose takes place. Coffee, canned meat and toasted bread appear
to be the major dietary furan source for human beings [1]. Particularly worrying is the
content of furan in jarred baby foods, which may constitute the sole diet of many
infants [1].

Very recently, the European Food and Safety Authority (EFSA), the US Food and Drug
Administration (US FDA) and the Swiss Federal Office of Public Health, published
several reports [1-3] on the occurrence of furan in food and on the available analytical
methodologies. In these reports, the scarce available data indicate that this is an
emerging issue in food safety and that there is a relative small difference between
possible human exposures and the doses in experimental animals that produce
carcinogenic effects. However, a reliable risk assessment would need further data and
also new improved analytical methodologies.

Electroanalytical techniques and particularly those based on pulsed voltammetry,
which are particularly suitable for trace analysis, constitute an interesting alternative to
the present available analytical methodologies in terms of very high sensitivity, low
response time, small dimensions and low costs, in the challenge of the identification
and quantification of this compounds in food and beverages. Moreover, these
techniques can be conveniently used on-line and on-site, without sample pre-
treatments, and may constitute an interesting, reliable and low-cost choice to be used as
electrochemical detectors for chromatography.

In this presentation, a Square Wave Voltammetric determination of furan in
acetonitrile, using a platinum disk electrode or Pt-based Screen Printed Electrodes (Pt-
SPE) is proposed. Linearity range, accuracy, precision, selectivity and specificity,
quantification and detection limits of the new methodology have been duly evaluated.

[1] Technical report of EFSA prepared by Data Collection and Exposure Unit
(DATEX) on “Monitoring of furan levels in food”. The EFSA Scientific Report 304
(2009) 1-23.

[2] US FDA, Report on Exploratory Data on furan in food (2004) 1-11.

[3] Swiss Federal Office of Public Health, Report on Furan in Lebensmitteln (2004).
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Electrochemical SPR Technique for in-situ
Characterization of Atifouling Hybrid PPy-NaPSS
Coating

C. Pirvu®, C. Manole®, S. Popescu®, 1. Demetrescu®
“ Faculty of Applied Chemistry and Material Science,
University Politehnica Bucharest, Polizu 1, Bucharest, Romania

* ¢ _pirvu@chim.upb.ro

In this paper the efficiency of using conducting polymers as electrode coating material
in order to prevent electrode fouling caused by electrochemical oxidation of phenol is
investigated. In particular, the use of polypyrrole has been tested. Electrode passivation
is dramatically reduced while incorporating anionic surfactants such as poly(sodium 4-
styrenesulfonate) into the polymeric structure.

The electrochemical surface plasmon resonance (SPR) technique was used for in-situ
characterization of atifouling properties of hybrid PPy-NaPSS coatings

The electrochemical antifouling stability of the polypyrrole based composite coatings
was also evaluated by cyclic voltammetry (CV) and contact angle analysis.

The embedding of NaPSS in the structure of polypyrrole film leads to improving of
hydrophilic character of the surface accompanied by the growing antifouling ability of
the coating.

The surface analysis and roughness evaluation of polypyrrole/poly(styrene sulphonate)
composite surface were completed with atomic force microscopy (AFM).

The work shows the effect of the surfactant presence in the polypyrrole film and the
concentration influence as well.

A correlation between wettability data, surface topography, roughness and antifouling
effect of the hybrid PPy-NaPSS surface was also evaluated.

Acknowledgements
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POSDRU/89/1.5/S/54785 project: "Postdoctoral Program for Advanced Research in the
field of nanomaterials".



9" Spring Meeting of the International Society of Electrochemistry

P-096

SERS sensors based on the bifunctional ligands: the
importance of potential-dependent orientation control of
adsorbed molecules
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St. Petersburg State University, Chemical Faculty
26 Universitetsky Pr. Stary Peterhof, 198504, St.Petersburg, Russia
evpotapkina@gmail.com

During the last 10 years there were realized numerous analytical techniques based on the
Surface Enhanced Raman Scattering (SERS) phenomenon. These applications include
trace level ion sensing, e.g. polyatomic anions were determined in aqueous solution at
107 M [1]. In this work, we discuss the development of SERS method for detection and
recognition of ions which lack their own vibrational spectrum.

For this purpose, we propose to use bifunctional ligands (BFL). A BFL molecule have
to combine an ion-selective fragment for complexation with the analyte ion, a fragment
for sorption at the metal substrate surface, and electron conjugation between both
fragments to ensure the sensitivity of SERS spectrum to the analyte. Apparently,
crown-O-4 ether derivatives of 1,10-phenanthroline and 2,2’-bipyridile meet these
conditions and may be tested as SERS-active sensor substances for Li~ determination.
Recently such substances were synthesized in our group [2, 3].

To guarantee the steric accessibility of the crown fragment for complexation with the
analyte ion, the azaheterocyclic part of the BFL molecule should be oriented
perpendicular to the metal surface. This favorable orientation may be imposed by
applying a certain electric potential to the metal [4]. Thus, SERS experiment combined
with electrochemical technique may be a promising way for the development of a new
method of cation determination.

With the simplest azaheterocycle: the pyridine molecule as an example, we study here
the importance of the proper choice of the applied potential, the pH and the background
electrolyte for the SERS experiments with electrochemical treatment. It is shown in
particular that if pyridine — Ag" complexation takes place (due to anode etching of the
electrode) or if the pyridine molecule is protonated, so that the lone electron pair in the
nitrogen atom in pyridine is not vacant anymore, the resulting PyAg" or PyH" species
are adsorbed only in parallel to the metal surface.

