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Abstract

Poly(3,6-N-vinylcarbazole) films were prepared by electrochemical oxidation of N-vinylcarbazole on a Pt electrode using acetonitrile as sol-
vent and tetraethylammonium tetrafluoroborate as electrolyte. The electrosynthesis was carried out by electrical potential cycling in the presence
of two different bases: tetraethylammonium benzoate (Bz™) and tetraecthylammonium phthalate (Ph™). These salts were expected to modify the
acidity level of the electrolyte since they can act as scavengers for the protons released during the polymerization, when the reaction takes place
in the carbazole unit.

Products were characterized by cyclic voltammetry, scanning electron microscopy, FTIR spectroscopy, thermogravimetric analysis, differen-
tial scanning calorimetry, absorption spectroscopy and four-probe electrical conductivity measurements. Both bases influenced significantly the
chemical structure and morphology of the deposited materials. The presence of Ph™ in the electrolyte decreases the cross-linking of the electro-
deposited polymer, leading to a poly(3,6-N-vinylcarbazole) bearing a more uniform morphology, higher thermal stability and electrical conduc-

tivity compared to those of the polymers obtained in the presence of Bz~ and without acidity control.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Poly(N-vinylcarbazole) (PVK) has been intensively studied
due to its huge variety of possible applications in sensors [1],
secondary batteries [2,3], electrochromic [4] and electrolumi-
nescent devices [5—17]. Electrolysis of N-vinylcarbazole
(NVK) in acetonitrile, on a platinum electrode, generates a de-
posit of an electro-conducting polymer on the anode surface
and the precipitation of a photo-conducting polymer in the
bulk of the solution. The former is a dark green cross-linked
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polymer obtained mainly by polymerization through the car-
bazole units and the latter is a white, comb-like polymer in
which the polymerization takes place through the vinyl group
[18—21].

The electrochemical polymerization of NVK proceeds
through an ECE mechanism [22—25], as shown in Scheme 1,
which starts with the oxidation of the monomer to the
corresponding cation-radical (1 — 2) followed by a fast
dimerization at position 3 of the carbazole unit (2 — 3). The
two-electron oxidation 3 — 4, which occurs at less positive
potential than that required for the oxidation of the monomer,
leads to the formation of a dimer bond between the carbazole
units (4). When dimerization occurs, H™ ions split-off and pro-
voke the polymerization of NVK through its vinyl group. The
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Scheme 1. Polymerization reactions in the synthesis of poly(3,6-N-vinylcarbazole). BF, is the doping anion.

attack of these protons (H") on the vinyl group of the growing
electro-conducting polymer (4 — 5) causes cross-linking
(5 — 6), whereas the activation of the vinyl group of the
monomer in solution leads to the formation of the photo-
conducting polymer (structure 8, Scheme 2) [22—25]. The
deposit formed on the anode surface, poly(3,6-N-vinylcarba-
zole) named here as P3,6NVK, can exhibit different cross-
linking degrees (m in structure 6, Scheme 1) depending on
the synthesis conditions.

Previous works have reported the influence of the anode
substrate [26], electro-deposition conditions [27], deposition

potential [28], type of supporting electrolyte [29—34] and
amount of water in the solvent [35—37] on the electrochemical
polymerization of N-vinylcarbazole. However, the influence
of the acidity level on the electrolyte has been scarcely
considered.

The above-mentioned conditions implicate that NVK poly-
merization may depend in a big measure on the acid—base
properties of the electrolytic media. Although control of the
acidity level of the electrolytic media has not been widely
studied in the polymerization processes, in non-aqueous media
it has been employed in the control of the electro-reduction of
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Scheme 2. Polymerization of N-vinylcarbazole through the vinyl group.

some organic compounds [38], where it has been possible to
control the proton availability involved in the electron transfer
reactions. Therefore, in this study, it was considered the possi-
bility to use this strategy to control the polymerization path-
ways of this monomer in order to synthesize P3,6NVK
selectively.

The main goal of the present work is to investigate the ef-
fect of two different basic additives on the anodic polymeriza-
tion of N-vinylcarbazole in order to avoid, as far as possible,
the acid-catalyzed polymerization through the vinyl group
(4 — 5, Scheme 1) and to obtain P3,6NVK (structure 6,
Scheme 1), with a polymerization degree ratio m/p lower
than that of the polymer obtained with no additive, where p
is the polymerization degree through the carbazole units. Tet-
racthylammonium benzoate (pK,=20.7 in acetonitrile) and
tetraecthylammonium monohydrogen phthalate (pK,, = 14.3
in acetonitrile) were used as scavengers for the protons re-
leased during the polymerization reaction through the carba-
zole units.

