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te reductase (NR) was performed by entrapment in a laponite clay gel and cross-
linking by glutaraldehyde. In presence of nitrate and methyl viologen, a catalytic current appeared at −0.60 V
illustrating the enzymatic reduction of nitrate into nitrite via the reduced form of the freely diffusing methyl
viologen. The electropolymerization of a water-soluble pyrrole viologen derivative within the interlamellar
spaces and channels of the host clay matrix successfully carried out the electrical wiring of the entrapped NR.
Rotating disk measurements led to the determination of kinetic constants, namely k2=10.7 s−1 and KM=7 μM.
These parameters reflect the efficiency of the electro-enzymatic reduction of nitrate and the substrate affinity
for the immobilized enzyme.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Beside its use as fertilizers in agriculture, nitrate is the end oxi-
dative product of nitric oxide and other nitrogen species and hence
constitutes awell-known environmental contaminant largely encoun-
tered in ground and stream water. Owing to the significant impact of
high nitrate concentrations on human environment (eutrophication of
water surfaces, deterioration of water quality) and public health
(formation of carcinogenic nitrosamines), the determination of nitrate
is significant concerns. The commonly employed methods for nitrate
determination include spectrophotometric, ion-selective chromato-
graphic technics, and electrochemical methods such as polarographic,
voltammetric and potentiometric determinations [1–5]. However, the
centralized analytical systems, like spectrophotometric and chroma-
tographic methods require extensive pre-treatments and are time
consuming while the electrochemical methods based on ion-specific
electrodes are faced to interferences and poor stability and even are
not sufficiently specific.

On the other hand, some bioassays based on nitrate reductase that
are multiredox center enzymes responsible to the biological conver-
sion of nitrate to nitrite, have been developed. An attractive alter-
native thus consisted in the design of biosensors due to their simple
use in complex sample and the possibility of fabricating fast portable
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biosensors. The majority of biosensors reported for the determination
of aqueous nitrate concentrations are based on the immobilization of
nitrate reductase (NR) [6–15]. Although a biosensor based on conduc-
tometric measurements has been recently developed [15], most of the
biosensors involve a voltammetric or amperometric transduction
based on the electrical wiring of the immobilized NR enzymes. Since
the redox centers of NR are deeply embedded in the protein structure,
preventing thus a direct electron transfer with the electrode, redox
mediators such as methyl viologen were used as electron shuttle
between the immobilized enzyme and the electrode surface. In
particular, the NR entrapment was carried out by electropolymeriza-
tion of polymers functionalized by viologen groups where the electron
transport to enzymes is ensured by electron hopping between immo-
bilized redox centers [7,8]. However, these enzyme electrodes were
faced to the fragility of NR. The partial hydrophobic character of the
host films, indeed, may alter the three-dimensional structure of the
entrapped NR and hence diminish their biological activity. In order to
improve the biocompatibility of organic polymers, the use of inorganic
clay nanoparticles as hydrophilic additives was widely studied, in
particular in combination with polypyrrole films. For the last two
decades, there has been a growing interest in the design of these
organic-inorganic composites [16]. The aqueous electrogeneration of
electroactive polypyrrole or polyaniline in clay-modified electrodes
was extensively investigated due to the electronic conductivity con-
ferred to layered solids such as hectorite and montmorillonite [17,18].
These polymers also reinforced the mechanical stability of the clay
and improved the stability of redox species incorporated into the
inorganic coating thanks to the ion exchange property of clays.

In this context, a two-step procedure consisting first in the physical
entrapment of NR in highly hydrophilic inorganic clay followed by the
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Scheme 1. Schematic representation of the viologen derivatives.

Fig. 1. (A) Cylic voltammograms of NR-clay glassy carbon electrode in deoxygenated
0.1 M Tris–HCl (pH 7.5) buffer containing methyl viologen (2.5 mM) in the absence
(a) and presence of nitrate (2 mM) (dotted line). (B) the enzyme electrode was
profusely rinsed with 0.1 M Tris–HCl and same experiments were performed without
methyl viologen in the absence (a) and presence of nitrate (2 mM) (dotted line). Scan
rate: 5 mV s−1.
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electropolymerization of a poly(pyrrole–viologen) film assuming the
electrical wiring of the immobilized enzyme, is reported (Scheme 1).
The kinetic parameters and turnover of the resulting wired NR were
investigated by rotating disk electrode experiments.

