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Abstract. The concept of interfacial polymerization is utilized for the synthesis of polyaniline—phospho-
molybdate (PAni-PMo012) molecular hybrids and it is well characterized. The electrical conductivity of the
synthesized hybrid materials increases with increase in PMo012 wt%. The synthesized hybrid materials are
evaluated as the active electrode materials for supercapacitor application. Cyclic voltammetric studies of the
hybrid-modified electrode shows broad parallelogram-shaped peak as an evidence for pseudo-capacitive behaviour.
The galvanostatic charge—discharge studies enlighten that interfacially synthesized hybrid materials loaded

with PMo12 show relatively enhanced specific capacitance values than PMo12 free samples.
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1. Introduction

Organic—inorganic hybrid systems have attracted wide-
spread attention in the domain of material science, because
of the interest in the synergy between the organic and
inorganic components, and in the opportunity to use
the fundamental properties of both (Sanchez et al 2005,
2010). The structure-controlled combination of organic
and inorganic units have become an emerging area of
research in the development of multifunctional materials
(Sanchez et al 2005, 2010). The chemical strategies
offered by the coupling of organic and inorganic compo-
nents through soft chemistry processes utilizing func-
tional building blocks through an intelligent and tuned
coding way, to develop a new vectorial chemistry, which
can offer versatile access to the hybrid property (Sanchez
et al 2001; Dolbecq et al 2010; Nisar et al 2010). Among
the many possible categories of organic components,
conducting organic polymers (COPSs) constitute a particu-
lar and attractive group due to their unique recipe of con-
ducting, electroactive and polymeric properties (Otero et
al 2000; Malinauskas 2001). Polyaniline (PAni) is one
such conducting polymer that has been extensively studied
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for the construction of hybrid materials due to its proper-
ties of interest such as lightweight, low cost, good envi-
ronmental stability and tunable physicochemical properties
for various applications (de Leeuw et al 1997; Guruna-
than and Trivedi 2000; Palaniappan 2001; Gurunathan et
al 2003; Choi et al 2005; Gharibi et al 2006, 2011;
Bhadra et al 2009; Huang et al 2011; Mahanta et al 2011;
Matsuguchi and Asahi 2011). Indeed, most of the studied
and documented hybrids of polyaniline are composed of
oxides of various elements across the periodic table
(Ganesan and Gedanken 2008; Radhakrishnan et al
2009a,b, 2011) to keep their integrity and activity in
addition to benefit their conducting and polymeric
properties.

Currently, PAni and polyoxometalates (POMs)-based
hybrids have attracted much interest. Because of the well-
defined structure of POMs and their reversible electron
shuttling and photoelectrochemical properties make
them as structural and functional models for nanometric
oxide particles (Lira-Cantu and Gomez-Romero 1998;
Gomez-Romero et al 2003; Kulesza et al 2005;
Emmanuel et al 2009; Anandan and Manivel 2011), may
perhaps be used in technological applications, for exa-
mple, in capacitors (Lira-Cantu and Gomez-Romero 1998;
Gomez-Romero et al 2003), electrocatalytic systems
(Kulesza et al 2005; Manivel and Anandan 2011),
etc. Pristine PMo12 is ignored as active compound for
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solid-state applications, because of its large solubility in
solvent water (Cuentas-Gallegos et al 2007). In addition,
the poor solubility of conducting polyaniline minimizes
the leaching properties of POMs and affords a good
accessibility to the electrochemical properties (Lira-
Cantu and Gomez-Romero 1998; Gomez-Romero et al
2003; Kulesza et al 2005; Emmanuel et al 2009; Manivel
and Anandan 2011). In POM families, Keggin-type,
phosphomolybdic acid (PMo12) is an appropriate choice
as inorganic counterpart due to its advantages such as high
stability in acidic media, including exceptionally high
proton conductivity and having a large effective surface
area; and readily available active MoOg octahedra present
towards outside (Fan et al 2010). Hybrid polyaniline—
POMs can be formed by several ways that includes direct
mixing (Lira-Cantu and Gomez-Romero 1998), layer by
layer network assembly (Kulesza et al 2005), vapour
phase synthesis (White and Slade 2003), electrochemical
deposition (Lira-Cantu and Gomez-Romero 1998; Sine et
al 2003), etc. However, most of these procedures are de-
rived from general polyaniline synthesis procedures
available in literature. Among the available variety of
approaches for the chemical synthesis of polyaniline,
interfacial polymerization is a reliable method for the
preparation of nanostructured polyaniline (Zhang et al
2004; Huang 2006; Xing et al 2008). In this method,
monomer aniline and dopants were polymerized at the
interface between two immiscible liquids to get a poly-
aniline in a controlled structure (Zhang et al 2004; Huang
2006; Xing et al 2008).

