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bstract

Electrochemical copolymerisation of luminol and aniline from acidic aqueous medium onto gold electrodes has been investigated. Cyclic
oltammetry in combination with electrochemical quartz crystal microbalance (EQCM) have been used to study both the in situ growth and redox
witching process. In monomer free solution, the deposited polymers are stable and electrochemically active but distinct behaviour is shown by
oly(luminol-aniline) films obtained from solutions with different monomers concentration ratio. In acidic medium, the current–voltage profiles
ange from a polyluminol (one pair of redox couple) to a polyaniline like redox conversion (three redox couples) as the aniline concentration

ncreases. Unlike polyaniline, all prepared copolymers display well expressed electroactivity in sodium carbonate medium (pH 8), which also
xtends with the aniline content. The self-doping role assured by luminol moiety in the copolymer is also retrieved from the simultaneously
ecorded EQCM data.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Polyaniline (PAni) is one of the most studied conducting
olymers [1–3].

PAni films become electrochemically inactive at pH above
which limits its use to acidic media. In the last decade, the

earch of self-doped polyanilines enabling the extension of its
lectroactivity to neutral and alkaline aqueous solutions has
eceived particular attention. Self-doping can be achieved by
ulphonation of polyaniline with fuming sulphuric acid treat-
ent [4], doping of the polyaniline with organic acids such
s camphorsulphonic acid (CSA) [5] or by polymerisation of
niline derivatives bearing ionogenic groups such as sulphonic
6–8] or carboxylic acids [6,9] and hydroxyl groups [10]. The
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ochemical quartz crystal microbalance

atter approach has been used in electrochemical copolymeri-
ation studies with aniline. In general, the copolymerisation of
niline and its derivatives presents lower polymerisation rates
han observed for aniline, depends on the monomers concen-
ration ratio in the polymerisation solution and the substituted
nilines difficult the aniline polymerisation [7,10].

Wang and Knoll [9] reported that for the copolymer of aniline
nd its carboxylated derivative (AA) the separation between the
athodic and anodic peaks (�Ep1 and �Ep2) observed for the
lms in acidic media depends on the monomers concentration
atio in the polymerisation solution; for the PAA films smaller
Ep1 than for PAni indicates more reversible process due to the

ntra-molecular self-doping between the carboxylic groups and
mino nitrogen atoms whereas the increase of the �Ep2, when
ompared with PAni, is produced by the reduction of the pla-
ar �-conjugation which enhances the energy gap between the

meraldine and the fully oxidised forms of the polymer. For the
opolymer, with equal molar content of the two monomers in the
olymerisation solution, both �Ep1 and �Ep2 values presents a
inimum which means that better reversibility of the two redox

mailto:luisa.abrantes@fc.ul.pt
dx.doi.org/10.1016/j.electacta.2007.08.020


3 imica

p
[

s
t
a
t
d
s
[
s
s

[
m
p

s
a
(
a
e
c
(
q
t
c
P
P
S

[
T
i
r
1
d

m
p
d
i
L
s
[

a
A
t
w
g
p

2

m

I
i
1
c
r
b
u
1

g
a
(
i
0
u
0

t
(
(
c

Q

r
c
c
m
t
d

3

3
a

(
a
l
r
t

0
1
c
o
g
o
c
o
p
t

804 V. Ferreira et al. / Electroch

rocesses can be achieved by the control of the film composition
9].

Together with the improved electrochemical activity of the
elf-doped copolymers in neutral and alkaline media, several
echniques have been used to study the copolymer composition
nd properties. By XPS analysis, it was found by Tang et al. [7,8]
hat the copolymer composition, from aniline and aniline-2,5-
isulphonic acid, depends on the monomers ratio in the growth
olution; for poly(aniline-co-o-aminophenol) films, Liu et al.
10] reported from in situ FTIR data the presence of hydroxyl-
ubstituted aniline units in a head-to-tail copolymer structure
imilar to polyaniline.

Luminol (3-aminophthalhydrazide) is an aniline derivative
11,12] widely used in luminescence and electrochemilu-
inescence studies [13–15] that can be electrochemically

olymerised.
Although the polymerisation mechanism is not fully under-

tood, it is likely to occur similarly to aniline through a linkage of
n –NH2 group with the para-carbon atom of another luminol
Lum) molecule [12]. In acidic medium, two oxidation peaks
re observed for luminol; at the potential of the first wave, the
lectropolymerisation of Lum onto gold, platinum and glassy
arbon surfaces yielding electroactive and stable polyluminol
PLum) films have been reported [13,16,17]. Electrochemical
uartz crystal microbalance, the proved suitable method to inves-
igate both the electropolymerisation and redox behaviour of
onducting polymers [10,18–20] has also been used to study the
Lum films growth. This technique allowed to observe that the
Lum deposition occurs at potential values above 0.75 V (versus
CE) [14,16].