2. Experimental section

2.1. Electrochemistry

Electrochemical experiments were performed with a conventional
three-electrode system. The working electrodes were glassy carbon
disk electrodes purchased from Radiometer analytical. An Ag/AgCl
electrode was used as reference electrode while Pt wire placed in a
separate compartment containing the supporting electrolyte, was
used as counter electrode. All the potentials are referred vs this
electrode. All measurements were conducted in a Metrohm electro-
chemical cell thermostated at 30 °C containing aqueous solutions
purged and maintained under argon atmosphere to avoid any oxygen
interference. An autolab 100 potentiostat was used to carry out the
electrochemical experiments. Koutecky–Levich plots were carried out
using rotating disk electrodes (diameter: 5 mm) with a CTV 101 Speed
Control Unit from Radiometer analytical. The surface of the glassy
carbon electrode were polished with a 2 µm diamond paste purchased
from Presi (France), sonicated and rinsed successively with acetone,
ethanol and water.

2.2. Chemicals

Laponite is a synthetic hectorite (monovalent cation exchange
capacity=0.74 mmol g−1) obtained from Rockwood Specialities Inc
(Princeton, NJ). Nitrate reductase (NR) was a gift from Prof. J. Pommier
and G. Giordano of the Laboratoire de Chimie Bactérienne (Marseille,
France). Glutaraldehydewas purchased from Aldrich. Monomers 1 (N-
methyl-N'-[N(13-pyrrol-1-y(-4′,7′,10′-trioxtridecanyl)-propiona-
mido)]-4,4′-bipyridinium ditetrafluoroborate) and 2 (N-methyl-N′-
(12-pyrrol-1-yldodecyl)-4,4′-bipyridinium ditetrafluoroborate) were
synthesized as described in [8,19], respectively (Scheme 1). All other
chemical reagents were of analytical grade.Water was doubly distilled
in quartz.

2.3. Modification of the electrodes

An aqueous colloidal suspension was prepared by dispersing
laponite (2 mg mL−1) in deionized water overnight. An enzyme
solution (NR, 1 mg mL−1) was prepared with the laponite dispersion.
The NR-clay electrode was prepared by spreading an aqueous
suspension (22 µl) containing 1 mg mL−1 of laponite, NR and 6 µg
mL−1 L of glutaraldehyde on the glassy carbon surface. In order to
remove water, the resulting mixture was dried under vacuum, leading
to adhering clay filmwith entrapped enzymes. Themodified electrode
was immersed into stirred 0.1 M Tris buffer (pH 7.5) for 20 min before
use to remove the NR molecules not firmly entrapped in the clay
matrix.



Fig. 2. Cyclic voltammograms of a NR-composite electrode in deoxygenated 0.1 M
Tris–HCl (pH 7.5) buffer a) without nitrate, b) in the presence of 2 mM nitrate. Scan
rate: 5 mV s−1.
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The NR-composite electrodes were prepared first by spreading
20 µL of an aqueous dispersion of monomer 2 (4 mg mL−1) and
evaporating water under vacuum on glassy carbon disks. The resulting
“dry” modified electrodes were transferred into a cell containing an
aqueous 0.1 M LiClO4 solution. Electrochemical polymerization of the
adsorbed monomer 2 was carried out by controlled potential elec-
trolysis for 15 min at 0.8 V vs. Ag/AgCl. Further, the poly 2 electrodes
were coated with 37 µL of NR (1 mg mL−1) and laponite (mg mL−1)
solution and dried under vacuum atmosphere for 20 min. Water
removal leads to the formation of an adherent NR-laponite coating on
the underlying poly 2 film. Finally, themodified enzyme electrodewas
soaked in an aqueous 0.1 M LiClO4 solution containing monomer
1 (5 mM). The latter was electropolymerized within the enzyme-
clay coating by controlled-potential electrolysis for 15 min at 0.8 V
vs Ag/AgCl.

