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Abstract
New materials can be developed using a known compound with enhanced properties modifying and controlling its microstruc-
ture, morphology, and density of defects. In this work, a new material was produced by the addition of ionic liquid (IL) to the
poly(o-methoxyaniline) (POMA) conductive polymer, in the form of esmeraldine salt. The polymer impregnated with IL was
tested as an electrode for use in supercapacitors. The results show that the charge storage properties of the materials are dependent
on the length of the alquil substituent of imidazolium ring of ionic liquid cation. The best results, obtained by the addition of 1-
butyl-3-methylimidazolium triflate IL to the polymer, improved electrical charge storage and electrochemical stability, making
the material a promising electrode for supercapacitor devices. This compound has specific capacitance of 205 F/g, five times
larger than pure POMA and was stable for 3000 cycles of charge/discharge experiments carried out at 1.0 A/g.
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Introduction

Conducting polymers, CPs, are an important class of functional
organic materials that can be used in electronic, optical, and
electrochemical devices. Among the different fields of applica-
tions, new materials for energy conversion and storage are an
important one aiming to decrease the environmental impact of
the nowadays most used energy sources [1–3]. In this sense,
supercapacitors have been proposed as significant alternative
devices for energy storage. Supercapacitors that store energy

from redox processes are called pseudocapacitors and can be
produced from conductive polymers. When used as a positive
electrode, the polymer oxidizes, and the holes generated along
the chain are balanced by the input of anions (p doping) and this
is a reversible reaction [4]. Polyaniline (PANI) is one of the
conducting polymers that have been widely studied to be used
in supercapacitors due to its good chemical stability and low cost
[5]. Conduction in PANI occurs through the acid/base doping
mechanism, i.e., through protonation and internal redox process.
Despite the numerous advantages of PANI, its use is limited due
to its low processability [6]. The substitution, in the aromatic ring
of aniline, with electron donating groups improves its solubility
and processability. Previous studies suggest that higher levels of
conductivity can be obtained when the aniline is replaced with
alkoxy groups that are electron donors. Thus, the coulomb inter-
actions between the positive charges of the polymer chain are
reduced, increasing the electronic delocalization and, conse-
quently, the electrical conductivity. These materials can be pos-
itively charged (p-doped polymer) and, considering their poros-
ity and soft material characteristics, the double-layer capacitance
also contributes to the high values of the total capacitance ob-
tained using this polymer [7]. In recent years, different chemical
modifications have been reported to improve the properties of
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conjugated polymers aiming to attend those characteristics re-
quired for technological applications. The enhancement of the
efficiency and durability of devices based on CPs can be
achieved by the modification of the device design or by optimiz-
ing the material synthesis, which leads to improved properties
[8–13]. The modification of the synthesis of CPs can provide
high efficiency and stability, increasing the possibilities of tech-
nological applications. Furthermore, the addition of ILs to the
polymeric samples is an alternative to optimize their properties
[14]. ILs are organic salts with large cations and anions with
melting point less than 100 °C [15]. Due to their favorable prop-
erties such as negligible vapor pressure, low flammability, high
ionic conductivity, wide electrochemical window, and excellent
thermal and chemical stability [16], ILs are used in different
applications, such as organic electrolytes for electrochemical de-
vices [17], liquid-liquid extraction [18], batteries [19], fuel cells
[20], and supercapacitors [21, 22]. However, many ionic liquids
have low ionic conductivity due to the relative size of their ions
and the high viscosity. As ionic conductivity is a fundamental
parameter to design electrochemical devices, several researches
have been done to develop new ionic liquids with a wider elec-
trochemical window and better ionic conductivity [23, 24].
However, the great majority of electric double-layer capacitors
(EDLCs) designed with ionic liquids have relatively low capac-
ity and power, leaving room for the development of new capac-
itors with ionic liquid with better performance. Ketabi et al. [25]
developed non-aqueous polymer electrolytes based on the protic
ionic liquids (PIL). The polymeric matrix was poly (ethylene
oxide) (PEO) and the PIL were 1-ethyl-3-methylimidazolium
hydrogensulfate (EMIHSO4), 1-methylimidazolium
hydrogensulfate (MIHSO4), and imidazolium hydrogensulfate
(ImHSO4). They observed that the pseudocapacitance was
higher for the cell with PEO-MIHSO4-ImHSO4 (59 mF/cm2)
over that of PEO-EMIHSO4-ImHSO4 (43 mF/cm