2. Experimental part
2.1. Cell, electrodes and apparatus

All experiments were carried out in a three-electrode
undivided cell, using acetonitrile (ACN) as solvent, tetraethyl-
ammonium tetrafluoroborate (Et;NBF,) as supporting electro-
lyte and a Ag—AgCl as reference electrode, which was
immersed in dry acetonitrile for 20 min before each experi-
ment. All potentials in this work are referred to the ferroci-
nium/ferrocene (Fc'/Fc) redox system. Platinum was used as
working and auxiliary electrode in disc, wire and foil shape.
In cyclic voltammetry experiments the working electrode
was a platinum disc with a surface area of 0.0314 cm? and
the auxiliary electrode was a platinum wire. For the synthesis
of the polymer in an amount enough to enable polymer char-
acterization, a Pt foil of 2 cm? surface area was used as work-
ing electrode as well as a 4 cm? foil was used as an auxiliary
electrode. An Autolab PGSTAT100 potentiostat was employed
for cyclic voltammetry and a PAR 173 potentiostat/galvanostat
for exhaustive electrolysis.

All polymers obtained were prepared in the same way and
further characterized. Polymer samples were washed with pure
acetonitrile in order to remove the unreacted monomer and
then dried at room temperature. Scanning electron microscopy
(SEM) images were obtained in a JEOL 5290 SEMLV micro-
scope. FTIR spectra of the polymers were obtained in KBr
pressed pellet using a Nicolet 510 spectrometer with a Michelson
Interferometer with a 2 cm™"' resolution.

Thermal properties of the polymers were studied by ther-
mogravimetric analysis (TGA) and differential scanning calo-
rimetry (DSC). Ty (10% weight loss temperature), T, (glass
transition temperature), and T, (melting point) were deter-
mined. TGA was conducted on a Hi-Res TGA 2950 instrument
(from 20 to 800 °C) and DSC was carried out on a DSC 2910
TA instrument (from 20 to 300 °C), in both cases with a heat-
ing rate of 10 °C/min.

Absorption spectra of the polymers in pressed pellet (KBr)
were recorded on a Varian Cary 1 Bio UV/vis spectropho-
tometer model 8452A. Electrical conductivity of the polymers
was measured in pressed pellet at 100 °C, using a Dielectric
Analyzer DEA 2970 following the four-probe method.

2.2. Chemicals

Phthalic acid, benzoic acid, tetracthylammonium hydroxide,
and N-vinylcarbazole (NVK) were purchased from Aldrich
and used as received. Tetraethylammonium tetrafluoroborate
(Et4NBF,) was crystallized from a methanol—hexane solution
and dried under vacuum for 72 h at 70 °C. Acetonitrile (ACN)
was distilled over phosphorus pentoxide (P,Os) in order to re-
move traces of water.

Tetraethylammonium benzoate (Et;NBz) and phthalate
(Et4,NPh) were synthesized by the reaction of tetracthylammo-
nium hydroxide (TEAOH) with the corresponding carboxylic
acid at 40 °C at a reduced pressure of 9 mmHg [38].

2.3. Procedure

Electrolytic solutions were prepared with 0.1 M Et,NBF, in
the following concentration ranges: 0.001—0.02M NVK;
0.0005—0.05 M Et4,NBz or Et;NPh. A 15 mL electrochemical
cell was placed inside a Faraday cage and the electrolyte was
purged with nitrogen for 40 min, prior to each experiment.
Potential sweeps were performed from low to high potentials,
up to a potential (£;) in which the direction of the scan was in-
versed. In all the experiments reported here, the potential scan
rate was 50 mV s~ . To prepare samples to be used for the whole
characterization, potential sweeps were stopped at Ej.

3. Results and discussion
3.1. Electropolymerization without acidity control

Fig. 1A shows the voltammograms corresponding to
P3,6NVK synthesized in the presence of 0.1 M Et;NBF, by

the successive application of 35 potential cycles. When the po-
tential scan is switched at E; = 0.923 V, current increases with
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Fig. 1. Cyclic voltammograms (A—C) and SEM images (D—F) obtained from 5 mM NVK in 0.1 M Et,NBF./acetonitrile, £, =0.923 V. The potential was
successively scanned during 35 cycles: (A, D) without acidity control, (B, E) 0.5 mM Et;NBz, and (C, F) 0.5 mM Et,NPh.

each cycle due to the growth of the P3,6NVK chain. During
this process two peaks Ic and Ila appear at 0.718 V and
0.728 V; which correspond to the reduction and oxidation of
the formed polymer, respectively. This polymer was doped
by the incorporation of the supporting electrolyte anions into
its framework.

