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Formation and redox behaviour of polycarbazole prepared
by electropolymerization of solid carbazole crystals immobilized
on an electrode surface
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Abstract Carbazole solid crystals have been mechani-
cally attached to platinum or gold electrodes by two
different methods and investigated by cyclic electro-
chemical quartz crystal microbalance measurements in
the presence of aqueous acidic media. It was demon-
strated that oxidative dimerization and polymerization
can also be accomplished under such conditions. During
electropolymerization, anions and water molecules enter
the surface layer; however, these species leave the film
after the reduction of the polymer formed. The mass
changes observed in the course of the redox transfor-
mations of polycarbazole film can be explained by po-
tential- and time-dependent sorption/desorption of H+

and ClO4
) ions. The electroactivity of the polymer di-

minishes in more dilute acid media; however, it is re-
covered again in concentrated HClO4 solutions. In more
dilute acid solution the extent of the water sorption (film
swelling) increases.

Keywords Carbazole Æ Electrochemical quartz crystal
microbalance Æ Electropolymerization Æ Microcrystals

Introduction

The preparation, characterization and application of
electrochemically active, conducting polymers are still in
the forefront of research activity in electrochemistry [1].
An important group of these polymers has been pre-
pared by the electropolymerization of simple heterocy-
clic compounds such as pyrrole, thiophene and their
derivatives; however, it has been discovered that the
electropolymerization of compounds of more compli-
cated structures, e.g. phenazines and phenothiazines, is

also possible and results in polymers showing bioelect-
rocatalytic activity [2, 3, 4, 5, 6, 7, 8, 9, 10]. The anodic
polymerization of carbazole (dibenzopyrrole) [11, 12, 13]
and especially N-vinylcarbazole [14, 15, 16, 17, 18, 19]
has received attention in the quest for novel polymer film
electrodes. The intense interest in polycarbazoles is also
stimulated because of their photoconductivity [20] and
possible applications in electrochromic display devices
[21] and batteries [22].

The mechanism of the electropolymerization reaction
depends on the experimental conditions, especially on
the solution composition and the potential applied. Be-
side the product distribution, the morphology, adher-
ence and electrochemical behaviour of the films formed
are affected by the method used for the electropoly-
merization. Carbazole is practically insoluble in water or
acidic solutions; consequently, carbazole oxidation can
be studied only in nonaqueous or mixed electrolytes. In
most cases, two different solutions have been applied,
either acetonitrile containing tetrabutylammonium or
Li+ salts [14, 15, 16, 17, 18, 19] or a mixed system
consisting of methanol, water and concentrated per-
chloric acid [12, 13].

About a decade ago, a new technique was introduced
by Scholz [23, 24, 25], which was based on the percep-
tion that microparticles can be stably attached to an
electrode surface and in this way very small amounts of
substances can be studied by electrochemical methods.
The immobilization of microparticles has become one of
the most popular methods, owing to the ease of elec-
trode preparation and the surprisingly good reproduc-
ibility of the measurements [25, 26]. Although even the
early studies attested that solid state voltammetry is a
powerful tool to study water-insoluble organic com-
pounds, this technique is still less used in this area [27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40], especially
in comparison with the number of similar investigations
of inorganic or organometallic compounds [25, 26]. It
has been shown that not only solid particles but mi-
crodroplets can be attached to metal or graphite surfaces
[36, 37, 38], which further widened the opportunities.
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Combined methods have been also used [25, 26] to
gain a deeper understanding of the processes occurring
on the surface. In this respect, the application of pi-
ezoelectric microgravimetry at an electrochemical quartz
crystal microbalance (EQCM) has proven to be very
useful, as in the case of other modified electrodes [26, 34,
35, 39]. Carbazole microcrystals can be immobilized on
an electrode surface and studied in the presence of
aqueous solutions, since no dissolution is expected in
water and acidic media. It is certainly an interesting
possibility, since no organic solvent is needed that might
affect the electrochemical oxidation reaction as well as
the behaviour of the polymer film formed. As we have
shown in a previous paper [39], another important fea-
ture is that by using piezoelectric microgravimetry the
mass change referring to the ionic and solvent transport
processes can be monitored during the electropolymer-
ization process by itself, since no other processes causing
mass increase take place. It differs from the usual elec-
trodeposition of polymer films when the surface mass
increases due to the gradual formation of the surface
layers and during potential cycling when ionic and sol-
vent sorption-desorption also occur.