2), which sug-
gests that MIHSO4-ImHSO4 has a higher proton contribution to
the polymer system than EMIHSO4-ImHSO4. Kim et al. [26]
synthesized reduced graphene oxide with different weight ratios
of 1-butyl-3-methylimidazolium hexafluorophosphate IL (rGO/
IL) and then tested in 6-M aqueous KOH electrolyte. Among the
samples, the rGO/IL (1:7) showed the highest specific capaci-
tance of 148 F/g while the sample rGO exhibits specific capac-
itance equal to 82 F/g under the same conditions. The authors
concluded that the combination of IL with rGO enhanced the
electrochemical performance of pure rGO presumably
because the IL enhanced the charge transport by facili-
tating ion diffusion. The present work reports the prepa-
ration, characterization, and comparative application of three
ILs, namely, 1-butyl-3-methylimidazolium triflate
(C4MI.CF3SO3), 1-decyl-3-methylimidazolium triflate
(C10MI.CF3SO3), and 1-hexadecyl-3-methylimidazolium
triflate (C16MI.CF3SO3), in the POMA structure for
supercapacitor applications. The imidazolium ring of the IL
cation has delocalized electrons that can increase the

electronic conductivity of the polymer. Likewise, the
CF3SO3

− anion, similar to the polar termination of the
Nafion®, can also aid in increasing the ionic conductivity,
improving POMA charge/discharge processes. The different
cations were tested because the increase of the alkyl chain can
bind to the POMA chain by Van der Waals forces and make it
difficult to leach the ionic liquid. The electrochemical perfor-
mances of POMA/IL supercapacitors have been evaluated
and compared with pristine POMA supercapacitor.

Experiment

Materials and methods

The poly(o-methoxy aniline) in the form of esmeraldine salt, also
known as anisidine, has been synthesized by direct chemical
oxidation of the monomer as described by Mattoso [27].
POMA (Fig. 1) solution was prepared by dissolving 20 mg of
POMA in a mixture of H2O and acetonitrile (ACN) in a propor-
tion of 59:1 (v/v). ACNwas used to enhance the solubility of the
polymer in water. All the reactants were supplied by Sigma-
Aldrich, and anisidine monomer was used after distillation.
Analytical-grade lithium perchlorate (Sigma-Aldrich) and poly-
ethylene glycol (PEG) (Synth) were used for the electrochemical
characterizations. The ILs 1-butyl-3-methylimidazolium triflate,
1-decyl-3-methylimidazolium triflate, and 1-hexadecyl-3-
methylimidazolium triflate, which chemical structures are shown
in Fig. 1, were synthesized as previously described [28, 29].
POMA/IL electrodes were prepared using casting method by
mixing the corresponding IL in the ratio 4:1 POMA:IL. Then,
250 μL of the solution was deposited onto glass substrates
coated with indium tin oxide (ITO) electrode, leading to
a polymeric film with 38 ± 2 μg (area = 1 cm2). These
substrates were previously etched with a H2O2/NH4OH/
H2O [1:1:5 (v/v)] solution and ultrapure water (Milli-Q
system) to prepare a hydrophilic surface. For the electrochem-
ical experiments, an Ag pseudo-reference and Pt sheet (area
1 cm2) were used as reference and counterelectrodes, respec-
tively. In Table 1, the details of the sample compositions and
sample designations are presented.

Characterization

The structures of PEG, POMA, C4-POMA, C10-POMA, and
C16-POMA films were analyzed by attenuated total reflec-
tance Fourier transform infrared (ATR-FTIR) spectroscopy
(Bruker Alpha-P) between 4000 and 500 cm. Contact angle
data were collected using a Kruss DSA 30 and the Drop Shape
Analysis System software and analyzed by the Surftens 4.5
software. All measurements were carried out at room temper-
ature with deionized water. The film morphologies were in-
vestigated by profilometer measurements, using a Bruker-
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ContourGT-3D Optical Profiler. Electrochemical experiments
were carried out in a three-electrode glass cell using an Autolab
PGSTAT 302N. The measurements were carried out in PEG
with 0.1 M LiClO4. The electrochemical stability of the elec-
trode with polymeric film has been studied using both galva-
nostatic and cyclic voltammetry experiments. All measure-
ments were carried out at room temperature. For galvanostatic
charge/discharge cycling, the load current was 1.0 A/g. Cyclic
voltammetry characteristics of films were recorded after 100
charge/discharge cycles at 20 mV/s from − 0.2 to 0.3 V vs. Ag.
The specific discharge capacitance of the active materials (Csp)
was obtained from galvanostatic charge-discharge curves, ac-
cording to the relation [5]: Csp ¼ I