3. Results and discussion

Thanks to their unusual intercalation property, porosity and high
hydrophilic character inorganic clays, especially laponite, preserve the
biological activity of enzymes and hence have been widely exploited
for the design of biosensors. As previously reported, the high cation-
exchange property of laponite was exploited for the immobilization of
cationic methylene blue into a diaphorase-laponite gel coating [19].
The resulting “redox clay” constituted the first example of biosensor
based on clay containing an electrically wired enzyme. This concept
was investigated with methyl viologen (MV2+) to establish an
electrical connection between the electrode surface and NR entrapped
in a laponite film. After a cross-linking step of the entrapped NR by
glutaraldehyde, the NR-clay electrode was transferred into of 0.1 M
Tris–HCl solution (pH 7.5) containing methyl viologen (2.5 mM). The
electrochemical behavior of MV2+ at the NR-clay electrode was
investigated by cyclic voltammetry in the absence of oxygen. The
cyclic voltammogram recorded at 5 mV s−1, displays a reversible peak
system at E1/2=−0.57 V vs Ag/AgCl, the E1/2 value being estimated
from the midpoint of the anodic and cathodic peaks (Fig. 1A).

The latter corresponds to the one-electron reduction process,
characteristic of the redox couple of MV2+ that diffuses within the
microchannels and interlamellar spaces of the laponite coating. After
three cycles, this electrochemical signal was stable and reproducible
reflecting the rapid incorporation of MV2+ within the bioinorganic
matrix by electrostatic interactions. The addition of the enzyme
substrate (potassium nitrate) induced a strong increase in cathodic
and a quasi-disappearance in anodic currents of theMV2+/MV+ system
(Fig. 1A). This electrocatalytic phenomenom indicates that NR can
catalyze the reduction of nitrate into nitrite using the cation radical
form of the freely diffusing viologen. MV2+ was reduced into MV+ at
the electrode surface (Eq. (1)) and re-oxidized byNR that catalyzed the
reduction of nitrates (Eq. (2)).

MV2þ þ e− Y
electrode

MV�þ ð1Þ

2 MV�þ þNO�
3 þ H2OY

NR
2MV�þ þNO�

2 þ 2OH� ð2Þ

In the presence of NO3
− (2 mM) and MV2+ (2.5 mM), the stability of

the electrochemical catalytic signal indicated that the glutaraldehyde/
laponite matrix did not act as a barrier towards the diffusion of methyl
viologen and did not affect their electrochemical behavior. The
catalytic signal appearance after nitrate addition in the electrolytic
solution showed that the enzyme was not denaturated during the
immobilization procedure. Such a strong catalytic current for
immobilized NR was not often reported due to the low NR activity
and the use of non biocompatible immobilization procedures. This
corroborates thus the non-denaturating character of the NR entrap-
ment by laponite gel. The enzyme electrode was then thoroughly
rinsedwith Tris–HCl buffered solution and transferred into 0.1M Tris–
HCl buffer (pH 7.5). In the absence of MV2+, repeatedly scanning the
potential over the range −0.20 to −0.83 V resulted in the continuous
decrease in the current intensity of the reversible viologen peak
system. The latter became negligible after 15 scans (Fig. 1B). In the
same vein, the electrocatalytic signal observed in the presence of NO3

−

drastically decreased and disappeared highlighting the key role of
MV2+ (Fig. 1B). These electrochemical evolutions unambiguously indi-
cated the fast release of the redox mediator into the bulk solution.

In order to circumvent this problem of viologen release, the
immobilization of the redox mediator was carried out by electro-
chemical polymerization in water of a hydrophilic viologen derivative
functionalized by a pyrrole group 1 within the inorganic template
(Scheme 1). With the aim to improve the electrical communication
between the electrode surface and the subsequent redox polymer, the
NR-composite electrodes were elaborated on an electropolymerized
film of hydrophobic pyrrole viologen 2. Thanks to the cationic-
exchange property of laponite nanoparticles, laponite-NRmixturewas
strongly adsorbed by electrostatic interactions onto this positively
charged polypyrrolic film. Then, as previously observed for MV2+,
the water-soluble pyrrole viologen 1 was incorporated within the
interlamellar space of the clay-NR coating and electropolymerized.
Fig. 2 shows the electrochemical behavior of the resulting NR-
composite electrode in 0.1 M Tris–HCl buffer. In the absence of nitrate
and oxygen, the cyclic voltammogram exhibits a stable reversible peak
system relative to the one-electron reduction of the polymerized vio-
logen groups. The addition of nitrate (2mM) induces the appearance of
a strong irreversible cathodic peak at −0.60 V combined with the
disappearance of the anodic wave related to the re-oxidation of the
reduced polymerized viologen groups (Fig. 2). This catalytic signal
reflects an efficient electrochemical wiring of the entrapped NR by the
surrounding poly1 film electrogenerated in the laponite matrix.

