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The redox reaction of the neurotransmitter dopamine at the carbon fibre microelectrode was
studied by several electrochemical methods. It was found that under conditions usual in a
living body, the diffusion current fullfils, within experimental errors, the behavior theoreti-
cally predicted by the Cottrell equation. Nevertheless, attention should be paid to the fact
that unsupported or weakly supported conditions give rise to a non-Cottrell response of dif-
fusion current. Moreover, similar changes were observed if the dopamine concentration was
either lower such as several units of µmol l–1, or about 100 µmol l–1 or higher. The non-
Cottrell behavior of diffusion current involves the nonlinearity of the dopamine calibration
curve obtained by pulse techniques. The present work is aimed at pointing out that such be-
havior of the measured data could lead to misinterpretation of the obtained dopamine con-
centration. Similar features could be also achieved for the other catecholamines.
Keywords: Dopamines; Redox chemistry; Coulometry; Kinetics; Carbon fibre microelectrode;
Cottrell equation; Supporting electrolyte; Electrochemistry.

Since their introduction to the electrochemical detection of catechol-
amines1, carbon fibre microelctrodes have been widely used in in vivo ex-
periments. Even though the diameter of such electrode is much smaller
than the diffusion length for the time scale of a typical electrochemical ex-
periment, its response was shown to be predicted by the Cottrell equation2.
In the present paper the real electrochemical response is described as a
power function, i.e. ∝ tβ. That power function expanded to the polynomial
terms can be, in conformity with ref.3, regarded as a Cottrell term, multi-
plied by a series of polynomial terms. Such terms are usually used to in-
volve similar corrections of the Cottrell equation as was described in ref.3
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The determination of the respective coefficients might be in our concep-
tion indirectly mediated through the determination of the real value of pa-
rameter β.

EXPERIMENTAL

In the present study an in vitro experiment with dopamine (3-hydroxytyramine hydrochlo-
ride p.a., SERVA, Feinbiochemica Heidelberg) was conducted. Sodium chloride (Specpure,
Johnson Matthey Chemicals Limited, London) dissolved in deairated (Ar-bubbled) redistilled
water, prepared in a silica glass apparatus was used to prepare the supporting electrolyte. In
the course of all measurements the electrochemical cell was kept at room temperature. It
was equipped with a carbon fibre microelectrode as the working electrode and an Ag|AgCl
structure as the reference electrode. Before starting the experiment the electrochemical pre-
treatment of the carbon fibre microelectrode was performed in a 0.15 mol l–1 NaCl solution.
First, the cathodic potential of –0.8 V was applied for 40 s (against Pt electrode), followed by
a triangular waveform from 0 to +3 V for 10 s and finally an anodic potential of +1.5 V was
applied for 10 s.

The electrochemical analyzer used in the present work was developed in our laboratory.
The descriptions of the apparatus and the basic principles of its operation were published in
ref.4 The kinetics-sensitive double-step voltcoulometric method (DSVCM) was detailed also
in our previous works5–7. The transient current flowing in response to a potential step
through the electrochemical cell is integrated and processed by the selected time-domain fil-
ter, while scanning the applied potential. As an alternative to the scheme of sampling the
transient current just before and at the end of the excitation pulse, three values of the tran-
sient charge are sampled in the interval between subsequent excitation pulses. Such a filter-
ing scheme is capable of eliminating both the constant and linear components in the tran-
sient charge, which results in significant suppression of both the steady-state and capacitive
contributions of the transient current with respect to the diffusion current contribution.
Moreover, each measurement period is preceded by a single measurement of the steady-state
current with the excitation pulse being switched off. In such a way, during the single poten-
tial scan both the steady-state voltammetric wave, and the double-step voltcoulometry sig-
nal are obtained.

Let the working electrode potential be denoted as E, the potential step on the working
electrode as ∆E, the standard (formal) potential of the reaction as E0, the diffusion coeffi-
cients of the oxidized and reduced species DO and DR, respectively, the concentration of the
oxidized species in the solution co

� , the Faraday constant F, the gas constant R, the number
of electrons entering the reaction n, the area of the working electrode S, the temperature of
the analyte T, the sampling time t1, the parameter introduced to keep the correct dimen-
sions of the transient charge t0, and the kinetics parameter β. Then, after running a single
potential scan, two data sets mathematically described by the following formulas, are ob-
tained
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for the correlated differential charge coming from the diffusion current contribution to the
measured signal – according torefs4,7,8, and

I nF SD clim = 2π O o
� (2)

for the steady-state voltammetric wave.
Since the choice of slower sampling modes is highly recommended with respect to the ex-

pected higher suppression of the parasitic current, the results reported in this paper corre-
spond to the measurements made for sampling time t1 = 15.96 and/or 10.64 ms. The double
step amplitude was set to ∆E = –85 mV. The cyclic voltammetry (CV) experiment was perfor-
med using the same experimental equipment by setting ∆E = 0 V; the scan rate was 0.1 V s–1.
Because the noise level was originally high, the measured data were mathematically
smoothed. The method recommended in ref.9 was used.