3.2. Electro-polymerization with acidity control

As it has been already mentioned, the electrochemical elec-
tropolymerization of NVK releases protons in the medium,

which favor the polymerization through the vinyl group be-
sides the polymerization through the aromatic rings, leading
to the formation of cross-linked polymers. In order to carry
out a selective polymerization through the aromatic rings of
NVK, avoiding the possibility of polymerization through the
vinyl group, two different basic additives, Et;NBz and
EtyNPh, were added to the electrolytic medium. This was
done in separate experiments to control the presence of
H"(CH;CN), ions (protons solvated by acetonitrile) in the
electrode—solution interface. Due to the fact that Et;NBz
and EtyNPh are strong electrolytes in acetonitrile, in this
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work these species will be identified as the corresponding
benzoate (Bz™) and monohydrogen phthalate (Ph™) ions. Cy-
clic voltammetries of Et;NBz and Et,NPh in 0.1 M Et,NBF,/
acetonitrile show that Bz~ and Ph™ are not electroactive in the
potential range where NVK polymerization occurs.

Voltammograms of the electropolymerization of NVK car-
ried out in the presence of the basic additives, Bz~ and Ph™,
are shown in Fig. 1B and C, respectively. Cathodic and anodic
currents are higher in the electrolytic medium containing Ph™
(Fig. 1C), than those measured in other media (Fig. 1A and B).

Fig. 2 shows the variation of the accumulated electrical
charge and charge per cycle during the voltammetric electro-
polymerization using different acidity levels. The accumu-
lated charge curves (Fig. 2A) reveal that the presence of the
basic additives (Fig. 2A, ii and iii) provokes higher charges
than in the case of electrolysis without base (Fig. 2A, i). In
the first 18 cycles, the accumulated charge (Fig. 2A, ii and
iii) observed in the presence of any basic additive is practi-
cally equal. In cycle 20 and further cycles, the charges ob-
tained with Ph™ (Fig. 2A, iii) are higher than in the other
two cases.
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Fig. 2. Variation of (A) the accumulated electrical charge and (B) charge per
cycle during the voltammetric electropolymerization of 5 mM NVK in 0.1 M
Et,NBF,/acetonitrile under different conditions of acidity level: (i) without
acidity control, (ii) 0.5 mM EtNBz, and (iii) 0.5 mM Et,NPh. Evaluated
from Fig. 1A—C.

The charge per cycle curves (Fig. 2B) show important de-
tails about the polymerization evolution. In the absence of ba-
sic additives and in the presence of Bz, the charge per cycle
grows asymptotically (until 32 nC, Fig. 2B, i and ii), and the
presence of Ph™ provokes the continuous increase of the
charge per cycle (Fig. 2B, iii). Fig. 2 suggests that in the first
polymerization steps, Bz~ and Ph™ can improve the polymer-
ization of NVK by trapping the protons released during the
step 2 — 3 (Scheme 1). The Ph™ and Bz™ ions act as proton
scavengers, decreasing the polymerization through the vinyl
group, enabling a more efficient incorporation of the doping
anion and favoring the growth of the conjugated polymer.
Nevertheless, the influence of Bz~ is only effective until the
13th cycle. When Ph™ is used as base, once the first polymer
layers are formed, Ph™ acts as an effective proton scavenger,
leading to increased currents with successive cycling, whereas
the Bz~ base seems to promote the polymerization through the
vinyl group. This dissimilarity in the behavior of Bz~ and Ph™
could be due to their different acid—base properties or due to
the hygroscopic behavior of Et;NBz. There could be a smaller
amount of Bz~ in the solution because of the presence of
traces of HBz in the added salt. This fact may explain the
behavior of the curve shown in Fig. 2B, ii since probably there
is no more free Bz~ to control the acidity level after the 13th
cycle.

