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bInstitute of Biophysics, Academy of Sciences of the Czech Republic, Královopolská 135, CZ-612 65 Brno, Czech Republic
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Abstract

The kinetics of phase transitions of cytidine adsorbed on mercury are studied by chronoamperometry and capacitance measurements.

Cytidine forms highly ordered two-dimensional adlayers in a broad range of pH. In acid solvent, only one kind of condensed layer is formed.

In the alkaline solution, cytidine forms two different two-dimensional (2D) adlayers. The minimum capacitance value in adlayer II at pH 5 is

7.0 AF cm� 2 and, at pH 8.3, it is 5.1 AF cm� 2; in adlayer III, the minimum capacitance is 10.6 AF cm� 2. The formation of a physisorbed

film of cytidine molecules adsorbed at the mercury surface proceeds by complex mechanisms. From j– t transients, it can be seen that the

phase transformations from dilute adlayer Ia to condensed physisorbed film II is accompanied by the reorientation of cytidine molecules at

the mercury surface (inverted current transient). The interfacial transformations of the cytidine film yield a sigmoidal C– t transient. This

experimentally measured C– t transient were analysed by Avrami theorem. The rate of the transformations from dilute adlayer Ia to

condensed film II of cytidine at pH 5 depends strongly on temperature but is only slightly affected by temperature at pH 8.3. The effect of pH

and ionic composition of the supporting electrolyte on the rate of transformation of cytidine films was studied as well. D 2002 Elsevier

Science B.V. All rights reserved.
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1. Introduction

The studies of biologically important molecules at elec-

trode/electrolyte interfaces as model systems are expected to

provide valuable information on their behaviour at bio-

logical surfaces [1]. Such information will also be useful

for the development of biosensors [2,3]. In the present

paper, we are studying the effect of pH, temperature and

ionic composition of solution on the adsorption and 2D

condensation of cytidine at Hg electrode. The reason why

we have chosen this nucleoside is that in the literature, there

is less quantitative information on its adsorption and on the

kinetics of film formation/dissolution [4–11] in comparison

with the other nucleosides or DNA bases [12–24]. The

present work is focused on a description of the kinetics of

the formation of a physisorbed condensed cytidine film. We

have fitted the kinetics data by Avrami theorem based on the

nucleation and growth process.

2. Experimental

The electrochemical set-up consisted of a classical three-

electrode system. The working electrode was a mercury drop

electrode Metrohm 663 VA Stand (Zurich, Switzerland),

operating as a hanging mercury drop electrode (HMDE).

The drop area A= 0.005 cm2 was determined by analysis of

the cyclic voltammogram of reversible reaction of Cd2 + [25].

All potentials were measured with reference to an Ag/

AgCl/3 M KCl electrode. Platinum wire was used as an

auxiliary electrode.

The measurements were performed in a solution of NaCl

(Merck, p.a.) and Britton–Robinson (BR) buffer. The pH

value of this solution was adjusted by the addition of small

amounts of concentrated HCl and/or NaOH. The BR buffer

was prepared according to the literature [26] for each

measured pH value. The ionic strength I of this solution

was I= 0.5 mol kg� 1. Cytidine (Sigma) was used without

any purification. The solutions were deaerated using 99.5%

argon saturated with triple distilled water. The temperature

was controlled with a cryostat at an accuracy of F 0.1 jC.
All measurements were performed using an AUTOLAB

electrochemical system (Ecochemie, Utrecht, Netherlands)

equipped with a potentiostat/galvanostat PGStat20 and a
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frequency-response analyser (FRA) module. The differential

capacitance of the electrode double layer and C– t transients

were measured using the FRA module at the following

settings: frequency 33 Hz, AC voltage amplitude 5 mV,

integration time 2 s, minimum number of cycles to integrate

5, number of cycles to reach steady state 10 and maximum

time to reach steady state 3, with minimum fraction of a

cycle 0. The CV measurement and I– t transients were done

using the AUTOLAB/GPES software.

3. Results and discussion

3.1. Effect of pH on the adsorption of cytidine in 0.5 M

NaCl+BR buffer solution

Fig. 1 shows a typical cyclic voltammogram and the

capacitance vs. potential curves (C–E curves) of 30 mM

cytidine in 0.5 M NaCl with BR buffer at two different pH

values. Similar result was published and discussed earlier by

Temerk et al. [5–7,10] and Ibrahim [11]. Cytidine is adsorbed

at mercury in a wide potential range and different interfacial

states can be distinguished, labelled Ia, Ib, II and III.