Acknowlegment: This work supported by Federal Targeted Programme "Scientific and
Scientific-Pedagogical Personnel of the Innovative Russia in 2009-2013"

[1] S.Tan, M. Erol, S.Sukhishvili, H. Du, Langmuir 24 (2008) 4765.

[2] A.S. Denisova, M.B. Degtyareva, E.M. Dem’yanchuk, A.A. Simanova, Rus. J. Org.
Chem. 41 (2005) 1690.

[3] A.S. Denisova, E. M. Dem’yanchuk, G.L. Starova, L.A. Myund, A. A. Makarov,
A.A. Simanova, J. Mol. Structure 828 (2007) 1.

[4] A. A. Makarov, A.S. Denisova, L.A. Myund, Rus. J. Appl. Chem. 71 (1998) 1135.

211

(%]
c
.0
e
o
e
c
o
(%
)
S
o
[
)
o
[
O
a

Tuesday, May 10, 2011



212

(%]
c
.0
e
o
e
c
o
(%]
)
S
a
[
)
L
[
O
a

Tuesday, May 10, 2011

9" Spring Meeting of the International Society of Electrochemistry

P-097

Synthesis and characterization of conducting copolymer of
1-(4-methyl-3'-thienyl)-2-(ferrocenyl)ethene with EDOT

Ersen Turac,' Ertugrul Sahmetlioglu,' Aydin Demircan' and Levent Toppare®
'Department of Chemistry, Nigde University, 51100, Nigde, Turkey
’Department of Chemistry, Middle East Technical University, 06531, Ankara, Turkey
e-mail address:sahmetlioglu@nigde.edu.tr

The design and synthesis of compounds for any type of applications in material science
for use in sensor chemistry and/or electrochemistry are important . The synthesis of
such structures directly depends on the availability of target molecules, having useful
physical or chemical properties. Sensitivity to light or heat, redox or pH activity,
binding selectivity, color reversibility with electrical charge are but some of these [1,2].
Polymers have been considered as organic materials which have characteristic
properties such as hydrophobic surfaces, low thermal and electrical conductivities,
chemical inertness and low mechanical durability. However, a fundamental progress in
the polymer science has changed this prospect. Synthesis of new types of polymeric
materials with a remarkable electrical conductivity directly connected the polymer
synthesis, applications and electrochemistry science [2,3].

This study deals with electrochemical properies of metal containing conducting
polimer namely poly(1-(4-methyl-3’-thienyl)-2-(ferrocenyl) ethene-co-3,4-
ethylenedioxy thiophene). 1-(4-methyl-3’-thienyl)-2-(ferrocenyl) ethene was synthesed
with 2-(ferrocenyl)ethene, and 3-methyl-4-bromothiophene. The structure of monomer
was determined via FTIR, '"H-NMR and "*C-NMR techniques. The copolymer was
synthesized utilizing this monomer and 3,4-cthylenedioxy thiophene. Structure of
obtained copolymer was charecterized by CV, FTIR, SEM, AFM, and UV-Vis
spectroscopy. Its band gap (Eg) and A, were determined. Conductivity study was
measured via four probe technique.

1 H.Brisset, A. Navarro, C. Moustrou, I. F. Perepichka, J. Roncali Electrochemistry
Communications 6 (2004) 249-253

2 .R. Butler, A.G. Callabero, G.A. Kelly, J.R. Amey, T. Kraemer, D. A. Thomas, M.
E. Light, T. Gelbrich S. J. Coles, Tetrahedron Letters 45 (2004) 467472

3 [l Ozdemir, A. Balan, D. Baran, D. Ozdemir, L. Toppare J. Electroanal. Chem.,
(2010) 648, 184
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Microelectrodes are very versatile devices for electrochemical and analytical studies
owing to high mass transport rates and little interference from interfacial capacitance or
solution resistance problems. Moreover, they can be fabricated at very small physical
overall dimensions, which allows them to be used in vivo or with very low sample
volumes. Some additional advantages are obtained if microelectrodes are connected to
each other. Microarray electrodes, which are fabricated by arranging a number of
microelectrodes, can increase the absolute current comparable to that of the usual
electrode, while maintaining the advantageous properties of the single microelectrode.
This increase in the sensitivity associated with the possibility of working with very
small sample volumes (a few microliters) can be very useful for analyzing metals at
very low concentrations, such as in body fluids.

A new approach to construct a microarray system is reported. Two slices of
poly(methilmethacrilate) (PMMA) were cut using a laser cutter (gravograph — LS100).
In one of the slides, both a copper wire contact and the gold microfiber (r = 5 pm) were
positioned as shown in Figure 1. The contact between the copper wire and the gold
microfiber was made by using silver epoxy (Joint Metal LTDA, Sao Paulo, Brazil). The
two slides of PMMA were then sealed using chloroform, in order to sandwich the fibers
between both slides. An opening was made with the laser cutter to create the cell (ca.
150 uL) where the sample solution, reference electrode (Ag/AgCl ) and counter
electrode (Pt) could be inserted. Figure 2 shows stripping voltammograms recorded in a
quiescent solution containing 30 nmol L™ Pb(Il). Experiments were performed with
only one gold microelectrode and with all four microelectrodes interconnected. The
benefit of using the microelectrode array is remarkable, so that routine electroanalytical
measurements can be performed without using proper instrumentation to amplify
current signals and to minimize electronic noise. Future work with the developed
device involves measurements of Pb(Il) concentration in tear samples.

a

— A Figure  2:  Stripping
s --c voltammograms obtained
P! in a solution containing
4 I “ 50 mmol L KCI and
/' \ nitric acid (4), A + 30
nmol L Pb(I) with one
microelectrode (B) and
with the microarray (C).