Experimental

Carbazole (Sigma) and HClO4 (Merck, analytical grade) were used
as received. Doubly distilled water was used. A 10 MHz AT-cut
crystal coated with gold or platinum was used in the EQCM
measurements. The detailed description of the apparatus and its
calibration have been published in our previous papers [39, 41]. The
geometrical and piezoelectrically active area of the working elec-
trode was 0.4 cm2. A Pt wire was used as a counter electrode. The
reference electrode was a saturated sodium calomel electrode
(SCE). All potentials are referred to the SCE.

In separate experiments, a platinum working electrode with
area of 0.018 cm2 was also used. This electrode was used also in
electropolymerization experiments as well as to check the purity of
the solution before and during electrolysis, i.e. we wanted to make
certain that the current response observed is entirely due to the
electrochemical reaction of the microcrystals attached to the metal
surface and not to any species dissolved in the solution.

The electrodes were prepared in two different ways. The mi-
crocrystals were attached to the platinum or gold surface by wiping
the electrode with a cotton swab or filter paper containing the
material [40]. Alternatively, the electrodes were covered by car-
bazole by using an evaporation technique, i.e. carbazole crystals
were dissolved in tetrahydrofuran (THF) and some drops of the
solution were placed on the electrode surface (the layer formed in
this way may be at least partially amorphous; however, no differ-
ence has been observed between the crystalline carbazole and the
layer formed by the evaporation technique in respect of their
electrochemical behaviour). The electrodes were used after evapo-
ration of the solvent and rinsing with the supporting electrolyte.
The evaporation technique was used in EQCM experiments in
order to obtain a more uniform layer. However, the ‘‘dry’’ method
(according to a visual inspection) also results in a rather uniform
coating. Therefore, the Sauerbrey equation was used for the cal-
culation of the surface mass changes, with an integral sensitivity
[Cf=(2.13±0.2)·108 Hz cm2 g)1] that was determined in separate
experiments [40, 41].

The amount of carbazole immobilized on the surface was esti-
mated by measuring the crystal frequency before and after depo-
sition in the dry state. The surface mass determined was in direct
proportion to the amount of carbazole content of the drops applied

in the case of the evaporation technique. Usually a single drop was
placed on the middle of the active crystal surface. The gold or
platinum surfaces wetted well, i.e. the drops spread; however, care
was taken to cover the piezoelectrically active area only. An im-
mersion of the crystal into 9 mol dm)3 HClO4 solution caused a
frequency decrease of ca. 4500 Hz, which is in good agreement with
the expected value, taking into account the density and viscosity of
the contacting solution. This frequency decrease was observed both
for uncoated and coated electrodes, attesting that there is no dis-
solution of the material attached to the electrode surface as well as
that there is no swelling of the virgin organic layer.

All solutions were purged with oxygen-free nitrogen and an
inert gas blanket was maintained throughout the experiments. It
should be mentioned that the presence of oxygen does not affect the
electrochemical reaction studied.

An Elektroflex 453 potentiostat and an Universal Frequency
Counter TR-5288 connected with an IBM personal computer were
used for the control of the measurements and for acquisition of the
data.

Results and discussion

Electropolymerization of carbazole

A typical series of cyclic voltammograms obtained for
carbazole microcrystals attached to a platinum electrode
and using a 9 mol dm)3 HClO4 aqueous electrolyte
solution is shown in Fig. 1. The cyclic voltammograms
and their changes during repetitive cycling are quite
similar to those for carbazole oxidation in acetonitrile
[11] or in mixed media [12], although no tendency to-
wards passivation [12, 16] was observed. A high, irre-
versible oxidation peak appears at ca. E=0.9 V vs. SCE,
which is in connection with the formation of carbazole
cation radicals, the C-C dimerization of these cation
radicals resulting in 3,3’-dicarbazyl and/or polymer of
similar structure and the further oxidation of the dimer
(polymer) [11, 12, 16, 17]. The progressively developing
waves (E1

pa=0.4 V, E1
pc=0.23 V and E2

pa=0.82 V,

Fig. 1 Consecutive cyclic voltammetric curves obtained for carbaz-
ole microcrystals attached to a platinum electrode (A=0.018 cm2) in
the presence of an aqueous solution containing 9 mol dm)3 HClO4.
Scan rate: 50 mV s)1. The first two cycles and the next 15 cycles are
displayed together

