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ABSTRACT: In this study, the conducting homopolymer of indene and polyethylene/polyindene (PE/PIn) and polystyrene/polyindene
(PS/PIn) composites have been electrochemically synthesized on platinum electrode in nonaqueous acetonitrile. The physical, electro-
chemical, thermal, and spectral properties of the synthesized PIn and their composites were investigated. The conductivities of PIn
and the composites were measured with a four-probe technique. The conductivity of PIn was determined as 7.86 x 10 * S/cm,
whereas the conductivities of the PE/PIn and PS/PIn composites were determined to 6.42 x 10 > S/cm and 5.64 x 10 ° S/cm,
respectively. From Gouy scale magnetic susceptibility measurements, it was found that PIn and the composites had bipolaron natures.
Fourier transform infrared spectra were taken to analyze the structural properties of PIn and the composites. The thermal properties
of PIn and the PE/PIn and PS/PIn composites were investigated with thermogravimetric analysis, and it was found that they showed
adequate thermal stability. According to the initial decomposition temperature among the composites, the composite including PE
had the highest decomposition temperature with 450°C. The synthesized composites were different in aspect of morphology when

compared to PIn. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

Electrically conducting polymers have been studied extensively
because of their use in potential applications such as battery
electrodes, corrosion protection, conducting textiles, gas separa-
tion membranes, light emitting diodes, electrochemical sensors,
biosensors.'™ However, conducting polymers have poor me-
chanical and physical properties. These properties can be
enhanced by forming composites from a conductive polymer
and an insulating polymer.”™""!

Polyindene (PIn) has also elicited much interest in recent years
because of its high glass-transition temperature (T,) and special
optical properties.'* PIn arises as an important optical poly-
meric material.'> This is attributed to its “cyclic” structure that
enables the phenyl ring present in the molecules to arrange in a
horizontal fashion along the main polymeric chain, such that
PIn exhibits a planar conformation.'? In addition, oxidized in-
dene polymer obtained with sulfuric acid offer variety of appli-
cations as dispersants, in dye and pigment preparations.'” PIn
derived by indene-coumarone reaction with sulfuric acid act as
adhesives, printing inks, floor tiles, and friction tapes.'* For
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example, PIn can be used for practical nanodevices, functional
glass for sensing, optoelectronics, photocatalysis, and solar
energy systems. Electrochemical and chemical oxidative methods
have been adopted to synthesize granular, macrodimensioned
particles, and one-dimensional of nanofibers of PIn.'>™° PIn
derived by indene-coumarone reaction with sulfuric acid act as

adhesives, printing inks, floor tiles, and friction tapes.'®°

The aim of this study was to develop enhanced physical proper-
ties such as electrical and thermal stability and morphology of
PIn using PE and PS insulating polymers. The electrochemically
prepared PIn and the composites characterized by cyclic voltam-
metry (CV), FTIR, SEM, and X-ray diffraction analysis. The
stability of PIn and the composites were investigated by ther-
mogravimetric analysis. In this study, the electrochemically
preparation and characterization of conducting composites of
PIn, PE, and PS were investigated. There are limited articles in
the literature about chemical preparation of PIn-based compos-
ite.'"" There have been no reports in the literature about the
electrochemical synthesis and characterization of PE/PIn and
PS/PIn composites.
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Scheme 1. Proposed polymerization for the formation of PIn.

EXPERIMENTAL

Materials

Indene (Aldrich, Germany) was freshly distilled under reduced
pressure. Polystyrene = M,,= 280,000 g, mp 93.0°C, n¥) = 1.592
and polyethylene = high density, d (density) = 0.946 g/cm’ were
purchased from Merck, Germany. Lithium perchlorate (LiClO,),
acetonitrile, and chloroform (Aldrich, Germany) were used as
received.