In acidic solution, the 2D condensation of adsorbed

cytidine molecules and formation of a physisorbed compact

layer takes place only in one potential region (region II),

which is characterised by appearance of the capacitance pit

on C–E curve [4,12,27–29] and sharp current spikes on

cyclic voltammograms at the potentials of the capacitance

pit edges. The current spikes on the voltammograms (Fig.

1A, peaks A, AV, B and BV) and the pit edges on the C–E

curves show hysteresis, i.e. their potential depends on the

direction of the potential scan. Both the appearance of the

capacitance pit and the hysteresis are typical properties of

2D physisorbed condensed films [1,30–33]. The differential

capacitance in region II is 7.0 AF cm� 2. Region Ia and Ib

corresponds to the dilute [1] reversible physical adsorption

of individual cytidine molecules. At more negative poten-

tials, cytidine is desorbed from the Hg surface (E <� 1.3 V).

In alkaline solution, cytidine forms two different 2D

physisorbed condensed layers. The centre of the first of

them (region II) is located around � 0.8 V (region II is

delimited by the current spikes A, AV, B and BV, Fig. 1C).
The second 2D physisorbed film is formed at more positive

potentials. Region III is delimited by a pair of current peaks

P and PV. The differential capacitance value is 5.1 AF cm� 2

in region II and 10.6 AF cm � 2 in region III, i.e. about twice

higher than in region II. This could mean that the cytidine

layer thickness in region III is half of that in region II, and

that cytidine is condensed there in planar orientation con-

trary to perpendicular orientation in region II. Another

explanation for the higher capacitance in region III could

Fig. 1. Cyclic voltammograms of 0.5 M NaCl with BR buffer in the absence (solid line) and presence (.) of 30 mM cytidine at (A) pH 5 and (C) pH 8.3 at 10

jC. Capacitance–potential curves of 30 mM cytidine in 0.5 M NaCl with BR buffer at (B) pH 5 and (D) pH 8.3 at 10 jC. (o) Potential scan from � 0.05 V to

more negative potentials; (D) potential scan from � 1.4 V to more positive potentials. Dashed line is background electrolyte. Conditions of measurements:

(A,C) scan rate 100 mV s� 1, (B,D) frequency 33 Hz, AC voltage amplitude 5 mV, integration time 2 s, minimum number of cycles to integrate 5, number of

cycles to reach steady state 10, maximum time to reach steady state 3. The different adsorption states are labelled as Ia, Ib, II and III.
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be incorporation of the solvent anions into the condensed

layer. In acid solutions, region III is not observed, probably

because the protonated cytidine molecules, unlike the neu-

tral ones, are repulsed from the positively charged mercury

surface.

It was observed that the extent of region III is only

slightly affected by a change of temperature (not shown).

On the other hand, the capacitance pit width (region II)

decreases with increasing temperature both in acid and

alkaline solutions as it is usually observed [4,30,31,33].

The driving forces stabilising the 2D condensed film of

cytidine in region II seems to be stacking interactions be-

tween cytosine rings perpendicularly oriented to the mer-

cury surface [1,8,34]. From the temperature independence

of the width of region III, it can be assumed that at neutral

and alkaline pH, cytidine is chemisorbed on HMDE via the

lone electron pair of N3. In acid solution, cytidine does not

form a condensed layer in region III because cytidine is

protonated at N3 and the chemical bond between mercury

and cytidine cannot be formed. A similar behaviour was

observed with chemisorbed surface films of uracil [35–38],

uridine [39–41] and cytosine [42,43] at Au (111).

3.2. C–E–t measurements

In order to examine the establishment of the adsorption

equilibrium in region II, we have measured C– t curves.

Figs. 2 and 3 show the C–E– t surfaces [44–46] of 30 mM

cytidine at potentials around the positive or negative edges

of the capacitance pit (region II) in acidic (Fig. 2A,B) and

alkaline pH (Fig. 3A,B). It can be seen that the effect of time

on the capacitance pit (region II) is more complicated in

alkaline pH (Fig. 3). In acid solution, a positive edge of the

capacitance pit (region II) has a complex development

contrary to the negative edge (Fig. 2B). The C–E curves

reconstructed from the isochronous C– t plots [47,48] show

that only at a very long time period (t > 200 s) the equili-

brium state was reached (not shown). The C–E– t surfaces

of 30 mM cytidine around the potentials of the negative

edge of the capacitance pit (region II) in alkaline (pH 8.3)

and neutral (pH 7.2) solutions looks very similar (not

shown).

