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An amperometric biosensor for the determination of 
cysteine was developed by immobilisation of tyrosinase on 
screen-printed electrode (SPEs) using the sol-gel technique. 
The detection was made by amperometry in stirred solution.  

The enzymes were immobilized on surface of working 
electrode by entrapment in a sol-gel matrix that is composed 
of tetramethoxysilane and methyltrimethoxysilane1,2. 
A Nafion polymer layer was used to improve the operational 
stability.   

All measurements were carried out at a fixed potential of 
�150 mV vs Ag/AgCl. Experimental parameters such as the 
pH of the measuring solution, response time, enzyme loading, 
immobilization protocol were optimized using 50 µM cate-
chol as substrat.  A good reproducibility and operational sta-
bility were found for tyrosinase biosensors (10 UI/electrod) in 
0.1 M phosphate buffer/0.1 M KCl, pH 6.5. 

Cysteine was determined by the inhibition of the tyrosi-
nase. The enzyme is sensitive to thiols and thus it is possible 
to selectively determine cysteine from complex samples3. 
 
The author�s acknowledge Prof. Jean Louis Marty, University 
of Perpignan for providing screen-printed electrodes. This 
work was supported by Romanian Ministry of Education and 
Research through Grant 61-030/2007, 11049-01/2007 and 
156/2006. 
 
REFERENCES 
  1. Kim A. M., Lee W. Y.: Anal. Chim. Acta 479, 143 

(2003). 
  2. Bucur B., Fournier D., Danet A., Marty J. L.: Anal. 

Chim. Acta 562, 115 (2006). 
  3. Vieira I. Da Cruz, Filho-Fatibello O.: Anal. Chim. Acta  

399, 287 (1999).  
 
 
PP027 
CARBON-CONTAINING ELECTRODES MODIFIED 
BY SILVER NANOPARTICLES  
 
ILYA BYZOV*,  NATALYA STOJKO, and KHIENA 
BRAININA 
 
Ural State University of Economics, Russia, Ekaterinburg, 62 
8-th of March St. 
allavl@usue.ru 
 

Nanomaterials are finding increasing use for electro-
chemical sensors. Therefore it becomes topical to perform 
systematic and comprehensive studies of electrochemical 
properties of nanoparticles and nanostructures.  

The goal of this work was to study specific features of 
the electrochemical behavior of silver nanoparticles depend-
ing on their size, methods of production and immobilization 
on different types of carbon-containing substrates.  

Silver nanoparticles of different sizes were prepared by 
chemical and electrochemical reduction from silver nitrate 
solutions. Chemically synthesized nanoparticles were immo-
bilized on the electrode surface by adsorption from a silver sol 
solution or by depositing a droplet of this solution in the 
working zone.  

In accordance with the theory of different energy states 
of a metal on an indifferent electrode, the energy state of the 
metal was characterized by the parameter Imax/Q (ref.1), which 
is the ratio of the maximum current of the metal ionization 
(Imax) to the quantity of electricity consumed in the ionization 
process (Q).  

It was found that sorption of fine particles was faster and 
their parameter Imax/Q was much larger than they were for 
coarse particles. The parameter Imax/Q decreased with increas-
ing sorption time, probably pointing to the aggregation of the 
particles and the formation of a phase layer. It was shown that 
the electrochemical activity of silver particles was enhanced 
upon dilution. The comparison of the three methods used for 
immobilization of the particles on the electrode surface dem-
onstrated that their reactivity was better in the sorption 
method than in the droplet and electrochemical methods.  

From the study optimal conditions for production of 
electrodes with silver nanoparticles for determination of ani-
ons were selected. It was shown that the electrodes with the 
sorption-modified surface provided the best sensitivity.  
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In this contribution we present an automatic voltammet-
ric system using solid silver amalgam electrode for continu-
ous and on-line remote monitoring of heavy metals in pol-
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luted river water with only minor maintenance of the system. 
It consists of two cabinets: (i) Cabinet 1 containing an indus-
try PC with a DAQ card for logging data from the measure-
ments and; (ii) Cabinet 2 containing the voltammetric cell and 
sensor interface system, power supply and relays for control-
ling external devices like drain valve, main water pump for 
collecting sample, an agitation equipment and dosage pump 
for adding supporting electrolyte. 

Using this system, concentrations of zinc, iron1 and cop-
per have been monitored every 60 minutes by DPASV over 
a period of 4 months in two different rivers in Norway con-
taminated by former mining activities. Overall, high concen-
trations of these dissolved metals were indeed abnormally 
high for natural aquatic systems because of a continuous 
leaching of remaining ores into the river. Maintenance was 
also more intensive when concentrations of iron (II) in the 
samples were higher than dozens of ppb because of iron (III) 
hydroxides deposition on the sensor within a few days. 

Additionally to the automatic voltammetric monitoring, 
physico-chemical parameters like pH and conductivity have 
been measured2, and samples have also been collected peri-
odically manually in order to determine total concentrations 
of dissolved and particulate trace metals by using a high reso-
lution ICP-MS. Furthermore, DGT (Diffusive Gradients in 
Thin Films) probes have also been deployed for quality assur-
ance consideration and for obtaining complementary informa-
tion on trace metal speciation. Overall, all these results have 
permitted to set up an advanced monitoring strategy for me-
tallic pollutants and a whole discussion on metal behaviors in 
these two sites as well. 
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Diatomite is regarded as a mineral of organic origin, 
where the silica of fossilised diatom skeleton resembles opal 
or hydrous silica in composition (SiO2·nH2O). In recent years, 
successful applications of silica-based materials in the field of 
modified electrode have increased exponentially. However, 
despite its strong adsorption capacity, high porosity, resis-
tance to chemicals, thermal stability and high purity, the use 
of diatomite in connection with the electroanalysis has not 
been attempted and no reference is mentioned in literature.  