m dV
dtð Þ, where I is the applied

current (A), m is the average mass of electrode materials, dV
represents the potential change of a discharging process ex-
cluding the internal resistance drop (IR drop) occurring at the
beginning of the cell discharge, and dt is the time interval of
discharging process. The dV/dt is determined from the slope of
the discharge curve. Specific power, P (W/kg), and specific
energy, E (W h kg−1), were obtained using the following equa-

tions [5, 30]: P ¼ I dV
2 m 1000 E ¼ Csp dVð Þ2

2
1000
3600. The electro-

chemical impedance spectroscopy (EIS) was performed in a
conventional three-electrode cell at 25 °C in PEG with 0.1 M
LiClO4. The EIS was performed in the open-circuit potential
(OCP), between frequencies of 100 mHz and 100 kHz, with
amplitude of 10 mV. The equivalent electronic circuit was
simulated using NOVA software (Metrohm-Autolab).

Results and discussions

Figure 1 shows the ATR-FTIR (before the 1st and after the
3000th cycles in PEG as solvent at 20 mV/s) for POMA, C4-
POMA, C10-POMA, and C16-POMA. The spectrum of

Fig. 1 ATR-FTIR spectra of
POMA (a), C4-POMA (b),
C10-POMA (c), and C16-POMA
(d) pristine and after 3000th CV
cycles

Table 1 Composition and sample designation of the POMA/IL
electrodes

Sample designation POMA (mg) Ionic liquid Ionic liquid (wt.%)

C4-POMA 20 C4MI.CF3SO3 20

C10-POMA 20 C10MI.CF3SO3 20

C16-POMA 20 C16MI.CF3SO3 20
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POMA (Fig. 1a) presents characteristic peaks at 2975, 2932,
and 2869 cm that can be attributed to the C–H stretching
vibration in the methoxy group (–OCH3) at the orthoposition
of the phenylene ring [31]. The peaks that appeared at 1146,
1218, and 1425 cm and 1731 cm can be attributed to out-of-
plane bending vibration, (CN) stretch vibration for benzenoid
and quinoid rings of primary aromatic amines, and (C=N) or
(C=C) linkage elongation of the aromatic compounds, respec-
tively [32]. The vibration band of 813 and 625 cm could be
attributed to substitution of the benzene ring [33]. For PEG,
the bands observed could be assigned as follows: broadband
near 3271 cm related to O–H groups, the deformation vibra-
tion of the C–H bonds at 1438 and 1380 cm, and the C–O
bonding of the elongation vibration between 1063 and
1017 cm [34]. After 3000th cycles, the POMA only those
bands at 889 and 751 cm are observed. According to
Mamma et al. [35], in this range, the widening of the bands
due to the insertion of dopants occurs; then, one possibility to
explain this change is the entrance of the PEG in the film. The
ATR-FTIR spectra for C4-POMA, C10-POMA, and C16-
POMA are shown in Fig. 1b–d, respectively, before and after
cycling. Sample C4-POMA (Fig. 1b) shows that after the cy-
cling those bands characteristic of pure POMA remain, and in
the region of 1146–752 cm, an enlargement is observed, indi-
cating that the electrolyte could be entered in the film. For
C10-POMA (Fig. 1c), after the cycling, the characteristic
bands of C10-POMA are also observed with low intensity.
In the same region observed in sample C4-POMA, it is ob-
served an enlargement which could also be an indication of
the electrolyte insertion in the film. However, a different be-
havior occurs for C16-POMA, where after the cycling the
characteristic peaks of C16-POMA disappear, remaining only
the band at 1731 cm (with low intensity) and the bands 889
and 751 cm, equal to pure POMA after cycling. This behavior
could support the proposition that C16-POMA loses its prop-
erties as well as pure POMA after cycling.