I/nA

Figure 1: Representative
scheme of the 01
microarray device. (a,) 045 040 -035 -030 -025 -0.2(
gOld microﬁbers and E /V vs. Ag/AgCl (KCl sat.)
copper  contacts  (b)
reservoir.
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H,0, generation dependence on Nafion layer coated on Pt
electrode during oxygen reduction
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Department of Materials and Science and Technology, Faculty of Engineering,
Nagaoka University of Technology
1603-1 Kamitomioka, Nagaoka, Niigata 940-2188, Japan
mumeda@yvos.nagaokaut.ac.jp

Polymer electrolyte fuel cells (PEFCs) have attracted much attention as a highly
efficient power generation system. It is important to investigate the oxygen reduction
reaction (ORR) at the Pt cathode of PEFCs, because the reaction rate of cathode is slow
and the mechanism is much complicated than that of anode. The cathode generates
H,0, during the ORR. Polymer electrolyte and Pt electrode are degraded by the H,O,
that possesses corrosive nature. For Pt/C-ionomer composite cathode, it has been
reported that the generation of H,O, is accelerated by the ionomer. In contrast, it has
been reported that the H,O, generation is suppressed by Nafion used with Pt/C. In this
study, we have focused our attention on Pt disk electrode, and have carefully
investigated a generating amount of H,O, as a function of Nafion ionomer thickness
overcoated on the Pt electrode.

The electrochemical measurement was performed to estimate the amount of H,O,
using a scanning electrochemical microscopy (SECM) system equipped with Pt
generator electrode (¢ 50 pum), Pt detector electrode (¢ 3 pm), Ag/Ag,SO, as a
reference electrode (RE), and Pt wire as a counter electrode (CE). The Pt generator
electrode was coated by Nafion ionomer (thickness: ca. 0, 0.09, 0.16, 0.20 and 0.82
pm) using a Nafion solution. The ORR was evaluated by a current-potential curve in
O,-saturated 0.5 mol dm> H,SO,. The
generating amount of H,O, was measured by the
Pt detector electrode. Generator and detector
electrode potentials were settled at -0.4 and 0.6
V vs. Ag/Ag,S0,, respectively. The position of
detector electrode was scanned for X and Y axis
to determine the maximum oxidation current of
hydrogen peroxide. The distance between the
generator and detector electrodes was fixed to be
10 pm.

Figure 1 shows a relationship between the H,O, 0
detection current and the Nafion layer thickness. 0 04 0.8
The detection current increases with increasing Nafion layer thickness / pm
Nafion layer thickness up to 0.16 pm. However,  Fig. 1 Relationship between the
the current turns into decrease in the thicker  H,0, detection current and the
region. It is demonstrated that there is maximum  Nafion layer thickness on the Pt
H,0, detection current at around 0.16 um Nafion  generator.
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Electrochemical behavior of glassy carbon electrode
chemically modified with cadmium
pentacyanonitrosylferrate in presence of
tetrahydrothiophene.

Leonardo Lataro Paim, Nelson Ramos Stradiotto
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PO Box 355, 14801-970, Araraquara, SP, Brazil
nrstradi@iq.unesp.br

Tetrahydrothiophene (THT) is a heterocyclic organic compound and THT is used as an
odorant in natural gas, a solvent and an insecticide. The pentacyanonitrosylferrate
(PCNF) is a member of the polycyanide metal complexing reagents, and reacts with
sulfur compounds to form metal nitrosothiolato intermediates’. The scope of this work
was to develop a modified electrode of cadmium PCNF onto glassy carbon electrode
(CAdPCNF/GC) and study the electrochemical behavior against the THT.

GC was immersed in a solution containing 1x10™ mol L™ de CdCl,, 1x102 mol L™ de
PCNF ¢ 0.5 mol L' de KNO; with a pH adjusted in the range 2 — 3. The modification
of electrode surface was performed by 150 successive scans of potential swept between
0.2 to 1.0 V with a scan rate of 100 mV s™. For electrochemical measurements used a
potentiostat AUTOLAB - PGSTAT30 with a conventional electrochemical cell with
three electrodes: Ag/AgCl as reference electrode, Pt as auxiliary electrode and GC as
working electrode.

The CdAPCNF/GC was characterized by cyclic voltammetry. The CAPCNF/GC formed
showed E* = 593 mV, I,,/I,. = 0.96 and AE, = 34 mV in a solution of 0.5 mol L™ de
KNO; with a scan rate of 100 mV s”'. Anodic peak currents were found to be linearly
proportional to the scan rate between 10-250 mV s, indicating an adsorption-
controlled process. The CAPCNF/GC was stable after 7 days of preparation, and front
of 150 successive scans, with low signal loss of I,, at around 14%. CdPCNF/GC
degraded in alkaline solutions (pH > 9) by hydrolysis. The CdAPCNF/GC presented
stability and behavior electrochemical similar with the other found in the literature 2.
The CdPCNF/GC in presence of THT (0 to 1,0 V; in buffer BR solution, pH 6,0) and
0.50 mol L™ KNO; observed a decay in peak current proportional to the concentration
of THT in the range of 6,67x10° mol L' a 4,00x10”° mol L™ with correlation
coefficient of -0.994 (n=6) and amperometric sensitivity of 5,01 x 10° wA L mol™. The
reduction of peak current indicates that the species was adsorbed probably by
nucleophilic coordination of S with NO group' of NiPCNF (Eq. 1). In presence of 1.06
x 10® mol L™ THT anodic peak currents were found to be linearly proportional to the
scan rate between 25-300 mV s™', indicating an adsorption-controlled process.
[Fe"™(CN)sNOJ* + RS™ — [Fe"'(CN)sN(O)SR]* (Eq. 1)