504



E2
pc=0.66 V) belong to the reversible redox processes of

the dimer or of the polymer (polycarbazole). The for-
mation of polymer can be assumed because of the per-
manent growth of these waves. The redox processes were
accompanied by a colour change from a pale yellow/
colourless (reduced) to a dark green (oxidized) form.
The irreversible wave at ca. 0.9 V gradually decreases,
attesting that the carbazole attached to the platinum
surface is transformed into dimer (polymer), and even-
tually the total amount will be consumed. In accordance
with the scheme that has been suggested in the literature
[11, 16, 17], the principal species and the possible reac-
tion scheme shown in Figs. 2 and 3, respectively, can be
considered.

The oxidation of carbazole can be described by an
ECE mechanism where each electrochemical step in-
volves one electron per parent molecule and the coupling
reaction is very rapid. Consequently, the primary oxi-
dation wave is a mixture of ECE and EC processes [11].
It has also been found that the ratio between the overall
charge associated with the first redox transformation of
polycarbazole (PCz) and the net synthesis charge is
about 1:4, i.e. its product is an emeraldine-like, half-
oxidized polymer [12]. According to a previous EQCM
study [19], the formation and redox reaction of poly(N-
vinylcarbazole) (PVCz) can be described by the scheme
given above; however, the interpretation of the results is
complicated due to several processes accompanying the
charge transfer steps. A deviation was observed from the
molar mass calculated for a perfectly efficient deposition
process. It was interpreted by the saturation with poly-
mer of the solution in the vicinity of the electrode surface
as well as by the preadsorption of the monomer [19].

In our case, no such effects can arise since there is no
deposition from the solution phase. The total amount of
carbazole is on the surface from the very beginning of
the electrolysis; therefore the mass increase that can be
observed is entirely due to the incorporation of coun-
terions and solvent molecules into the organic layer on
the electrode surface. In [19] the electropolymerization
was carried out potentiostatically by applying a poten-
tial step from 0 V to either 0.69 V or 0.72 V. Herein we
present results of simultaneous cyclic voltammetric oxi-
dation and the accompanying surface mass changes
obtained by piezoelectric microgravimetry at an EQCM.
Another difference is that carbazole and not N-vinyl-
carbazole was studied, which makes the situation
somewhat simpler, as well as water and not acetonitrile
as solvent being used.

Figure 4 shows the first cycle and the simultaneously
obtained frequency changes for a rather thin, virgin
carbazole film on gold deposited by the evaporation
technique (for the sake of comparison, the background
responses are also presented).

The amount of the carbazole on the surface and
thickness of this film were estimated from the frequency
measured before and after the deposition of the material.
The measured value, )1341 Hz, corresponds to ca.
2.5 lg, i.e. to a surface coverage of 3.75·10)8 mol cm)2

[this value agrees well with that estimated from the
amount (ca. 2 lL) and concentration (ca. 0.005 M) of
the carbazole solution applied]. By using a film density
of 1.36 g cm)3 [19, 42], a film thickness of 38 nm can be
calculated. Taking into account the possible swelling,
the actual film thickness may be somewhat higher, es-
pecially after completion of the electropolymerization.
Measurements have been carried out with films of dif-
ferent thicknesses; however, the results shown in Fig. 4,
which were obtained for a thin film, are very instructive

Fig. 2 The structures of carbazole (C) and its oxidation products:
C+ is the cation radical, D and D2+ are the dimer and the dimer
dication, respectively, and P+ is the ‘‘half-oxidized’’ polymer.
Protonated forms may also be considered

Fig. 3 Scheme of the oxidation and dimerization of carbazole as
well as the redox transformations of the dimer/polymer.
Eo
Cþ=C

� 0:9 V; Eo
D2þ=D

� Eo
Pþ=P
� 0:33 V; Eo

P2þ=Pþ
� 0:8 V vs: SCE
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because in this case the total amount of carbazole
sample on the surface was oxidized during a single cycle.

As seen in Fig. 5, where the next two cycles are
displayed, the high oxidation peak did not appear, and
only the reversible redox response of the polymer can be
observed. From these data we can calculate the mass
changes accompanying the dimerization (polymerization)
process and the redox transformations, respectively. In the
course of the first irreversible oxidation of the carbazole
sample, a )670 Hz frequency decrease can be detected
and the total charge consumed for the oxidation was
1.778 mC. By using the Sauerbrey equation [43], the
surface mass change can be calculated: Dm=1.26 lg.