In this research, the use of diatomite of Van/Caldiran 

region in Turkey, whose physical, chemical, mineralogical 
and micro-structural tests were also carried out, was described 
for the electroanalytical application of chemically modified 
electrode. For this purpose, the determination of Naratriptan 
which is a novel oral triptan (serotonin, 5-hydroxytryptamine 
receptor agonist) in migraine treatment, by means of a carbon 
paste electrode modified with 10 % (w/w) of diatomite was 
studied using cyclic and square-wave voltammetry. Very few 
analytical techniques for the determination of Naratriptan are 
described. These reported methods are not spesific for the 
drug and time-consuming. To our knowledge, no information 
about the electrochemical redox properties of Naratriptan and 
its analytical application have appeared in the literature. 

Naratriptan exhibited four pH dependent anodic steps 
(representing an irreversible oxidation). The experimental 
conditions that affect the electrode reaction process were stud-
ied in terms of pH of the supporting electrolyte, scan rate, 
accumulation variables and square-wave parameters. Using 
square-wave stripping mode, the drug yielded a well-defined 
voltammetric response in Britton-Robinson buffer, pH 4.0 at 
0.84 V (vs Ag/AgCl) (a pre-concentration step being carried out 
with an open circuit at 120 s). The process could be used to 
determine Naratriptan concentrations in the range 5×10−7�
9×10−7 M, with a detection limit of 1.14×10−7 M. The applica-
bility of to direct assay of spiked human urine samples was 
illustrated. 
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Ionic liquids (ILs) are characterized by the high conduc-
tivity and electrochemical stability in a wide potential win-
dow. They also give selectivity effects by partioning for spe-
cific ions1. Ionic interaction constitutes nowadays a simple, 
but also powerful aproach to immobilize biomolecules. The 
electro-static interaction between proteins and ILs adsorbed 
on the electrode surface has shown to affect significantly their 
electrochemical behaviour. Ionic functionalization of CNTs 
has been used to develop biocompatible CNTs for the prepa-
ration of bioelectrodes. ILs have also been used as a binder by 
mixing with graphite in preparing carbon paste electrodes1. 
This work describes the preparation and performance of 
a composite electrode based on multi-walled carbon nano-
tubes and 1-butyl-3-methyl-imidazoliumhexafluorophosphate, 
BMIM-PF6-CNTs.  

The electrodes were fabricated by hand mixing for 
20 min of the required amounts of MWCNTs and ionic liquid 
to give a 30:70 CNTs: BMIM-PF6 composition. Portions of 
the resulting mixture were then packed into Teflon holders 
(3 mm inner ø) and pressed tightly. The electrical contact was 
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made through a stainless steel screw. Preliminary experiments 
using H2O2 as analyte for the optimization of experimental vari-
ables were carried out. The effect of the potential applied to the 
electrode on the steady-state currents from 0.5 mM H2O2 solu-
tions in 0.05 M PBS of pH 7.4 was studied in the −0.8 to +0.8 V 
range. Significant anodic and cathodic currents were obtained, 
from +0.3 or −0.2 V respectively. The composition of the 
mixture was optimized by using electrodes prepared with 
different CNTs:BMIM-PF6 ratios. Anodic currents were prac-
tically constant from 60 to 75 % IL, then decreasing up to 
95% IL. EIS studies also revealed an increase in charge trans-
fer resistance with the lower CNTs loading.  

A good electroanalytical behaviour of the composite 
electrode towards the addition of H2O2 was observed. A linear 
calibration plot in the 7.5 µM to 3.2 mM concentration range 
was obtained with a slope of 10.4 mA/M, using +0.5 V as the 
detection potential. The achieved sensitivity is more than five 
times higher than that obtained with a Teflon-CNTs compos-
ite electrode. A LOD (3sb/m) of 2.5 µM H2O2 and a good 
repeatability, with RSD = 5.3 % (n = 5) were obtained. The 
electrode has shown to be a useful matrix for the incorpora-
tion and direct electrochemistry of proteins/enzymes such as 
HRP, GOx or Cit c.  
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Miniaturized analytical systems, especially capillary 
electrophoresis microchips (MCE), have gained a great inter-
est in the last decade. Among the detectors used for microchip 

capillary electrophoresis (MCE), electrochemical detection 
(ED) has proven to be very effective due to characteristics 
such as inherent miniaturization, sensitivity, low cost, port-
ability and compatibility with microfabrication technology. 

Different configurations can be used to integrate the 
electrochemical detection on microchips: in-channel, off-
channel and end-channel. An end-channel configuration, 
where the working electrode is situated at the outlet (10-20 µm) 
of the separation channel, has been employed in this work. 

The working electrode can be externally aligned using an 
off-chip approach. Nowadays this configuration is being used 
in conjunction with commercial microchips. Thus, a gold wire 
electrode has been aligned through a guide-channel practiced 
at the end of the separation channel. However, in this configu-
ration the electrodes are not completely integrated. 

Hence, an on-chip approach has been also used in com-
bination with SU-8 microchips. The detector based on plati-
num thin-films has been integrated on-chip during the fabrica-
tion process of microchips. 

Thus, two different microchip designs have been devel-
oped with three- (single-channel microchip) or four- (dual-
channel microchip) electrode configuration. 

In the first case, two different electrochemical detector 
designs have been evaluated in combination with an SU-8 
single-channel microchip. Thus, the influence of the electrode 
size has been studied on the single-channel SU-8 microchip. 
Main separation parameters for separation of dopamine (DA), 
p-aminophenol (pAP) and hydroquinone (HQ) have been 
determined (Fig. 1). 

On the other hand, dual-channel (П-design) SU-8 micro-
chips have been also evaluated for separation of the neuro-
transmitters dopamine (DA) and epinephrine (EP). The influ-
ence of the injection format has been adequately studied in 
order to perform a simultaneous and reproducible separation. 
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Among the protecting mechanisms of live organisms 
against the toxic metals is worth mentioning the biosynthesis 
of  phytochelatins (PCn). PCn are small cysteine-rich peptides, 
containing a primary structure (γ-Glu-Cys)n-Gly (n = 2�11), 
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Fig. 1. Electropherogram for the separation of a mixture contain-
ing DA, pAP and HQ 100 µM using an SU-8 microchip with an 
integrated Pt thin-film detector 
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synthesized by eukaryotes for various cellular functions, nota-
bly protection against oxidative stress, metal detoxification 
and homeostasis1. Due to their high Cys-content, PCn bind 
metal ions by chelation through -SH. Fundamental studies of 
the competition between essential metals (as Zn) and toxic 
metals (as Cd) is of the highest interest for the understanding 
of many biochemical and environmentally relevant processes 
as, for instance, metal toxicity to phytoplankton assemblages 
and phytoremediation2.  