Hence, in this paper, we attempted to implement the
interfacial polymerization approach for the synthesis of
PAni-PMo12 hybrid material. Synthesized hybrid PAni-
PMo12 materials were well characterized and evaluated
as electrode material for supercapacitor application. This
hybrid electrode benefits mutually from Faradaic contri-
bution of both the components and the presumed homo-
geneity and distribution of POM ions on PAni, a condition
that leads to greater charge delocalization and enhanced
conductivity. Hence, it could be a promising material for
supercapacitor electrodes.

2. Experimental
2.1 Materials

Aniline from Rankem Chemicals (India) was distilled under
vacuum prior to use. Phosphomolybdic acid (HzPMo01,04)
was purchased from Aldrich Chemicals and used without
further purification. Potassium chloride (KCI), ammonium
persulphate ((NH,),S,0g), potassium ferricyanide (Ks[Fe
(CN)g]) and chloroform (CHCIs) were obtained from
Merck Chemicals. Unless otherwise specified, all the
reagents used were of analytical grade and the solutions
were prepared using Millipore water.
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2.2 Instrumentation

UV-Vis absorption spectra were recorded with a T90+
double beam UV-Vis spectrophotometer (PG Instru-
ments, United Kingdom). Fourier transform infrared (FT—
IR) spectra of the samples (with KBr powder pellets)
were recorded on a Paragon 500 spectrometer from
Perkin Elmer (USA). The conductivity of the synthesized
hybrid was measured by the four-probe method with a
Keithley nano-voltmeter (USA). Thermogravimetric analy-
sis (TGA) experiments were performed with a TA in-
struments (UK) model SDT Q600 via heating under air at
20 °C/min. X-ray diffraction analysis of the hybrid mate-
rials were performed using Rigaku diffractometer (CuK«a
radiation), Japan. The surface morphology of the samples
was recorded using HITACHI scanning electron micro-
scope. The electrochemical experiments were carried out
on an Autolab PGSTAT 302N (The Netherlands) electro-
chemical system. A conventional three-electrode assem-
bly was used for cyclic voltammetric measurements and
charge—discharge studies. A homemade 1 cm? stainless
steel (SS) and platinum foils were employed as the work-
ing electrode and counter electrode, respectively. Ag/
AgCIl electrode purchased from BASi (USA) and used
as reference electrode. The solutions were thoroughly
degassed by slow bubbling of nitrogen for at least 15 min
prior to measurements. All the experiments were carried
out at room temperature (25 + 2 °C).

2.3 Interfacial synthesis of PAni-PMo12 hybrid
materials

The polyaniline—phosphomolybdate hybrid materials were
synthesized through the interfacial polymerization as fo-
llows. A biphasic interface was formed between the aque-
ous solution of 0-011 M ammonium peroxidisulphate
(150 mL) containing calculated amount of phospho-
molybdic acid (0, 0-05, 0-1, 0-25, 0-5 and 1 wt%) and
150 mL chloroform containing 0-01 M freshly distilled
aniline. The resulting two-phase system was covered with
aluminium foil to minimize solvent evaporation and left
undisturbed for about 12 h. The polymerization reaction
was noticed with change in colour of the aqueous phase
from pale yellow to dark green. Later, reaction mixture
was filtered under suction to get a solid dark green PAni—
PMol12 precipitate. The precipitate was continuously
washed several times with Millipore water and finally
with acetone and vacuum dried at 50 °C.

2.4 Electrode preparation

The synthesized PAni-PMo12 hybrid materials were
modified on the stainless steel current collectors (1 cm?)
by the following procedures. Hybrid-modified electrode
were prepared using polyvinylidene fluoride (PVDF,



Interfacially synthesized PAni-PMo12 hybrid material

10 mg, Fluka) as binder, activated carbon (10 mg, Fluka)
as diluter and the active hybrid materials as conductor
(80 mg). First, PVDF was dissolved in N-methyl-
pyrrolidone (NMP) solvent and other ingredients were
thoroughly mixed into it by manual grinding in a mortar.
The resulting slurry was uniformly coated on the SS
electrode and dried at 50 °C for 24 h.