: Ford, P.C., Laverman, L.E., Lorkovic, LM. Adv. Inorg. Chem. 2003, 54, 203-257.
2Razmi, H., Harasi, M. Int. J. Electrochem. Chem. Sci. 2008, 3, 82-95.
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Electrochemical noise technique is currently in limelight for online corrosion
monitoring in process streams [1,2]. The paper highlights the use of electrochemical
noise for monitoring and determining the corrosion resistance of SS 304L in nuclear
reprocessing and waste storage medium. Electrochemical potential and current noise
was acquired simultaneously, as a function of time from SS 304L under solution
annealed and sensitized microstructure, in 3M, 4M, 8M, 12M nitric acid and in
simulated nuclear high level waste (HLW) at 298 K and 323 K [3,4]. The acquired data
was statistically evaluated to derive electrochemical noise- resistance which is
inversely related to corrosion rate [3]. Visual examination of the noise-time records for
304L SS in nitric acid showed passivation process [4], a typical noise-time record in
4N nitric acid is shown in fig.1. A decrease in noise resistance occurred with increase
in concentration implying higher corrosion rate at higher concentration. In simulated
HLW at 298K, electrochemical noise signals depicted destabilization of the passive
film by the ions present in the simulated HLW, as shown in fig.2 accompanied by a
decrease in noise resistance (Fig.3). The results of the investigation are detailed in the
paper.
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[1] A.Legat,V. Dolecek, Baldev Raj, Corr. Sc, 49 (11) (2007) 4051.
J.Electrochem.Soc.,142 (6) (1995) 1851. [4] S.Girija, U.K .Mudali, V.R.Raju,
[2] P.C.Searson, J.L.Dawson, R..K.Dayal, H.S.Khatak, Baldev Raj, Mat.

J.Electrochem.Soc. 135 (1988) 1908. Sc. and Eng A 407 (2005) 188.
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Solution: a System Sensitive to the Amount of Oxygen
Bonded to a Carbon Surface and the Concentration of
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'Military University of Technology, 00-908 Warsaw, Poland
’Naval University of Gdynia, 81-103 Gdynia, Poland
SNicolaus Copernicus University, 87-100 Torun, Poland
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Different carbon materials (activated carbon, AC, carbon black, CB, multiwalled
carbon nanotubes, MWCNTSs) were used for preparing the electrodes. Their stationary
potentials [1] were measured in aqueous electrolyte solutions with respect to SCE.
Measurements for carbon electrodes of different oxygen amounts chemically bonded
with carbon surface were performed in 0.5 M H;PO, for AC (obtained from plum
stones) oxidized with concentrated HNO;, then heat treated in vacuum at 180, 500 and
900°C [2]. The amounts of oxygen bonded to the carbon surface were measured using
XPS method. Results are collected in Table 1(1). In the case of solutions (0.5 M KCI)
saturated with nitrogen-oxygen mixtures the electrodes were prepared from CB Vulcan
3 (Cabot) [3] (for results — see Table 1(2)). For electrolyte solutions (0.1 M Na,SOy,)
with different 4-chlorophenol concentrations carbon electrodes were prepared from
Short Hydroxyl MWCNTSs (Chengdu Organic Chemicals Co. Ltd.)(for results — see
Table 1(3)). These relations are just a few examples of the dependence of the carbon
electrode potential on the oxygen or organics content in solution or on a carbon surface.

Table 1. Stationary potentials of powder carbon electrodes for various

amounts of oxygen bonded to a carbon surface and for various concentrations

of oxygen or organics in solution

Parameters Values

1 Oxygen surface conc., XPS  (at.%) 2.73 7.09 11.25
E vs. SCE (mV) +196 +342 +447

2 Oxygen conc. in O,/N, mix  (vol.%) 0 (N2) 15.9 20.95 (air)
E vs. SCE (mV) -22 +72 +123

3 4CP conc. in 0.1M Na,SO, (mol/l) 0 0.01 0.05
E vs. SCE (mV) +283 +270 +247

This work was supported by Ministry of Science and Higher Education
(project: N N209 099037).
References
1.  W. Tomassi, Powder Electrodes and their Applications, in Advances in Chemical
Physics, Vol. 3 (ed 1. Prigogine), John Wiley & Sons, Inc., Hoboken, NJ 2007.
2. A. Swiatkowski, H. Grajek, M. Pakula, S. Biniak, Z. Witkiewicz, Colloids Surf. A:
Physicochem. Eng. Asp. 208 (2002) 313.
3. H.Jankowska, R. Gaczynski, A. Swiatkowski, M. Wieczorek, Plaste u. Kautsch.
27 (1980) 256.
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Integration of Electrochemical Microsensors
on Flexible Film
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E-mail address: jlaunay@laas.fr

In many ways of application (health, environment, ...), electrochemical sensors have
demonstrated their capability to detect a wide range of (bio)chemical species. In
parallel, "Silicon & Polymers" microtechnologies have provided the development of
generic electrochemical microcells with many advantages: short analysis duration, low
analysis volume, mass fabrication and low cost [1]. Nevertheless, the electrochemical
measurement still requires technological developments to be compatible with some
specific applications such as skin analysis, smart patchs, smart clothes,....

In order to do so, an electrochemical microsensor was fully integrated on a
polyethylene-terephthalate (PET) flexible film (figure 1). The microsensor design
involves a gold working microelectrode, a platinum counter electrode and a silver
electrode that is oxidized later to form an Ag/AgCl reference electrode. The fabrication
process is based on the “lift-off” technique but main technological developments were
focused to the deposition of the gold, platinum and silver films on the PET substrate
using specific adhesion sub-layers. Finally, the definition of the microelectrodes active
areas as well as their electrical insulation were performed by wafer level packaging
thanks to a biocompatible, non electro-active SU-8 photoresist layer.