The competitive binding of Cd2+ and Zn2+ by the phyto-
chelatin (γ-Glu-Cys)4-Gly (PC4) has been examined using 
several techniques. Electrospray Ionization Mass Spectrome-
try (ESI-MS) is used to determine the stoichiometries of the 
complexes, while voltammetric data analyzed by Multivariate 

Curve Resolution with Alternating Least Squares (MCR-
ALS) allows one to not only trace the displacement induced 
by Cd2+ or Zn2+ in the binding of Zn2+or Cd2+, respectively, by 
PC4, but also to obtain a complete overview of the processes 
involved. Isothermal Titration Calorimetry (ITC) is used to 
determine the related binding and thermodynamic parame-
ters3.  

From systematic metal-PC4 titrations, such as the one 
shown in Figure 1, MCR-ALS allows one to obtain the con-
centration profiles of the different components (Fig. 2), and 
then propose a picture of the global process. These results can 
be confirmed and complemented by ESI-MS (Fig. 3) and ITC. 

Our results prove that Cd2+ is capable of displacing Zn2+, 
either completely or partially, depending upon the Cd2+-to-
Zn2+ ratio, and then forming mixed complexes. The formation 
of ternary CdZn(PC4) and Cd2Zn(PC4) complexes has been  
observed4.  
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The antioxidant substances are added to the lubricant oils 
to prevent from the undesirable effects due to oxidative reac-
tions. Secondary aromatic amines and phenols are the most 
often used additives, especially phenylalphanaphthylamine, 
alkylated diphenylamine, 2,6-di-tert-butyl-4-methylphenol 
(BHT). 

The content of antioxidants closely relates to the wear 
degree of oils. This parameter is crucial to optimize the oil 
shelf life, it means mainly to determinate of oil exchange 
period, which is important from the economic and also envi-
ronmental point of view. Two approaches for the antioxidants 
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Fig. 3. ESI-MS spectrum for a Cd2+-Zn2+-PC4 solution at 10−5 
mol L−1 with 1:1:1 ratio in ammonium acetate/ammonium hy-
droxide buffer at pH 8 

Fig. 2. Concentration profiles obtained by MCR-ALS optimiza-
tion of the experimental data set from Figure 1, assuming 6 com-
ponents and the constraints: non-negativity for both concentrations 
and signals, and signal-shape 

Fig. 1. DPP curves for the titration of Zn2+ and Cd2+ equimolar 
solution, in TRIS buffer at pH 7.4, with PC4.  Each metal concentra-
tion 1×10−5 mol L−1. On the plot [M] refers to Zn2+ or Cd2+ separately 
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content in oils are described � FTIR spectroscopy and linear 
sweep voltammetry1.  

The aim of this work was to find the optimal conditions 
for the voltammetric determination of 2,6-di-tert-butyl-4-       
-methylphenol (BHT) and to evaluate a method of its isolation 
from the oil matrix. With respect to the high reactivity of 
phenols in alkaline medium, the solution of 1M H2SO4 was 
used as a based electrolyte for the electrochemical oxidation 
of BHT. Acidic medium assures the sufficient stability of 
analyzed phenolic compounds. The electrode system consist-
ing of a gold working electrode, silver/silverchloride referent 
electrode and carbon auxiliary electrode was used. The elec-
trochemical oxidation was carried out using DC voltammetry 
in the potential range from 0 to 1200 mV. The wave corre-
sponding to the BHT oxidation was observed between poten-
tial values 760�1050 mV. The wave high increased linearly 
with the analyte amount in the explored concentration range 
from 0.054 mg to 0.270 mg BHT in 20 ml of the analyzed 
solution. Isolation of BHT from oil matrix was realized using 
96% ethanol extraction. The ultrasonic bath was applied for 
two minutes to improve the contact of both phases. After-
wards, the suspension was let to settle and the upper ethanolic 
layer was filtrated through the glass wadding. The obtained 
extract was used for the electrochemical analysis. 

The designed methodology was tested on two real oil 
samples. The first one was newly produced with declared 
BHT amount of 200 mg kg−1. The BHT concentration of 
202.3 mg kg−1 was determined in this sample. The second 
sample was two years old, also unused oil. Only 151.2 mg 
BHT per kg of oil was determined in this sample. Based on 
these results it is possible to say that the content of antioxi-
dants in oils may decrease during the storage. 
 
REFERENCE 
  1. ASTM D 6971 � 04.  
 
 
PP034 
CHARACTERIZATION OF ELECTRODEPOSITED 
PALLADIUM NANOPARTICLES AND NANOWIRES 
ON CARBON ELECTRODES  
 
OANA CORDUNEANU, ANA-MARIA  
CHIORCEA-PAQUIM, VICTOR DICULESCU, 
and ANA MARIA OLIVEIRA BRETT 
 
Departamento de Quimica, Faculdade de Ciencias e 
Tecnologia, Universidade de Coimbra, 3004-535 Coimbra, 
Portugal 
brett@ci.uc.pt 
 

Nanoparticles and nanowires of palladium electrode-
posited on two types of carbon electrode, glassy carbon 
(GCE) and highly oriented pyrolytic graphite (HOPG), were 
studied by cyclic voltammetry (CV) and atomic force micros-
copy (AFM). The electrochemical behaviour of palladium 
observed was related to the palladium nanostructures electro-
deposited at different potentials from a solution of palladium
(II) sulphate, Fig. 1. The electrodeposition parameters, the 
concentration of the precursor solution and the topography of 
the carbon substrate influenced the morphology, size, shape and 

distribution of the palladium nanostructures electrodeposited.  
At negative applied potentials, Pd(0) nanowires, Fig. 1a, 

and nanoparticles were formed on the surface of the carbon 
electrodes, these nanostructures presenting characteristic re-
dox processes. The formation of a palladium oxide pre-
monolayer film begins at a negative potential, the phenome-
non being strongly dependent on the size and morphological 
characteristics of Pd(0) nanostructures existent on the surface 
of the electrode.  

