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Several voltammetric techniques used with graphite 
electrodes allow recording of reproducible anodic signals of 
dsDNA guanine. Some conditions, however, must be met to 
obtain readable signals: rigorous chemical and biological 
purity in the cell and appropriate purity of DNA are the 
must1,2. In this report we present an electroanalytical compari-
son of two anticancer drugs: C-1311 and C-1305 (both are 
derivatives of imidazoacridinone). Both: the agent and 
dsDNA are dissolved in the phosphate buffer solution. Pulse 
voltammetry and spectroelectrochemistry were employed in 
the investigation. Voltammetry allowed us to distinguish be-
tween the covalent- (intercalation of the drug), electrostatic- 
and groove-binding interactions and to obtain the correspon-
ding binding constants. 

Significant changes between both drugs were found. 
They included different number of the active sites occupied 
by one drug molecule and different nature of the weaker 
(other than the intercalation) interactions. In some experi-
ments dsDNA was placed in a poly-(N-isopropylacrylamide) 
(NIPA) thermoresponsive gels to isolate the product of the 
intercalation process. Particularly interesting was the finding 
that the denaturation process of dsDNA is substantially 
slowed down after intercalation. This may be useful in design-
ing new DNA sensors. 
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At the present time the methods of quantitative structure- 
-property / structure-activity relationships (QSPR/QSAR) are 
increasingly developed in various areas of chemistry, biology, 
and pharmacy1. 

Although various physico-chemical properties are appli-
cable for QSPR/QSAR studies, the oxidation-reduction prop-
erties (e.g., half-wave potential) seem to be most advanta-
geous, as they are supposed to be important in interactions of 
substance with biological systems and could be correlated 
with biological properties2. The relationships between electro-
chemical and biological properties carry a great significance, 
allowing the use of electrochemical parameters as direct 
evaluators of a biological activity. Electrochemical parameters 
do not give absolute correlation with biological activity data 
due to the enormous complexity of the live organism, so 
many other important factors (e.g., membrane permeability) 
must also be considered. 

Mention will be made of examples where electrochemis-
try contributes significantly to pharmacy or medical chemis-
try. Besides the classical Zuman work3, the studies of acridi-
nes4 or benzoxazines5,6 could be noted as the examples of QSPR 
studies. There are only few QSAR studies using electrochemi-
cal potential for description of the effect of substituent on bio-
logical properties, such as inactivation of cytochrome P-450 
(cit.7), antitumor activity8, and antioxidant activity9. 
 
This work was supported by research project 
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Republic. 
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As a result of the rapid development within the field of 
lab-on-a-chip systems, there is currently a growing interest in 
miniaturised electrochemical devices1. This can be explained 
by the fact that electrochemical devices can be readily minia-
turised and that the required electrodes can be manufactured 
with standard microfabrication techniques.  

The main on-chip application of electrochemistry so far 
involves electrochemical detection in capillary electrophore-
sis (CE), a technique that has been employed for a wide 
range of applications1,2. The main problems associated with 
the of electrochemical detection in (conventional as well as 
on-chip) CE are caused by interferences due to the presence 
of the CE electric field3,4 and uncertainties in the positioning 
of the electrodes with respect to the capillary which may 
affect the reproducibility of the measurements1,2. To 
mimimise the interferences of the CE electric field on the 
detection, the end column approach1,2 is generally used in 
conjunction with on-chip devices due to its straightforward 
implementation. In this approach, a detection microelectrode 
is positioned immediately outside the end of the separation 
channel where the electric field strength is low enough to 
enable detection. The end column approach thus requires 
reproducible positioning of the detection electrode at the end 
of the separation channel which can be ensured by fixing the 
positions of the electrodes with respect to the channel during 
the micro fabrication process. However, the separation elec-
tric field still affects the detection via a change in the detec-
tion potential.  

As has been shown by Klett et al.5 the influence of the 
separation electric field on electrochemical detection can, 
however, be eliminated by ensuring that the detection and 
reference electrodes are positioned on an equipotential sur-
face at the point of detection. It has also been shown6 that the 
separation electric field in fact can be used for the detection 
by meauring the current between two microband electrodes 
positioned at the end of a CE capillary in the end column 
detection mode. In the latter case, a potentiostat was not re-
quired as the potential needed for the detection resulted from 
the potential difference induced between the electrodes as a 
result of the separation electric field and a small interelec-
trode distance. The latter technique should consequently be 
well-suited for use in conjunction with microfabricated flow 
channels in the presence of an external electric field.  

This presentation will focus on our recent research7 
aiming at the development of electric field driven electro-
chemical detection techniques for inclusion in chip-based 
devices. It will be demonstrated that an external electric field 
can indeed be used to drive amperometric detection any-
where within a microfabricated flow channel containing an 
array of gold microband electrodes. The influence of parame-
ters such as the electric field strength, the interelectrode dis-
tance, electrode stability and the concentration of electroac-
tive species in the flowing solution on the detection will be 
discussed.  
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In this study, an immunosensor was developed by elec-
trodepositing gold nanoparticles on to a polythionine modi-
fied glassy carbon electrode (GCE).Anti-aflatoxinB1 anti-body 
was immobilised on the modified GCE. Horseradish peroxi-
dase was used to block sites against non-specific binding. 
Competition reaction was allowed to take place between the 
free AFB1 and AFB1-conjugate for the binding sites of the 
antibody. Cyclic voltammetry (CV) and differential pulse 
voltammetry (DPV) were employed to characterize the elec-
trochemical properties of the modified process. The current 
response decreased with an increase in AFB1 concentration in 
the range of 0−1.5 ng ml−1 with a limit of detection of 
0.4 ng ml−1 at three times background noise. The proposed 
method eliminates the use enzymatic labels. 
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Carbon nanotubes CNTs are attractive electrode materi-
als due to their good electrical conductivity and mechanical 
strength, as well as their inertness in solution, where they still 
retain a high surface activity and a wide operational potential 
window. However, the proper construction and orientation of 
the carbon nanotube electrode is critical for its electrochemi-
cal properties; high density of open ends (similar to a graphite 
edge-planar electrode) can give fast electron transfer response 
but they only constitute a very small portion of the CNT sur-
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face exposed to the solution. Side-walls and amorphous car-
bon-covered surface dominate on the overall surface area, 
lowering the electron transfer kinetics. Moreover and from the 
point of view of the amperometric biosensing, the establish-
ment of a fast electron transfer between the active site of 
a redox biomolecule and the electrochemical transducer is 
a desired feature to improve sensitivity.   