The electrochemical properties and surface states of the different microelectrodes were
tested by cyclic voltammetry and compared to massive materials in order to validate
their electrochemical behaviour (figures 2 and 3). Since the flexible (Au — Pt —
Ag/AgCl) electrochemical microsensors showed reproducible detection properties in
liquid phase, first experiments were performed for the skin analysis, evidencing
promising results for the oxidative stress measurement.

[1] C. Christophe et al., 61st Annual Meeting of the International Society of Electrochemistry, 26
September - 1st October 2010, Nice, France.

f/—‘\ 7 (.

Fig 1: (Au —Pt— Ag/AgCl)  Fig 2:"Cyclic voltammograms Fig 2 Cyclic voltammogramf
electrochemical microcell  of the platinum microelectrode  of the gold microelectrode
on PET flexible film
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Chemical analysis and sensing using CMOS
microcalorimetric sensors and actuators
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We present a low cost, low power, small sample volume (3ul) thermal sensor and
actuator for rapid detection and analysis of hydrocarbons in air. The analysis is realized
via the measurement of the total reaction heat effect in response to gas pulsing and
thermal actuation. The developed chip combines advantages of three fields: (i) CMOS
technology with elements of micromachining used for fabrication, (ii) heterogeneous
catalysts applied for selective detection of target compounds and (iii) system
integration into a microfluidic channel for controlled flow and reaction conditions.

The prototype sensor consists of Poly-Si heaters and Poly-Si, as well as Poly-Si/TiSi,
temperature sensors integrated on a freely-suspended low-stress thermal insulating
SiRN membrane. The thin catalyst film is immobilized on top of the membrane.
Accurate detection of reaction heats and electrical and mechanical stability up to 700°C
are key factors for successful transducer operation. Thus, emphasize was put on the
development of a CMOS compatible resistive material exhibiting a linear temperature
dependence of resistance up to 800°C, a high TCR (3100ppm/C for Poly-Si/TiSi,) and
validated electrical stability at 500°C. The developed transducer system is chemically
inert to hydrocarbons. The specificity of the sensor is achieved by immobilization of a
selective catalyst. Compatibility of catalyst deposition techniques (sputtering, soft
lithography) with the sensor process, its activity and stability has been evaluated.

The presented results demonstrate applicability of the sensor system as a gas detector,
screening platform for the catalysts development, as well as an active part of
microreactor systems where precise temperature control and actuation are essential.
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Figure 1.Sensor device (A), top view on heaters/sensors (B), Poly-Si sensor response to
propane oxidation in air for devices with membrane thickness of 200, 400 nm (C).
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Application of Ionic Liquids for Preparation of Membrane
Phase of Ion-Selective Electrodes Sensitive to Heavy Metal
Ions

Cecylia Wardak, Joanna Lenik
Department of Analytical Chemistry and Instrumental Analysis, Chemical Faculty, M.
Curie-Sklodowska University
Maria Curie Sklodowska Sq. 3, 20-031 LUBLIN (Poland)
e-mail cecylia.wardak@poczta.umces.lublin.pl; j.lenik poczta.umcs.lublin.pl

Ionic liquids (ILs) are molten salts with the melting point close to or below room
temperature. They are composed purely of ions and posses unique properties, including
low volatility, tunable viscosity, high conductivity, large electrochemical window and
low toxicity. These properties make ILs suitable for many applications in chemical
analysis. Among ILs applications, the use of IL/water two-phase system is one of the
most promising for electroanalytical chemistry and extraction. The mechanism of the
potential formation of ion selective electrodes (ISEs) with a liquid or pseudoliquid
(polymeric) membrane depends strongly on extraction and ion-exchange processes
between the aqueous and organic phases. It is known that the nature and amount of the
lipophilic additive strongly influence the response of the membrane ion-selective
sensors, such as reducing the membrane resistance, improving the response behavior
and selectivity and in some cases, where the extraction capability is poor, increase the
sensitivity of the membrane sensors. Considering all the aspects stated above, we have
decided to use ILs as components of the polymeric membrane of ISE selective to
cadmium and lead ions, and it was with great joy that we obtained an electrode better
characterizing the analytical parameters.

ILs used in this work were: 1-ethyl-3-methylimidazolium chloride, 1-butyl-3-
methylimidazolium chloride, 1-hexyl-3-methylimidazolium chloride, 1-decyl-3-
methylimidazolium chloride (DMImCI), 1-Benzyl-3-methylimidazolium chloride
(NMImCI). These ionic liquid are known to be immiscible in water but soluble in
majority plasticizers. Ionic liquid are used instead of commonly used lipophilic ionic
additives (phenyl borates) in the membrane phase, which are introduced to the
membrane to reduce the anion interference and to lower the membrane resistance.
Additionally ILs keep constant concentration of chloride ions in the membrane phase
what guarantee potential stability of internal Ag/AgCl electrode.

In order to evaluate the effect of the addition of ILs to the electrode membrane phase,
basic analytical parameters of electrodes containing them in the membrane phase were
determined and compared with the parameters of electrodes without ILs in the
membrane phase. In order to study the potential creating properties of ionic liquids the
electrodes containing IL in the membrane but without ionophore were also constructed
and measured.