From the charge consumed according to the reaction
scheme presented in Fig. 3 (Eqs. 1–3), the amount of the
incorporated ClO4

) ions can be estimated. According to
the reaction scheme, the number of electrons involved in
the oxidation of a carbazole molecule and that of the
dimer formed is n=3. However, for the electropoly-
merization, usually n=2.5 is considered, i.e. two elec-
trons are associated with the polymerization and 0.5

electrons are associated with doping of one monomer
unit in PCz [11, 12, 19]. This means that the primary
oxidation wave is a mixture of ECE and EC processes
and a single charge is distributed for every two monomer
units in a reasonably long polycarbazole chain. By using
n=2.5 the sorption/desorption of 7.4·10)9 mol ClO4

)

ions can be calculated, which corresponds to a mass
change of 0.74 lg. Considering also the slight mass loss
due to the desorption of H+ ions during the dimeriza-
tion process, a surplus of 0.52 lg (1.26)0.74) remains.
This amount can be assigned to the sorption of solvent
molecules, consequently ca. 2.9·10)8 mol H2O mole-
cules, i.e. four H2O molecules per ClO4

) ion also enter
the film during the oxidation process. A comparison
with the mass of carbazole on the surface reveals that
indeed only one half of the carbazole dimers are oxidized
to a dication form, since the total amount of carbazole
on the surface was 1.5·10)8 mol while the number of
positively charged sites was found to be 7.4·10)9 mol.

Redox transformations of polycarbazole

Figure 5 shows the next two cycles, whose curves al-
ready exhibit typical responses of polycarbazole films
[12, 19], i.e. a reversible wave at lower potentials and a
second oxidation process at higher positive potentials.
The difference between the first and the subsequent cy-
cles relates to a break-in effect [19] (the first cycle in
Fig. 5 was taken after 1 min delay time at )0.1 V).
However, in this case, this effect is most likely due to the
incomplete reduction during cycling and not to mor-
phological changes. The redox transformations are ac-
companied by a mass increase during the oxidation and
a mass decrease during the reduction. However, a closer
inspection of the frequency responses reveals that in fact
three sections can be distinguished. Similarly to the re-
dox transformations of polyaniline [41], the current be-
gins to increase, i.e. a certain amount of charge is
injected, prior to the frequency decrease (mass increase).
Therefore, it may be assumed that, in the first stage of
oxidation, deprotonation occurs and the protons leave
the film. Owing to the very low molar mass of hydrogen
ions, only a very small mass decrease can be expected
(provided that H+ ions and not H3O

+ ions cross the
film/solution interface). This phenomenon can be seen
also in fig. 6 of [19]; however, it was not discussed
therein.

The second section belongs to the first redox process,
while the third relates to further oxidation. There is not
a substantial difference in the slopes of the frequency vs.
potential or frequency vs. charge plots with respect to
these two oxidation steps, although the slopes of the
second oxidation process are somewhat smaller. From
the slope of the Dm vs. Q plots, an equivalent (apparent)
molar mass (M) for the mobile species causing the mass
changes can be calculated. If the formation of one pos-
itively charged site is expected as a result of a )1e) ox-
idation process, one ClO4

) ion has to enter the film in

Fig. 5 The continuation of the experiment shown in Fig. 4: the
second and the third cycles

Fig. 4 The cyclic voltammetric curves and the simultaneously
detected frequency changes obtained for the gold substrate (1) and
the virgin carbazole layer deposited on a gold electrode (2),
respectively. Solution: 9 mol dm)3 HClO4. Scan rate: 50 mV s)1
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order to maintain the electroneutrality. In this case,
M=99.5 g mol)1 can be calculated. However, the cal-
culation by using the respective data derived from the
experiments shown in Fig. 5 gives a value of M=61.
This means (if the silent H+ ion transport is neglected)
that the sorption of ClO4

) ions is accompanied by the
desorption of water molecules since no other reversible
processes can be assumed. Quantitatively, while one
ClO4

) ion enters the film, more than two water mole-
cules leave the surface layer.