3. Results and discussion
3.1 Characterization of PAni-PMo012 hybrid materials

The  polyaniline—phosphomolybdate ~ (PAni-PMo12)
hybrid materials with different amount of PMo012 have
been synthesized through the simple interfacial synthesis
procedure. The formation of PAni—-PMo12 hybrid materials
in the presence of calculated amount of phosphomolybdic
acid (0, 0-05, 0-1, 0-25, 0-5 and 1 wt%) was confirmed
and analysed by various spectroscopic methods.

Figure 1 shows FT-IR spectra of PAni synthesized
with and without PMo12 through interfacial polymeriza-
tion method. Pure PAni without PMo12 shows character-
istic band at 1563 cm™ (marked as *) arise mainly from
both C=N and C=C stretching vibrations of the quinoid
di-imine unit, whereas the band around 1489 cm™ () is
attributed to the C=C ring stretching of the benzenoid
diamine unit (figure 1a). The bands around 1297 (®) and
800 cm™ (Q) can be assigned to C-N stretching of the
secondary aromatic amine and an aromatic C-H out-of-
plane bending mode, respectively. PAni synthesized with
various concentrations of PMo12 (0-05, 0-1, 0-25, 0-5 and
1 wt%) shows almost similar stretching frequencies
as that of pure PAni (figure 1b—f). However, new absorp-
tion peaks appear at 864 cm™ (m), 965cm™ (O) and
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Figure 1. FT-IR spectra for interfacially synthesized PAni-

PMo12 hybrid materials at different concentrations of PMo12.
(a-f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12.
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1067 cm™ (V) signifies the presence of PMol12 in the
PAni—-PMo12 hybrid material. The peak at 864 cm™ may
be attributed to edge sharing of Mo—O-Mo. The terminal
Mo=0 stretching vibration of PMo012 could be assigned
for 965cm™ peak. The clear predominant peak at
1067 cm™ is due to P-O vibrations of PMol12 (Lira-
Cantu and Gomez-Romero 1998; Anandan and Manivel
2011) which goes on increasing with increase in the
weight% of PMo12. Further increase in intensity of peak
at around 1138 cm™ (®) is noticed, while increase in the
weight% of PMo012 may be due to protonation of polyani-
line backbone (Chiang and MacDiarmid 1986; Tang et al
1988). Further, this band has been related to the high
degree of electron delocalization in PAni and as well as
leads to strong interaction with PMo12 (Colomban et al
1994; Hasik et al 2002).

The study of the electronic structure of the protonated
polyaniline-based hybrid material is complicated due to
the simultaneous presence of different structures. How-
ever, the chain conformation of polyaniline plays an
important role in its properties (Ghadimi et al 2002). We
have investigated this dependence in our samples using
UV-Vis spectroscopy. UV-Vis absorption spectra of syn-
thesized PAni-PMo12 hybrid material with different con-
centrations of PMo12 (0, 0-05, 0-1, 0-25, 0-5 and 1 wt%)
show two absorption peaks, one around 330 nm and the
other at 630 nm representing the formation of emaraldine
form of polyaniline as described in the literature
(Ghadimi et al 2002; Fauziah et al 2009) (figure 2). The
absorption peak at 330 nm is arising from excitation of
the benzene segment including amine structures in poly-
aniline, whereas the absorption peak at 630 nm arising
from the quinoid structure including the imine moiety.
With increasing concentration of PMo12, there was no
changes observed in absorption band positions, but
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Figure 2. UV-Vis absorbance spectra of interfacially synthe-
sized PAni-PMo12 hybrid materials at different concentrations
of PMo12. (a-f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12.
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increased protonation of nitrogen atoms in imine groups
(Chiang and MacDiarmid 1986; Tang et al 1988) aid the
nitrogen and its neighbouring quinoid ring become a
semiquinoid radical cation, causing a decrease in the
exciton absorption peak intensity around 630 nm that is
evident in the increase in doping of PM012 on the poly-
aniline.