The research has found that the properties of ion-selective electrode sensitive to
cadmium and lead ions such as : detection limit, selectivity and response time can be
significantly improved by the addition of ILs to the membrane phase. The best
parameters exhibit electrodes having membrane dopped with I-ethyl-3-
methylimidazolium chloride (EMImCl) and 1-butyl-3-methylimidazolium chloride
(BMImCI).
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Ionic Liquids Improve Analytical Parameters of Zinc Ion-
Selective Electrodes with Solid Contact

Cecylia Wardak, Joanna Lenik
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Sklodowska University
Maria Curie Sklodowska Sq. 3, 20-031 LUBLIN (Poland)
e-mail cecylia.wardak@poczta.umcs.lublin.p; ; j.lenik poczta.umcs.lublin.pl

Zinc is widely used in electroplating, pharmaceutical, cosmetics and paint industries.
Human body contains about 2g zinc but its large doses can cause fever, chills,
gastroenteritis and pulmonary manifestation. Besides zinc can cause anemia, nausea,
vomiting, renal failure and internal organs. Therefore rapid and selective methods of its
determination are needed. Potentiometric ion selective electrodes (ISEs) are known to
offer an excellent low cost tool for the selective, sensitive and rapid determination of a
vast variety of analytes in different fields of application. The efforts made so far to
develop a good ion-selective electrode sensitive to zinc ions have not been very
successful. Most of the sensor reported for zinc ions have poor selectivity and
sensitivity. A few years ago we devised zinc-selective electrode based on chelating
agent: 2-(2-Hydroxy-1-naphthylazo)-1,3,4 —thiadiazole which selectivity is not
satisfactory [1]. Recently it was found out that ionic liquids(ILs) can replace commonly
used lipophilic ionic additives (phenyl borates) in the membrane phase. They lower the
membrane resistance and reduce anion interference, altogether improving the analytical
parameters of the electrode such as detection limit, measuring range ,working pH range
and selectivity. Therefore we have decided to use ILs as components of the polymeric
membrane of ISE selective to zinc ions.

In this work we studied solid contact electrodes with polymeric membrane based on 2-
(2-Hydroxy-1-naphthylazo)-1,3,4 —thiadiazole doped with alkylmethylimidazolium
chlorides. In order to evaluate the effect of the addition of ILs to the electrode
membrane phase, basic analytical parameters of electrodes containing them in the
membrane phase were determined and compared with the parameters of electrodes
without ILs in the membrane phase.

As follows from the studies the addition of ILs to the membrane phase improved the
analytical parameters of the studied =zinc-selective -electrodes, especially the
improvement in selectivity was notable.

[1] R. Dumkiewicz, C. Wardak, S. Zargba, Analyst 125 (2000) 527-528.
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Layered Titanate Based Electrode for Determination of
Lead: a Promising Class of Materials Toward Heavy
Metal

Wensheng Yang, Yan Ding, Xu Chen
State Key Laboratory of Chemical Resource Engineering
Beijing University of Chemical Technology, Beijing 100029, China
E-mail: yangws@mail.buct.edu.cn

The class of layered oxides containing quadricvalent metals is often employed in the
removal/separation of several radio/bio-toxic metal ions from aqueous solutions. In this
work, layered cesium titanate (LCT) is modified on the nickel foam to construct a new
electrode for lead (Pb*") determination. The analysis of Pb*" using stripping
voltammetry includes two steps. Pb®" ions are firstly reduced and deposited in a Pb>
solution (40mL) during a preconcentration step biased at -1.0 V (vs. Ag/AgCl),
followed by a measurement step by differential pulse voltammetry (DPV) within the
potential range of -0.8 ~ -0.2 V (scan rate: 50 mV/s, amplitude: 0.05 V, pulse width:
0.01 s, sampling width: 0.005 s, pulse period: 0.2 s, quiet time: 15 s). Liner calibration
curve was found to be from 30 ppb to 10 ppm for Pb>" with a sensitivity of 21.16
LA/uM after a 10-min of preconcentration. The detection limit was estimated to be
11.17 pg/L at the signal/noise ratio of 3. Reproducibility (RSD %) was found to be
5.3 % for a single sensor with six measurements and 6.7 % for six sensors prepared
with identical procedures.

0.0025
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00020 y=2.46x10°+2.12x10
r=0.999
0.0015 |-

< o0.0010 |
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0.0000 &~
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Fig. 1. Calibration plots of Pb*" stripping peak current with Pb** solution concentration.
Inset shows anodic stripping differential pulse voltammograms obtained at LCT
electrode in acetate buffer solution (pH 4.5) containing 0.03, 0.05, 0.1, 0.5, 1, 2, 4, 10
ppm Pb*" (from button to top).

References
1 D Yang, Z Zheng, Y Sun, et. al., J. Phys. Chem. C 112 (2008) 16275.
2 D Pan,Y Wang,W Qin, et.al., Anal. Chem. 81 (2009) 5088.
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Redox Properties of Novel Metal Substitued
Polyoxometallates
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Polyoxometalates (POMs) are molecular structures consisting of inorganic metal-
oxygen cluster anions that are unique in their topological and electronic versatility.
These clusters (so-called isopoly- and heteropolyanions) contain highly symmetrical
core assemblies of MOx units (M= metal atom mostly V, Mo, W). The diversity in
their form, composition and possibility of functionalisation of these compounds with
various ligands gives them varied properties and applications, such as, photochromic
devices, single-molecule magnetism, photochemical catalysis, anti-retroviral activity,
hosts for guest-host chemistry, potential molecular electronic devices, building blocks
for larger structures and starting points for covalent modification. Recently, a wide
spread interest in the POM chemistry is focused on the synthesis and characterization
of POM supported transition or rare earth metal compounds to extend their structural
multiplicity and versatility. In this work a series of novel metal substituted POMs,
shown in Figure 1, of the general formula
(NH4)4H4{X[MO6O12(OH)3(O3PC6H5)4]2}.8H20, where X 1is either CO(II), MH(II),
Fe(IlT), Mg(Il) or Ni(Il), were investigated for their redox properties. All POMs
exhibited a large irreversible redox process at +0.85V (vs Ag/AgCl) believed to be
associated with the oxidation of the Mo(V) centres. Upon scan reversal to further
negative potentials redox processes associated with the reduction of the Mo(VI) centres
is observed. Attempts to surface immobilise these POMs was also attempted through
the LBL technique and the employment of conducting polymer matrices.