Fig. 1b illustrates the different steps of Pd oxide layer 
formation, the application of a positive potential inducing the 
oxidation of the Pd(0) on the electrode surface.  

This leads to the formation of a mixed oxide layer that 
may act as nucleation points for additional Pd metal growth, 
increasing the electrode surface coverage. 
 
 
PP035 
DEVELOPMENT OF A MICROELECTRODE ARRAYS 
SENSOR FOR HEAVY METAL ANALYSIS 
 
CYRIL CUGNET, LAURENT AUTHIER, 
CHRISTOPHE PECHEYRAN, and MARTINE POTIN 
GAUTIER 
 
IPREM UMR CNRS 5254, Laboratoire de Chimie Analytique 
Bio-Inorganique et Environnement, Université de Pau et des 
Pays de l�Adour.2 avenue Angot � 64053 PAU Cedex 9 
ccugnet@univ-pau.fr  
 

Because of their high toxicity, heavy metals like lead and 
cadmium spread in environment represent a risk for health 
even at µg L−1 level. So their trace concentration in aqueous 
solution has to be successfully determined, with a special 
interest for their bioavailable forms, which are reported as 
particularly toxic1. 

In this way, our team develops disposable screen printed 
sensors of conventional size, modified by a mercury film. 
They have exhibited good limits of detection for lead and 
cadmium analysis without degassing and they have allowed 
an approach of speciation in real samples2−4. 

To improve this detection, microelectrode arrays have 
been achieved (Fig. 1). Their elaboration was easily realised 
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Fig. 1. (a) AFM image in air of Pd(0) nanowires deposited onto 
HOPG. (b) CVs of 1mM PdSO4 in pH 7.0 0.1 M phosphate buffer 
between 0.00 V and variable positive potential limits 

b a 
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by combining femtolaser ablation of thin Mylar® sheets and 
screen printing technology. 

The development of this type of sensor has a lot of ad-
vantageous characteristics. Therefore the sensitivity would be 
increased, we can especially work without stirring which can 
simplify the analytical device for on site-analysis. Further-
more, a lower amount of mercury was used to modify the 
electrode surface. The sensor performances could be im-
proved with an optimization of key parameters like number, 
diameter or spacing between microelectrodes5. The robustness 
of this sensor has been evaluated by analysing of real sam-
ples. 
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Artemisinin, a sesquiterpene endoperoxide, is a new 
potent, non-alkaloidal, antimalarial drug and is used in the 
therapy against the resistant strains of Plasmodium falciparum 
as well as cerebral malaria1. Artemisinin is isolated from the 
herb of the Chinese medicinal plant Artemisia annua, which 
seems to be the unique natural source of this drug2. Its quan-
tity in the plant is usually in the range of 0.01−0.4 %, but 
some clones produce over 1 % dry weight3. 

The determination of artemisinin is a challenging issue 

as it is thermolabile and stains poorly because of the absence 
of chromophoric or fluorophoric groups. Moreover, artemisi-
nin is sensitive against acid and base treatment, the concentra-
tion in the plant is low and various compounds in the crude 
plant extracts can interfere in its detection. Several analytical 
methods like TLC, HPLC, GC, CE, ELISA, SFC have been 
well adapted, however they have some limitations3. 

As artemisinin contains the electrochemically active 
endoperoxide (-O-O-) group, it can be reduced at various 
electrodes4,5. Modifying of electrodes provides the opportu-
nity to improve the analysis of artemisinin concerning its 
selectivity and sensitivity. Due to this advantage the aim of 
our work was to investigate carbon paste electrodes bulk 
modified with metallo-phthalocyanines (cobalt, iron, manga-
nese, and nickel) for the determination of artemisinin in Ar-
temisia annua. 

Best results for analysing artemisinin were obtained by 
using cobalt phthalocyanine as modifier. In Britton-Robinson 
buffer at pH 7 this electrode showed a significant catalytic 
activity in the presence of artemisinin at about −500 mV vs. 
Ag/AgCl by using cyclic and differential pulse voltammetry. 
Strict linearity between artemisinin concentration and peak 
height was observed in 2.7×10−5�6.4×10−4 M concentration 
range (R = 0.9998). The detection limit of artemisinin was 
calculated to be 9.2×10−6 M. The developed electrode is appli-
cable to determine artemisinin in complex plant materials. 
 
The authors would like to thank the Afro Asiatic Institute 
(AAI) for financial support. 
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Trichlorophenol and other chlorophenols are widely used 
in many industrial processes, such as the manufacture of plas-
tics, dyes and pesticides. Owing to their toxicity, both the US 
Environmental Protection Agency (EPA) and the European 
Community (EC) have included some chlorophenols in their 
list of priority pollutants. Therefore, screening and monitoring 

Fig. 1. Representation of microelectrode arrays 
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of these pollutants are of great importance. 
Chlorophenols can be determined by gas or liquid chro-

matography. Tyrosinase-based biosensors have also been 
used. Chloroperoxidase from Caldariomyces Fumago 
(CCPO) is a heme-thiolate enzyme with multifunctional ac-
tivities typical of peroxidase as well as cytochrome P450 
enzymes. Besides its primary function of chlorination, the 
ability of CCPO to catalyze the oxidative dehalogenation of 
triahalophenols and p-halophenols has been recently report-
ed1.  This feature can be exploited form an analytical point of 
view.  

A carbon-modified electrochemical biosensor for the 
detection of 2,4,6-trichlorophenol is described. The enzyme 
chloroperoxidase from Caldariomyces Fumago is immobi-
lized on the electrode surface and the dehalogenation product, 
2,6-dichloro-1,4-benzoquinone, is electrochemically detected. 
HPLC and cyclic voltammetry are used to characterize the 
reaction products and to study the kinetics of the dehalogena-
tion process. Performance characteristics of the sensor: re-
sponse time, detection limit, linear range, selectivity as well 
as operating and storage stability are evaluated. 
 