Accordingly, our purpose is to highlight the transducer 
and biosensor performance of different electrode systems and 
configurations based on protein-modified carbon nanotubes 
and compare with graphite composites and highly oriented 
pyrolytic graphite. Amide bonds were formed to immobilize 
proteins, previous carboxylic activation of the carbonaceous 
element. Specifically, biosensing behavior of different con-
figurations of carbon functionalized with redox proteins 
(myoglobin and catalase) will be evaluated. Such proteins 
exhibit high sensitivity to oxygen and peroxide, respectively, 
and catalyze their reduction, which can derive to oxygen and 
peroxide sensors. Our results confirmed that carbon nanotube 
electrodes constitute optimal environments for the direct elec-
tron transfer of such redox proteins. Additionally, we found 
that electrodes based on vertically aligned carbon nanotubes 
(nanotube forests) provide the highest electron transfer kinet-
ics to the oxygen or peroxide reduction, the fastest sensor 
response and the highest signal/noise ratio, permitting the 
detection of very low analyte concentrations. 
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At present electrochemistry of nucleic acids is a boom-
ing field, particularly because of its actual and potential appli-
cations in biotechnologies. For example, it offers a simpler 
and less expensive alternative to optical detection in the DNA 
chips for parallel analysis of the DNA hybridization, DNA 
damage, DNA- and RNA-protein interactions, etc. First elec-
trochemical nucleic acid experiments were done about 50 
years ago with the dropping mercury electrode. In 1958* 
I showed that all nucleic acid bases, as well as DNA and 
RNA, are electroactive1 producing cathodic and/or anodic 
signals on a.c. oscillopolarographic curves** (a.c. chronopo-
tentiometry according to the present nomenclature). My re-
sults contrasted with the previously claimed electroinactivity 
of DNA and nucleic acid bases (except of adenine reduction 
in strongly acidic solutions)2,3. I identified the DNA cathodic 
and anodic signals4 and showed that chromosomal native 
double-stranded (ds) DNA is not reducible in difference to 
reducibility of DNA degradation products. Shortly afterwards 

I showed that electrochemistry can be used to study DNA 
denaturation, renaturation and premelting5. We found (using 
different electrochemical methods) that electrochemical sig-
nals of dsDNA depend on its nucleotide sequence providing 
thus very early evidence of polymorphy of the DNA double-
helical structure (reviewed in ref.6). For several decades DNA 
electrochemistry was studied by a handful of people, includ-
ing laboratories of G. C. Barker, H. Berg (Jena), B. Czochral-
ska (Warsaw), I.R. Miller (Rehovoth), H. W. Nürnberg 
(Jülich), J.A. Reynaud (Orleans) as well as V. Vetterl and V. 
Brabec in Brno, in addition to my laboratory. Their work laid 
down fundaments for the present flourishing field, including 
the development of DNA sensors. In 1978 solid electrodes 
were firstly used in nucleic acid research7. At the beginning of 
1980�s we introduced the first covalently bound electroactive 
marker into DNA8 and several years later we proposed the 
first DNA-modified electrodes9 (reviewed in ref.10). These 
findings paved the way for development of the DNA biosen-
sors. Present state of DNA electrochemistry is reflected in 
recent reviews10, 11, and particularly in the recently published 
book on the electrochemistry of nucleic acids and proteins12. 
In my talk the history of nucleic acid electrochemistry will be 
briefly summarized, and the present trends and perspectives in 
electrochemistry of nucleic acids and proteins in relation to 
biotechnologies and biomedicine will be discussed.  
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Organic electrolytes − room temperature ionic liquids 
(RTIL) − are usually organic or mixed organic-inorganic salts 
with a melting point lower than 100 ºC. In the last few years 
RTILs have become attractive in different fields such as ca-
talysis, fundamental electrochemical studies of organic and 
inorganic compounds, formation of metal nanostructures, and 
in analytical and ioanalytical chemistry, including sensors and 
biosensors1.  

Carbon film electrodes have been extensively studied in 
aqueous solutions, after electrochemical pre-treatment usually 
exhibiting similar electrochemical properties to glassy carbon. 
Here, these electrodes have been characterised in the room 
temperature ionic liquids, 1-butyl-3-methylimidazolium bis
(trifluoromethane)sulfonimide (BmimNTF2), 1-butyl-1-          
-methylpyrrolidinium bis(trifluoromethane)sulfonimide, 
(BpyrNTF2) and 1-butyl-3-methylimidazolium nitrate 
(BmimNO3), by cyclic voltammetry and electrochemical im-
pedance spectroscopy. It was demonstrated that the electro-
chemical behaviour depended on both cation and anion of 
these ionic liquids. Oxygen reduction is clearly visible at car-
bon film electrodes − after oxygen removal the potential win-
dow was wider2.  

The application of these room temperature ionic liquids 
will be demonstrated and discussed. These RTILs were used 
in the electrochemical investigation of two ferrocene deriva-
tives, benzoyl- and acetyl-ferrocene, that are both insoluble in 
water and of two sensor and biosensor mediators, copper 
hexacyanoferrate and poly(neutral red), with a view to using 
ionic liquids as electrolytes in electrochemical sensing and 
biosensing systems2. BmimNO3 has been successfully applied 
in a glucose biosensing system3. 

Financial support from Fundação para a Ciência e Tecnolo-
gia and from COST Action D29 is gratefully acknowledged. 
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Molecular imprinted polymers (MIP) have molecular 
recognition properties similar to those of natural receptors, 
with good recognition ability and specificity. They are widely 
used as recognition elements in sensors with electrochemical 
transduction, as reported for example by Piletsky and Turner1. 
MIPs for selected template substances have been previously 
prepared as omogeneous thick membranes with mechanical 
properties suitable to obtain a potentiometric ISE sensor2. 
Here the same kind of membrane is tested for the possibility 
of taking advantage of its gate effect3. To this aim the signal 
measured is a faradic current modulated by the rebinding of 
the template molecule to the MIP membrane. The electroac-
tive substance responsible for the current signal can be differ-
ent from the template molecule, so that the method can be 
used for the detection of not electroactive substances. 

For demonstrating this possibility an amperometric sen-
sor for isopropyl-thioxanthen-9-one (ITX), which is not elec-
troactive on carbon electrodes, was prepared based on the gate 
effect. A thick molecularly imprinted polymeric (MIP) mem-
brane (0.6 µm thickness) was directly formed on a graphite 
electrode of 0.5 mm diameter (MIP-GE). This was the work-
ing electrode in a three electrode cell in which the current was 
measured at -850 mV (vs. Ag/AgCl sat). The solution was 
Britton-Robinson buffer at pH 1.5. The current is due to the 
reduction of H+ ions. It has been found to linearly depend on 
the concentration of the template molecule, decreasing with 
the concentration of ITX. A similar effect was observed in the 
case of other hydrophobic templates, while in the case of 
more polar templates, as for instance atrazine, the current 
intensity increases with the concentration. The detection limit 
at the considered conditions was 9×10−7 M for ITX. A number 
of molecules of similar structure were considered to test the 
selectivity, demonstrating that the gate effect of the MIP 
membrane is very specific for the template. A current was 
obtained both on bare carbon electrodes, and on electrodes 
covered with a non imprinted membrane (NIP) of similar 
composition, but only in the case of MIP-GE it does not vary 
with the template concentration. Evidently the gate effect 
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depends on the specific nanocavities which act as selective 
receptors for the corresponding template and at the same time 
as modulators of the current.  
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In order to improve the efficiency of array technology it 

is desirable to perform multi-target assays on the same plat-
form which greatly increases the throughput and the amount 
of information that can be obtained in a single assay. Nor-
mally these sensor arrays require separate platforms for analy-
sis. The detection of pathogens, such as anthrax, would bene-
fit from the ability to detect genomic, proteomic, and whole-
cell signatures which would reduce false positive measure-
ments and increase confidence in the sensors results. Herein 
we present recent work in our laboratory towards the realiza-
tion of a multianalyte microelectrode detection platform capa-
ble of discriminating chemicals and different biomolecules 
simultaneously. The functionalization of electrodes with aryl 
diazonium salts provides an electrically addressable deposi-
tion procedure capable of immobilizing a wide range of mole-
cules. We demonstrate control over surface density and elec-
tron transfer kinetics as well as the activation of individual 
electrodes in an array.  The direct electrically-addressable 
immobilization of diazonium-modified proteins is shown to 
be suitable for the construction of multianalyte immunosen-
sors and the immobilization of horseradish peroxidase leading 
to the direct electron transfer between the redox enzyme and 
the electrode. The use of catalytic nanoparticles leads to the 
construction of a reagent-less immunosensor and the simulta-
neous detection of DNA and proteins on the same electrode 
array is demonstrated. 