Figure 2 shows the 1st and the 3000th voltametric cycle in
PEG as solvent at 20 mV/s for POMA, C4-POMA, C10-
POMA, and C16-POMA. The electrochemical performance
of POMA and POMA/IL capacitors is also studied by varying
the scan rate (Fig. S1). Figure S1 shows that the CV is depen-
dent on the scan rate, which is characteristic of a capacitor
[36]. The voltammogram exhibits an almost rectangular shape
at low scanning speed. However, when the scan rate is high,
the CV curve is deviated slightly due to the finite value of the
equivalent series resistance in the EDLC [37]. In Fig. 2, the
first CV curves of all samples show that the output current of
C4-POMA is approximately 2.2 times greater than the pure
POMA and the other samples. This result indicates that the
modification of the polymer with C4MI.CF3SO3 IL improves
the POMA performance. It can also be observed that there is a
decrease in the mass-normalized current as the imidazolium
ring alkyl chain is larger, which could be attributed to the

formation of small number of solvation cells around electro-
lyte ions [38]. However, after 3000 cycles, a decrease in the
current was observed for all samples, which could be ex-
plained by the fact that during the cycling the electrolyte
may be entertaining in the film, as indicated by the ATR-
FTIR analyses.

Figure 3 shows the contact angle of all pristine samples and
after 3000th cycles in PEG. The contact angle of the pure
POMA in the pristine sample was not significantly different
(74.5°) than that of the value measured after the 3000 cycles
(72.8°), indicating that wettability does not change [39]. This
behavior indicates that no important change in the wettability
occurs, and, then, there is not any important charge accumu-
lation or material degradation occurs. The voltammetric
curves also support this proposition. However, for those the
samples modified with the IL, it is possible to observe a sig-
nificant change in the contact angle as the aging process oc-
curs. C4-POMA contact angle changes from 84.3° to 52.6°,
indicating that the surface of the sample has become more
hydrophilic. Then, it is possible to propose that this change
helps the film to maintain its properties during the aging pro-
cess. However, for those films modified with C10MI.CF3SO3

or C16MI.CF3SO3, a reverse result was observed. The pristine
films havemore hydrophilic surfaces, 45.8° and 18.7°, respec-
tively, for C10-POMA and C16-POMA, but after cycling, the
contact angles changes to 61.6° and 78.2°, indicating that the
films have become less hydrophilic.

Figure S3 shows the topographic analysis of the surfaces of
POMA, C4-POMA, C10-POMA, and C16-POMA films ob-
tained from profilometer measurements. The surface profile of
the pure POMA film is rather flat, with the average surface
roughness of 34.5 ± 0.03 nm. However, when the film is cy-
cled 3000 times in PEG, the aging of the film causes a surface
rearrangement with increasing of average surface roughness
to 319.0 ± 0.09 nm. When the polymer was modified with the
IL, the roughness has an increase of about 1.55 (50.3 ±
0.09 nm), 2.15 (70.0 ± 0.04 nm), and 2.57 (83.4 ± 0.07 nm)
times, for the samples C4-POMA, C10-POMA, and C16-
POMA, respectively, compared to unmodified film.
However, after the aging of modified films (3000 cycles), a
reduction in surface roughness for the C4-POMA (36.1 ±
0.10 nm) and C10-POMA (28.0 ± 0.06 nm) films is observed.
Already the film C16-POMA (91.1 ± 0.03 nm) presents an
increase of the roughness of the surface after the aging. All
of these profile surface changes before aging may be associ-
ated with phase rearrangement of hydrophilic and hydropho-
bic regions in the POMA film microstructure during the for-
mation of homogeneous POMA-IL films. However, the sur-
face modifications presented after aging, besides being asso-
ciated with the phase rearrangement of hydrophilic and hydro-
phobic regions, may have been caused by charge accumula-
tion or material degradation. The electrochemical behavior of
the films has been investigated using cyclic voltammetry and
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charge/discharge experiments. To select the suitable density
current, studies of charge/discharge profiles under different
current densities were performed (Fig. S2). Figure 4a presents
the CVof the samples in 0.1 M LiClO4 + PEG solution. The
potential was swept from − 0.2 to 0.3 V, where it is described
in the literature that the POMA first redox pair appears, cor-
responding to the oxidation of leucoesmeraldine base to
esmeraldine salt polaron form, as shown in Scheme 1 [40].
No remarkable differences among the voltamograms profiles
can be observed, except for the values of specific current den-
sities, i.e., the current density normalized by thematerial mass.
Using CV data, the highest calculated specific capacitance
value is 164 F/g for sample C4-POMA sample.