In order to investigate more accurately the kinetic andmechanistic
behavior of the mediated enzymatic reduction of nitrate, rotating disk
experiments were carried out. The electrocatalytic reduction of nitrate
was performed at different nitrate concentrations and variable
rotation rates at −0.60 V. This potential value was more negative
than the first reduction potential of the polymerized viologen groups
to ensure that the electrocatalytic reaction between the immobilized
NR and nitrate will be the rate limiting step instead of the electrical
wiring of NR by the reduced form of viologen. The reduction current of
NO3

− at the enzyme electrode can be limited by mass transport of NO3
−

or by the kinetic of the enzymatic reaction.

NRred þ NO−
3 →
kobs NRox þNO−

2 ð3Þ

Actually, in rotating disk electrode conditions, the catalytic
cathodic current generated by the electro-enzymatic reduction of
nitrate (Icat) may be composed of the current limited by the diffusion



Fig. 4. Variation of 1/Γkobs for the nitrate reduction at the NR-composite electrode as a
function of nitrate concentration (correlation coefficient: 0.99). Experimental condi-
tions as in Fig. 1.
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of nitrate (Ilim) described by the Levich equation and the current (Ikin)
limited by the kinetic of the enzyme reaction:

Ilim ¼ 0:620nFAm�1=6D2=3 NO−
3

� �
x1=2 ð4Þ

Ikin ¼ nFACkobs NO−
3

� � ð5Þ

The mass transfer limited current (Ilim) depends on the rotating
velocity (sω) and the concentration of NO3

− while the kinetically
limited current depends on the NO3

− concentration. F is the Faraday
constant; n is the number of electron (2) involved in the reduction of
NO3

−, D (1.8×10−5 cm2s−1) is the diffusion coefficient of NO3
−, Γ is the

enzyme surface density (mol cm−2) while ν (0.01 cm2s−1) represents
the kinetic viscosity of water [20]. The general equation that describes
the dependence of the electro-catalytic current on the experimental
parameters is commonly reported following the Koutecky–Levich
equation [21]:

1=Icat ¼ 1=Ilim þ 1=Ikin ¼ 1= 0:620nFAm�1=6D2=3 NO�
3

� �
x1=2

� �

þ1= nFACkobs NO�
3

� �� �
ð6Þ

Only the first term of the Eq. (6) is dependent upon the rotation
rate of the disk electrode. Therefore, a plot of 1/Icat versus 1/ω1/2

presents a linear behavior with a positive intercept whose value
depends on kobs.

As previously described by Willner and co-workers, the mechan-
ism of the electro-enzymatic reduction of nitrate by an electrically
wired NR involved the formation of an enzyme-substrate complex
following a Michaelis Menten kinetic model [20] and a general equa-
tion describing the dependence of kobs on these kinetic constants was
thus reported:

NR þNO−
3±
k1

k�1

NRNO−
3 Y

k2
NR þNO−

2 ð7Þ

1
kobs

¼ KM þ NO�
3

� �
k2

ð8Þ

where KM=(k−1+k2) /k1.
With the aim to estimate the heterogeneous second order reaction

rate, kobs and other kinetic constants, cyclic voltammograms of the
NR-composite electrode were recorded at 5 mV s−1 scan rate for
different electrode rotation speeds and nitrate concentrations.

The observed catalytic currents (Icat) were determined in the
steady state domain of the cyclic voltammogram (−0.60 V vs Ag/AgCl)
and their inverse values (1/Icat) were plotted versus 1/ω1/2.
Fig. 3. Koutecky–Levich plot obtained from catalytic current recorded at NR-composite
rotating disk electrode at −0.60 V (vs Ag/AgCl) in presence of 10 µM NO3

− as a function
of the rotational velocity. Correlation coefficient: 0.999. Experimental conditions as in
Fig. 1.
For instance, Fig. 3 shows the linear Koutecky–Levich plot obtained
at 10 µMNO3

− leading to kobs=6.34×103 M−1s−1. Koutecky–Levich plots
were performed for different nitrate concentrations, namely 5, 10, 15,
20 and 50 µM providing a linear evolutionwith correlation coefficient
comprised between 0.987 and 0.999.