Similar conclusions from piezoelectric microgravi-
metric measurements for PVCz films in acetonitrile
media have been drawn, i.e. the oxidation of PVCz in-
volves ingress of one anion per mole of redox sites, with
simultaneous egress of approximately one solvent mol-
ecule at slow scan rates [19]. At higher scan rates it was
found that the solvent transfer diminishes, ca. 0.25 sol-
vent molecule per perchlorate ions transferred [19]. Ac-
cording to the elemental analysis data, polycarbazole
contains ca. 1 mol H2O per carbazole unit both in re-
duced and oxidized forms [12]. For the evaluation of the
mechanical resonance effects observed for PCz films,
solvation of the film was also considered [13]. We have
concluded that, in the course of the oxidative electrop-
olymerization of carbazole, water molecules enter the
film. On the other hand, the results obtained for the
redox transformations indicate that H2O molecules leave
the PCz film during oxidation. It may happen if the film
is more swollen in its reduced state or it has a rigid
structure, i.e. during the oxidation the exchange of ions
and solvent molecules is a necessary process because
there is no free volume available for the ions, the film
volume being more or less constant.

It was derived that, during the electropolymerization,
four water molecules per perchlorate ion or two water
molecules per carbazole unit enter the surface layer;
however, the frequency practically returns to its initial
value after completion of the electropolymerization
(Fig. 4). After 1 min delay at )0.1 V the cycle started
approximately at the same frequency value as before
electropolymerization. The permanent frequency de-
crease is 10–30 Hz, which corresponds to 1–3·10)9 mol
H2O, i.e. only this amount of solvent molecules may
remain in the film.

This finding is certainly inconsistent with results of
the calculation for the redox transformations, since it
was found that in the potential region from 0.38 V to
0.75 V, where Dm vs. Q plots give a straight line with a
well defined slope, 8.35·10)9 mol ClO4

) ions enter the
film while simultaneously 1.78·10)8 mol H2O molecules
leave the film. This amount of water is much higher than
remained in the film after the electropolymerization.
Consequently, we have to assume that even in this po-
tential interval the deprotonation reaction and the de-
sorption of protons still proceed simultaneously with the
sorption of counterions, and the solvent motion plays a
minor role, if any. It apparently disagrees with previous
findings; however, in [19], PVCz in acetonitrile media
was studied. Regarding the conclusions drawn from the

elemental analysis [12], there is no real contradiction
inasmuch as only excess hydrogen and not water was
found. Figure 6a and Fig. 6b show the sweep rate de-
pendence of the cyclic voltammograms. The slope of the
double logarithmic plot peak current vs. scan rate is ca.
0.8, which indicates an interplay between the surface and
diffusional responses.

The apparent molar mass calculated from the slope of
the Dm vs. Q plot at different sweep rates (v) increases
with increasing v, e.g. M=41 and 62 at 10 mV s)1 and
100 mV s)1, respectively. A somewhat higher value for
M at 10 mV s)1 can be calculated if the charge and
frequency changes belonging to the second oxidation
step (from ca. 0.82 V) are not taken into account. At
slower scan rates (Fig. 7) this effect plays a more sub-
stantial role than that at high scan rates (Fig. 8).

A comparison of the cyclic voltammograms and the
frequency changes reveals other interesting features.
With decreasing v, both the anodic and cathodic peaks
of the first wave shift in direction to the less positive
potentials, and at 10 mV s)1 not only the current in-
crease can be observed at high positive potentials as an
indication of further oxidation, but the appearance of a

Fig. 6 The cyclic voltammetric responses of the polycarbazole film
described in Fig. 4 at different scan rates: a 10 (1), 50 (2) and
100 mV s)1 (3); b 100 (3), 500 (4), 1000 (5) and 2000 mV s)1 (6)
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second reduction wave at ca. 0.6 V is also evident. After
many cycles a not too substantial permanent mass in-
crease can also be detected and, unusually, the mass
excursion is less reversible at slow sweep rates than at
high sweep rates, as can be seen in Figs. 7 and 8. Fur-
thermore, at 100 mV s)1, between )0.1 V and 0.28 V
the change of the frequency was practically zero, while
already substantial charge (ca. 0.1 mC) has been con-
sumed. On the other hand, at 10 mV s)1, Df is more or
less proportional to Q from ca. 0.2 V, i.e. from the
evaluation of the anodic current. These observations
may be explained as follows. At high sweep rates at the
beginning of the oxidation the fast moving H+ ions play
a dominant role in assuring the electroneutrality; the
anions enter the film only at a further phase of oxida-
tion. At higher positive potentials, both the desorption
of H+ ions and the incorporation of ClO4

) ions occur.
With decreasing sweep rates, this kinetic effect becomes
less and less important; however, the relatively slow, not
field-driven solvent transport may also contribute to the
mass change observed. This is in accordance with the
idea expressed in [19].