New immobilization procedures which increase the sta-
bility of biomolecules may lead to the introduction of multi-
sensor systems for simultaneous monitoring of both biological 
and chemical events.  For example, cells can release a combi-
nation of proteins and small molecules upon exposure to par-
ticular stimuli, presented in Fig. A. Many cell-cell and host-
pathogen interactions undergo a cascade of events that require 
complex detection strategies to elucidate mechanisms and 
signaling pathways. We are currently testing the feasibility of 
diazonium chemistry conjugated with boronic acid to capture 
live cells on electrodes. As shown in Fig. B, it may be possi-

ble to detect changes in membrane conductance and release of 
electroactive chemicals while monitoring the release of cyto-
kines involved in secondary signaling. The ability to perform 
electrochemical experiments in microfluidic systems opens up 
many new opportunities for synthesis and sensing applica-
tions. 
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Hydrophilic carbon nanoparticles similar to metal 
nanoparticles are very interesting building blocks in thin film 
electrode systems and their high surface area and high level of 
interfacial edge sites are potentially beneficial in electro-
chemical processes1. Chitosan (used here as a binder for hy-
drophilic carbon nanoparticles) is a cationic polyelectrolyte 
(pKa≈6.5), soluble in aqueous acidic media, which forms wa-
ter insoluble complexes for example with anionic poly elec-
trolytes. Chitosan as an environment-friendly and cost-
effective material, has received considerable interest in recent 
years in particular for the removal of heavy metals2−5. The 
nanocomposite carbon nanoparticle-chitosan film electrode is 
subject of this contribution and can be obtained with different 
experimental methods including layer by layer formation or 
solvent evaporation.   

In this study, chitosan (poly-D-glucose-amine) has a dual 
effect as (a) the binder for the mesoporous carbon composite 
structure and as (b) binding site for redox active probes and 
metal ions. Physisorption onto the positively charged ammo-
nium group occurs for example with indigo carmine which 
undergoes a reversible 2e− − 2H+ reduction in aqueous media. 
Chemisorption at the amine functionalities is demonstrated 
with 2-bromo-methyl-anthraquinone which also undergoes 
a reversible 2e− − 2H+ reduction in aqueous media. It is possi-
ble to control the number of binding sites and porosity in the 
film with the chitosan concentration during film formation. 
Chitosan � carbon nanoparticle composite electrodes are 
shown to effectively bind mercury. Once immobilised, the 
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mercury is permanently fixed within the nanocomposite and it 
is demonstrated that the resulting electrode is effective as a 
mercury electrode replacement. 
  
The authors would like to thank the EU and TEKES for finan-
cial supports. 
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An integrated microfluidics / electrochemical sensor 
with dual working electrode configuration was fabricated for 
voltammetric and electrochemiluminescence (ECL) applica-
tions. The fabrication method is based on the integration of 
two techniques: injection moulding and the screen printing. 
The former is used for the generation of the base plate of the 
flow cell containing the electrical connectors, and the top 
plate, containing the flow channel and the fluidic connectors. 
Screen printing is used for printing the electrodes directly on 
the injection moulded base plate. An over moulding proce-
dure followed by ultrasonic welding was used to form the 
complete sensor. High impact polystyrene (HIPS), Zeonor® 
and SAN materials were evaluated for their compatibility with 
screen printing. Among those, Zeonor® gave the best results 
and thus was selected for the flow cell fabrication. An inter-
digitated working electrodes design with 200 µm width and 
spacing was successfully printed using carbon ink, platinaised 
carbon ink or both. Planar reference and counter electrodes 
were also printed on the base plate using Ag/AgCl and carbon 
inks respectively. 

The electrochemical and ECL performance of the sen-
sors were assessed by applying different electrochemical 
methods such as cyclic voltammetry, anodic stripping voltam-
metry and chronoamperometry. The attractive analytical per-
formance demonstrates good capability of the disposable 
sensors for routine on-line electrochemical and ECL measure-
ments. 
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Electron transfer across the water/dichlorohexane liquid/
liquid interface has been studied with FeIII/II hexacyanoferrate 
in the aqueous phase and a lutetium bisphthalocyanine in the 
solvent (M0) : 
 

 
 

 
 
 
 
 
 
 

Scheme 1. SEM images for (a) a 2-layer chitosan-carbon nanopar-
ticle film and (b) the porous topography of the surface for a 4-
layer chitosan-carbon nanoparticle deposit 
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Scheme 1. Electron transfer at a liquid/liquid interface 
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Lutetium bisphthalocyanines are much better candidates 
than ferrocenes for such studies because of their total insolu-
bility in water and of their chemical stability1,2. Moreover, 
they can be oxidized as well as reduced. The electron ex-
change has been studied by voltammetry at a liquid/liquid 
microinterface. It has been noticed during investigations that 
the proton transfer from water to nitrobenzene or dichlorohex-
ane was facilitated by the presence of the lutetium bisphthalo-
cyanine in the solvent and by its disproportionation reaction3: 

2 M0
s + H+

w ↔ M+
s + HMs 

Proton is a highly hydrophilic ion but its transfer is much 
easier, by almost 30 kJ mol−1, due to the protonation reaction 
of M−, the reduced bisphtalocyanine. This has been investi-
gated by voltammetry under stationary conditions at the mi-
crointerface  between the two immiscible liquid media. 
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In natural waters, metal ions are usually distributed over 
a variety of complexes with dissolved ligands and dispersed 
particles, spanning a range of complex stabilities and labili-
ties. Understanding the bioavailability of metal species re-
quires consideration of the overall flux towards the organism 
surface, which arises from the coupled diffusion and associa-
tion/dissociation kinetics involving the various metal species 
in the medium. The contribution of dynamic complexes de-
pends on the relative magnitude of the diffusive and kinetic 
fluxes and will range from fully labile (diffusion controlled) 
to non labile (kinetic controlled)1,2. 

Scanned stripping chronopotentiometry (SSCP) curves, 
i.e. plots of the transition time (SCP analytical signal) vs. the 
applied deposition potential, are inherently rich in informa-
tion, providing data on the stability distribution spectrum and, 
if applicable, on the corresponding fraction of the rate con-

stant distributions. Recently, thin mercury film electrodes 
(TMFE) plated onto glassy carbon proved to be an excellent 
complement to the conventional mercury electrodes (hanging 
mercury drop electrode and the Hg-Ir microelectrode) in the 
construction of SSCP experimental waves, due to the high 
sensitivity and resolution as well as to the low deposition 
times which are used3.  

The present work explores further the potentialities of 
the TMFE in SSCP dynamic speciation studies to fully take 
advantage of the well defined hydrodynamic features of this 
electrode. The characteristic parameters of the SSCP wave 
(the limiting wave height, τ*, and the half-wave deposition 
potential, ∆Ed,1/2) provide a sensitive indicator of the loss of 
lability in metal complex systems1,2.  