Synthesis of Polyindene

Polyindene (PIn) was synthesized over a platinum electrode sur-
face using 0.1M indene and 0.3M LiClO, in an acetonitrile (70
mL) medium. The molar ratio of dopant anion to monomer was
3:1. Equal amounts of LiClO, were placed in both cell compart-
ments. The cell was purged with nitrogen, and then acetonitrile
and indene were introduced into the cell. Before the cyclic vol-
tammetry was started, electrodes were placed, the solutions in
each compartment of the cell were equilibrated and the cell was
placed into a constant temperature bath. Their voltammograms
were taken at a scan rate of 100 mV/s and were performed with
repeating the potential sweeps between 0.00 V to +2.30 V by
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cyclic voltammetry. Maximum oxidation potential of indene was
found 2.0 V at this process."> Electropolymerization was carried
out at this potential for 18 h at 25°C and PIn was accumulated.
Nitrogen gas was passed over the cell for 15 min. PIn-covered
electrode was washed in acetonitrile and was dried in a vacuum
oven at 75°C under 100 mbar pressure for 24 h. Then the brown
colored PIn film was carefully removed from electrode surface as
a solid state. The yield percentage of PIn was 35 wt %. The poly-

merization mechanism of PIn is given in Scheme 1."'>"

Preparation of the Polyethylene/Polyindene Composites

PE film was coated on the cleaned electrode surface from a 3 g/
100 mL chloroform solution of PE.*' The coating was carried out
by dropping 1.0 mL of above solution onto each surface of the
working electrode at 25°C. Equal amounts of LiClO4 were placed
in both cell compartments. The cell was purged with nitrogen,
and then acetonitrile and indene were introduced into the cell.
Before the cyclic voltammetry was started, PE-coated and other
two electrodes were placed in electrolysis cell, the solutions in
each compartment of the cell were equilibrated and the cell was
placed into a constant temperature bath. PE-covered electrode
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Figure 1. Cyclic voltammograms of (a) PIn, (b) PE/PIn composite, and (c) PS/PIn composite on Pt electrode in acetonitrile, scan rate = 0.1 V/s.

was dipped in a cell containing 0.1M indene and 0.3M LiClO,
solution in acetonitrile (100 mL) medium and was covered with
a second layer of PIn. The process was carried out in a constant
duration of 18 h at 25°C. Nitrogen gas was passed over the cell
for 15 min. The PE/PIn composites were washed in acetonitrile
and were dried in a vacuum oven at 75°C under 100 mbar pres-
sure for 24 h. Then the brown coloured PE/PIn films were care-
fully removed from electrode surface as a solid state.

Preparation of the Polystyrene/Polyindene Composites

PS was coated on the electrode surface from a 3 g/100 mL chlo-
roform solution of PS at 25°C. Following a similar procedure in
preparation of the polyethylene/polyindene (PE/PIn) composite.
The brown coloured PS/PIn composite was obtained in by drop-
ping-coating (D-C) method onto surface of platinum electrode.

Characterization

Electrochemical Measurements. Cyclic voltammetry of homo-
polymer and composites was performed with a PGS 2000D
model potentiostat-galvonastat system at a scan rate of 100 mV/
s, in a three-electrode cell with a platinum (Pt) wire as the coun-
ter electrode and an Ag/AgCl electrode as reference electrode. Pt
wire electrode (2.5 cm?®) was used as working electrode. A nona-
queous Ag/AgCl electrode filled with acetonitrile containing 0.3M
LiClO, saturated with AgCl was used as reference electrode. Elec-
trodes mentioned above were carefully polished with abrasive pa-
per (1500 mesh), and cleaned by acetone successively before each
examination. It was used the same Pt electrode for keeping the
constant surface conditions. Because the surface contamination
greatly influences the rate of polymerization, the remaining poly-
mer particles were completely removed by polishing with dia-
mond paste. Acetonitrile was used as the solvent and LiClO, as
the supporting electrolyte. All solutions were deaerated by a dry
nitrogen stream and maintained at a slight nitrogen overpressure
during experiments. Experiments were done at 25°C.

Infrared Spectroscopy. Fourier transform infrared (FTIR) spec-
tra of the polymers were taken in KBr pellets with a Mattson-
1000 model spectrometer (Ati Unicam, Cambridge, UK).

Thermal Analysis. Thermogravimetric analysis (TGA) of the
polymer samples were recorded with DuPont 951 TGA model
(Boston, MA) thermal analyzer under a nitrogen atmosphere up
to 800°C at a heating rate of 10°C/ min.
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Four-point Probe Technique. The conductivity of compressed
pellets (4 ton/cm®) of the homopolymer and composites was
determined with the standard four-point probe technique at
room temperature. The conductivity values of both the solution
and electrode facing sides of the polymers were determined.