It is worth to point out that the monomer/basic additive
concentration ratio, C,on/Cpase, also determines the polymer
formation. When the C,o,/Cpase Tatio was equal or lower
than 1 the electropolymerization failed. In these cases, the cur-
rent decreased with successive cycling, indicating that the
electrode became passivated (not shown). This is due to the
fact that at higher concentrations, basic additives may also
behave as nucleophilic agents, trapping the radical-cations
formed during the oxidation of NVK, thereby inhibiting the
polymer formation. When the monomer concentration is at
least two times that of the basic additive the P3,6NVK was ob-
tained. In this work, C,on/Cpase ratios of 10 and 20 were used.
The obtained polymer films were rinsed with CH3CN and fur-
ther characterized by cyclic voltammetry and ex situ spectro-
scopic techniques.

3.3. Cyclic voltammetry

Cyclic voltammetry characterization of the obtained poly-
mers was performed in acetonitrile solutions containing only
supporting electrolyte. Potential scans were performed up to
E; =0.688 V. Fig. 3 shows the typical voltammograms ob-
tained for the different polymers. In all cases, a shoulder at
0.598 V is observed. The highest current corresponds to the
polymer synthesized in the presence of Ph™ (Fig. 3C), and
the current begins to increase at lower potentials than in the
other films. The lowest current is attributed to the polymer ob-
tained without basic additive (Fig. 3A). This indicates that the
polymer obtained in the presence of Ph™ exhibits the highest
electrical conductivity. All the films show a current density
decrease with the successive scans (not shown) until a typical
reproducible voltammetric behavior is established, which is in
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Fig. 3. Cyclic voltammetry characterization of the polymers previously ob-
tained from 20 mM NVK in 0.1 M Et,NBF,/acetonitrile under different acid-
ity level conditions and after being washed with acetonitrile (A) without
acidity control, (B) 1 mM Et4;NBz, and (C) 1 mM Et,NPh.

agreement with similar results previously reported in the liter-
ature [27,28]. In this work, the currents are reproducible after
five scans.

3.4. Scanning electron microscopy

SEM images of the polymers, presented in Fig. 1D—F,
show that the morphology of P3,6NVK films depends strongly
on the electrolyte composition. The presence of Bz~ or Ph™
induces important differences in the polymer morphology
(Fig. 1E and F), with respect to the polymer formed in absence
of basic additives (Fig. 1D). The film obtained in the presence
of Bz~ (Fig. 1E) is more porous than that obtained in the ab-
sence of basic additives. In the cavities of the P3,6NVK
(Fig. 1E) a layer of a very compact film can be observed,
where a globular structure grows. These globular aggregates
are characteristic of the propagation reaction through the vinyl
group [39]. These two polymerization stages are in agreement
with the charge per cycle curve results (Fig. 2B, ii). The poly-
mer obtained in the presence of Ph™ (Fig. 1F) shows a more
regular morphology than the polymer obtained without basic
additives (Fig. 1D).

3.5. FTIR spectroscopy

FTIR spectra of the electrosynthesized polymers were re-
corded in pressed pellet (KBr). Fig. 4 shows the FTIR spectra
of typical PVK precipitated in the bulk of the solution and
P3,6NVK polymers obtained under different acidity level con-
ditions. For typical PVK (Fig. 4A), a band at 3050 cm ™', as-
cribed to the =C—H stretching vibrations of the aromatic
ring followed by a second band at 2925 cm™" due to the ali-
phatic —C—H, was observed [40,41]. In addition, a series of
bands at 1610 and 1450 cm ™' attributed to the C=C bond

3050
2925
>

(=3
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3200 2800 2400 2000 1600 1200 800
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Fig. 4. FTIR spectra of (A) PVK; and P3,6NVK previously electropolymerized
from 20 mM NVK in 0.1 M Et;NBF,/acetonitrile under different acidity level
conditions and after being washed with acetonitrile (B) without acidity control,
(C) 1 mM ENBz, and (D) 1 mM EtNPh.

(stretching) of the carbazyl ring, at 1310 cm ™' due to C—N
bonds [42,43], and at 750 cm™! (out-of-plane) due to the
H—C= bonds present in the carbazole unit [20] were also ob-
served. The absence of vinyl bands at 860 and 960 cm ™' con-
firms that the polymerization takes place selectively through
the vinyl groups. By contrast, these bands can be seen in the
FTIR spectra of the P3,6NVK series (Fig. 4B—D). Therefore,
in these polymers some vinyl groups remained intact.