X-ray diffraction (XRD) analysis was performed to
identify the formation of PAni-PMo12 hybrid material
and their crystallinity as a function of different wt%
of PMol2 component (0-1wt%) (figure 3a-f). XRD
patterns of hybrid material without PMo12 (figure 3a)
shows two broad peaks at 24 angles around 20 and 26°.
These peaks are the characteristics of emarildine form
of pure PAnI, which exhibits a highly-ordered structure
with high z-conjugated quasi amorphous system (Ryu et
al 1999). The diffraction patterns of prepared hybrid
materials in the presence of 0.05, 0-01 and 0-25 wt%
PMol12 shows no characteristic diffraction peaks of
PMo12 which may be due to finely dispersed PMo012 in
the polymer matrix and thus, the formed hybrid is also
amorphous in nature. In addition, broad peaks noticed
also indicate the conformation of complete homogeneity
and compatibility among the components of the hybrid.
Further increase in PMol2 concentrations (0-5 and
1 wt%) results in appearance of a more sharply-defined
diffraction patterns of PMo12 (Gong et al 2002) which
indicate that the higher encapsulation of PMo12 in the
polyaniline matrix affected the arrangements of PMo012 in
polyaniline chains and in turn affects the amorphocity or
increases the crystallinity.

Scanning electron microscopic studies were also
performed to study the effect of PM012 concentration on
the surface morphology of the interfacially synthesized
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Figure 3. XRD patterns of interfacially synthesized PAni-

PMo12 hybrid materials at different concentrations of PMo12.
(a—f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12.
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hybrid material. Generally, PAni prepared in a heteroge-
neous biphasic system, where polymerization occurs pri-
marily at the interface shows fibrous morphology (Zhang
et al 2004; Huang 2006; Xing et al 2008). The results
obtained for hybrid materials synthesized in the absence
of PMo12 shows as expected fibrous morphology which
proves the reliability of the adopted procedure (figure
4a). SEM images of obtained hybrid materials with
different amounts of PMol2 (0-05-1 wt%) are shown
in figure 4(b-f). When the PMo12 concentration is
increased (0-05-0-25 wt%), size of the fibre gets
decreased and the clustered polymers are obtained. On
further increase in concentration of PMol2 (0-5wt%)
resulted in nearly spherical-shaped hybrid polymer,
which may be due to the negatively charged PMo12 act-
ing as supermolecular aggregates to direct the growth of
polyaniline. When the concentration of PMo12 is raised
further to 1 wt%, it results in the hybrid material in a
defined spherical structure. To authenticate the presence of
PMo12 in the synthesized hybrid materials, energy dis-
persive X-ray (EDX) analysis was recorded, which
clearly shows the peaks for elemental components of
PMo12 (see inset of figure 4f).

The thermal stability of the interfacially synthesized
PAni—-PMo12 hybrid materials with different amounts of
PMo12 (0-1 wt%) were analysed by recording TGA/DTA
profiles (figure 5). TGA curves of polyaniline without
PMol12 (figure 5a) shows decrease of mass about
10% within the temperature range of 60-200 °C. The
observed weight changes in this region are associated
with expulsion of adsorbed solvents and water from the
samples. Further, after a slight weight loss, it becomes
relatively steady in the temperature region of 200-340 °C
(about 22%). Added increase in temperature results in the
gradual decomposition of polymer backbone and overall
96% weight loss was attained at 700 °C. We obtained
relatively similar behaviour for all PMo12 loaded sam-
ples up to 200 °C and were extremely stable up to 340 °C.
As thermal stability of PMo12 depends on the environ-
ment and the matrix present, PMo12-doped PAni hybrid
materials did not show characteristics of parent phospho-
molybdic acid and resembled the thermal curve of pure
PAniI. It could be seen from all the TGA profiles that the
weight loss of hybrid materials at 340 °C is decreased
with increase in PMo12 content. An observed weight loss
of 22% has been observed for PMol2 free samples,
whereas only 8% weight loss has been observed for
1 wt% PMo12 loaded sample. Beyond 340 °C, the rapid
decomposition of hybrid materials and associated phase
transition of PMol12 will occur simultaneously. It is
understood from the literature (Uma and Nogami 2007)
that the decomposition of pure PMo012 will occur through
the removal of constitutional water, which could be
removed above 200 °C.