Gouy Balance. Magnetic susceptibility measurements were car-
ried out with a Sherwood Scientific model MKI Gouy scale
(UK). Finely powdered polymer samples were placed in a glass
tube at a height of not less than 1.5 cm. This glass tube was
placed into the hole of the magnetic balance, which was on a
wooden bench, to obtain a constant value.

Scanning Electron Microscopy. Scanning electron microscopy
(SEM) images of polymers were taken with JEOL JEM 100 CX
II model instrument electron microscope (JEOL, Peabody, MA).

X-ray Diffraction Spectroscopy. Crystallization behaviors of
the polymers were determined by D8-Advance-Bruker-AXS dif-
fractometer employing CuKo (4 = 0.15418 nm) radiation over
the range 5° < 20 < 50°. Crystallinity degrees of (X,) of the
polymers were determined by area ratio method using the fol-
lowing equation:*?

B o5°L(s)d
e = 0$*1(s)d (v

where s is the magnitude of the reciprocal-lattice vector which
is given by s = (2sin0)/A (0 is one-half the angle of derivation
of the diffracted rays from the incident X-rays and 4 is the
wavelength); I(s) and I.(s) are the intensities of coherent X-ray
scatter from both crystalline and amorphous regions and from
only crystalline region of polymer sample, respectively, and d is
interplanar spacing.”?

RESULTS AND DISCUSSION

Electrochemical Synthesis and Behavior

Controlled potential electrolysis (CPE) of indene was studied in
acetonitrile on a Pt working electrode. Electrochemical behavior
of PIn was studied by cyclic voltammetry (CV) LiClO,-acetoni-
trile supporting electrolyte-solvent couple. Cyclic voltammo-
gram of PIn is given in Figure 1(a). As seen in Figure 1(a), elec-
tropolymerization of indene starts with the formation of cation
radical at 1.30 V. Main oxidation peak at 2.00 V versus Ag/AgCl
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Table I. Yield, Conductivity, and Gout Balance Measurements of Polymers
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Supporting Conductivity Magnetic susceptibility
Polymer Medium electrolyte Yield (wt, %) (Slem) (nerr, BM)
Pln Acetonitrile LiClO4 35 7.86 x 104 —42
PE/PIn Acetonitrile LiClO, 54 6.42 x 107 -36
PS/PIn Acetonitrile LiClO4 50 564 x 10°° =5

uefr, effective magnetic moment; BM, Bohr magneton.

for indene [Figure 1(a)]. These results were in agreement with
literature.'”> The Pt surface is covered with PIn in the first scan.
Indene is then oxidized on PIn-coated surface in the following
scans. It was also observed such a decrease in the peak current
during repetitive anodic scans. However, when the potential is
held constant at the peak potential for few minutes and the
scan is continued, a considerable increase in the peak current
was observed indicating the conducting nature of the PIn film
formed on the surface of the PIn-coated electrode. The oxida-
tion steps (anodic peaks) were observed at 1.30 V and 2.00 V
correspond to the oxidation of indene.

PE/PIn composite film was electrochemically prepared in two
steps. In the first step, PE film was coated on the cleaned Pt
electrode surface. In the second step, PE-covered electrode was
dipped in a cell containing 0.1M indene and 0.3M LiClO, solu-
tion in acetonitrile medium. The multi-scan cyclic voltammo-
grams taken for 0.1M indene and 0.3M LiClO, in acetonitrile
on PE-covered electrode are shown in Figure 1(b). As seen in
Figure 1(b), electropolymerization of indene starts with the for-
mation of cation radical at 1.20 V. The third and fourth cycles
were observed two oxidation waves at 1.20 and 2.14 V [Figure
1(b)]. These are the oxidation potentials of indene on the PE-
coated electrode.

PS/PIn composite film was electrochemically prepared in two
steps. In the first step, PS film was coated on the cleaned Pt
electrode surface. In the second step, PS-covered electrode was
dipped in a cell containing 0.1M indene and 0.3M LiClO, solu-
tion in acetonitrile medium. The cyclic voltammograms
obtained for the oxidation of indene on PS-coated electrode are
given in Figure 1(c). As seen in Figure 1(c), electropolymeriza-
tion of indene starts with the formation of cation radical at
1.30 V. The third and fourth cycles were observed two oxidation
waves at 1.30 and 2.05 V [Figure 1(c)]. These are the oxidation
potentials of indene on the PS-coated electrode. The increase in
the number of scans increases PIn deposition which in turn
increases the current.