The PLum films display a single redox switching process
13,14,16] with formal potential at about 0.48 V (versus SCE).
heir electroactivity and stable behaviour has been observed

n a wide range of pH values, with a potential shift of the
edox switching process of −58 mV/pH unit between pH 1 and
1 [13,14,16]. The pH response is suggested to be due to the
eprotonation of the PLum –CO–NH–NH–CO– group [14].

Presenting an ionogenic functional group (with pKa of the
onomer at about 6.35 and 15.21 [11]), PLum is a suitable

olymer to display self-doping properties with improved pH
ependent characteristics such as conductivity and electroactiv-
ty in alkaline medium. Moreover, the electropolymerisation of
um with Ani may improve the polymer deposition as it was
uggested for the copolymerisation of o-aminophenol with Ani
10].

Envisaging a novel self-doped copolymer, the present work
ims to investigate the effect of the monomers, Lum and
ni, concentration ratio in the polymerisation solution on

he electrosynthesis. Using cyclic voltammetry in combination
ith electrochemical quartz crystal microbalance (EQCM), the
rowth and redox behaviour in acidic and alkaline medium of
oly(Lum-Ani) films is investigated.
. Experimental

The electrochemical quartz crystal microbalance experi-
ents have been performed with a frequency analyser (CH

r
t
s
l
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nstruments model 420) in a single compartment cell. The work-
ng electrode was an 8 MHz AT-cut quartz crystal coated with
000 Å Au (0.2 cm2 geometrical area), a Pt wire was used as
ounter electrode and a saturated calomel electrode (SCE) as
eference. For the frequency variations treatment, a rigid layer
ehaviour of the deposited films has been assumed and thus
sing the Sauerbrey equation [21] a negative frequency shift of
kHz equals an electrode-mass increase of 7 �g.

PLum and P(Lum-Ani) films were potentiodynamically
rown on the Au working electrode by cycling the potential
t ν = 50 mV s−1 scan rate, between 0 and 0.875 V versus SCE
polyluminol) and 0.95 V versus SCE (poly(luminol-aniline))
n a 0.5 mol dm−3 H2SO4 (Fluka, p.a.) solution containing
.5 mmol dm−3 of luminol (Fluka) and aniline (distilled and kept
nder N2 atmosphere, at 4 ◦C) with concentrations ranging from
to 30 mmol dm−3.
The polymer layers were washed with monomer free solu-

ion, H2SO4 0.1 mol dm−3 and characterised electrochemically
by cycling the potential at 50 mV s−1) in H2SO4 0.1 mol dm−3

pH 1) and 0.1 mol dm−3 sodium carbonate solutions (di-sodium
arbonate and sodium hydrogen carbonate, Merck, p.a.) (pH 8).

Prior to all measurements the solutions, prepared with Milli-
water, were degassed with N2 (99.9999%) for 15 min.
The polyluminol and poly(luminol-aniline) films will be

eferred as PLum and P(Lum-Ani), followed by the monomers
oncentration ratio (luminol:aniline); since constant luminol
oncentration (0.5 mmol dm−3) has been used in all experi-
ents, and 0.5, 2, 10, 20 and 30 mmol dm−3 aniline concentra-

ion in the copolymerisation experiments, P(Lum-Ani) will be
esignated as (1:1), (1:4), (1:20), (1:40) and (1:60), respectively.

. Results and discussion

.1. Potentiodynamic electropolymerisation of luminol and
niline from acidic media

The successful potentiodynamic formation of polyluminol
PLum) films at several electrode materials in strongly acidic
queous solutions have been reported [12,14,16,17]. The pub-
ished results are consistent with a polymer deposition as
etrieved from the analysis of the cyclic voltammograms and
he change in frequency of the EQCM measurements.