The increase of the specific current for sample modified by
C4MI.CF3SO3 IL can be explained by an increase in hydro-
philicity (Fig. 3). Considering that polymers are soft materials
with large amount of solvent and IL among the chains,

possibly C4 molecules, due to their size, the interface between
the solution and the polymer chains could be increased.
Certainly, at this point it is important to question why
the specific currents decrease when C10MI.CF3SO3 or
C16MI.CF3SO3 ILs are used. One hypothesis to explain this
fact is that the increase in the alkyl chain of the ILs leads to a
decrease in the hydrophilicity, which causes an increase in the
resistance to the entrance of the counterion, leading to a de-
crease of the specific current of the samples. Figure 4b repre-
sents C/D profile at a current density of 2.0 A/g and a potential
range between − 0.2 and 0.3 V (vs. Ag) for all samples. All
samples exhibit a triangular linear profile, typical of electric-
double layer capacitors, and the slopes of the discharge
curves, which are inversely proportional to the capacitances,
are similar in all cases. Figure 4c presents the calculated values
for the specific capacitances under different experimental con-
ditions using C/D curves. As expected, there is a smooth

Fig. 2 Chemical structure and
CV curves of POMA (a),
chemical structure of
C4MI.CF3SO3 IL and CV curves
of C4-POMA (b), chemical
structure of C10MI.CF3SO3 IL
and CV curves of C10-POMA
(c), and chemical structure of
C16MI.CF3SO3 IL and CV curves
of C16-POMA (d)

J Solid State Electrochem (2019) 23:1109–1119 1113



decrease in the specific capacitance when the sweep rate or the
applied current increases. C4-POMA samples present values
that are three to five times higher than the other samples.
These results are summarized in the Ragone plot (Fig. 4d).
As can be observed, in agreement to those data in Fig. 4,
C4-POMA sample presents the best results. The obtained

value for specific energy is 2.5 W h kg−1, whereas the values
for specific power are constant for all the experimental condi-
tions measured. By analyzing the data described previously,
was investigated the electrochemical aging of C4-POMA film
using charge/discharge measurements. The galvanostatic
charge/discharge experiments were carried out at a current

Fig. 4 a Cyclic voltammetry. b
Charge/discharge measurements
at 2 A/g. c Specific capacitance in
function as current density. d
Ragone plot of POMA, C4-
POMA, C10-POMA, and C16-
POMA films. Measurements
were made at room temperature

Fig. 3 Contact angle of a POMA,
b C4-POMA, c C10-POMA, and
d C16-POMA of pristine samples
and after 3000th cycles in PEG at
ambient temperature

1114 J Solid State Electrochem (2019) 23:1109–1119



density of 1.0 A/g and a potential range between − 0.2 and
0.3 V (vs. Ag) during 3000 cycles. As can be observed in
Fig. 5a, there is a small change in the slope of the discharge
part of the curve after 3000 cycles suggesting a good stability
of the material. C4-POMA film is stable for 3000 cycles,
which is considerably higher than pure POMA using common
counter ions. In Fig. 5b, C4-POMA has a specific capacitance
of 205 F/g at the beginning of charge/discharge measurement,
and, after 3000 cycles, this value falls to 180 F/g. These results
show that C4-POMA presents retention of 87% of specific
capacitance value during aging cycles. Besides both, specific
power and specific energy remain constant during all the

experiments (Fig. 5c). Then, the addition of IL extends the
life cyclability of the material, in addition to increase all the
parameters associated with the charge storage.

Some authors have proposed the manufacture of POMA
supercapacitors with other materials, to increase their capaci-
tance and their durability. Basnayaka et al. [13] manufactured
supercapacitors with graphene-poly (o-anisidine) (G-POA)
nanocomposites with different weight ratios of graphene to o-
anisidine. The specific capacitance and C/D behavior of the
POA and G-POA supercapacitors were investigated in 2 M
H2SO4, 0.2 M LiClO4, and 1 M 1-butyl-3-methylimidazolium
hexafluorophosphate (BMIM-PF6) IL. The specific capacitances

Scheme 1 Oxidative doping of leucoemeraldine base and protonic acid
doping of emeraldine base, where A− is an anion