Fig: 1

References

[1] M.T. Pope, Heteropoly and Isopoly Oxometalates, Springer, Berlin (1983).
[2] G. Decher, Science (1997), 277, 1232.
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Electrochemical DO Sensor Using Nanostructured ZnO-
doped RuO, Sensing Electrode

Serge Zhuiykov, Eugene Kats
Commonwealth Scientific Industrial Research Organization (CSIRO),

Materials Science and Engineering Division
37 Graham Road, Highett, Melbourne, VIC. 3190, Australia
e-mail: serge.zhuiykov@csiro.au

Thick-film ZnO-RuO, sensing electrodes (SEs) with different mol % of ZnO were
prepared on the alumina sensor substrates using a screen-printing method and their
structural and electrochemical properties were closely studied by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), electrochemical impedance spectroscopy (EIS) and energy-dispersive
spectroscopy (EDS) techniques. Selectivity testing exhibited that the presence of CI,
Li", SO42', NO3', Caz+, PO43', Mg2+, Na" and K" with a concentration range of 107 to
10" mol/L in the solution had practically no effect on the sensor’s emf response,
whereas Br' had some effects at concentration more than 10~ mol/L. Zn0O-RuO,-SEs
were also investigated for potentiometric detection of dissolved oxygen (DO) at a
temperature range of 11-30°C. The relationship between DO and the sensor’s emf was
found to be relatively linear with the maximum sensitivity of -50.6 mV/decade was
achieved at 20 mol % ZnO at 7.35 pH. Experimental evaluation the pH dependence of
Zn0-Ru0,-SEs was quantified and verified to further expand the capacity of these SEs.
The response and recovery time to the pH changes for the planar device based on 20
mol % ZnO-RuO,-SE was found to be ~10 and ~25 s, respectively, at a temperature of
25°C. It has been demonstrated that sintering the appropriate amounts of mixed ZnO
and RuO, nanostructures not only improves the structure of developed SE but also
enhances the device’s sensing performance.
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Fig.1 SEM image of 20 mol % ZnO-RuO,-SE indicating its surface morphology
(A); selectivity of the DO sensor based on 20 mol % ZnO-RuO,-SE at a working
temperature range of 11-30°C (B).
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Application of Electrochemical and Semiconductor
Sensors in Automated Equipment for the Detection of
Chemical Contaminants
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University of Life Sciences, 60-637 Poznan, Poland, markpoz@poczta.wp.pl

In the modern world the threat of chemical contamination is very considerable. It may
be due to natural causes (earthquakes, floods, volcanic eruptions) or to human agencies,
such as fires, explosions and all manner of other industrial accidents, and also acts of
war or terrorism. Therefore, chemical contamination needs to be monitored in military
and civilian facilities, both mobile and stationary, and also in public places and
industrial premises. Automated devices are used for this kind of monitoring. Based
mostly on ion mobility spectrometers (IMS) [1,2], they are capable of detecting
chemical warfare agents (CWASs) and toxic industrial chemicals (TICs). While IMS
detectors are highly sensitive to CWAs — organophosphorus compounds (sarin, soman,
tabun, V-agents) at levels of ca 10° mg/m’ and blister agents (mustard gas, lewisite) at
ca 10* mg/m’ — they are not sensitive enough to TICs: detected levels are above
maximum admissible concentrations (MACs) (Table 1). This is why work is in hand to
adapt and then apply electrochemical and semiconductor sensors to the detection of
TICs at the required levels of sensitivity.

Table 1. Detection of CWAs and TICs up to 30 s, at temperatures from -15 to +30°C

Agents Required (mg/m’)  Performance (mg/m")
Sarin, Soman, Tabun, VX 0.02 0.02

Sulfur mustard 0.2 0.2

Lewisite 0.2 0.2

Phosgene 0.5 10

Cyanogen chloride 0.1 10

Chlorine 1.5 30

Ammonia 20 30

References

[1] Ching Wu et al. Construction and characterization of a high-flow, high-resolution
ion mobility spectrometer for detection of explosives after personnel portal sampling,
Talanta 57 (2002) 123.

[2] Eiceman G. A. Karpas Z. lon Mobility Spectrometry, CRC Press, Boca Raton,
2005.
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Optical properties of well ordered silver
nanostructures by electrochemical deposition
using templates

Nguyet Doan®*, Christoffer Johans®, Phil Bartlett®, Kyosti Kontturi®
“Department of Chemistry, Aalto University School of Science and Technology, P.O.
Box 16100, FI-00076 Aalto, Electrochemistry Group, Chemistry, University of
Southampton SO17 1BJ *nguyet.doan@hut.fi

Nanostructures metals have attracted much attention in the last few years due to their
numerous potential applications in various areas such as materials and biomedical
sciences, electronics, optics, magnetism, energy storage, biosensors and
electrochemistry’. We present here silver nanostructures prepared by an
electrochemical deposition method using templates on an indium tin oxide (ITO)
substrate and Au coated glass substrate. The fabrication process of the silver
nanostructures can be divided in three main steps: polystyrene latex template
fabrication, silver deposition on polystyrene template and removing the polystyrene
template. The deposition was carried out potentiostatically with a three electrode
system . The polystyrene sphere template on the substrates and the nanostructured
silver film were characterized by scanning electron microscopy (SEM). Micrographs of
these can be seen in Figures la and 1b. Well ordered nanostructured films of silver
with regular arrays of spherical spheres with diameters from 0.40pum to 1um were
prepared. In additional the ITO substrate can be functionalized with aminosilanes layer
to improve the attachment between substrate and the silver film. The thickness of the
film was optimized by changing deposition potentials. The optical properties of the
film will be measured.