The system lead(II)─iminodiacetic acid (Pb-IDA) com-
plex was used to evaluate the potential of SSCP for the deter-
mination of the association rate constant, ka, in the kinetic 
current regime. With increasing ligand concentration, there 
was a decrease in τ* and a shift of Ed,1/2 towards negative po-
tentials (Fig. 1), indicating a loss of  lability of the system. For 
each ligand concentration the both value of the association 
rate constant, ka and the stability constant, K, were determined 
and compared with the published values.   
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Fig. 1. Experimental and fitted SSCP waves for Pb and Pb-IDA at 
pH 5.5 for the TMFE (thickness of 8 nm). Experimental curves were 
measured for 1.2×10−7 mol dm−3 Pb(II) in 0.01 NaNO3 mol dm−3 in 
the absence (♦) and presence of IDA: 2.4×10−5 mol dm−3 (◊), 3.8×10−4 

mol dm−3 and (□), 2.8×10−3 mol dm−3 (∆). Other experimental condi-
tions: td = 80 s and Is = 7.5×10−8 A. Fitted waves (full line) 



Chem. Listy 102, s18−s61 (2008)             12th International Conference on Electroanalysis                                   Oral Presentations 

s51 

OP62 
STUDY OF REDUCTION AND OXIDATION  
OF HETEROPOLYANIONS USING POTENTIOMETRIC 
CHEMICAL SENSORS 
 
ALISA RUDNITSKAYAa,b, DMITRY V. EVTUGUINa, 
JOSE A. F. GAMELASa, and ANDREY LEGINb 
 
a Department of Chemistry, University of Aveiro, 3810-193 
Aveiro, Portugal, b Department of Chemistry, St. Petersburg 
University, 199034 St. Petersburg, Russia 
alisa@ua.pt 
 

The present research was aimed at the application of an 
array of potentiometric chemical sensors to the study of the 
mechanism of the reduction and oxidation of some poly-
oxometalate (POM) complexes. Phosphovanadomolibdates of 
the Keggin-type and formulae [PMoxV12−xO40](3+x)− were cho-
sen for this study as compounds that have been extensively 
studied as catalysts for the oxidation of several types of or-
ganic substrates, including delignification of lignocellulosic 
materials. In the catalytic process it is assumed that the sub-
strate is oxidized while the V(V) atoms in the POM structure 
are reduced to V(IV) followed by re-oxidation of vanadium 
centers in POM by O2. It is of some controversy if reduction 
and oxidation of vanadium occur inside the Keggin-type 
structure of POM or outside. If it does, a mixture of POM in 
oxidized and reduced forms and of vanadium outside POM as 
VO2+ and VO2

+, or other species would be present in the solu-
tion. Therefore, an analytical technique capable of measuring 
these vanadium species in solution in the real time is neces-
sary for elucidation of the mechanism of these reactions.  

Methods that are conventionally used for the detection of 
V(IV) (EPR spectroscopy) or V(V) (51V and 31P NMR) spe-
cies in solutions are not suitable for their simultaneous and 
instantaneous determination. It was demonstrated that simul-
taneous detection of V(IV) and V(V) species in the aqueous 
solutions can be carried out using  is an array of potentiomet-
ric chemical sensors1. 

In the present work an array of sensors was applied to 
the real-time follow-up of the changes of the concentrations 
of vanadium containing species in the course of the reduction 
and re-oxidation of the phosphovanadomolibdates containing 
one and two vanadium atoms. Sensors displaying red-ox sen-
sitivity and sensitivity to V(IV), V(V) and vanadium contain-
ing POM were chosen based on the previous work1. Changes 
of the species concentrations during reduction of the POM 
and their re-oxidation by air and in the presence of catalyst � 
laccase were monitored using sensor array. Mechanism of 
POM re-oxidation was suggested based on the observed 
changes in the concentrations of vanadium containing species.  
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An approach based on volt-amperes� characteristics of 
voltammograms and amperograms for the analysis of sub-
strate specificity of cytochromes P450 was proposed. To ob-
tain nanoelectrode systems, based on gold nanoparticles on 
the electrode surface we used colloidal Au solution stabilized 
with lyotropic liquid crystalline phase of membrane-like syn-
thetic surfactant didodecyldimethylammonium bromide 
DDAB. The electrochemical behavior of nanostructured elec-
trodes with immobilized cytochromes P450 2B4, 1A2, 3A4, 
11A1 (P450scc), and 51b1 (sterol 14α-demethylase, 
CYP51b1) in the presence of typical substrates and inhibitors 
of these forms were studied. Based on the results of am-
perometry, cyclic voltammetry, voltammetric analysis (DPV 
and SWV) and intermittent pulse amperometry (IPA), it was 
possible to conduct a search and to study the kinetic parame-
ters of potential substrates and inhibitors of cytochrome P450. 
The proposed electrochemical approach is a sort of a bio-bar 
code of cytochrome P450 for the determination of the sub-
strate/inhibitor P450�s competence. The method of electro 
analysis may be applied to creation of multichannel electro-
chemical plates (chips, panels) with immobilized cytochromes 
P450.  

A novel electrochemical method for the detection of 
bioaffinity interactions based on a gold nanoparticles sensing 
platform was developed. Voltammetric method for a direct 
determination of gold nanoparticles based on stripping volt-
ammetry of Au/Au oxides film was studied. The sensor signal 
was a gold oxides reduction peak current after 30 s oxidation, 
E = +1.2 V. The surface characteristics of the composite elec-
trodes were investigated for the detection of myoglobin − 
antibody or thrombin − aptamer interactions. 
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It was stated that some organic substances including 
guanidine group like famotidine, metformin, aciclovir, ganci-
clovir, 2-guanidinebenzimidazol can catalyze effectively the 
hydrogen evolution reaction. They can be considered as a new 
group of catalysts  in the catalytic systems of hydrogen ions. 
New square-wave voltammetric (SWV) methods of famotidi-
ne1 metformin2 and acyclovir3 determination based on the 
hydrogen evolution reaction catalyzed by adsorbed catalyst at 
the CGMDE were developed. We analyzed both theoretically 
and experimentally under conditions of SWV the electrode 
mechanism of famotidine4 and metformin2. Each of the men-
tioned compounds as the adsorbed catalyst is undergoing 
protonation at the electrode surface, the protonated form of 
the catalyst is irreversibly reduced yielding the initial form of 
the catalyst and atomic hydrogen. It is in accordance with the 
schemes of catalytic reactions5 .The most important advantage 
of the presented studies arises from the fact that the inactive at 
mercury electrode compounds act as electrocatalysts and can 
be determined by voltammetric methods. The voltammetric 
procedures were characterized with respect to the repeatabil-
ity, precision and the recovery. The detection and quantifica-
tion limits respectively were found to be: 4.9×10−11 L−1 and 
1.6×10−10 L−1 for famotidine (SW AdSV), 1.8×10−8 L−1 and 
5.9×10−8 L−1 for metformine (SW AdV), 7×10−8 L−1 and 
2×10−7 L−1 for acyclovir (SWV). The SW voltammetric 
method was applied for direct determination of famotidine 
and metformin in human urine.The method has been validated 
by using HPLC with UV detection. 
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The increasing number of potentially harmful pollutants 
in the environment calls for fast and cost-effective analytical 
techniques to be used in extensive monitoring programs. The 
requirements, both in terms of time and costs, of most tradi-
tional analytical methods (e.g. chromatographic methods) 
often constitute an important impediment for their application 
on regular basis. In this context, biosensors appear as suitable 
alternative or complementary analytical tools. This study 
presents the development of a simple, sensitive, rapid and low 
cost amperometric nanobiosensor for quantitative determina-
tion of the herbicide glyphosate and its metabolite ami-
nomethylphosphonic acid (AMPA). The nanocomposite film 
composed of poly(2,5-dimethoxyaniline) (PDMA) and poly
(4-styrenesulfonic acid) (PSS) nanoparticles was successfully 
prepared by electropolymerization on the surface of a rotating 
gold disk electrode. It was characterized by transmission elec-
tron microscopy (TEM), scanning electron microscopy (SEM) 
and subtractively normalized interfacial FTIR (SNIFTIR) 
spectrophotometer. The functionalized film was characterized 
by fast charge propagation, and it  served as a redox conduct-
ing template for attachment of a model enzyme, horseradish 
peroxidase, HRP. The resulting nanobiosensor was applied 
for electrochemical sensing of glyphosate and AMPA in soya 
bean samples. Hydrogen peroxide was used to measure activ-
ity of the enzyme before injection of the herbicides into the 
electrolyte solution. Glyphosate and AMPA analyses were 
realized on spiked soya bean samples within a concentration 
range of 2.0−78.0 µg L−1 and with recovering percentages 
close to 100 %, corroborating that the nanobiosensor is sensi-
tive enough to detect the herbicides in these matrices. Based 
on a 20 µL sample injection volume, the detection limits were 
0.1 µg L−1 (10−10 M) for both glyphosate and AMPA without 
sample clean-up or preconcentration.   
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In the last years, the description of various designs of 
biofuel cell architectures was aiming at the use of a variety of 
environmental friendly fuels such as hydrogen, organic acids, 
alcohol, sugars. Such fuels might be considered for providing 
energy in a biofuel cell by integration of complementary bio-
components, such as enzymes, microbial or whole cells for 
catalyzing the reactions at the anode and/or cathode.  