The minimum capacitance value Cmin of the cytidine

adlayer in region II depends on pH. At pH 5, Cmin = 7.0 AF
cm � 2 and, at pH 8.3, Cmin = 5.1 AF cm� 2. In order to

explain why the capacitance of the condensed cytidine layer

depends on pH, we have studied the kinetic of the formation

of this layer at both pH values.

3.3. Cyclic voltammograms of cytidine at different scan

rates

Some information about the kinetics of cytidine adlayers

can be obtained from the dependence of the peak potentials

Emax and current maxima Imax of cyclic voltammogramms

on the scan rate vscan.

From Fig. 4, it can be seen that, at pH 5, the potential

Emax of the peaks A, AV, B and BV is independent on the

scan rate. There is a linear dependence of the current ma-

xima Imax on the square root of scan rate vscan for all four

peaks. Bosco and Rangarajan [49] have shown that this be-

haviour is characteristic for an instantaneous nucleation and

growth process.

At pH 8.3 (Fig. 5), the peak potential Emax is slightly

dependent on the scan rate. The dependence of the current

maximum Imax (peak BV) on the scan rate has, at pH 8.3, a

Fig. 2. C–E– t surfaces of 30 mM cytidine in 0.5 M NaCl +BR buffer at potentials around the positive (A) or negative (B) edges of the capacitance pit (region

II) in pH 5.
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nonlinear course. Such behaviour is assumed for the pro-

gressive nucleation.

3.4. Kinetics of transformation

The formation of a self-assembled monolayer can be

triggered at the electrochemical interface by an appropriate

change in concentration, temperature or potential. The phase

transformation is, however, usually initiated by applying a

potential step, which may very rapidly trigger the formation

of a new thermodynamically stable phase.

The kinetics of phase transformations of the cytidine on

the mercury electrode were investigated by means of current

and capacitance transients using the single potential step

Fig. 4. Potentials Emax and current density maxima jmax of cyclic

voltammogram peaks A, AV, B and BV of 30 mM cytidine in 0.5 M

NaCl +BR buffer at pH 5 as a function of the square root of scan rate vscan.

Fig. 5. Potentials Emax and current density maxima jmax of cyclic

voltammogram peaks B and BV of 30 mM cytidine in 0.5 M NaCl +BR

buffer at pH 8.3 as a function of the square root of scan rate vscan.

Fig. 3. C–E– t surfaces of 30 mM cytidine in 0.5 M NaCl +BR buffer at potentials around the positive (A) or negative (B) edges of the capacitance pit (region

II) in pH 8.3.
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technique [32,33,50]. In order to minimise the time constant

of the electrochemical cell, the concentration of the support-

ing electrolyte was sufficiently high (0.5 M).

The C– t and j– t transients were obtained after a single

potential step from the initial potential Ei in the region of

dilute adsorption Ia or Ib (waiting time at the potential Ei

was t = 5 s) to various final potentials Ef in the region II. The

further is the final potential from the true thermodynamic

transition potential ET (potential of the pit edges of the

equilibrium C–E curves [14,45,50]), the shorter is the phase

transition. With our instrumentation, it was not possible to

find such a potential window in which the rate of the

transition would allow to measure both j– t and C– t curves.

(It was possible to measure C– t curves only at times longer

than 1 s).

The current transients encountered in polynucleation and

growth processes on the mercury are commonly character-

ised by an exponential decay followed by a pronounced

maximum, until finally, the current decreases to zero

[23,24,50–52]. The current reaches its maximum at the

time tmax, which is shorter at larger AEf�ETA (overpoten-

tial) values.

The initial exponential decay is the sum of the double-

layer charging due to the potential step itself and the

Langmuir type (dilute) adsorption before the nucleation

starts [53–55]. The current maximum is generally associ-

ated with a nucleation and growth process [35,56–60].