Fig. 1 shows the typical responses of the gold electrode, in
.5 mol dm−3 H2SO4 containing 0.5 mmol dm−3 luminol, for
0 consecutive potential scans in the 0.0–0.875 V interval. The
urrent at potentials higher than 0.75 V indicates the luminol
xidation and its depression along the multicycle voltammo-
rams suggest the electrode surface screening by the formation
f poor conducting product; the corresponding EQCM results
onfirm that the frequency only changes after the monomer is
xidised and the decrease observed within 0.800–0.875 V sup-
ort the occurrence of a deposition which slows down with
he consecutive potential cycling. From the changes in the

esonant frequency of the microbalance, during the luminol elec-
ropolymerisation cycles, it was possible to observe that after a
ignificant mass deposition in the first cycle, it increases almost
inearly with the subsequent sweep cycles, as shown in the inset
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Fig. 1. Consecutive cyclic voltammograms obtained for a gold electrode at a
sweep rate of 50 mV s−1 in 0.5 mol dm−3 H2SO4 + 0.5 mmol dm−3 luminol (A)
and simultaneously recorded EQCM frequency change responses (B). Insets:
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Due to the limit of solubility, the electrochemical oxida-
tion of luminol in aqueous acidic media has been studied
in solutions containing monomer concentrations lower than
1 mmol dm−3. In what concerns the electrochemical synthe-
volution of the polymer oxidation peak current density (c) and of the mass
hange (d) with the polymerisation cycles (10 cycles).

d) of Fig. 1. In spite of the referred linearity, the current density
f the polyluminol oxidation peak, inset (c) of Fig. 1, does not
ollow the mass changes, tending to a plateau.

The evaluation of the mass increase, using the Sauerbrey
quation [22], provided 0.16 �g cm−2 for the first potential scan,
.30 �g cm−2 for the first three cycles and 0.56 �g cm−2 pro-
uced at the end of the experiment (10 cycles).

As can be seen in Fig. 1A, the first reverse potential scan
xhibits a reduction peak at 0.50 V with an anodic counter-
art revealed in the following anodic sweep at about 0.57 V.
lthough not monotonically, the respective currents of these
air of peaks increase with the number of cycles and thus they
ave been attributed to PLum redox conversion [14,16]. These
rocesses appear to take place with a slight increase (reduction)
nd decrease (oxidation) of mass, as the corresponding changes
n frequency reveal (Fig. 1B). It is worthwhile to note that pro-

oting the luminol oxidation at higher potentials, e.g. 1.20 V,
n additional pairs of weak peaks at about 0.22 V (reduction)
nd 0.35 V (oxidation) have been detected and also considered

haracteristic of the formed polymer of luminol [12].

However, as pointed out by Koval’chuck et al. [23], one would
xpect that PLum conversion would occur at similar poten-

F
s
2
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ial values than those well known for polyaniline (PAni), e.g.
xidations at about 0.20 and 0.80 V. Thus, to explain the above-
entioned current peaks, a more detailed analysis is required

nd has been carried out.
ig. 2. Consecutive cyclic voltammograms obtained for a gold electrode at a
weep rate of 50 mV s−1 in 0.5 mol dm−3 H2SO4 + 1 mmol dm−3 aniline (A),
mmol dm−3 aniline (B) and 30 mmol dm−3 aniline (C).
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is of PAni, a general reaction scheme involving a dimer,
he 4-aminodiphenylamine (ADPA), as an intermediate in the
olymer growth, has been accepted, on the basis of ear-
ier studies [24,25]. On the other hand, a number of papers
evoted to the study of PAni and to the understanding of the
hange in the film behaviour in dependence of electrosynthe-
is experimental parameters, provide evidence on the important
ole of the monomer concentration in the preparation solu-
ion, in the resulting polymer–dimer distribution [26] and over
he oxidation–reduction properties of the obtained PAni films
26–28].

Fig. 2 contrasts the repetitive cyclic voltammograms of the
old electrode in 0.5 mol dm−3 H2SO4 containing different con-
entrations of aniline (1, 2 and 30 mmol dm−3) using the same
xperimental parameters as described for luminol, except the
nodic potential limit which has been extended to 0.95 V to attain

he aniline oxidation in the present experimental conditions.

For low monomer concentrations (Fig. 2A and B), only
urrent peaks (E = 0.49 V) generally assumed as representing
imer and dimer hydrolysis products [26,29,30] are detected;

a

e
l

ig. 3. Consecutive cyclic voltammograms and simultaneously recorded EQCM freque
n 0.5 mol dm−3 H2SO4 + constant concentration of luminol (0.5 mmol dm−3) and 10
C).
Acta 53 (2008) 3803–3811

he typical leucoemeraldine/emeraldine (E about 0.17 V) and
meraldine/pernigradiline (E about 0.74 V) conversions, can
nly be clearly noticed by increasing the aniline concentration
Fig. 2C).