The electroactivity of the film diminishes as the acid
concentration decreases. Figure 9 shows the responses
obtained in 1 mol dm)3 HClO4 solution. The voltam-
mogram becomes more drawn-out, which indicates that
beside the protonation equilibria the film conductivity
and the ionic permeability also play a role, as has been
shown previously [12]. The total mass change is much
smaller and less reversible since the frequency change is
smaller by an order of magnitude and there is a per-
manent mass increase at the end of the cycle. The ap-
parent molar mass that can be calculated from the Df
and Q values measured is about one-half of that deter-
mined in the case of high acid concentration. This
finding may relate to the increased solvent transport and
a polyelectrolyte effect, i.e. the film is more swollen in
less concentrated ionic media. Of course, we may also
assume that the desorption of protons increases at the
expense of the anionic sorption. The film electroactivity
is recovered in 9 mol dm)3 HClO4. Figure 10 shows the

Fig. 7 The cyclic voltammetric and the frequency responses of the
polycarbazole film at m=10 mV s)1. Solution: 9 mol dm)3 HClO4

Fig. 8 The cyclic voltammetric and the frequency responses for the
PCz film at m=100 mV s)1. Solution: 9 mol dm)3 HClO4

Fig. 9 The cyclic voltammetric and the frequency responses for the
PCz film in 1 mol dm)3 HClO4. Scan rate: 50 mV s)1

Fig. 10 The voltammetric and the frequency responses of the PCz
studied in Fig. 9 after replacing the electrode in 9 mol dm)3

HClO4 again. Scan rate: 50 mV s)1
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voltammetric and the EQCM responses after replacing
1 mol dm)3 HClO4 by 9 mol dm)3 HClO4 again.

Although the combined electrochemical and piezo-
electric measurements certainly help to elucidate the
rather complex events occurring during the electropo-
lymerization of carbazole and the redox transformations
of the PCz formed, it is most likely that the ‘‘ideal’’
reaction scheme is only an approximation of the real
situation concerning the possible reaction mechanism. It
is not unique, since new and more detailed reaction
schemes have been appearing even for such widely
studied polymers as polyaniline and polypyrrole [1]. For
instance, the formation of r-bonds via intermolecular
coupling of two p-radical centers [44] and dimerization
and disproportion of the polaronic segments [45] may
occur in the case of polycarbazole as well. More data are
needed, e.g. more detailed UV-Vis and ESR results, if
we wish to understand perfectly the electrochemical
behaviour of polycarbazole.

Conclusions

It has been demonstrated that carbazole microcrystals
can be attached to platinum or gold surfaces and can
be investigated in aqueous acidic solutions by elect-
rochemical techniques without the dissolution of the
immobilized samples. The results of the cyclic vol-
tammetric QCM experiments attest the formation of
polycarbazole during the first oxidation cycle (or cy-
cles for thicker deposit) and that the process is ac-
companied by simultaneous sorption of counterions
and water molecules. In the course of the cathodic
cycle, practically all species sorbed leave the film, i.e.
there is no permanent swelling in 9 mol dm)3 HClO4

solution. A comparison of the mass change and the
amount of charge consumed during the reversible re-
dox transformations of the PCz polymer suggests that
the oxidation of the polymer involves a mixed cationic
and anionic charge transport, i.e. the desorption of
H+ ions and the sorption of ClO4

) ions. Water
sorption is negligible in very concentrated acid solu-
tions, while in more dilute acid the sorption of solvent
molecules may also be considered. The expulsion of
protons at the beginning of the oxidation and the
incorporation of anions at the later stage of oxidation
is determined by thermodynamics, as in the case of
polyaniline, but also influenced by the kinetics of the
sorption/desorption of ions and solvent molecules. The
electroactivity of the films prepared in 9 mol dm)3

HClO4 diminishes with decreasing acid concentration;
however, they can be activated again in concentrated
acid solutions.

The rather complex behaviour of polycarbazole films
may be also connected with the formation of side
products and intermolecular coupling of two p-radical
centers forming a r-bond, similar to that assumed for
polyaniline.
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