The mean current density reflects the changes in the

surface charge due to the adsorption and condensation of

the adsorbed molecules, i.e. the current flowing due to the

charging of the growing condensed film (this current depends

on dH/dt) and the current flowing due to the changes in the

surface concentration of the expanded dilute adsorption

phase (depends on dC/dt) at the parts of the electrode surface
not covered by the condensed film. The molecules adsorbed

in the dilute layer are later incorporated in the growing

condensed phase. If during condensation of adsorbed mole-

cules their orientation and electronic properties are changed,

an additional current occurs at the moment of condensation, a

reorientation current, caused by the different dielectric prop-

erties of the dilute and condensed phases [61].

Depending on the value of the final potential Ef and on the

direction of the permanent dipole moment of the adsorbed

molecules, this reorientation current might have an opposite

sign than the adsorption current and the oscillating current

transients might be observed [52]; the current changes the

sign during the transition. After the potential jump, the

current decreases, crosses the zero charge line and becomes

negative. Subsequently, the current increases, becomes pos-

itive and, after reaching maximum, decreases [52].

The first negative current part in the signal response is

caused by a rapid condensation accompanied by an increas-

ing depletion of the noncondensed phase around the grow-

ing islands of the condensed phase. With progressive

Fig. 6. (A) Current transients of 30 mM cytidine in 0.5 M NaCl +BR buffer at pH 5 triggered by a potential step from � 1.2 V (region Ia) to various final

potentials close to the potential of peak BV in Fig. 1A: (a) � 0.97, (b) � 0.965, (c) � 0.960, (d) � 0.955, (e) � 0.945 and (f) � 0.94 V. (B) Current transients

triggered by a potential step from � 0.2 V (region Ib) to various final potentials close to the potential of peak A in Fig. 1A: (a) � 0.37, (b) � 0.38, (c) � 0.385

and (d) � 0.39 V. (C) Current transients of 30 mM cytidine in 0.5 M NaCl +BR buffer at pH 8.3 triggered by a potential step from � 1.2 V (region Ia) to

various final potentials close to the potential of peak BV in Fig. 1C: (a) � 1.04, (b) � 1.03, (c) � 1.025, (d) � 1.02, (e) � 1.01 and (f) � 1.0 V. The waiting

time for the initial potentials was 5 s.
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coverage of the surface by condensed phase, the condensa-

tion current decreases. The depletion of the dilute phase

leads to an increasing adsorption rate. The total current

response becomes positive again until the whole surface is

covered by the condensed phase [52].

3.4.1. j– t curves

Fig. 6A shows j– t curves for cytidine at pH 5 obtained

by the potential step from Ei =� 1.2 V (region Ia) to a

different Ef in region II; Ef is located close to the negative

edge of the capacitance pit. These current transients are

characterised by an initial current increase followed by the

gradual decay of the current. The transients start at negative

current values. The shape of these transients resembles the

oscillating current transients mentioned above which are

observed if reorientation of the adsorbed molecules during

condensation takes place. The initial exponential decay of

the current due to the charging of the double layer and dilute

adsorption was in our case obviously so fast that with our

instrumentation we were not able to observe it.

A different course shows the j– t curves obtained by

stepping from Ei =� 0.2 V (region Ib) to a different Ef in

region II (Ef is located close to the positive edge of the

capacitance pit), Fig. 6B. On the exponentially decaying part,

there is a shoulder, at higher AEf�ETA values, the shoulder

appears sooner. The total current during the whole transition

is negative, no oscillation current is observed. It can be thus

supposed that during phase transitions from dilute adsorption

region Ib to condensed region II, the reorientation of the

adsorbed cytidine molecules does not occur.

Fig. 6C shows j– t curves for cytidine at pH 8.3 obtained

by stepping from Ei =� 1.2 V (region Ia) to a different Ef in

Fig. 7. (A) Dependence of the coverage degree H on time t for 30 mM cytidine in 0.5 M NaCl +BR buffer at pH 5 after a single potential step from � 1.2 V to

various final potentials close to the negative edge of region II: (a) � 1.029, (b) � 1.027, (c) � 1.025, (d) � 1.023 and (e) � 1.02 V. (B) The H– t curves

following a single potential step from � 0.2 V to various Ef close to the positive edge of region II: (a) � 0.338, (b) � 0.3393, (c) � 0.3398 and (d) � 0.341 V.

(C) The H– t curves for 30 mM cytidine in 0.5 M NaCl +BR buffer at pH 8.3 after a single potential step from � 1.2 V to various final potentials close to the

negative edge of region II: (a) � 1.088, (b) � 1.084, (c) � 1.082 and (d) � 1.08 V. (.) Numerical fit of the H– t curves were calculated according to Eqs. (2)

and (3). The parameters of Eqs. (2) and (3) are listed in Tables 1–3. The waiting time for the initial potentials was 5 s.