Financial support was provided by Spanish Government, 
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Immobilization of ferrocene and its derivatives into poly-
mer coated electrodes gives the chemically modified electrode 
that can be used in fundamental electrochemical investiga-
tions. The ferrocenes act as effective red-ox mediators for 
oxidation of organic compounds, such as some phenol and 
hydroquinone derivatives1. 

The aim of this work was to investigate the electro-
chemical properties of platinum modified with ethylferrocene 
and 1,1�-dimethylferrocene immobilized in Nafion film and to 
determine their electrocatalytic activity in oxidation of some 
catechols.  

The cyclic voltammetry and differential pulse voltam-
metry were done on such modified electrode (Pt/Nafion/Fc) in 
aqueous solutions containing catechol, tetrachlorocatechol, 
guaiacol, 2-chloro-3�,4�-dihydroxyacetophenone and 3,4-di-
hydroxybenzylamine (10−3 M each). The results were com-

pared to similar measurements on bare Pt and on bare Pt with 
these ferrocenes dissolved in solution (5×10−4 M).  

The best results were obtained for modified electrode 
(Pt/Nafion/Fc). In this case the greater currents of anodic and 
cathodic peaks of organic compounds oxidation and reduction 
were obtained which may point to catalytic activity of new 
conducting phase. The preparative electrolyses in potentio-
static conditions were also done.  
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Cyclodextrines, well known, are cyclic oligosaccharides 
whose function like host molecules is well known. The host 
serves as hydrophilic envelope of the guest and thus increased 
its the solubility in water and provides additional mechanical, 
optical and chemical protection. 

In this work, the molecule that has beeb employed on the 
inmobilization of a gold electrode surface was per-6-thio-β-   
-cyclodextrin(S6CD) As such, a chemisorbs onto gold sur-
faces forming at least six S-Au bonds per receptor molecule. 
Although this derivatization  process leads to imperfect 
monolayers in which a substantial fraction of the gold surface 
remains uncovered, the monolayers defects can be covered by 
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Fig. 1. Cyclic voltammograms in 0.1 M HClO4 of: a) guaiacol  
(10−3 M) on Pt, 0.1 V/s; b) guaiacol (10−3 M) on Pt/Nafion/Fc, 0.1 V/s; 
all vs. SCE (on AUTOLAB Eco Chemie BV); T=298 K 
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treatment with a solution of ferrocene and pentanethiol. 
Supramolecular host-guest complexes formed between 

dye molecules, like 4,4�-thiodianinline (TDA), and cyclodex-
trin molecules are studied with the aim to generate a self-
assembled monolayer on a  Au surface. The binding of 
thiolated cyclodextrin to gold surface was studied by induced 
change  in the intensity of the signal generated from the sur-
face.  

In the present work, the starting-up of a electrochemical 
method was developed to determinate TDA by the inmobili-
zation of S6CD in a gold electrode surface,  and the posterior 
measurement of its electrochemical response through the 
employment of square wave voltammetry; also have been 
carried out studies of the formation of inclusion complex with 
β.cyclidextri. An the  posterior application of both molecules 
in waste water  from a textile industry. 
 
Authors thanks to the proyect CCG06/PPQ-0264 for the fi-
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Detection of low concentrations of nitrated explosives is 
quite challenging task. Among many analytical methods suit-
able for this purpose, electroanalytical methods based on easy 
electrochemical reduction of nitro group, are especially useful 
for large scale monitoring because of low investment and 
running costs. The most important task is the development of 
new electrode materials compatible with field monitoring, 
with the concept of green analytical chemistry and resistant to 
passivation which present the biggest problem in practical 
applications of voltammetric techniques. Using picric acid 
(2,4,6-trinitrophenol) as a model substance for nitrated explo-
sives, the following non-traditional electrode materials were 
found promising in this filed. 1. Boron doped diamond thin 
films (BDDF)1 which have broad potential window, very low 
noise and are resistant toward passivation by electrode pro-
ducts2. 2. Various forms of solid and paste amalgam elec-
trodes which are environmentally friendly substitutes of mer-
cury electrodes3. In this case, problems with passivation can 
be diminished either by a suitable electrochemical pretreat-
ment or by easy renewal of the electrode surface in the case of 
amalgam paste electrodes. 
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Communication between proteins in living organisms 
plays a vital role in many physiological processes. The effi-
ciency and selectivity of signal transfer in natural protein 
complexes has stimulated interest in constructing artificial 
signal chains. Protein assemblies with the ability to perform 
selective signal transduction are of fundamental importance 
and have application potential in bioelectronics. Implementa-
tion of direct electron transfer in protein assemblies was 
a breakthrough, providing a simple and efficient way for cou-
pling biological recognition events to a signal transducer. An 
important advance was the fabrication of cyt.c multilayers by 
electrostatic layer-by-layer self-assembly. With cyt.c and 
sulfonated polyaniline it was possible that fully electro-active 
multilayers of the redox protein could be prepared1. This ap-
proach has recently been extended to design an analytical 
signal chain based on multilayers of cyt.c and xanthine oxi-
dase (XOD), which relies on an in situ generation of a mediat-
ing radical and thus allows a signal transfer from hypoxan-
thine via the substrate converting enzyme and cyt.c to the 
electrode2.  

Here, we introduce a new type of signal chain by assem-
bling proteins in complexes on electrodes in such a way that 
a direct protein-protein electron transfer becomes feasible. 
Our design does not need a redox mediator in analogy to natu-
ral protein communication. For this purpose, cyt.c and the 
enzyme bilirubin oxidase (BOD, EC 1.3.3.5) are co-
immobilized in a self-assembled polyelectrolyte multilayer on 
gold electrodes. The protein architecture facilitates an electron 
transfer from the electrode via multiple protein layers to mo-
lecular oxygen resulting in a significant catalytic reduction 
current. We anticipate that this concept will stimulate further 
progress in multilayer design of even more complex biomi-
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metic signal cascades taking advantage of direct communica-
tion between proteins. 
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Functional protein multilayer assemblies are of academic 

interest as simple and flexible model systems for biomimetic 
signal transfer, and are of practical significance for the design 
of biosensors and bioelectronic functionalities1. Up to date, all 
the protein multilayers based on electrostatic adsorption re-
ported in literature are stabilized by a polyelectrolyte matrix 
composed of electrochemically inert polymer2. Recently re-
ported assemblies combining cytochrome c (cyt.c) with en-
zymes and using sulfonated polyaniline (PASA) as a counter 
polyelectrolyte show high efficiency in electron transfer (ET) 
throughout the multilayer network3. However, avoiding the 
use of a polyelectrolyte may help to shed more light on the ET 
mechanism within multiprotein arrangements. 