In order to fulfil the high efficiency standards required 
for a biofuel cell, one shall take in consideration a multitude 
of parameters regarding the integrated biocomponent: e.g. its 
loa-ding, operational stability, design of efficient electron-
transfer pathways between biocomponent and electrode 
(anode/ca-thode), enhanced active area of electrode, etc. 

Here, cellobiose dehydrogenase was involved in cataly-
tically �burning� (oxidation) of lactose/cellobiose fuels at the 
anode side, in combination with a cathode on which lacasse 
was responsible for oxygen reduction at high formal poten-
tials. The principle feasibility of combining two modified 
electrodes as anode and ca-thode within a biofuel cell is de-
mon-strated in Figure 1. 

This initial proof of the functioning principle was now 
further opti-mized with respect to biofuel cell potential, en-
zymes loading and active areas of the electrodes. This was 
achieved by using specifically designed of Os-complex modi-
fied redox polymers that are able, in the case of cellobiose 
dehydrogenase, to specifically pick-up electrons from the 

FAD-subdomain and, as a consequence, by-passing the contri
-bution of the heme-subdomain in the electron transfer path-
way, resulting in a negative shift of 200 mV for the anode 
side. For the cathode side, a different polymer was designed 
for opti-mum electron transfer at high potentials (~500 mV vs. 
Ag/AgCl). The redox polymers were in addition supporting a 
high loading with enzymes on both electrodes. Moreover, an 
efficient electric wiring of the polymer-bound Os-centres 
from the vicinity of the biocomponent to the electrode surface 
was achieved by using an advanced electrode architecture 
based on highly conducting hierarchical two-generation car-
bon micro-/nanotubes as drawn in Figure 2 (ref.1). 

The optimized biofuel cell design along with the ob-
tained results concerning cell-power, operational stability will 
be discussed. 
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Fig. 1. Initial power density of CDH/lacasse biofuel cell in respect 
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Fig. 2. Schematic representation of hierarchical two-generation 
carbon micro-/nanotube structure as anode with an enlarged 
active surface area for enzyme loading (○) and improved wiring 
via Os-containing redox polymer (●) 
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In recent years single-walled carbon nanotubes 
(SWCNTs) have been used to promote the electrochemical 
communication between electrodes and redox enzymes. 

Whereas most frequently the SWCNTs have been used 
without purification and further characterization, there might 
be large differences in quality, morphology, and length of the 
SWCNTs which can have strong influence on the perform-
ance of the nanotubes during bioelectrochemical applications. 
We have oxidatively shortened, purified, and separated 
SWCNTs with respect to their average length by size exclu-
sion chromatography. The different fractions were character-
ized by means of microscopic techniques such as high resolu-
tion transmission electron microscopy, cryogenic transmission 
electron microscopy and atomic force microscopy.  

 Individual fractions of these nanotubes were compared 
with respect to their ability to improve the electrochemical 
communication between electrode and redox enzymes. In 
particular the enzymes cellobiose dehydrogenases (CDHs), 
pyranose dehydrogenase, diaphorase, and tryptophan repres-
sor binding protein (WrbA), have been studied. Different 
electrode architectures were compared. The SWCNTs were 
able to increase the rate of direct and mediated electron trans-
fer whereupon a strong influence of the average length of the 
SWCNTs on the electrocatalytic current was observed. The 
enzyme/SWCNT modified electrodes were employed in am-
perometric biosensors and biofuel cells.  
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Pt-Ag nanoparticles catalysts with different concentra-
tion ratio were prepared on a glassy carbon electrode surface 
by a pulsed electrodeposition method and investigated with 
respect to their catalytic activity for oxygen reduction (ORR)1 
for potential applications in proton exchange membrane fuel 
cell (PEMFC). The atomic composition was studied by means 
of energy dispersive X-ray diffraction ana-lysis (EDAX) 
which confirms the presence of Pt and Ag on the surface, 
while the morphology was investigated by scanning electron 
microscopy (SEM). SEM images indicated that the prepared 
catalyst partic-les are homogenously dispersed on the surface 
with a particle size of typically 20−40 nm (Figure 1). 

The catalytic properties of the prepared catalyst with 
respect to ORR were evaluated using cyclic voltammetry in 
phosphate buffer. A comparative study was made using 
a rotating disk electrode to evaluate the catalytic behaviour of 
Pt-Ag deposits with different metal loading. The observation 

confirms that the codeposited amount of Ag is an important 
parameter for fine-tuning of the catalytic activities of bimetal-
lic nanoclusters. If true alloying occurred during the electro-
che-mical deposition the observed enhancement may originate 
from favourable electronic effects of a well mixed alloy. Re-
dox competition mode scanning electrochemical microscopic 
(RC-SECM)2 studies were carried out to visualize the local 
catalytic activity of Pt-Ag nanoparticles in phosphate buffer 
after formation of catalyst spots using a micro droplet cell 
(Figure 2a). Figure 2b clearly demonstrates the catalytic activ-
ity of the deposited Pt-Ag nanoparticles. 