Table 1

Parameters of the curves (a)– (e) in Fig. 7A fitted according to Eq. (2)

E (V) kn (� 10� 2 s� 1) kg (� 10� 4 s� 2)

� 1.029 2.35 0.28

� 1.027 4.53 0.40

� 1.025 6.5 0.80

� 1.023 9.3 2.80

� 1.020 3.05 74.0

Table 2

Parameters of the curves (a)– (e) in Fig. 7B fitted according to Eq. (3)

E (V) m b (� 10� 4 s� m)

� 0.3380 1.98 0.91

� 0.3393 1.99 1.44

� 0.3398 2.02 1.66

� 0.3410 2.08 2.33
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region II. The j– t curves at pH 8.3 looks very similar like

those at pH 5.

3.4.2. C–t curves

The transitions Ia! II or Ib! II in acid and alkaline

solution yield at low AEf�ETA values a sigmoidal C– t

transients (not shown) typical for a nucleation and growth

process which used to be analysed by the Avrami equation

[1,30–33].

Fig. 7 shows a plot of the degree of coverage of the

condensed region vs. time (H– t) for interfacial transforma-

tions starting from the dilute adsorption region (states Ia or

Ib) to the physisorbed film II in acid solution (Fig. 7A,B)

and in alkaline solution (Fig. 7C). The degree of coverage H
was calculated from the capacitance values as:

H ¼ ðC0 � CtÞ=ðC0 � C1Þ ð1Þ

where C0 is the capacitance measured immediately after the

potential step, and C1 is the capacitance after the transient

has reached a final steady state value.The experimental

capacitance transients can be represented satisfactorily by

the equation:

H ¼ 1� exp
�
� kg

�
t2 � 2t=kn

þ ð2=ðknÞ2Þð1� expð�kntÞÞ
��

ð2Þ

in which kg and kn are growth and nucleation rate param-

eters, respectively [15]. For the two limiting cases of

instantaneous nucleation (kn!l) and progressive nuclea-

tion (kn! 0), Eq. (2) simplifies to:

H ¼ 1� expð�btmÞ ð3Þ

with b = kg, m = 2 and b = kgkn/3, m = 3. The least-square fits

of the measured transients over the whole time range were

made using Eqs. (2) and (3) and working with nonlinear

regression analysis.

Fig. 7A shows the theoretical fit experimentally meas-

ured H– t curves of Ia! II transient for different final

potentials Ef at pH 5. It can be seen that the H– t curves

are satisfactorily fitted by Eq. (2). Parameters of H– t curves

fitted to Eq. (2) are given in Table 1.

Fig. 7B and C shows a comparison between the theoret-

ically calculated and experimentally measured H– t curves

of Ib! II transient at pH 5 and Ia! II transient at pH 8.3

for different Ef, respectively. Transients Ib! II for 30 mM

cytidine are satisfactorily fitted by Eq. (3), namely instanta-

neous nucleation with m = 2 at pH 5. A progressive nucle-

ation with m = 3 can be used for fitting of the rising part of

the Ia! II transients at pH 8.3 (Fig. 7C). Parameters of H– t

Table 3

Parameters of the curves (a)– (e) in Fig. 7C fitted according to Eq. (3)

E (V) m b (� 10� 6 s� m)

� 0.3380 2.95 0.76

� 0.3393 2.98 1.11

� 0.3398 3.01 2.42

� 0.3410 3.08 5.69

Fig. 8. The effect of temperature on the rate of the transformation of film Ia! II for 30 mM cytidine in 0.5 M NaCl +BR buffer at (A) pH 5 and (B) pH 8.3.
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curves fitted to Eq. (3) are given in Table 2 (Ib! II tran-

sients at pH 5) and Table 3 (Ia! II transients at pH 8.3). At

longer times, the decrease of H was observed, especially at

pH 8.3, Fig. 7C. This might show that the ordered con-

densed film is not stable during the time and later starts to be

destroyed. Such behaviour was observed earlier by Wand-

lowski and Pospisil [62,63] with an ordered film of uracil

and by Vetterl and de Levie [21] with an ordered film of

adenine.