The general similarities among the results displayed in Figs.
and 2A and B, allow to conclude that in aqueous media, due

o the very low concentration of luminol that can be used, the
apid increase in the radical cation/monomer ratio, after lumi-
ol oxidation will prevail the formation of a dimer as a result
f the coupling of two radical cations. By analogy with that
eported for the anodic oxidation of aniline, this product can
lso polymerise but resulting in an oligomeric form, very likely
n octamer [26,31,32].

It must be noted that the peak current reflecting the oxidation
f the final deposited product is lower for the case of aniline than
ecorded for the experiments with luminol (Fig. 1) likely due to

more sluggish pathway in the former case.

Luminol contains an aromatic amino-group that should
nable to co-polymerise with aniline. This co-polymerisation of
uminol and aniline has been attempted and Fig. 3 illustrates the

ncy change responses, obtained for a gold electrode at a sweep rate of 50 mV s−1

mmol dm−3 aniline (A), 20 mmol dm−3 aniline (B) and 30 mmol dm−3 aniline



V. Ferreira et al. / Electrochimica Acta 53 (2008) 3803–3811 3807

Conti

i
t
t
m
o
a
d
c
c
t
s
m

T
P
f

F

P
P
P
P
P

t
i
a

P
t
t
a

Fig. 3. (

nfluence of aniline concentration (10, 20 and 30 mmol dm−3) on
he development of the deposited products for the same concen-
ration of luminol (0.5 mmol dm−3). From 1:20 luminol:aniline

olar ratio (Fig. 3A), it is mainly formed by the above mentioned
ligomer, as revealed by the prominence of the redox processes
t about E = 0.53 V and almost featureless change in frequency
uring the subsequent potential scans. By increasing the aniline
oncentration to 20 mmol dm−3 (Fig. 3B), the wave for leu-

oemeraldine/emeraldine transformation appear, increases with
he number of cycles and after the fifth cycle originates, although
light, the expected change in frequency; besides the apparent
erging of the anodic peaks previously observed at about 0.50 V,

able 1
(Lum-Ani) mass deposited after potentiodynamic polymerisation (10 cycles
rom 0.0 to 0.95 V; ν = 50 mV s−1)

ilm m/�g cm−2

(Lum-Ani) (1:1) 1.07
(Lum-Ani) (1:4) 1.10
(Lum-Ani) (1:20) 1.42
(Lum-Ani) (1:40) 1.60
(Lum-Ani) (1:60) 1.72

p

t
v
a
n
o

3

fi
d
r

nued ).

he respective final current value is identical to that recorded
n Fig. 3A; finally, at about E = 0.70 V it is weakly noticeable
nother process.

The comparison of the deposited mass obtained for each
(Lum-Ani) film after 10 potential cycles (Table 1) indicates

hat the presence of aniline in the polymerisation solution facili-
ates the polymer growth, likely due to an easier charge transfer
t the electrode surface with the insertion of Ani units on the
olymer structure [10].

The fact that the increase in aniline concentration favours
he first peak, indicating the leucoemeraldine/emeraldine con-
ersion, and has no significant effect on the middle pair of peaks,
s shown by the results in Fig. 3C, suggest the development of a
ew polymer phase, with interspersed products of the oxidation
f luminol (short segments) in a PAni skeleton.

.2. Copolymers redox behaviour
The voltammetric behaviour of PLum, PAni and P(Lum-Ani)
lms was investigated in 0.1 mol dm−3 H2SO4. Figs. 4 and 5
epict the simultaneously obtained frequency shifts and current
esponses of the PLum and P(Lum-Ani) modified QC elec-
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ig. 4. Cyclic voltammograms and simultaneously recorded responses of �f
uring PLum redox conversion in 0.1 mol dm−3 H2SO4. The inset shows the
edox behaviour of PAni prepared from low concentrated solutions.
rode, respectively. Reproducible signals were obtained after a
ew number of consecutive potential cycles; no significant “first
ycle effect” was observed for PLum (or for PAni prepared from
ow concentration solution, as illustrated in the inset of Fig. 4).