H3PMo0;,040 — 1/2P,05 + 12M00O3 + 3/2H,0. 1)
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Figure 4. SEM images of interfacially synthesized PAni-PMo12 hybrid materials at
different concentrations of PMo12 (a-f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12;
inset of figure 4(f) shows the corresponding EDX spectrum.

DTA profiles of the synthesized PAni-PMo12 hybrid
materials demonstrate two-step endothermic transitions.
At low PMo12 concentrations, a broad endothermic peak
around 400 °C was obtained which assumed to be the
combined decomposition of PAni and PMo12. At higher
PMo12 loading, two distinct endothermic peaks
were observed around 350 and 420 °C, which could be
explained as decomposition of PAni-PMo12, followed by
the phase transition of formed MoO; moiety.

Further, the overall weight loss suffered by PAni-
PMo12 hybrid materials decreases, while increasing the
concentration of PMol12. The synthesized PAni-PMo12

hybrid materials with 1 wt% PMo12 shows only 30%
weight loss at 700 °C, whereas the sample without PMo12
suffered 96% weight loss. Thus, from TGA and DTA
results, the presence of PMol2 and enhanced thermal
stability of the hybrid materials were understood.

3.2 Conductivity measurements

The electrical conductivity is the most important property
of PAni-based hybrid materials. Room temperature elec-
trical conductivity of PAni-PMo12 hybrid materials were
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measured using the standard four-probe technique. Gene-
rally, doping of conducting polymers implies charge
transfer, associated insertion of a counter ion and the
simultaneous control of Fermi level or chemical potential
(Kumari et al 2011). The electrical conductivity of con-
ducting polymers results from mobile charge carriers
introduced into z-electronic system through doping. The
variation of electrical conductivity of PAni-PMol2
hybrid materials with different PMo12 concentrations (0,
0-05, 0-1, 0-25, 0-5 and 1 wt%) are shown in table 1. The
PAni prepared without PMo12 shows measured conduc-
tivity of 0-053Scm™. It is observed that with the
increase in concentration of PMo12 from 0.-05 to 0-5 wt%,
the conductivity of hybrid materials increases from 0-089
to 0-339 S cm™. This is attributed to the fact that with the
increase in dopant concentration, more conducting
islands are formed within the hybrids that could increase
the degree of crystallinity of the material due to decreased
scattering of charge carriers. Further, increase in PMo012
wt% results and drop in electrical conductivity which may
be attributed to the unavailability of PAni backbones for
doping. The observed increase in crystallinity is also
consistent with the obtained XRD results.

3.3 Electrochemical super capacitor studies

The prepared PAni-PMo12 hybrid materials were evalu-
ated as active electrode material for supercapacitor appli-
cation. The cyclic voltammetric responses of stainless
steel (SS) electrodes modified using PAni—-PMo12 hybrid
materials with different amounts of PMo12 (0-1 wt%)
were recorded at 20 mV s in 1 M H,SO, as electrolyte
solution and are shown in figure 6. It was evident by
broad redox peaks ascribed to the Faradaic reaction of
PMo12, suggesting the pseudo-capacitive behaviour. The
broad cyclic voltammograms involving a higher current
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Figure 5. Thermal analysis of interfacially synthesized PAni-

PMo12 hybrid materials at different concentrations of PMo12;
(a—-f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12.
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suggested that the PAni-PMo12 hybrid materials could
be a useful material for electrochemical supercapacitors.
The quasi-rectangular shape that could be fit into the
cyclic voltammogram also indicated a supercapacitor
nature (inset of figure 6). This behaviour of parallelogram
CV shape represents the rapid response of current to
change of potential, which is essential to ensure optimum
energy storage during fast charge—discharge processes.
CV profiles of all the hybrid-modified SS electrodes
are also recorded at different scan rates (figure not
shown). When the scan rate was increased, the current
was also increased and the shapes of the curves are nearly
rectangular indicating the excellent capacitive behaviour
and low contact resistance in the supercapacitor
electrode.

Finally, the electrodes were subjected to charge-
discharge tests in the potential range from 0-0 to 0-75V
at an applied current density of 1 mA cm™. Both the
linear profile of charge and discharge curves (figure
7a—f) exhibit good electrochemical reversibility without
apparent deviations in each cycle reveal good capacitive
characteristics of the hybrid electrode. The specific ca-
pacitance (Cs,) values were calculated from discharge
times using the following (2)

it

=—, 2
® AVm 2)

where i is the current density, t the discharge time in
seconds, AV the potential window and m the mass of the
electro-active material.