From the intercept of the Koutecky–Levich plots, 1/Γkobs values
were extracted from Eq. (5) and plotted as a function of nitrate
concentrations. Fig. 4 shows the resulting linear relationship between
1/Γkobs and [NO3

−] (correlation coefficient=0.99). According to Eq. (8),
1/Γk2 and KM/Γk2 were then calculated from the slope and the inter-
cept at zero nitrate concentration respectively.

Taking into account that the deposited amount of NR was 37 μg,
the enzyme surface density was estimated at 7.4×10−10 mol cm−2.
According to Eq. (8), the kinetic parameters were evaluated, namely
k2=10.7 s−1 and KM=7 μM. It should be noted that the k2 value is
markedly lower than that (k2=4.7×104 s−1) reported by Willner's
group for an electrically wired NR monolayer [20]. Although the
electrical connection was not assured by a viologen group, this dif-
ference in k2 values may reflect the steric constraints due to the NR
entrapment in the laponite gel. In addition, the NR molecules were
dispersed within the whole structure of the composite coating com-
pared to the close proximity at the molecular level offered by the
direct formation of a NR monolayer on a redox microperoxidase-11
monolayer. Nevertheless, this k2 value that reflects the efficiency of
the electro-enzymatic reduction of nitrate, is of the same order of
magnitude than those previously reported for biosensors based on
electrically wired enzymes [22,23]. Moreover, the estimation of the
kinetic parameter KM from the electrochemical Lineweaver–Burk
plot (1/I versus 1/[NO3

−]) leads to an apparent KM value (16 μM)
which is in good agreement with that calculated according to the
Koutecky–Levich treatment. This low KM value illustrates the high
substrate–enzyme affinity and hence the biocompatible microenvir-
onment due to the clay template.

4. Conclusion

The successful immobilization of a nitrate reductase in laponite
clay matrix containing a polypyrrole film functionalized by viologen
groups has been described. In the presence of nitrate, analytical
expressions describing the voltammetric response of the enzyme
electrode operated under rotating disk conditions have demon-
strated the efficient electrical wiring of the entrapped NR. The
beneficial influence of the clay template on the immobilized enzyme
and the efficiency of the electro-enzymatic reduction of nitrate were
illustrated by KM and k2 values respectively. It is expected that the
attractive properties offered by inorganic lamellar materials such as
laponite, combined with electrogenerated redox polymers will be
exploited for the development of biosensors based on wired
enzymes.



51S. Cosnier et al. / Bioelectrochemistry 74 (2008) 47–51
References

[1] R.J. Davenport, D.C. Johnson, Voltammetric determination of nitrate and nitrite
ions using a rotating cadmium disk electrode, Anal. Chem. 45 (1973) 1979–1980.

[2] W.R. Hussein, G.G. Guilbault, Nitrate and ammonium ion selective electrodes as
sensors. In bacterial growth curves for isolation of nitrate and nitrite reductases
from Escherichia coli, Anal. Chim. Acta 72 (1974) 381–390.

[3] D. Tsikas, F.M. Gutzki, S. Rossa, H. Bauer, C. Neumann, K. Dockendorff, J. Sandmann,
J.C. Frölich, Measurement of nitrite and nitrate in biological fluids by gas
chromatography-mass spectrometry and by the Griess assay: problems with the
Griess assay-solutions by gas chromatography-mass spectrometry, Anal. Biochem.
244 (2) (1997) 208–220.

[4] M.R. Stratford, Measurement of nitrite and nitrate by high-performance ion
chromatography, Methods Enzymol. 301 (1999) 259–269.

[5] Y. Zuo, C. Wang, T. Van, Simultaneous determination of nitrite and nitrate in dew,
rain, snow and lake water samples by ion-pair high-performance liquid
chromatography, Talanta 70 (2006) 281–285.

[6] I. Willner, E. Katz, N. Lapidot, P. Baüerle, Bioelectrocatalysed reduction of nitrate
utilizing polythiophene bipyridinium enzyme electrodes, Bioelectrochem. Bioe-
nerg. 29 (1992) 29–45.

[7] S. Cosnier, C. Innocent, Y. Jouanneau, Amperometric detection of nitrate via a
Nitrate Reductase immobilized and electrically wired at the electrode surface,
Anal. Chem. 66 (1994) 3198–3201.