RESULTS AND DISCUSSION

The results obtained for aqueous 80 µmol l–1 dopamine with added differ-
ent amounts of supporting electrolyte (NaCl) are plotted in Fig. 1. As was
theoretically predicted for a single electron reaction in ref.10, if the amount
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FIG. 1
The steady-state voltammetric wave (a) and voltcoulometric signal (b) obtained with a dopa-
mine solution (80 µmol l–1) under supported (0.9% NaCl (1), 0.675% NaCl (2), 0.45% NaCl (3),
0.225% NaCl (4), 0.1125% NaCl (5)) and unsupported (6) conditions
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of supporting electrolyte increases, the voltammetric signal falls down. The
wave height in the absence of supporting electrolyte for a single electron re-
action exceeds that with the electrolyte present by a factor of 2, as was
shown in ref.11 As it is apparent from Eq. (2), if the same electrode is im-
mersed into solutions of the same concentrations of the oxidized species
and various concentrations of any supporting electrolyte, the diffusion co-
efficient is the only parameter that affects the steady-state current. If we as-
sume12 that the diffusion coefficient of dopamine in the physiological solu-
tion is DO = 2.7 × 10–10 m2 s–1, its dependence on the supporting electrolyte
concentration, as obtained from experiment, is depicted in the upper part
of Fig. 2. Here, a relatively strong increase in the apparent diffusion coeffi-
cient for concentration of supporting electrolyte below 0.1% was observed.
This increase in the observed value may be caused by a higher contribution
of migration to the transport of dopamine measured in the presence of in-
sufficient amount of supporting electrolyte. A similar influence of the in-
crease in concentration of supporting electrolyte on the height of
voltammetric waves of weak acids has been observed in ref.13 In the case of
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FIG. 2
The dependence of the apparent diffusion coefficient D (a) and kinetics parameter β (b) of 80
µmol l–1 dopamine on the concentration of the supporting electrolyte
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dopamine redox reaction we are dealing with the two-electron reaction14.
That fact results in the higher ratio of the wave height in the absence of
supporting electrolyte to the wave height with the electrolyte present, than
in the case of acids – value obtained for DA is 2.8. Simultaneous rough
change of the kinetics parameter β for the concentration of supporting elec-
trolyte tending to zero was observed by DSVCM and is shown in the lower
part of Fig. 2. The kinetics parameter β was evaluated using Eq. (1) from the
correlated differential transient charge by the procedure detailed in ref.6

The measurements were made for both the sampling times t1 = 15.96 ms
(solid line) and t1 = 10.64 ms (dashed line) – see Fig. 1. For lower concentra-
tions of the supporting electrolyte, the signal becomes more expressive and
the maximal value of the correlated differential charge is reached without
the supporting electrolyte. Concurrently with decreasing amounts of the
supporting electrolyte in the analyte, the apparent diffusion coefficient of
dopamine increases and the parameter β recedes from the Cottrell value 0.5
(Fig. 2).

The cyclic voltammograms, obtained with the same analytes, are shown
in Fig. 3. As is visible from comparison of Figs 1 and 3, the sensitivity is
higher for the DSVCM method. The behavior of the obtained signals
(DSVCM and CV) is very similar. The activation potentials of the redox re-
actions measured by CV are in conformity with the half-wave potentials of
steady-state voltammetric waves. The maxima of the DSVCM peaks are
shifted toward more positive potentials. This feature of DSVCM signals is
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FIG. 3
Cyclic voltammograms (scan rate 0.1 V s–1) of dopamine solution (80 µmol l–1) under sup-
ported (0.9% NaCl (1), 0.675% NaCl (2), 0.45% NaCl (3), 0.225% NaCl (4), 0.1125% NaCl (5))
and unsupported (6) conditions
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caused by the used sampling scheme comprising charge measurement dur-
ing three different sampling events.

Another experiment was made to obtain the calibration curve of a sup-
ported dopamine solution (0.9% NaCl) within the range from 3 up to
1000 µmol l–1. As is visible from Fig. 4, while the calibration curve obtained
from the steady-state measurements (Fig. 4a) is linear within the wide con-
centration range, the situation is rather different in the case of voltcoulo-
metry (Fig. 4b; the solid line represents the data obtained for the sampling
time t1 = 15.96 ms, the dashed line those obtained for t1 = 10.64 ms). The
nonlinearity of that calibration curve is caused by the change of the kinet-
ics parameter β. Its behavior, computed using the procedure described in
ref.6, is depicted in Fig. 4c. The error bars in both the parts of Figs 2 and 4
were calculated as the experimental error due to a inaccurate subtraction of
the background caused by the parasitic capacitive current through the cell.

The measurements conducted on both the supported and unsupported
aqueous solutions point to the fact, that the dopamine redox reaction on

Collect. Czech. Chem. Commun. (Vol. 69) (2004)

424 Gmucová, Orlický, Pavlásek:

FIG. 4
The calibration curves of dopamine (from 3 up to 1000 µmol l–1) obtained from the steady-
state measurements (a) and from the voltcoulometry (b). The calculated kinetics parameter β is
in part c

0 200 400 600 800 1000
c0*, µmol l–1

20

10

0

15

10

5

0

0.5

0.0

β
∆q

m
ax

,
p

C b

a

Cottrell behaviour

c

I li
m

,
nA



the carbon fibre microelectrode is kinetically controlled. At ionic strengths
corresponding to the usual conditions in a living body (supporting electro-
lyte at concentration similar to the physiological level and/or the concen-
tration of dopamine tens µmol l–1), the kinetics parameter β could be re-
garded as approximately fulfilling the behavior theoretically predicted by
the Cottrell equation. When dealing either with dopamine concentrations
less or equal to several µmol l–1, or greater or equal to ca 100 µmol l–1, as
well as when an in vitro experiment on the unsupported analyte is con-
ducted, attention has to be paid to the fact, that a non-Cottrell response
could be anticipated. Clearly, similar features of a voltcoulometric response
obtained by the kinetics-sensitive electrochemical methods, could be also
achieved for other catecholamines. Among the kinetics-sensitive methods
we can, to a certain extent, relegate all the techniques based on the pulse
approaches.
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