ig. 5. Cyclic voltammograms and simultaneously recorded responses of
f during P(Lum-Ani) redox conversion in 0.1 mol dm−3 H2SO4. Films

repared from 0.5 mol dm−3 H2SO4 + constant concentration of luminol
0.5 mmol dm−3) and 10 mmol dm−3 aniline (A) and 20 mmol dm−3 aniline (B).
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There is a well developed pair of current peaks in the cyclic
oltammetric curve for PLum, and the polymer oxidation and
eduction involves about the same charge. The oxidation starts at
bout 0.45 V, with a current maximum at 0.56 V followed by an
ll-defined shoulder; the cathodic peak occurs at E = 0.48 V. The
requency decreases slowly when the potential is scanned from
.0 to 0.55 V and increases fast thereafter up to the end of the
nodic scan, reaching its original value. Due to the acidic nature
f the solution, the polymer might be slowly protonated and the
harge compensation implies the ingress of anions being both
apidly expulsed upon polymer oxidation. The relatively small
ncrease in mass observed when the potential is swept from 0.60
o 0.50 V might be due to fast protonation followed by slow
gress of solvent.

For the P(Lum-Ani) prepared from solutions, containing
he monomers in 1:20 ratio (Fig. 5A), the initial change in
he frequency reflects the presence of leucoemeraldine and its
xidation to emeraldine, with a slight decrease in mass. The
edox conversion denoted by the middle current peak appears
eversible and the subsequent oxidation process is better defined;
herefore, in this potential region, the doping/dedoping process,
ay involve the same type of egress/ingress of solution species
han observed for PLum, but occurs much faster, and so the
requency signal returns to close to its initial value when the
otential cycle is complete.

ig. 6. Cyclic voltammograms and simultaneously recorded responses of �f
uring PLum (A) and P(Lum-Ani) (B) redox conversion in 0.1 mol dm−3

arbonate solution (pH 8). P(Lum-Ani) prepared from 0.5 mol dm−3

2SO4 + 0.5 mmol dm−3 luminol and 0.5 mmol dm−3 aniline.
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Scheme 1.

Different trends are found in the current response but par-
icularly in the frequency signal during the oxidation and
eduction of P(Lum-Ani) films obtained from solutions with
:40 monomers ratio (Fig. 5B). In the voltammograms, the
iddle current peak is still predominant but the peaks represent-

ng leucoemeraldine/emeraldine and emeraldine/pernigraniline
ransformations are defined; the frequency decrease when the
otential is scanned from −0.20 to 0.50 V and increase from
.50 to 0.70 V during the positive scan, as well as the changes
bserved in the negative potential sweep, are qualitatively sim-
lar to the reported for PAni films [26,29]. However, the large
requency change in both scan directions, for E > 0.40 V (after
he middle pair of peaks) and the observed hysteresis in this
otential region is not typical for PAni but already reported for

o-polymer with aniline [10].

The electrochemical inactivity of PAni in alkaline media has
een widely reported [33–35]. Being luminol a derivative of
niline and the polymerisation process similar to the parent

m
s

A

Scheme 2
Acta 53 (2008) 3803–3811 3809

onomer, PLum is also expected to be electroinactive at high
H [12]. Notwithstanding, a redox response of PLum film, syn-
hesised on a glassy carbon electrode, in the pH range of 1–11
as been observed [14] and attributed to the deprotonation of
he –CO–NH–NH–CO– group.

The cyclic voltammograms and frequency variation simulta-
eously recorded during the characterisation of the PLum and
(Lum-Ani) films in alkaline 0.1 mol dm−3 carbonate solution
pH 8) are represented in Figs. 6–8.

As previously reported [17], PLum and P(Lum-Ani) films are
lectroactive in alkaline medium. Reversible redox behaviour
s observed for both PLum (Fig. 6A) and P(Lum-Ani) films,
ither prepared from solutions with very low monomer concen-
ration (Fig. 6B) or when the Ani content has been increased
Figs. 7 and 8). The doping/dedoping process is revealed by a
ingle pair of peaks that, as expected, occurs at more negative
otential values than observed in acid media; by increasing the
ni concentration in the polymerisation solution, there is a peak
otential shift towards the cathodic path.

In this medium, Lum is deprotonated at the hydrazine group
ielding an anion [15] as illustrated by Scheme 1. The depro-
onated hydrazine group can undergo oxidation in alkaline
edium (step involved in the electrochemiluminescence emis-
ion of Lum).