The supercapacitor electrode prepared using interfa-
cially prepared PAni without PMol2 shows specific
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Figure 6. Cyclic voltammetric behaviour of super-capacitor
electrode fabricated with interfacially synthesized PAni-PMo12
hybrid materials at different concentrations of PMo12;
(a-f) =0, 0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo012 were re-
corded at 20mVs? in 1 M H,SO, as electrolyte solution.
Inset shows fitted parallelogram shape in cyclic voltammetric
behaviour.
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Table 1. Electrical conductivity and specific conductance of interfacially synthesized PAni-PMo12
hybrid materials at different concentrations of PMo12.

Sl Concentration of Mass of active Conductivity Specific capacitance
No. PMo12 (wt%) material (107 g) (Scm™) Fgh
1 0 31 0-053 68-82
2 0-05 29 0-089 81-38
3 0-1 31 0-149 102-14
4 0-25 29 0-255 126-44
5 0-5 2-8 0-339 172-38
6 1 3-2 0-091 70-00
09 09
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Figure 7. Typical galvanostatic charge—discharge profile of supercapacitor electrode fabricated using
interfacially synthesized PAni—-PMo12 hybrid materials with different amounts of PMo12; (a-f) =0,
0-05, 0-1, 0-25, 0-5 and 1 wt% of PMo12. Current density = 1 mA/cm?,

capacitance of 68-82 F g. These specific capacitance  The hybrid-modified electrodes, prepared with incorpora-
values are in agreement with those reported in the litera-  tion of PMo12 in PAni shows relatively higher specific
ture for pure PAni films (Radhakrishan et al 2009a,b). capacitance values which increases with increase in the
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concentration of PMo12 (see table 1) and attained the
maximum value of 172-38 F g™ for 0-5wt% PMol2-
loaded hybrid. This indicates a synergistic effect from the
combined contributions of PMo012 and PAni. That is, the
redox reactions from PMol2 contribute pseudo-
capacitance to the total capacitance apart from the double
layer capacitance from PAni. Supercapacitor electrodes
benefit not only from the Faradaic contribution of both
components, but also by the presumed homogeneity of
the distribution of PMo12 ions, a condition that leads to
greater charge delocalization and enhanced conductivity
and thus, enhanced specific capacitance. However, when
the ratio of PMo12 further increases from 0-5 to 1 wt%,
the capacitor behaviour deteriorates and the specific ca-
pacitance of that hybrid electrode degrades dramatically
to around 70 F g7, still higher than that of pure PAni.
This is because a large amount of PMo12 covering the
PAnNi destroys the network structure of PAni matrix and
lowers conductivity of the electrode. Generally, the
specific capacitance of PAni-based electrochemical ca-
pacitors essentially depends on mass, conductivity and
morphology of the active material present in the electrode
(Inamdar et al 2011). As the same mass of active materi-
als were used for preparing supercapacitor electrode, the
conductivity of the materials plays an important role in
the PMol12-loaded samples. The electrical conductivity
measurements also support the trend obtained from
galvanostatic charge—discharge studies that is in accor-
dance with cyclic voltammetric studies.

4. Conclusions

A facile interfacial polymerization approach was exploited
to synthesize PAni-PMo12 hybrid materials. This process
has offered a simple and reliable route to prepare con-
ducting polymer-based hybrid materials with different
amounts of PMo12 loading. The formation of the hybrid
PAni-PMo12 materials was confirmed by FT-IR, UV-Vis
and XRD analysis. Physicochemical properties with respect
to the concentration of PMol12 were discussed. The ob-
served thermal stability of PAni-PMo12 hybrid suggested
that PMo012 has benefitted from the thermal stability of
PAni support. Uniform distribution of surface morphology
was observed from scanning electron microscopic stud-
ies, and further change in morphology from fibrous to
almost spherical structure was noticed for the hybrid
prepared without and with PMo12, respectively. The
hybrid materials were examined as the electrode material
for supercapacitor application. The conductivity, cyclic
voltammetry and galvanostatic charge—discharge studies
suggested that the 0-5 wt% PMo12 loading was found to
be a relatively better combination in terms of enhanced
conductivity and capacitance characteristics and could be
evolved as the electrode material for supercapacitor
applications.
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