Here we introduce a novel strategy for multi-protein 
layer-by-layer (LbL) assembly combining the redox protein 
cyt.c with the enzyme sulfite oxidase (SOx) without use of 
any additional polymer. QCM confirmed mass accumulation 
at the surface with each deposition cycle. The assembly is 
carried out by alternating co-adsorption of SOx and cyt.c. 
Electrostatic interactions between these two proteins with 
rather separated isoelectric points during the assembly process 
from a low ionic strength buffer were found to be sufficient 
for LbL deposition of the both proteins. This arrangement 
shows ability to transport electrons from the substrate in solu-

tion to the electrode over longer distances, thus, supporting 
the idea of direct inter-protein electron exchange as a princi-
ple ET mechanism. The electrodes show catalytic activity 
towards sulfite oxidation, proportional to the number of the 
deposited layers. The design does not require the use neither 
of additional redox mediators, nor a synthetic polymer as 
a polyelectrolyte, which makes this approach interesting for 
the construction of third generation biosensors. 
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In the recent years investigations at electrically heated 
electrodes became more and more convenient1. The main 
approach in this development can be seen in the use of induc-
tor bridges as presented shortly2. By using this filtering ele-
ment, the heating current (AC between 50 and 100 kHz, and 
ca. 1 A) can be separated from the electrochemical signal 
(1 nA to 10 µA) which leads to nice signals without any major 
disturbances. So the construction of very symmetrical elec-
trodes with three contacts is no more necessary. Also the pro-
duction of compact and versatile instruments for radio fre-
quency heating and their application to electrochemical meas-
urements have been reported3. Nevertheless with the mostly 
used electrodes (metal wires) you still have the problem of 
a temperature gradient at the electrode surface due to different 
heat spreading situations in the middle or at the end of an 
electrode. To determine the amount of this effect we per-
formed numerical simulations. In contrary to electrochemical 
experiments which usually provide you with information only 
about the average temperature of the surface, mathematical 
simulations give you information about each point of the elec-
trode surface. As could be assumed, it was evaluated that 
there is a temperature gradient at the electrode.  

In a second step we tried to minimize this gradient by 
using different shapes for the electrode. With a specially de-
signed electrode, a homogeneous temperature could be 
achieved as proved by the simulations.     

To investigate the amount of heat being transferred into 
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a solution, we made some experiments with a completely new 
designed 16-electrode array. Each of the electrodes can be 
heated individually or used as a temperature sensor. This 
makes it possible to get some experimentally proved informa-
tion about heat allocation in the solution.   
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The capability of determination of mercury in air by 
stripping voltammetry with chromatomembrane preconcentra-
tion was studied. The limit of detection of mercury in an ab-
sorbing solution was 2.5×10−11 M. 

The capability of separation of mercury in air and previ-
ous determination by stripping voltammetry was design. The 
mercury from air in discrete regime of the chromatomem-
brane process was separated. Thereto, inlet and outlet of aque-
ous phase are recovered clamps and let pass through cell out-
sider the microporous membrane a blast with weight hour 
space velocity 0,01 l min−1 during stated interval time.  After 
stopped gas flow absorbate eluated with absorption mercury 
from chromatomembrane cell by solution for absorbed of 
mercury. Absorbate with mercury was analyzed in the volt-
ammetric analyzer.  

As a received results of experiments different the liner 
dependence concentration of mercury (1−15 µg l−1) by using 
various against the time of flow of air sample was obtained. 
For comparison received results and for calculate of coeffi-
cient of concentration dependence quantity  of mercury 
against  the volume of air sample for measures with chroma-
tomembrane cell and bubble absorbers was obtained. From 
the results obtained in this study the coefficient of concentra-
tion was calculated. 

Flow of air sample with mercury let pass through chro-
matomembrane cell and two bubble absorbers for complete-
ness absorption extraction and analyzed. 

These results indicates that the quantitative absorption 
efficiently of mercury with chromatomembrane absorption.  
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A rapide standartless stripping voltammetry method for 
heavy metal ions determination in aqueous solutions was 
proposed. The application of the method was checked up on 
the determination of mercury, cadmium, copper and lead.  

Recently, standartless combined electrochemical method 
was proposed. It is based on the carrying out stripping volt-
ammetry measurements and following quantity of electricity 
(Q∞) calculation from the Meites formula, which corresponds 
to complete metal deposition. The main limitation of the 
method is the necessity of carrying out at least three measure-
ments and that increases the time of analysis considerably. 

The rapid standartless method is based on the determina-
tion of coulometric constant  k for given cell and following 
quantity of electricity calculation from the formula: 

 
 
 
 
where Qt is  the quantity of electricity that was spend on the 
deposition of substance by the time tdep, k is the coulometric 
constant of the cell. 
Coulometric constant was experimentally found from the 
plots of dependences, shown by following equation: 

lg(Ci/C0) = −k·tdep. 
where Ci is  the value of concentration of the studied solution 
after electrolysis time te, C0 is the first concentration. Ci/C0 
ratio was found by consecutive electrolytic extraction of metal 
from the small volume solutions (1−5 ml). 

The dependence of coulometric constant  on the volume 
of the studied solution was analysed for gold and gold-film 
electrodes in case of determination of mercury and mercury-
film electrode in case of determination of lead. 