Fig. 5 Charge/discharge characterization of C4-POMA. a Charge-
discharge profiles from − 0.2 to 0.3 V. b Specific capacitance
during 3000 cycles. c Specific energy and power during 3000 cycles of
C4-POMA

J Solid State Electrochem (2019) 23:1109–1119 1115



obtained were 380 F/g, 320 F/g, and 118 F/g for the 1:1 weight
ratio of G-POA, POA, and G supercapacitor, respectively, in
2 M H2SO4 at the scan rate of 5 mV/s. However, charge/
discharge measurements at a current density of 1 mA/g the G-
POA-based supercapacitors showed a 27% decrease in the spe-
cific capacitance in H2SO4 and 16% decrease in the IL after
1000 cycles, indicating that the supercapacitors are more stable
in IL electrolytes than in 2-M H2SO4 electrolytes. Christinelli
et al. [9] evaluated by cyclic voltammetry the performance of
POMA supercapacitor compared to poly(o-methoxyaniline)
(POMA) and poly(3-thiophene acetic acid) (PTAA)
supercapacitor fabricated by the layer-by-layer (LBL) technique
in ACN with 0.1 M LiClO4. The authors observed that the
POMA/PTAA supercapacitor had a higher capacitance than
the pristine POMA film, ranging from 50 to 140 F/g according
to the number of bilayers. In another work [8], they evaluated the
performance of films containing 80 μL of POMA compared to
films with 60 bilayers of POMA/PTAA in ACN with 0.1 M
LiClO4. The charge/discharge experiments with 1.5 A/g showed

that pure POMA casting film loses 80% of its capacitance after
3000 cycles; i.e., its capacitance is reduced from 98 to 22 F/g.
On the other hand, the POMA/PTAALBL film loses only 1% of
its capacitance after 3000 cycles; that is, its capacitance was
reduced from 99 to 98 F/g. The EIS analysis of POMA films,
pure and modified, was performed to verify the influence of the
different ILs on the mass transport of the dopant species, that is,
the ClO4

− counterion, and the consequent variation of the charge
transfer current relative to the redox process of the conducting
polymer, according to the two last reactions shown in Scheme 1.
Figure 6 shows the Nyquist diagrams obtained for the four films
analyzed, the respective fittings, and the equivalent circuit used
for the fitting of the experimental results.

Nyquist diagrams obtained for conductive polymers typically
have three distinct regions [41–43]: at high frequency, the capac-
itive arc represents the doping charge transfer process of the
polymer film. At intermediate frequencies, the predominant
mechanism is the mass transport, usually represented by the
entry or exit of the counterion, according to the oxidation state

Fig. 6 Nyquist diagrams for POMA (a), C4-POMA (b), C10-POMA (c), and C16-POMA (d) films obtained in PEG with 0.1 M LiClO4 in OCP and
equivalent circuit used for the fitting of the experimental results (e)
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of the polymer. Finally, in the low-frequency region, the finite
thickness of thin films limits the diffusion path, leading to a
redox capacitance that takes place as a result of charge saturation.
Therefore, the Nyquist plot shows a high-frequency capacitive
arc, which describes the charge transfer process, followed by a
45° inclined line, related to the mass transport through the poly-
mer, which changes its slope to 90°, in the region of low fre-
quency, due to the load saturation. The OCP values are in the
potential range of electrochemical activity for the POMA redox
process. The experimental results for pristine POMA films, C4-
POMA, C10-POMA, and C14-POMA (Fig. 6) show a capaci-
tive arc at high frequency, followed by a straight line with a slope
close to 45°, which increases inclination at low frequency. The
equivalent circuit used to fit the experimental results (Fig. 6) is
described as [RS(RTCCDL)RPZCPE]. The RS represents the unbal-
anced resistance at high frequency and is related to the resistance
of the electrolyte between the reference electrode and the surface
of the working electrode. It may also be related to the ionic
conductivity of the polymer film, by the penetration of the elec-
trolyte through pores or regions of low cross-linking in the poly-
mer [44]. The sub-circuit (RTCCDL), related to the capacitive arc
at high frequency, describes the resistance to charge transfer
relative to the redox process (Fig. 4). The reaction consists of
the oxidation of the leucoesmeraldine base to the emeraldine salt
polaron form, with electron ejection through the metal/film in-
terface and the ClO4