 
REFERENCES 
  1. Hwang B. J., Senthil Kumar S. M., Chen C.-H., Monalisa 

Fig. 1. (a) Energy dispersive X-ray diffraction analysis and (b) 
scanning electron micrograph of Pt-Ag catalyst deposited on 
glassy carbon 

 
a 
 
 
 
 
 
 
 
 
 
 
 
b 

Fig. 2. (a) Catalyst picture and (b) visualized catalyst spot by 
RC-SECM in phosphate buffer  

 a    b 
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A novel method for the detection of fluorides based on 
dynamic electrochemistry is presented. Fluoride anion is an 
important component of food product as well as environ-
mental samples. In practical analysis mainly potentiometric 
method based on ionselective electrodes is used. Potentiomet-
ric response, however, is logarithmic function of concentra-
tion.  Its antilogarithmization for obtaining concentration 
causes large error. The proposed voltammetric method is 
based on electroinactivation of iron (III) by strong complexa-
tion with fluoride under formation hexafluoroferric ion. Diffu-
sion current of iron(III) is thus decreased when fluorides are 
added to the solution. The response of  noncomplexed iron 
was registered by cyclic voltammetry and by constant poten-
tial amperometry measuring iron(III) reduction current. In 
both methods the determination limit of 10−4 M was obtained 
on platinum interdigitated microelectrode array (IDA). The 
determination limit is one order lower than in the case of clas-
sic amperometric (polarometric) titration on platinum macro-
electrode1. This is due to diffusion layer overlapping of elec-
trode digits2. The capacity current is reduced. In addition the 
dimensions of IDA chip opens the possibility of microanalyti-
cal determination of fluorides.  
 
This work was suopported by the Slovak Research and Devel-
opment Agency under the contract No. APVV-0057-06. 
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One limitation with standard electrochemical experi-
ments is that the potential difference between the electrode 
and solution is basically the same for the entire interface. 
Also, based on the current, it is difficult to separately evaluate 
faradaic reactions on different parts of the electrode surface. 
This presentation will describe the use of electric fields and 
bipolar electrodes to generate gradients in electrochemical 
reactions on gold surfaces, and the use of imaging optics for 
evaluation of such gradients. The major advantages with this 
approach are that gradients in for example surface modifica-
tions can be formed relatively quickly, and that the surfaces 
themselves do not have to be contacted by electric wires1. 

As shown in Fig. 1, a voltage (or current) source and two 
electrodes are used to electrochemically induce an electric 
field in a solution in which a conducting surface is placed. 
The latter surface can then become a bipolar electrode, i.e. an 
electrode acting both as an anode and cathode, as it offers a 
less resistive path for the current. This occurs when the elec-
tric field parallel to the surface becomes sufficiently high to 
induce redox reactions at both ends of the surface. In the pre-
sent approach, a potential gradient across the electrode is thus 
induced by the electric field in the solution rather than by 
controlling the potential of the electrode. Since the potential 
difference between a point on the bipolar electrode and the 
solution will vary laterally along the surface, the driving force 
for electrochemical reactions varies accordingly. The rate of 
redox reactions will be highest at the edges of the electrode, 
and decrease towards the center of the surface. As will be 
shown, this can be used to create a surface gradient of mo-

Fig. 1. Schematic experimental setup, showing the current paths 
when electrochemical reactions take place on the bipolar elec-
trode. A variable voltage source is used to control the total current 
between e.g. two stainless steel electrodes 
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lecular functionality since bipolar electrode reactions can be 
used to control the adsorption or desorption of a specific 
molecule. 

The faradaic reactions on the bipolar electrode were 
visualized via imaging Surface Plasmon Resonance (iSPR). 
This detection method is based on changes in the refractive 
index of the solution in a region very close to the surface 
(some 350 nm). By choosing a redox couple with different 
refractive indices for the oxidized and reduced forms, the 
extent of the faradaic reactions along the bipolar electrode can 
then be monitored. Cyclic and pulsed voltammetry have fur-
ther been combined with the iSPR-instrumentation to demon-
strate the extent of faradaic reactions on differents parts of 
a heterogeneously modified gold surface2. This is basically an 
instrumental combination for imaging of electrochemical 
reactions with a lateral resolution in the micrometer range. 

Imaging ellipsometry has further been employed to pro-
vide thickness maps of gradients in molecular films (i.e. Self-
Assembled Monolayers, SAMs). These gradients were formed 
by incubating SAMs on gold surfaces, and in the next step 
using the latter as bipolar electrodes as described in Fig. 1. 
This could also be used to produce molecular films with 
a gradient in immobilized proteins (Fig. 2). Briefly, a gradient 
of an inert thiol (mPEG) was formed, and the empty sites of 
the gold surface where then backfilled with a second carboxy-
terminated thiol (aPEG). In the last step, the carboxy-groups 
were activated, and lysozyme could then be attached to the 
aPEG gradient. Such surfaces are, for example, very attractive 
when optimizing biochemical reactions on surfaces. 
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This communication reports about thermal modulation of 
amperometric signals by short heat pulses1 and continuous 
heating applied at electrically heated electrodes. Electrodes 
tested include gold and platinum layers on low temperature 
cofired ceramic (LTCC) substrates as well as noble metal 
wires and carbon electrodes2. We chose hexacyanoferrate(II) 
and picric acid as model analytes to explore �Temperature 
Pulse Amperometry� in a preliminary study1. Here, peak-
shaped amperometric signals were formed upon thermal 
modulation by short heat pulses. The peak current had been 
taken as the analytical information. Thermal modulation in 
amperometric measurements also activates kinetically inhib-
ited analytes such as picric acid. A linear calibration plot has 
been obtained ranging from 0.2 to 1 mmol l−1. The back-
ground contribution was effectively suppressed, even at −
0.7 Volts applied potential at the gold electrode. Convection 
did not significantly affect the analytical signal. This will be 
important for applications where convection is pulsating or is 
otherwise not under control and thus induces disturbances.  

Another great advantage of electrode heating is espe-
cially important for amperometric detectors. Electrode fouling 
can often be prevented by means of heated electrodes as we 
have demonstrated in the cases of NADH4 and dopamine5 
detection. 

A major step in the development of directly heated elec-
trodes is a special filtering device. The high power heating 
current can effectively be separated from the electrochemical 
signals by means of an inductor bridge2,3. This way, even 
electrode materials with a high resistivity such as carbon can 
be heated simultaneously to the electrochemical measure-
ments2. 

Future applications include environmental monitoring, 
flow injection analysis, high performance liquid chromatogra-
phy and capillary electrophoresis.  
 
The authors are grateful to the Deutsche Forschungs-
gemeinschaft and the State of Mecklenburg-Vorpommern for 
financial support. 
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Fig. 2. Line profiles from imaging ellipsometry measurements 
showing the thicknesses after the different preparation steps of 
the protein gradient. Line 1 shows the result of the desorption of 
mPEG, line 2 the result after the backfilling with aPEG, and line 3 the 
resulting protein gradient. The bare gold parts were contaminated by 
hydrocarbons from the air during the ellipsometric analysis 
(corresponding to ca. 0.8 nm for line 1) 
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An ordered array of macroporous optoelectrochemical 
sensors is presented; this device presents interesting peculiari-
ties combining the electroanalytical properties of the macro-
porous electrode surface, and the optical characteristics of the 
coherent fiber bundle used as substrate. This novel array can 
find application as analytical tool, for example for electro-
chemiluminescence (ECL) imaging, but can even be used as 
new substrate for Surface-Enhanced Raman Scattering 
(SERS)1,2. The device was fabricated by chemical etching of 
a coherent optical fiber bundle to produce an array of mi-
crowells. The macroporous surface inside the micrometer 
pores was obtained by template synthesis using colloidal crys-
tals. The artificial opal is created in each microwell by solvent 
evaporation of a latex beads suspension (Fig. 1). Two differ-
ent methods were used to deposit gold within the self assem-
bled beads. On one hand, we used an electroless deposition 
method3, based on the activation of the polystyrene beads 
surface by deposition of silver nanoparticles, and on the other 
hand, an electrochemical deposition technique4 was em-
ployed. As far as the latter method is concerned, a preliminary 
step is necessary to insulate the cladding between the optical 
fibers, to obtain the electrodeposition only inside the micro-
pores. After removing the particles a macroporous surface is 
obtained inside the microwells usable for SERS application or 
electroanalytical analyses. 
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Among the multitude of highly toxic pollutants, heavy 
metals have a special place, because they are considered as 
dangerous even at the low µg L−1 level concentration. 