On the other hand, in the FTIR spectra of P3,6NVK
(Fig. 4B—D), the decrease in intensity of the band at
3050 cm ™', the new bands at 800 and 880 cm ™' due to 1,2,4-
substituted benzene rings [42,43] as well as the band at
1050 cm ™! related to the incorporation of BF; counterions
[44] prove that in these polymers the polymerization takes place
mainly through the carbazole units. The bands at 2925 and
2852 cm™ ! due to the aliphatic —C—H bonds [40,41] indicate
that some side polymerization through the vinyl group in
P3,6NVK polymers can also occur. The different ratios of inten-
sities (B1/B2) of the 750 cm™ ' band (B1) with respect to the
bands at 2925 and 2852 cm™' (B2) suggest that the extent of
polymerization through the carbazole units varies significantly
depending on the base.
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From the FTIR spectra (Fig. 4B—D), the intensity ratios
(B1/B2) for the P3,6NVK obtained with no base, Bz~ and
Ph™ are 1.3, 1.7 and 1.1, respectively. As we can see, the
B1/B2 value is the lowest for the polymer obtained with
Ph™ (1.1, Fig. 4D), compared to those obtained without acidity
control and with Bz~ (Fig. 4B and C). These spectroscopic
features suggest that the cross-linking degree in P3,6NVK is
lower in the presence of Ph™ than in the presence of Bz~ or
absence of base. In addition, when Bz~ is used, the extent
of polymerization through the vinyl group is the highest.
From these results, we can affirm that Ph™ could be considered
as an efficient proton scavenger in this reacting system capable
of decreasing considerably the polymerization through the
vinyl group (pathway showed in Scheme 1).

3.6. Thermal properties

Thermal properties of the electro-conducting polymers
were determined by TGA from 20 to 800 °C (Fig. 5) and
DSC from 20 to 300 °C. Fig. 5A shows that the poly(3,6-N-
vinylcarbazole) obtained without acidity control exhibits a
To (10% weight loss temperature) value of about 260 °C.
This polymer showed fast degradation, reaching a 50% weight
loss at 425 °C and almost total degradation at 500 °C. By con-
trast, P3,6NVK obtained in the presence of Bz~ (Fig. 5B) ex-
hibited a T, value of 361 °C. This polymer degraded in two
steps showing fast degradation between 320 and 470 °C and
beyond 600 °C reaching total degradation at 751 °C. Finally,
P3,6NVK obtained in the presence of Ph™ (Fig. 5C) showed
higher thermal stability than their homologues. This polymer
possesses a T value of 408 °C and showed a first degradation
step around 210 °C reaching a 7% weight loss. Furthermore,
a second degradation step was observed beyond 570 °C and
18% of the sample remains at 800 °C.

According to these results, the strongly higher thermal sta-
bility of P3,6NVK obtained in the presence of Ph™ is due to
linear polymer backbone. It seems that this polymer possesses
a higher molecular weight as well as an extended conjugation

% Weight

T T T T =
200 400 600 800
Temperature (°C)

Fig. 5. TGA curves of obtained P3,6NVK (A) without acidity control, (B) with
1 mM EtNBz, and (C) with 1 mM Et,;NPh. Heating rate is 20 °C/min.

length. P3,6NVK FTIR spectra (Fig. 4D) of this polymer con-
firmed that the polymerization takes place mainly through the
carbazole rings of the monomer.

On the other hand, the fact that the P3,6NVK obtained in
the presence of Bz~ exhibited lower thermal stability than
that obtained with Ph™, but higher than that obtained in the
absence of base can be explained in terms of the structure.
According to the FTIR spectrum of P3,6NVK obtained in
the presence of Bz~ (Fig. 4C), this polymer showed a high
cross-linking degree, which confers thermal stability to the
molecule. This cross-linking changes significantly the mor-
phology of the polymer, which can be observed by SEM.
This polymer presents cavities in its structure, which has not
been observed in the case of P3,6NVK obtained with Ph™
and that obtained with no base.

DSC of the different obtained polymers (Fig. 6) showed
that these materials showed no glass transition temperature
in the range between 20 and 300 °C. However, the DSC curves
of P3,6NVK obtained with no base (Fig. 6A), Bz~ (Fig. 6B)
and Ph™ (Fig. 6C) exhibit endotherms at 103, 104 and
90 °C, respectively, which reveal the presence of a softening
point for these polymers. This indicates that the obtained
P3,6NVKs partially melt due to the presence of crystalline do-
mains. P3,6NVK obtained in the presence of Ph™ exhibits
a lower softening point than its homologues. We believe that
this polymer is the most crystalline and linear and possesses
the most ordered structure, since the polymerization takes
place in more extent through the carbazole units. These results
fit well with those obtained from FTIR spectroscopy, SEM and
TGA. On the other hand, for P3,6NVK obtained with Bz~
(Fig. 6B) and P3,6NVK obtained with Ph™ (Fig. 6C), we
can observe a drastic exothermic behavior beyond 250 °C,
due to the degradation of the polymer during heating.