4 W L T ]
Figure 1. a) SEM image of polystyrene spheres templates (600 nm) on Au coated glass
and b) SEM image of silver nanostructures after removing polystyrene sphere template.

1. Bartlett, P.N., et al. Chem. Commun., 2000, 1671-1672
2. Bartlett, P.N., et al. Chem. Mater., 2002, 14, 2199-2208
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G.L. Rusinov3, V.N. Charushin3, K.Z. Brainina'

" Ural State University of Economy, 8th March St. 62, 620144 Ekaterinburg, Russia
? Ural Federal University named after the First President of Russia B.N Yeltsin, Mira St. 19,
620002, Ekaterinburg, Russia
? Institute of Organic synthesis Ural branch of Russian Academy of Sciences, S. Kovalevsky St.
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glazirina@usue.ru

In the last decade the interest of researchers to development of methods and sensors,
which include nanomaterial as the auxiliary or detected component, grew sharply. The
combination of simplicity and response rate of electrochemical methods with the unique
specificity of immunoreaction, and also the application of nanomaterial lead to the
creation of new generation of electrochemical biomimetic- and immunosensors. Results
are important for diagnostics to be used on-site and on-line, in particular.

Two approaches are proposed in this work:: the first one is developing of )
electrochemical biomimetic sensors for determination of urea and creatinine and the
second one consists in development of electrochemical method for pathogen
microorganisms determining.

The biomimetic sensors are based on NiO nanoparticles localized on screen-printed
carbon electrode as catalysts for urea or creatinine electrochemical oxidation. Solid
phase extraction columns, filled with ion-exchange polymer or creatinine molecular
imprinted polymer in case of urea or creatinine correspondently were used to provide
selectivity of determinations.

Novel diagnostic method for the detection of high pathogenic Salmonella typhimurium
using Fe;O4 nanoparticles and screen-printed carbon electrode is proposed as well. The
analysis algorithm includes magnetic nanoparticles interaction with the cells to be
determined, magnetic separation of unbound nanoparticles, concentrating of marked
cells on the solid substrate (screen-printed carbon electrode) covered with antibodies to
the bacteria/antigen. Salmonella typhimurium concentration was determined by means
of stripping voltammetric registration of Fe’* in the solution generated in acidic
destruction of the immunocomplex of Salmonella typhimurium/antigen, formed on the
substrate surface at the concentrating stage.

In order to avoid the acidic destruction of the immunocomplex, the core-shell Fe;O4
nanoparticles, covered by polypyrrole or polyvinilbenzilchloride which are
functionalized with a covalently linked quinolinium salt was synthesized.
Immuno-magnetic core-shell nanoparticle assay demonstrates promising probabilities
for realization of on-site and in-situ analysis.
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Novel Impedimetric Nanobiosensor Based on Biocatalysis
of Catalase at CdTe Quantum Dots/Nafion Modified
Glassy Carbon Electrode for Subnanomolar Detection of
Hydrogen Peroxide

Mojtaba Shamsipur®, Mehdi Asgari®, Maryam Shanehsaz”
* Department of Chemistry, Razi University, Kermanshah, Iran
e-mail address: mshamsipur@yahoo.com
® Department of Chemistry, Tarbiat Modares University, Tehran, Iran

Semiconductor quantum dots such as CdTe have been extensively studied in the past
two decades due to unique optical and electronic properties which are not available in
either discrete or in bulk solids [1,2]. These nanoparticles exhibit quantum size effects
including a blue shift of absorption onset, a change in electrochemical potential of band
edge, and an enhancement of photocatalytic activities with decreasing crystallite size.
Intense interests in QDs focus on their biological applications, which could allow an
integration of nanotechnology and biology [3,4].

In this work, a robust and effective nano-composite film based on CdTe quantum
dots/nafion modified glassy carbon electrode was prepared by droplet casting. The
fabricated nano-composite was used to construct a novel catalase biosensor for the
determination of hydrogen peroxide. Direct electron transfer and electrocatalysis of
catalase were fully investigated. The results suggested that catalase could be firmly
adsorbed at the modified electrode. A pair of quasi-reversible redox peaks of catalase
was observed in 0.20 M deaerated phosphate buffer solution of pH 7.0. The nano-
composite film showed a pronounced promotion of the direct electron transfer between
catalase and glassy carbon electrode. The immobilized catalase exhibited an excellent
electrocatalytic activity towards the reduction of H,0,. Cyclic voltammetry,
chronoamperometry and electrochemical impedance spectroscopy were used to
characterize the performance of the prepared nanobiosensor. The results showed that
the prepared biosensor could be used as an amperometric biosensor for H,0, detection.
The system was also found well suited for the use of impedimetry as an excellent
biosensing system for hydrogen peroxide, with the advantage of overcoming the
intrinsic problem of the overpotentials associated with the amperometic methods [5].
The electrochemical impedance spectroscopy measurements revealed that the charge
transfer resistance decreases significantly after enzymatic reaction with hydrogen
peroxide concentration, so that the proposed modified electrode can be applied as an
excellent nanobiosensor to the detection of ultra traces of H,O, (2.0 x101% -2.0 x10?
M). The observed high sensitivity, long-term stability and much lower limit of
detection of the proposed nanobiosensor, relative to the reported amperometric sensors
in the literature, clearly revealed that the nano-composite used not only resulted in
facilitated communication between catalase and the modified electrode, but also
provided a proper microenvironment for enzyme-substrate interaction.
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