3.4.3. Dependence of temperature, pH and ionic composi-

tion of the solution on the rate of transformations of cytidine

films

Fig. 8A shows the effect of temperature and electrode

potential on the rate of the transition Ia! II for 30 mM

cytidine in 0.5 M NaCl +BR buffer at pH 5. The values on

the horizontal axes are the differences between the final

potential Ef and the true equilibrium transition potential ET

obtained from the C–E– t plots (Fig. 2A). On the vertical

axes, the tmax times at which the current reaches its max-

imum are plotted. Transition Ia! II is faster at higher

values of E�ET and at lower temperatures. At higher

E�ET values, temperature has almost no effect on the

transformation rate. This is typical of a non-faradaic con-

densation process controlled by a nucleation and growth

mechanism [33,64].

Fig. 8B shows the effect of temperature on the trans-

formation Ia! II for 30 mM cytidine in 0.5 M NaCl +BR

buffer at pH 8.3. It can be seen that temperature has almost

no effect on the transformation rate. From C–E– t surfaces

(Fig. 3A), it can be concluded that during the establishment

of interfacial equilibrium of condensed film of cytidine at

potentials located close to the negative edge of capacitance

pit (region II) at pH 8.3, a mixture of cytidine adlayers

containing formed and/or dissolute nuclei centres coexists at

the electrode surface. From theoretical fitting of the

observed C– t (Fig. 7C), it can be concluded that the

transformation of the film Ia! II proceeds through a 2D

progressive polynucleation and growth mechanism.

Transitions Ia! II are faster in acid solution than in

alkaline or neutral solution. At higher values of E�ET, the

difference between the rate of transformation Ia! II in acid

and alkaline solutions disappears.

Fig. 9 shows the effect of the ionic composition of the

solution on the rate of transformation Ia! II for 30 mM

cytidine, pH 5 at temperature 10 jC. In 0.5 M NaCl without

BR buffer, there is almost linear dependence of the rate of

transformation on Ef (Fig. 9). The rate of transformation

depends exponentially on Ef both in 0.5 M BR buffer and in

0.5 M NaCl + BR buffer (Fig. 9). It can be seen that

triggering of the phase transitions Ia! II needs higher

activation energy both in 0.5 M BR buffer and in 0.5 M

NaCl +BR buffer than in 0.5 M NaCl.

4. Conclusion

Depending on the potential applied to the electrodes,

cytidine forms highly ordered two-dimensional adlayers,

which were observed in a broad range of pH. In acid

solvent, only one kind of condensed layer is formed. In

alkaline solution, cytidine forms two different 2D adlayers.

The centre of the first of them (region II) is located around

� 0.8 V, the second 2D physisorbed film is formed at

potentials more positive than � 0.3 V (region III). The

extent of region III is only slightly affected by a temperature

contrary to region II. From this behaviour of the region III, it

can be assumed that at neutral and alkaline pH, cytidine is

chemisorbed on HMDE. The driving forces stabilising the

2D condensed film of cytidine in region II seems to be

stacking interaction.

In this paper, we have shown that the formation of a

physisorbed film of cytidine molecules adsorbed at HMDE

surface proceeds by a complex mechanism. From C–E– t

surfaces, it can be seen that the effect of time on the region II

is more complicated in alkaline pH compared with acid pH.

From j– t transients, it can be seen that during phase

transformations from Ia to II, the reorientation of the cytidine

molecules occurred at the HMDE surface both at pH 5 and

pH 8.3. The transformations of the film Ia! II in acid and

alkaline solution yield a sigmoidal C– t transient. Experi-

mentally measured C– t transient were analysed by Avrami

theorem. The rate of transformation of the interfacial states of

cytidine is affected by the ionic composition and pH of the

supporting electrolyte. The rate of the transformation

depends on temperature at pH 5, but not at pH 8.3.
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S. Hasoň, V. Vetterl / Bioelectrochemistry 57 (2002) 23–3230



Czech Republic ‘‘Fund for Development of Universities’’

G4 0583 (S.H.) and F4 0564 (V.V.), Grant Agency of the

Czech Republic, Grant No. 204/97/K084 and by the Grant

Agency of the Academy of Sciences of the Czech Republic,

Grant No. IAA 4004002 and S5004107.

References

[1] V. Brabec, V. Vetterl, O. Vrana, Electroanalysis of biomacromolecules,

in: V. Brabec, D. Walz, G. Milazzo (Eds.), Experimental Techniques
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