Experimental check of the method was carried on the 
modeling solutions in the concentration range 1.10−8 � 1.10−7 
mol L−1 (for mercury, cadmium, copper and lead) by method 
standard addition. The obtained concentration values have 
a good correlation with predetermined concentration. 
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Protein detection based on Brdicka reaction was discov-
ered by Rudolf Brdicka in the forties of 20th century. It is 
based on determination of the catalytic evolution of hydrogen 
in the presence of heavy metal complex. According to 
Brdicka findings we use ammonia buffer (pH 9) with 1 mM 
[Co(NH3)6]Cl3 as supporting electrolyte. The advantages of 
this method are rapidity, sensitivity and low cost. However 
the main drawback of this method is necessity of the manual 
control of injection of a sample. Therefore we had looked for 
the possibility to automate the measurements. To automate 
measurements 747 VA Stand instrument connected to 746 VA 
Trace Analyzer and 695 Autosampler with cooled sample 
holder was employed. A measurement proceeds as follows: A 
sample is positioned on the thermostatic sample holder (4 °C). 
The electrochemical cell with three electrodes (working elec-
trode � hanging mercury drop electrode, referent electrode � 
Ag/AgCl/3M KCl electrode, auxiliary electrode � platinum 
electrode) is rinsed with distilled water (3×25 ml MiliQ wa-
ter) using three computer controlled pumps. After draining of 
the water the supporting electrolyte (temperature 4 °C) is 
pipetted into the washed cell. Further a sample is introduced 
using the autosampler. The syringe from the autosampler is 
rinsed and the sample is injected to the cell. The measurement 
itself consists of a few following processes: At first, the in-
jected sample is accumulated on the surface of hanging mer-
cury drop electrode at open circuit for two minutes. At sec-
ond, the current responses as function of various potentials are 
measured. At third, the measured values are processed by 
746 VA Trace Analyser and transferred to a personal com-
puter. At fourth, the transferred data is then processed using 
GPES 4.9 software. The instruments were successfully tested 
on determination of protein called metallothionein, which 
could be considered as a new tumour disease marker.  
 
We gratefully acknowledge the GA AV IAA401990701 for 
financial support to this work. 
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Due to the increased concern of hazardous effects of lead 
and cadmium, there is an increasing interest in the develop-
ments of methods for the determination of lead and cadmium1−7. 
Electrochemical techniques are very attractive because of its 
low cost, easy operation, good sensitivity, and high speed. For 
electrochemical techniques, the selection of electrode material 
is important. Because of their high sensitivity and remarkable 
reproducibility, mercury-based electrodes are widely em-
ployed for the determination of lead and cadmium1,4. How-
ever, mercury is very toxic. And mercury-based electrodes are 
now being progressively replaced by other electrodes5−25, such 
as bismuth-based electrodes5−16, glassy-carbon electrodes17, 
iridium electrodes18, and silver electrode19−25. 

Compact disks (CD) are generally constructed from five 
layers of material, including a polycarbonate base, an organic 
dye layer, a nanometric metal reflective layer, a protective 
polymer film, and a data shield. During the last few years, CD 
has been used as interesting electrode materials for various 
electrochemical studies26−32. Digital Versatile disc (DVD) is 
considered to be a CD future replacement. 

In this study, we report a new method to construct elec-
trodes from DVD. Since silver electrode are frequently used 
for simultaneous determination of Pb2+ and Cd2+ we used 
DVD-based silver electrode here for square-wave anodic 
stripping voltammetry analysis of Pb2+ and Cd2+. The effect of 
I− on the stripping analysis of Pb2+ and Cd2+ at silver elec-
trodes was first studied. The addition of I− improved the shape 
and current of the stripping peaks of both Pb2+ and Cd2+, al-
lowing success determination of Pb2+ and Cd2+ at DVD-based 
silver electrodes. 
 
This work was kindly supported by the Ministry of Science 
and technology of the People�s Republic of China 
(No.2006BAE03B08) and Hundred Talents Program of Chi-
nese Academy of Sciences. 
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Lipid peroxidation is a critically important reaction in 
physiological and toxicological processes as well as in food 
products1. The main products of this reaction are hydroperox-
ides and decomposition of hydroperoxides leads to formation 
of mixture of secondary lipid peroxidation products involving 
aldehydes, mostly malondialdehyde (MDA). Both hydroper-
oxides and MDA are mutagenic and genotoxic. Hydroperox-
ides generate free radicals by reaction with the transition 
metal ion complexes in Fenton-like reaction: 

MLm
n  +  H2O2   →  MLm

n+1  +  �OH   +   OH−  
where M is low valent transition metal ion, L is any ligand 
complexed to metal, n refers to the charge on the metal ion. 
Free radicals formed in this reaction can attact the DNA and 
cause its damaging and mutations. Malondialdehyde reacts 
with DNA and form MDA-deoxyguanosine adducts2 wich 
have mutagenic properties. 

DNA biosensors are used advantageously to study the 
damage to DNA3,4 as well as possibility of DNA protection by 
antioxidants5. In recent years, different nanomaterials are used 
to enhance the detection properties of DNA biosensors.  

In our work we modified commertial screen-printed 
carbon electrodes with multi-walled carbon nanotubes 
(MWNT) or single-walled carbon nanotubes (SWNT) and 
double-stranded calf thymus DNA (dsDNA) to prepare 
the nanostructured DNA biosensors. Cyclic voltammetry 
of K3[Fe(CN)6], square-wave of [Ru(bpy)3]2+ and electro-
chemical impedance spectroscopy were used to evaluated the 
properties of the biosensors.  
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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 even-
tually 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 have realized and fully characterized several DET-
biosensors based on glucose oxidase (GOx) for glucose analy-
sis. All of them use the horseradish peroxidase (HRP) as re-
dox mediator to assure the electrochemical communication 
between GOx and electrode surface. The HRP was immobi-
lized onto the electrode surface using different immobilization 
procedures: i) polyazetidine prepolymer; ii) scleroglucan/
borax gel; iii) reticulated anion exchange resin (Tri-butyl-
methyl-phosphonium polystyrene reticulated with 1.1% di-
vinyl-benzene). GOx was immobilized onto the resulting 
HRP-electrodes. Results obtained are discussed herein show-
ing that a more wide range of biosensors is obtained thus 
enabling to optimize the glucose biosensor performances in 
view of a more selective determination of glucose in real sam-
ples.  
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A complete biocatalytic chain is realized on gold elec-
trodes by immobilisation of the redox mediator CTFM, the 
cofactor NADH and the native enzyme galactitol dehydro-
genase (GatDH). The fixation of all components on the elec-
trode surface is conducted by a Nafion® coating. The electro-
chemical oxidation of the enzymatically reduced cofactor 
NADH is observed by cyclic voltammetry. The electrochemi-