Origins of environmental cadmium pollutions are varied 
but it usually comes from wastewaters or industrial effluents. 
Cadmium is used in battery and coating industries but it is 
also a by-product of lead, copper or zinc mineral extractions. 
This cadmium is mainly inorganic but its speciation can be 
modified by its close environment. 

In order to have better representative analyses so better 
information about the contamination degree of the medium, 
measurements have to be carried out quickly after sampling. 
A lot of analytical techniques are employed to quantify heavy 
metals but only a few of them can be achieved on field. 

Stripping voltammetry gives the ability to proceed to in 
situ and on field measurements1,2. Furthermore voltammetry 
inherently informs about thermodynamic and kinetic accessi-
ble fraction of heavy metals species which is comparable to 
the bioavailable fraction3. Moreover than on site measure-
ments, this method gives information about cadmium speci-
ation. 

A full-automated analysis system is developed and is 
presented in this study. The central key of the apparatus is the 
electrochemical sensor which is connected to a potentiostat 
and an automat both piloted by a personal computer. 
 
The sensor 

Hg-coated modified screen printed electrode previously 
used in our laboratory has been adapted to the constraints due 
to automatic measurements4,5. Various modifications of elec-
trode screen printing process and mercury film deposition 
permit to obtain good sensor�s reproducibility with a variation 
of sensitivity inferior to 10 % considering 11 different elec-
trodes. In addition, the relative standard deviation of 2 % 
reached, considering 160 consecutive analyses, shows the 
excellent repeatability of measurements. Analyses were done 
using square wave anodic stripping voltammetry. 

Fig. 1. Ordered microwell array obtained in an etched optical 
fiber bundle, filled with latex beads 
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The limits of detection and quantification for a deposi-
tion time of 2 minutes and a total analysis time inferior to 5 
minutes are respectively 0.15 and 0.50 µg(Cd2+) L−1. These 
potentialities illustrate our sensor possibilities to the ultra-
trace low-level applications. 
 
The automat 

Advantages of this kind of apparatus are twice. The first 
one is the automation of the entire analysis process previously 
carried out by the user, from the modification of the sensor to 
the results data processing. The device is composed of several 
containers connected to several electrochemical cells which 
are automatically filled or emptied with the needed solutions. 
It permits then to neglect analyses irreproducibility due to the 
manipulator. The second advantage is the adaptability of the 
automat to any type of sensor since the connection of the 
electrode is possible and the concerned analytical technique is 
managed by the potentiostat. 

This device can then be used as an on field cadmium 
speciation analyses system. Moreover than cadmium detec-
tion, the electroactivity range of our electrode and the adapta-
bility of the automat allow an enlargement of applications to 
lead, zinc, copper or arsenic. This device can also be consid-
ered as a powerful sensor-development tool. Indeed, it is pos-
sible to proceed for example to immunoanalyses or to the 
development of immunosensors only by modifying the con-
tainers content and the electrochemical process via the poten-
tiostat. 
 
Applications to real samples 

Primary applications to real sample which will be pre-
sented are promising. For example, the following figure illus-
trates an application to a river water contaminated with cad-
mium.  

Comparison between ICP-MS results, 0.73±0.03 µg
(Cd2+) L−1 and electrochemical results, 0.70±0.08 µg(Cd2+) L−1 
indicates the potentialities of our sensor and allows to say that 
all the dissolved cadmium is present in its bioavailable and 
toxic forms. 

Coupled with an organic matter destruction module, this 
device will be able to provide information not only about the 
bioavailable fraction but also about the total quantity of heavy 
metals present in solution. 
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The ordered monolayer structures of molecules at solu-

tion/electrode interface have been studied extensively as their 
importance both in fundamental researches and technological 
applications1−3. Of particular interesting are their interactions 
with the substrates and between themselves, which are essen-
tial for understanding their physical and chemical as well as 
their potential dependence properties and optimized applica-
tions. The nature of the bonding between the molecule and the 
support, as reflected in the electronic charge distribution and 
the geometric configuration of the molecule-support entity, in 
principle, can be addressed by obtaining submolecular resolu-
tion electrochemical scanning tunneling microscopy (ESTM) 
images of molecules adsorbed on the interested substrate by 
self-assembling.  

Au(III), one of the facets appeared on a gold bead sur-
face, is prepared following the Clavilier�s method4 and used 
as the substrate for sample preparation. The ESTM measure-
ment was performed with a Nanoscope E instrument equipped 
with a bipotentiostat (DI, Santa Barbara, CA). All STM im-
ages were recorded in the constant-current mode. Two clean 
Pt wires were used as a quasi-reference electrode and a 
counter electrode (CE) in the STM experiments. The freshly 
etched tungsten tip was coated with nail polish and solidified 
at least 15min (the leakage current of tip < 10 pA).  

Three kinds of molecules, metal (II) phthalocyanines 
(MPc) as well as their derivatives, DNA bases and 6-mercapto-  
-1-hexanol (MHO) were studied by ESTM on Au(III) elec-
trode. (1) The geometric configurations of MPc (Ni and Cu)  
were  reflected as the four-leaf pattern shape with dark hole in 
the center which depends on the d orbital of the central metal 
(II) near the Fermi energy. The ordering of MPc adlayer is 
affected by the side chains of MPc molecules. (2) Two dimen-

Fig. 1. Measurement of the cadmium present in a river water by 
standard additions of cadmium 
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sional phase transition of DNA bases adenine and thymine as 
well as their mixture were investigated by electrochemistry 
and STM. Two dimensional phase transitions and intermole-
cular interactions of DNA bases adenine and thymine were 
studied in details. The net work structure of adenine and 
thymine are observed. (3) The monolayer of coronene on Au
(III)could be replaced with MHO as revealed by electro-
chemical STM. The preformed coronene monolayer confined 
the reaction rate of MHO with Au. The replacement occurred 
initially at the elbow position on the reconstructed Au(III) and 
expanded from disorder to order and accompanied with the 
appearance of pits.      
 
The authors thanks the financial support from the National 
Natural Science Foundation of China (No.s 206750771 & 
2073500). 
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Room temperature ionic liquids (RTILs), ionic salts with 
melting temperature under 100 °C, are now a frontier area of 
research. Their interesting properties, eg. chemical and ther-
mal stability, conductivity, solubility of organic and inorganic 
compounds as well as plentiful modification possibilities offer 
utilization in many areas, including electrochemistry1.  

Recently, a new kind of carbon paste electrodes, using 
RTILs as a binder (IL-CPE), was introduced2. Original reason 
for the preparation of IL-CPE was seeking after the paste 
binder with charge transfer rate high enough for electrocata-
lytic modificators incorporation, but soon more interesting 
features of IL-CPE were discovered. Easier accesibility of the 
paste surface caused by lower hydrofobicity led to enhanced 
reversibility of electrochemical reaction3−5. Accummulation of 
ionic compounds was also enabled, which was not possible at 
non-polar binder5. However, large capacitive charging cur-
rents result in a very high background current in comparison 
with traditional carbon paste electrodes2,4,5.  