Polyethylene and polystyrene-coated electrode surface can be a
porous structure; indene monomer diffuses through these pores
to be oxidized on Pt surface. The indene radicals are bound to
the active sites of polyethylene and polystyrene films and oxi-
dized upon it after the pores are totally filled.”” The voltammo-
gram of the indene oxidation, which gives main oxidation peak
at 2.14 and 2.05 V; these values are identical to those obtained
for the indene oxidation on polyethylene and polystyrene-cov-
ered Pt electrode, respectively. Also main oxidation peak of in-
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dene is 2.00 V. This potential is agreement in with insulated
polymer-coated platinum electrode results. According to these
results, PIn, PE/PIn and PS/PIn composites are obtained.”>™*

Polymerization Mechanism

The proposed polymerization mechanism for the formation of
PIn is shown in Scheme 1. In case of PIn, electrophilic reaction
of indene takes place in the presence of LiClO, thereby forming
dimeric indanyl cation species. Combination with other indene
units further propagates the molecular sequence and finally
leads to the PIn chain. The chemistry that occurs between the
cationic chain and LiClO, results in adhering of the ClO,  ion
into the PIn chain at a localized bipolaron site, as a dop-
ant.'>'72%2% The single terminal indanyl cation responsible for
developing the PIn chain propagates in a planar fashion, caus-
ing the model PIn chain to breed in only one uniform direction
with no side branch reactions. NMR spectra showed that the
polymer chains were grown mainly via the coupling of the
monomer at C(1), C(2) positions.27

Yield, Electrical Conductivity, and Magnetic Susceptibility
The yields, electrical conductivity, and magnetic susceptibility of
the PIn homopolymer and PE/PIn and PS/PIn composites are
summarized in Table 1. The yields of PIn, PE/PIn, and PS/PIn
are 35%, 54%, and 50% respectively.

As shown in Scheme 1, there were no conjugated bonds along
the backbone of the PIn. It is known that conjugation is not
enough to make a polymer material conductive. In addition,
charge carriers in the form of extra electrons have to be injected
or adsorbed into the material. Therefore, the conductivity value
of PIn was determined to be lower than that of the other conju-
gated polymers.'"'” As shown in Table I, the conductivity of
PIn was found to be higher than of its composites. Among the
homopolymer and composites, PIn had the highest conductivity
with 7.86 x 107 S/ cm. The charge created on the doped PIn
backbone (shown in Scheme 1) due to protonation in the form
of bipolarons is responsible for EC in PIn. Goel et al.'” meas-
ured that EC value of PIn is nearly 1.73 x 10~* S/cm. It was
also obtained similar conducting value of PIn homopolymer in
this study. The conductivity value of the PIn homopolymer
decreased with PE and PS into the composites. The conductivity
values of PE/PIn and PS/PIn composites were 6.42 x 107> S/
cm and 5.64 x 107> S/cm, respectively. PE and PS affect the
movement of the charges in the polymer. These results show
that the conductivity of the composites is different that the con-
ductivity of PIn. PIn and the composites were observed that the
solution sides and the electrode sides of the films have some
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Figure 2. FTIR spectra of (a) PIn, (b) PE, (c) PE/PIn composite, (d) PS
and (e) PS/PIn composite.

conductivity. This gives an idea about the homogeneity of the
films, at least in terms of conductivity. Sarikaya et al.'® deter-
mined that the conductivity values of PIn and the PIn/CaCO;
conducting composites varied from 0.64 x 107> S/ ¢cm to 2.11
x 107 S/cm. It was also obtained different and higher conduct-
ing value of composites in this study.

The magnetic properties of the composites have been considered
by measuring the magnetic susceptibility. The magnetic suscep-
tibility data of the polymers are also given in Table I. The values
obtained from the Gouy measurements showed that the Pln
homopolymer and the composites had diamagnetic properties,
and their conducting mechanisms had a bipolaron nature.”