3.7. Optical properties and electrical conductivity

Because of the poor solubility of the polymers, their ab-
sorption spectra were recorded in pressed pellet (KBr). All
the absorption spectra exhibit a broad absorption band be-
tween 200 and 400 nm, followed by an absorption tail, which
indicates how extended the conjugation length in the polymer
is. The absorption spectrum of P3,6NVK obtained in the pres-
ence of Ph™ (Fig. 7) shows the broad absorption band in the
range mentioned above, showing discrete peaks at 234, 254,
275, 296, 338 and 383 nm, which can be attributed to the car-
bazole unit. These bands barely correspond to those reported
for carbazole (A =250, 263, 295, 330 and 343 nm in CHCl;
solution). The absorption spectrum of this polymer shows
also a long tail with a shoulder at 700 nm, which indicates
that the polymer is highly conjugated. The polymers obtained
in the presence of Bz~ or in the absence of base, exhibit sim-
ilar absorption bands but with shorter absorption tails, thus
showing a minor conjugation length.

On the other hand, conductivity (o) of the polymers in the
non-doped state was measured in pressed pellet at 100 °C
giving values of ¢=2.1x10"", 73 x10°® and 1.6 x
1077 Sem™! for P3,6NVK obtained with no base, Bz~ and
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Fig. 6. DSC curves of obtained P3,6NVK (A) without acidity control, (B) with
1 mM EyNBz, and (C) with 1 mM EtyNPh. Heating rate is 20 °C/min.

Ph™, respectively. These results suggest that the electron-
conductive polymer obtained in the presence of Ph™ has a
more linear structure, which was confirmed by FTIR spectros-
copy and SEM. This allows a higher incorporation of doping
anions into the polymer chains, thus favoring an increase of

234 nm

Absorbance

T T T T T T T T
200 400 600 800 1000

Wavelength (nm)

Fig. 7. Absorption spectrum (KBr pressed pellet) of obtained P3,6NVK with
1 mM Et;NPh.

the electrical conductivity. By contrast, the polymer obtained
in the presence of Bz~ might have longer chains than that ob-
tained without acidity control, so that this polymer could incor-
porate more doping anions into its framework, thereby
exhibiting a higher conductivity than its homologue obtained
with no base. These results agree with those obtained by cyclic
voltammetry characterization, SEM, thermal analysis, and FTIR
and absorption spectroscopies.

4. Conclusion

The electrochemical polymerization of N-vinylcarbazole
has been investigated in the presence of two basic additives,
which modify the reaction conditions in the electrolyte. The
potential cycling synthesis can be applied to form a poly(3,6-
N-vinylcarbazole) deposit when the potential is switched at
the beginning of the carbazole oxidation peak. The electrode
passivates and the polymerization is inhibited when a high
basic additive concentration is employed. Optimum electro-
chemical synthesis is achieved by using a monomer/basic addi-
tive concentration ratio about 2 or higher.

The addition of small amounts of Et,NBz and Et,NPh to
the electrolyte leads to the formation of polymer films with
quite different morphology, chemical structure, thermal, opti-
cal properties and electrical conductivity. The presence of
Bz~ during the electropolymerization process yields globular
non-uniform films with high cross-linking degree. Therefore
this additive cannot be considered as an effective proton scav-
enger in the studied medium. The presence of Ph™ during the
electropolymerization process decreases the extent of polymer
cross-linking through the vinyl group, as confirmed by FTIR
spectroscopy. Besides, the SEM images showed a more ho-
mogenous morphology of this polymer. These facts are associ-
ated with the higher electrical currents and charges obtained
during the electropolymerization of NVK in the presence of
Ph™. The highest electrical conductivity of P3,6NVK obtained
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in the presence of Ph™ was expected according to cyclic
voltammetry results, SEM, TGA, FTIR and absorption
spectroscopies.

The presence of Ph™ during the electropolymerization pro-
cess can be considered as an interesting modifier of the poly-
mer structure, because it prevents the cross-linking. The
presence of unreacted vinyl groups in the polymer formed un-
der these conditions could be useful for further polymerization
reactions with other monomers, and provide improved poly-
mer films for different applications, such as LEDs and sensing
devices.
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