− anion input through the film/solution in-
terface, and consists of the charge of the capacitor. During the
discharge the inverse (reduction) process occurs, with release of
the anion. CDL represents the double-layer capacitance at the
bottom of the pore, where the electrolyte solution comes in con-
tact with the conductive base. Due to the proximity of the relax-
ation times, the impedances associated to mass transport at the
intermediate frequencies and to charge saturation at low frequen-
cy are overlapping. Therefore, RP represents resistance of the
polymer related to charge saturation, and ZCPE (impedance of
constant phase element) is related to the Warburg impedance
due to injection and ejection of ClO4

− anions during charge
and discharge process, andwith the capacitance due to the charge
saturation of the polymer. This interpretation is justified by the
value of n obtained, between 1 (pure capacitor) and 0.5 (Warburg
impedance). Table 2 shows the values of the circuit elements
obtained by simulation. From the admittance of the CPE, the

polymer capacitance (CP) was calculated by C ¼ Y
1
n
0 R

1
n−1
P ,

where Y0 is the admittance associated with CPE. This

capacitance therefore includes capacitance relative to mass trans-
port and charge saturation.

The results show that the C4-POMA film presents the low-
est RTC value and higherCDL value, evidencing that the charge
transfer is facilitated in the IL medium with lower carbon
chain. Likewise, this film presents the lowest value of RP,
related to mass transport, showing that the transport of the
counterion during charge/discharge process is also improved.
The higher CP value also shows a more efficient charge stor-
age for the C4-POMA film in relation to the other films tested.
Therefore, the IL insertion improves the ionic conductivity of
POMA, provided that its non-polar carbon chain does not
influence its hydrophilic character. Films with higher ionic
conductivity are more efficient in the exchange of the coun-
terion during the redox charge/discharge process, and are in-
dicated for the manufacture of supercapacitors. The results
show that the insertion of C4MI.CF3SO3 IL in the POMA
polymer causes to capacitance to increase from 60 F/g from
pristine POMA casting film to 205 F/g with the insertion of
the IL (C4-POMA) with a loss of capacitance of 13% after
3000 cycles of C/D measurements at a current density of
1 A/g. The higher stability showed that the C4-POMA-based
supercapacitor in PEG with 0.1 M LiClO4 as compared to an
aqueous electrolytic supercapacitor with POMA film opens
the door for the fabrication and application of C4-POMA
supercapacitors.

Conclusions

A novel material based on POMA and different IL has been
prepared. The results show that the charge storage properties
of the materials are dependent on the length of the alquil
substituent of imidazolium ring of IL cation, and the best
results were obtained for the film prepared using 1-butyl-3-
methylimidazolium triflate (C4MI.CF3SO3) together with
poly(o-methoxyaniline), C4-POMA. A specific capacitance
of 205 F/g was obtained for this material, which is three to
five times larger than pure POMA, C10-POMA, or C16-
POMA. The worst performance observed for C10-POMA
and C16-POMA samples can be attributed to the fact that
the C10MI.CF3SO3 and C16MI.CF3SO3 ILs are larger than
C4MI.CF3SO3. Their insertion into the polymer matrix may
have decreased their surface area increasing the diffusional

Table 2 Impedance parameters
for POMA, C4-POMA, C10-
POMA, and C16-POMA films in
OCP and PEGwith 0.1 M LiClO4

Sample OCP (mV) RS (Ω/cm
2) RTC (Ω/cm2) CDL (μF/cm

2) RP (Ω/cm
2) CP (μF/cm

2)

POMA −69 517 144 1.33 517 160

C4-POMA − 71 794 96 18 349 168

C10-POMA − 48 390 216 15.1 506 76.4

C16-POMA − 27 589 369 3.29 542 70.5
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path of counterion. The easier degradation of these films dur-
ing the oxidation and reduction cycles is an indication that the
reversibility in the electro-interleaving processes has
been reduced. Therefore, the higher the alkyl chain at-
tached to the imidazolium ring is, the lower the surface
area of the film is, making the counterion intercalation/
deinterleaving process more difficult, leading to degra-
dation of the polymer. Charge/discharge experiments
were carried out at current density of 1 A/g and showed
that the material was stable for 3000 cycles. In summary, the
results show that a novel material prepared by the addition of
IL to the soft POMAmaterial leads to an improvement in their
charge storage properties, which is highly potential for
supercapacitor applications.
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