FTIR Results

FTIR spectrum in the spectral range 4000-500 cm™" is used to
characterize the structural organization of PIn, PE, PE/PIn, PS,
and PS/PIn, as shown in Figure 2(a—e). FTIR spectra of Pln,
PE, and PS shows different features compared with the
composites.

As shown in the FTIR spectrum of electrochemically polymer-
ized PIn [(Figure 2(a)], the aromatic C—H stretching band
shifted to 3020 cm™", aliphatic C—H stretching band shifted to
2921-2850 cm™, the aromatic C=C stretching bands of indene,
which is observed at 1640 cm ™", has been shifted to 1600 cm™',
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the C—C ring stretching band belonging to C,—C, atoms
shifted to 1464 cm™', the C—H out-of-plane bands belonging
to benzene shifted to 740-710 cm ™" in PIn’s spectrum [Figure
2(a)], the band located at 610 cm ' is attributed to the cis
CH=CH bending vibration modes. C—H and C=C stretching
bands are identical to PIn, which indicates that during the elec-
tropolymerization of Pln, aromatic ring was reserved and did
not take part in the electropolymerization.'””'* ClO,~ groups
generate the strong absorption peaks at 642 cm '. The FTIR
results illustrate successful electropolymerization of PIn in
doped state with sharp and well-resolved emergence of spectral
bands. The FTIR spectrum of PIn exhibited the characteristic
absorptions reported for Pln in the literature.'>'%2%%2

The composites show all the bands of PIn and PE, PIn and PS,
respectively. The FTIR spectrum of PE/PIn is given in Figure
2(c). The bands at aliphatic C—H symmetric and asymmetric
stretching bands belonging to PE at 2923 cm ™' and 2850 cm ™'
are observed. The aromatic C=C stretching band belonging to
PIn and C—C stretching band belonging to PE shifted to 1500—
1482 cm™ ', and the C—H out-of-plane bands belonging to PE
and PIn shifted to 750 cm™'. ClO,~ groups generate the weak

absorption peaks at 645 cm ™.

The FTIR spectrum of PS/PIn composite [Figure 2(e)] at 3000—
2858, 1944-1725, 1471, 1070, and 740 cm™" were typical of aro-
matic C—H stretching vibration + aliphatic C—H stretching
(for polyindene and polystyrene), and CH, asymmetric + sym-
metric stretching vibration, aromatic ring monosubstitution,
C—C stretching band of the C;—C, atoms + deformation CH,,
flexion C—H in the plane, and C—H out-of-plane bands,
respectively. The intensity of C—H out-of-plane band has
decreased. ClO,~ groups generate the weak absorption peaks at
620 cm ™. Thus, these were thought to proof of the composites.
All bands shift slightly, which indicates that some interaction
exists between PIn and insulating polymer.'®> C—C stretching is
sharped and changed with PIn incorporation in the composites.
These results indicate that the structure of polyindene backbone
in PE/PIn and PS/PIn composites is different to that of Pln
homopolymer.'"”1®2#72 These results support that the fact
that PIn, PE/PIn and PS/PIn composites are successfully electro-
chemical synthesized.****

TGA Results

The decomposition temperatures of homopolymer and compo-
sites were determined by TGA. TGA curves of PIn, PE/PIn, and
PS/PIn are shown in Figure 3(a—c). Thermal degradation tem-
perature and residue % at 900°C obtained from these curves are
shown in Table II. As shown in Table II, PE/PIn and PS/PIn
composites showed one-step weight loss, whereas PIn decom-
posed in a two step. The first weight loss attributed to removal
of dopant anions (ClO, ) and low-molecular weight oligomers
from the polymer matrix, and the second weight loss step
showed the decomposition of the polymer structure. The second
decomposition occurs between 500 and 736°C, showing the
degradation of polymer chain.