[8] S. Cosnier, B. Galland, C. Innocent, New electropolymerizable amphiphilic
viologens for the immobilization and electrical wiring of a nitrate reductase,
J. Electroanal. Chem. 433 (1997) 113–119.

[9] L.M. Moretto, P. Hugo, M. Zanata, P. Guerriero, C.R.Martin, Nitrate biosensor based on
the ultrathin film composite membrane concept, Anal. Chem. 70 (1998) 2163–2166.

[10] P. Hugo, L.M. Moretto, G.A. Marzocchin, P. Guerriero, C.R. Martin, Electrochemical
preparation and characterisation of an anion permselective composite membrane
for sensor technology, Electroanalysis 10 (1999) 1163–1167.

[11] D. Quan, J.H. Shim, J.D. Kim, H.S. Park, G.S. Cha, H. Nam, Electrochemical deter-
mination of nitrate with nitrate reductase immobilized electrodes under ambient
air, Anal. Chem. 77 (2005) 4467–4473.
[12] G. Ramsay, S.M. Wolpert, Utility of wiring nitrate reductase by alkylpyrroleviolo-
gen-based redox polymers for electrochemical biosensor and bioreactor applica-
tions, Anal. Chem. 71 (1999) 504–506.

[13] S.A. Glazier, E.R. Campbell, W.H. Campbell, Construction and characterization of
nitrate reductase-based amperometric electrode and nitrate assay of fertilizers
and drinking water, Anal. Chem. 70 (1998) 1511–1515.

[14] S. Da Silva, D. Shan, S. Cosnier, Improvement of biosensor performances for
nitrate determination using a new hydrophilic poly(pyrrole–viologen) film, Sens.
Actuators, B 103 (2004) 397–402.

[15] W. Xuejiang, S.V. Dzyadevych, J.-M. Chovelon, N. Jaffrezic-Renault, C. Ling, X. Siqing,
Z. Jianfu, Conductimetric nitrate biosensor based onmethyl viologen/nafion/nitrate
reductase interdigitated electrodes, Talanta 69 (2006) 450–455.

[16] E. Ruiz-Hitzky, P. Aranda, Electroactive polymers intercalated in clays and related
solids, in: T.J. Pinnavaia, G.W. Beall (Eds.), Polymers-Clay Nanocomposites, Wiley,
West Sussex, 2000.

[17] H. Inoue, H. Yoneyama, Electropolymerization of aniline intercalated in montmor-
illonite, J. Electroanal. Chem. 233 (1987) 291–294.

[18] C.M. Castro-Acuna, F. Fan, A.J. Bard, Clay modified electrodes, J. Electroanal. Chem.
234 (1987) 347–353.

[19] S. Cosnier, K. Le Lous, Amperometric detection of pyridine nucleotides via immo-
bilized viologen-accepting pyridine nucleotide oxidoreductase or immobilized
diaphorase, Talanta 43 (1996) 331–337.

[20] F. Patolsky, E. Katz, V. Heleg-Shabtai, I. Willner, A cross-linked microperoxidase-11 and
nitrate reductase monolayer on a gold electrode: an integrated electrically contacted
electrode for the bioelectrocatalyzed reduction of NO3

−, Chem. Eur. J. 4 (1998) 1068–1073.
[21] A.J. Bard, L.R. Faulkner, Electrochemical methods: Fundamentals and Applications,

Wiley, New york, 1980.
[22] T. Ruzgas, L. Gorton, J. Emnéus, G. Marko-Varga, Kinetic models of horseradish

peroxidase action on a graphite electrode, J. Electoanal. Chem. 391 (1995) 41–49.
[23] T. Hianik, M. Šnedjdárkova, V.I. Passechnik, M. Rehák, M. Babincová, Immobiliza-

tion of enzymes on lipid bilayers on a metal support allows study of the biophy-
sical mechanisms of enzymatic reactions, Bioelectrochem. Bioenerg. 41 (1996)
221–225.


	Electrochemical nitrate biosensor based on poly(pyrrole–viologen) film–nitrate reductase–clay c.....
	Introduction
	Experimental section
	Electrochemistry
	Chemicals
	Modification of the electrodes

	Results and discussion
	Conclusion
	References