cal regeneration of NADH represents an alternative to the 
classical enzymatical recycling and could allow the prepara-
tion of enantiomerically pure fine chemicals. By means of 
nanocrystalline gold the electrochemically active surface area 
und thus the reaction rate is increased by a factor of 15 com-
pared to coarse-grained gold. In addition the electrochemical 
regeneration of the cofactor is inverstigated using a cysteine-
modified GatDH (GatDH-Cys). This enzyme is directly im-
mobilized on the gold electrode via the formation of thiole 
bonds whereas the mediator in this case is in solution. One 
advantage is the directed immobilisation of the enzyme with-
out a prior surface functionalization, e.g. with a SAM. 

Electroenzymatics without external cofactor is per-
formed with pyranose-2-oxidase (P2OxB1H) immobilized on 
nanocrystalline platinum electrodes by electropolymerisation 
of tyramine. The enzyme catalyzes the regioselective oxida-
tion of many polyhydroxyaldehydes to the corresponding 
ketoaldoses in the presence of oxygen. Simultaneously hydro-
gen peroxide is formed, which can be removed by electro-
chemical reoxidation to oxygen. This step is monitored by 
means of chronoamperometry at +600 mV vs. Ag/AgCl; the 
evaluation of these data in terms of the Michaelis-Menten 
kinetics yields the intrinsic enzymatic activity. 
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In the present work, electrochemical DNA biosensor is 
proposed as a monitoring device for the rapid bio-analysis of 
DNA-drug interaction studies. In experiment modified screen-
printed carbon electrodes (SPCE) were used. The working 
electrode was modified by using multi-walled carbon nano-
tubes (MWNT) dispersed in polyethylenimine (PEI)1. The 
binding of different molecules to DNA immobilized on dis-
posable screen-printed electrodes has been measured through 
a variation of the electrochemical signal of guanine by square 
wave voltammetric (SWV) scans using [Ru(bpy)3]2+ as the 
indicator, by cyclic voltammetry (CV) with the K3[Fe(CN)6] 
indicator and electrochemical impedance spectroscopy (EIS). 
In this way, the DNA-s interactions are supposed to be stud-
ied for two quinazoline derivatives having potential antican-
cer activity2.  

EIS is known as a powerful tool for the electrode surface 
characterization by means of changes in resistance, capaci-
tance and surface roughness. The impedance spectra have 
shown a difference in the resistance properties of the DNA 
layer after long time incubation in quinazolines in solution 
and thus supported the fact of their biological activity towards 
DNA. The CV results have shown a decrease in the peak po-
tential separation for the K3[Fe(CN)6] redox probe with in-
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creased concentration of quinazolines. The incubation longer 
than 1 hour acccelerates, as expected, this decrease. The elec-
tron transfer between electrode surface and solution is simpli-
fied via changes in the DNA layer after interaction with such 
a complex structure. The SWV scans have shown additive 
adsorption of quinazolines, mainly at it�s concentration higher 
than 50 µg ml−1. The SWV current response before and after 
incubation in quinazolines at various concentrations was ex-
amined. 

Utilization of this sensor represents a rapid and simple 
method for potential drugs testing. 
 
This work was supported by the Ministry of Education of the 
Slovak Republic (the Applied Research Project AV/4/0103/06) 
and the Project VEGA No. 1/0852/08).  
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Homocysteine (HCy) causes vascular disease by a direct 

effect on arterial cells and tissues1,2. Elevation of blood HCy 
concentrations is a result of dietary, genetic, metabolic, hor-
monal, or toxic factors. Because of its similarity to the protein 
amino acid methionine, HCy can enter the protein biosyn-
thetic pathway. However, HCy cannot complete the protein 
biosynthetic process and is converted to HCy-thiolactone 
(HTL,) by a reaction catalyzed by methionyl-transfer RNA 
synthetase3,4. Accumulating evidence suggests that HTL plays 
an important role in atherogenesis and thrombosis5. As far as 
the electrochemical behavior is concerned, owing to the anal-
ogy of chemical structure, HCy behave in many respects like 
cysteine (Cys), although some difference have been noticed 
mostly in connection with the metal ion chelate formation6. 

Under anodic polarization at a mercury electrode, 
homo-cysteine (HCy) forms a sparingly soluble mercury 
thiolate and mercury ion reduction in this compound gives 
rise to a characteristic cathodic stripping peak (A). If the 
nickel ion is present, HCy released by this reaction does 
catalyze nickel ion reduction, yielding a second cathodic 
peak (B) at about �0.75 V (Fig. 1). Regarding peak A, 
nickel ion has no effect upon this response. Homocysteine-

thiolactone (HTL) is electrochemically inactive under 
similar conditions, but HCy impurity present in the com-
mercial MTH reagent develops both peaks A and B under 
suitable conditions. HCy impurity in HTL can therefore be 
assessed in experiments performed in the cathodic strip-
ping voltammetric mode. 

It can be concluded that, as found, HTL is electro-
chemically inactive under the conditions of CSV at a mercury 
electrode, either in the absence or in the presence of Ni2+ ion. 
However, HCy which is present as an impurity at the level of 
about 3 % undergoes characteristic electrochemical reactions 
occurring in a HTL solution and, due to mercury ion reduc-
tion in the mercury thiolate, the choice of CSV thus enables 
the determination of HCy in HTL samples. 
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Fig. CSV of HCy and Ni2+ containing solutions. HCy (µM): (1) 0; 
(2) 0.6; (3) 1.0; (4) 1.4; (5) 1.8. Supporting electrolyte: 0.05 M 
Na2HPO4 and 4 mM Ni2+, pH 6.5, E(dep): +0.1 V, t(dep): 30 s, 
50 mV s−1, HMDE 