The presence of anionogenic groups in the PLum and P(Lum-
ni) films structure allow to consider that the redox switching

.
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Fig. 7. Cyclic voltammograms and simultaneously recorded responses of �f
during P(Lum-Ani) redox conversion in 0.1 mol dm−3 carbonate solution (pH
8). Films prepared from 0.5 mol dm−3 H2SO4 + 0.5 mmol dm−3 luminol and
10 mmol dm−3 aniline. First cycle after holding the potential at reduction poten-
tial for 5 min (A) and after more than 10 multicycles potential scans (B).
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Fig. 8. Cyclic voltammograms and simultaneously recorded responses of �f durin
Films prepared from 0.5 mol dm−3 H2SO4 + constant concentration of luminol (0.5 m
comparison, the data obtained in acid media (0.1 mol dm−3 H2SO4) are also shown.
Acta 53 (2008) 3803–3811

f these copolymers proceeds through a mechanism similar to
elf-doped polyanilines derivatives, being the charge compensa-
ion mainly at the expense of cations (protons and sodium ions)
nto or from the polymer [36,37]. Accordingly, in Scheme 2 a
lausible pathway for the redox switching process of PLum and
(Lum-Ani) films is presented.

The presence of negatively charged groups within the poly-
er structure, as the deprotonated hydrazine group of Lum,

nable the stabilisation and charge compensation of the posi-
ively charged nitrogen atom, formed upon oxidation, and anions
re not required to ingress the film for charge compensation. The
ower frequency changes observed for the PLum and P(Lum-
ni) upon oxidation in pH 8 solution, when compared with the
ariations obtained in acidic medium, support the pathway given
n Scheme 2.

The formation of a stable six-member ring, as reported for
ulphonic acid ring-substituted polyaniline, SPAn [38], when
he copolymers are in alkaline media is an hypothesis deserving
urther investigation.

The memory effect of the co-polymers of aniline with luminol
as also been analysed and Fig. 7 shows the cyclic voltam-
ograms and changes in the frequency obtained in the first

otential scan after holding the modified electrode at cathodic
otential for 5 min (Fig. 7A) and under multicycle conditions
Fig. 7B). The anodic current peak observed in the first scan is
bit higher while the redox conversion occurs at more nega-

ive values under repetitive cycling. The observed changes are

uch less expressed than those reported for polyaniline [39]
here the anion movement during redox cycling of the poly-
er is often considered the responsible for the slow relaxation

ehaviour. In the present case, self-doping co-polymers, this

g P(Lum-Ani) redox conversion in 0.1 mol dm−3 carbonate solution (pH 8).
mol dm−3) and 20 mmol dm−3 aniline (A) and 30 mmol dm−3 aniline (B). For
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xplanation is precluded since the charge compensation during
he redox switching is assured by cation transport. The decrease
n height of the anodic peak and the shift to negative direction
n the potential scale of both anodic and cathodic waves suggest
gradual structural organisation of the polymer chains and/or a

low decomposition of the copolymer.
The behaviour in pH 8 media of the co-polymers prepared

rom solutions with high content in aniline (1:40 and 1:60)
Fig. 8) display a remarkable similarity with copoly(aniline-
aminonaphthalene-4,8-disulphonic acid) in pH 7 solution [37]:
clear anodic peak and a corresponding sharp cathodic peak

re observed; the oxidation and reduction processes of P(Lum-
ni) are also centred at around a favourable value (−0.10 V) if

ctive electrode materials are envisaged. Consistent with a dop-
ng process assured only by protons movement, no change in

ass occurs.

. Conclusions

The electropolymerisation of luminol and aniline with lumi-
ol were investigated using combined cyclic voltammetry and
QCM technique. It was found that although the nature of

he deposited product is dependent on the molar ratio of the
onomers in the polymerisation solution, a copolymerisation

ccurs. The growth of the copolymers initially proceeds near
inearly with increasing number of potential cycles, but the poly-

erisation speed tends to decrease and thin films are created.
In acidic solution, the copolymers electrochemical properties

re similar to those of the parent polyaniline. The results show
hat the copolymerisation extends the films electroactivity in
olutions with pH 8. This behaviour is attributed to a self-doping
ffect due to the presence in the film of negatively charged
ites resulting from the deprotonation of the hydrazine group
f luminol in alkaline media. In agreement is the featureless fre-
uency response of the copolymer modified QC electrode along
he well-defined redox switching observed in sodium carbonate
olution.
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