Various compositions of IL-CPE were tested, including 
partial replacement  of non-polar paste binder6 or different 
kinds of RTILs (ref.5). The results obtained show us the possi-
ble adjustable electrode properties.  

The aim of the study is to compare the electrochemical 
behaviour of IL-CPEs prepared of variety of RTILs and in 
comparison to traditional paste electrode.  
 
Financial support of Ministry of Education, Youth and Sports 
of the Czech Republic (projects LC 06035 and MSM 
0021620857) is gratefully acknowledged.  
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Fig. 1. ESTM image of NiPc/Au(III) (left) and the planar molecu-
lar model of NiPc  (right) 
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Fig. 2. ESTM image of mixtured adenine and thymine/Au(III) 
(left) and the proposed network structure (right) 

Fig. 3. ESTM images of the initial stage of MHO adsorption on 
coronene/Au(III) 
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Antioxidants (AO) are one of the main objects of analy-
sis and investigations in life sciences. Development of new 
techniques for the AO determination is very important. Volt-
ammetry is characterized by simplicity, sensitivity, cost-
efficiency, precision and speed and may be useful in AO 
analysis. Carbon nanotubes (CNT), as a novel form of carbon, 
have shown many interesting properties such as fast electron 
transfer rate and high electrocatalytic activity that permits to 
use CNT for the sensors creating in electroanalysis.  

Voltammetric characteristics for oxidation of the most 
important S-containing and liposoluble AO on the stationary 
GC, CE and MWNT-GC, MWNT-CE electrodes are pre-
sented in table. 0.1 M H2SO4 and 0.1 M HCLO4 in acetonitrile 
have been chosen as supporting electrolytes for determination 
of S-containing and liposoluble AO, respectively. Schemes of 
analytes oxidation have been proposed. 

Application of MWNT-modified electrodes leads to 
decrease of overpotential and increase of oxidation currents 
for the AO under investigation in comparison with unmodi-
fied electrode. Number of S-containing AO shows an electro-

chemical activity in available range of anodic potential on 
contrary to bare electrodes. Decrease of the low determination 
limit and enlargement the analytical range for AO determina-
tion have been obtained using electrodes nanoctructured by 
MWNT. Simple, expressive procedures for the voltammetric 
determination of the AO (methionine, unithiol, lipoic acid, α-
tocopherol and retinol) in pharmaceuticals have been devel-
oped. The RSD of determination is not exceed 5 %. The 
method proposed is characterized by good reproducibility, 
speed and can be recommended for the pharmaceuticals qual-
ity control. 
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At the early months of 1950 Professors J. Heyrovský and 
R. Brdička carried out research in polarography at the Depart-
ment of Physical Chemistry of the Charles University in Pra-
gue, at Albertov. In the preparation of formation of the 
Czechoslovak Academy of Sciences, it was decided to inau-
gurate six, so called Central, research institutes, separate from 
the University. One of them was Central Polarographic Insti-
tute to be headed by Professor J. Heyrovský, located at Ople-
talova 25 in Prague 2, close to the Wenceslaus Square. In the 
Summer of 1950 Prof. Heyrovský was joined there by six 
students in the finishing phase of their theses, namely J. Vo-
gel, J. Říha, A. Vlček, J. Ma�ek, M. Březina and myself. Soon 
they were joined there with Dr. J. A. V. Novák as Vice-
Director, by J. Kůta, I. Smoler, P. Valenta, L. �erák, J. Peiz-
ker, J. Volke, V. Volkeová and R. Kalvoda and later by 
J. Koryta. With the official fundation of the Czechoslovak 
Academy of Sciences in 1952, the institute was renamed to 
Polarographic Institute of the Czechoslovak Academy of Sci-
ences. All research in the Institute was involved in the devel-
opment of fundamental and practical applications of polaro-
graphy. With the growth of the Institute, a separate location 
was found at Vla�ská 9 on Malá Strana and later a separate 
laboratory dealing with fuel cells at Hostivař. Professor 
R. Brdička remained for some time at the Charles University 
and became the Director of the Institute of Physical Chemis-
try of the Czechoslovak Academy of Sciences. Eventually, the 
two Institutes were merged into J. Heyrovsky Institute of 
Physical Chemistry and Electrochemistry, which still later 
became the J. Heyrovsky Institute of Physical Chemistry.      
 
 

Table 
Voltammetric characteristics of AO oxidation 

Compound Electrode Oxidation 
potential [V] 

Imod/I 

Cysteine GC +0.80 − 
 MWNT-GC +0.60 5 
Glutathione GC − − 
 MWNT-GC +0.65 − 
Methionine GC − − 
 MWNT-GC +1.15 − 
Unithiol GC − − 
 MWNT-GC +0.60 − 
Lipoic acid GC +0.91 − 
 MWNT-GC +0.81 1.6 
α-Tocopherol CE +0.72, 1.01 − 
 MWNT-CE +0.51, 0.85 1.8 
Retinol CE +0.87, 1.11 − 
 MWNT-CE +0.80, 1.04 2.0 
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The reaction with ninhydrin proved to be insufficiently 
sensitive for the determination of amino acids. Roth1 in 1971 
suggested replacement of ninhydrin by orthophthalaldehyde 
(OPA). He observed that a florescent species is formed. The 
intensity of florescence was increased, when borohydride or 
thiolate ions were added. He first assumed that these added 
anions act as reducing agents, but later was found that they 
react in nucleophilic additions. Roth also observed that the 
intensity of florescence was higher when the strong nucleo-
phile was added before the amino acid then when the se-
quence was reversed. The florescent species was identified as 
an isoindole derivative2, which can undergo consecutive reac-
tions. 

Mechanisms of the formation of the fluorescent species 
were unknown. Attempts to elucidate this mechanism based 
solely on product identification were unsuccessful, as the 
solution chemistry of OPA was not considered and improb-
able steps, like fast reversible cleavage of C-H band, assum-
ed2. In this situation, analytical methods based on reaction of 
OPA with amino acids in the presence of RS− or CN− ions 
were developed empirically. The reaction conditions reported 
in more than 700 papers differed considerably2. The reaction 
was also used in commercial instruments for determination of 
amino acids. 

We have shown3 that in aqueous solutions OPA exists in 
three different forms in equilibrium � the unhydrated form Ia 
(18 %), monohydrated acyclic form Ib (7 %) and cyclic he-
miacetal form Ic (78 %). These forms are in equilibria, the 
rate of establishment of which is acid and base catalyzed.  

In the next step we followed reactions of OPA and NH3 
and 2-aminoethanol (colamine). The first was chosen as the 
simplest amine, the second because it has pKa 9.5, close to 
that of e.g. glycine (9.3), but the reaction form of which does 

not contain the carboxylate group, that can further complicate 
studied reactions. With both amines a hetrocyclic species is 
formed that is reduced at about −1.6 V. Following reduction 
waves of OPA at −0.9 V and −1.2 V it was shown that OPA is 
in equilibrium with the hetrocyclic species. The rate of estab-
lishment of this equilibrium is acid catalyzed. For the reac-
tions with 2-aminoethanol the establishment of this equilib-
rium is fast. For the reaction with NH3 it was possible to show 
that the carbinolamine formed in the addition yields an imine 
in a side reaction. The driving force of the reaction is never-
theless the ring formation. So the imine is rapidly formed 
back to colamine which undergoes the ring formation 
(Scheme 1).  

Reactions of OPA with glycine and its ester are currently 
investigated. 
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Scheme 1. Reaction of OPA and ammonia  