PIn shows two-step weight loss in the temperature range of
271-736°C [Figure 3(a)]. The weight loss is nearly 80%. How-
ever, the decomposition occurring at step one was due to

J. APPL. POLYM. SCI. 2012, DOI: 10.1002/APP.37586
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Figure 3. TGA curves of (a) PIn, (b) PE/PIn composite, and (c) PS/PIn
composite.

degradation of the PE/PIn and PS/PIn chain structure. In
decompositions in one step, the decomposition corresponds to
both removal of dopant anions and degradation of polymer
structure. A sharp weight loss appears in the temperature range
450-482°C for PE/PIn composite [Figure 3(b)] and 382-440°C
for PS/PIn composite [Figure 3(c)]. The composites yields
somewhat different patterns due to the presence of PE and PS.
Thermal stability of the composites was investigated by meas-
uring the initial decomposition temperatures, which were deter-
mined from first derivative of the TGA curves (Table II). The
initial degradation temperatures are 405°C and 375°C for PE
and PS, respectively.”> When comparing to thermal stability of
polymers, the initial degradation temperature is checked. The
initial degradation temperatures are 270, 450, and 387°C for
PIn, PE/Pin, and PS/PIn, respectively. Thus, the initial degrada-
tion temperatures of all the composites were observed to be
higher than PIn.'”*? As the presence of PE and PS was
increased in the composite, the amount of residue left increased.
The thermal stability of PIn increased with the prepared PE/PIn
and PS/PIn composites. Among insulating polymers, PE
increased thermal stability of pure polymers much more than
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PS. All composites are more thermally stable than the pure Pln,
which can be explained by the fact that an interaction between
PIn and insulating polymers restricts thermal motion of the PIn
in the composites and enhances thermal stability of the
composites.

131719 o1 thermal studies of

In comparison to earlier reports
PIn, here, PIn structure has shown to exhibit higher thermal
stability characteristics, describing a thermal decomposition
temperature range 500-736°C, in contrast to thermal decompo-
sition temperature range 380-674°C. So, the thermal properties
of PIn improved.*”*?

SEM Results

The SEM micrographs of PIn and the composites are shown in
Figure 4(a—c). The SEM micrograph of electrode side of PIn
[Figure 4(a)] shows a granular structure.'” When the morpholo-
gies of PIn and the composites (PE/PIn and PS/PIn) were com-
pared, it was observed that the composites had quite different
morphologies with PIn. PE/PIn showed a wafer-like structure
[Figure 4(b)]. PS/PIn showed a closely porous structure [Figure
4(c)]. PE/PIn and PS/PIn composites look more compact than
PIn.’ Compared with the SEM micrograph (Figure 4) surface
structure is changed. From these results, PIn insulating poly-
mer-coated electrode surface to form a composite.””

XRD Results

Figure 5(a—c) shows the X-ray diffraction (XRD) patterns of
PIn, PE/Pin, and PS/PIn composites. The values of crystalline
and amorphous phase area and crystallinity (%) for PIn and
the composites are presented in Table III. As seen from Figure
5(a—c), homopolymer and composites have different X-ray dif-
fraction patterns from each other. Degree of crystallinity of Pln,
PE/PIn, and PS/PIn were obtained as 14.6%, 40.8%, and 12.0%,
respectively. XRD pattern of the PIn has broad and narrow
peaks at 20 = 16°, 18°, 22°, and 24°, respectively [Figure 5(a)].
The doped PE/PIn exhibits a higher degree of crystallinity that
other doped PIn and PS/PIn [Figure 5(b)]. The X-ray diffrac-
tion profile of the PE/PIn has sharp peaks at 26 = 20°, 24°, and
40°, respectively. It is seen that XRD peaks for PE/PIn compos-
ite are mostly different to those of PIn, indicating that the
structure of PE was modified by PIn.** These results also indi-
cate that PIn is semicrystalline in the composite, which suggests
that the addition of PE improves the crystallization of the Pln
molecular chains. It suggests also that an interaction exists at
the interface of PIn and PE. From these results, PIn insulating
polymer-coated electrode surface to form a composite.”

Table II. Thermal Decomposition Temperatures of Polymers

Weight loss
Polymer Ti (°C) T (°C) T¢ (°C) at 800°C
Pln 271 346 386
500 582 736 80
PE/PIn 450 473 482 70
PS/PIn 382 421 440 75

T;, initial degradation temperature; T, maximum degradation tempera-
ture; Ty, final degradation temperature.
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Figure 4. SEM migrograph of (a) PIn, electrode side, magnification
%2000, bar = 10 um, (b) PE/PIn, electrode side, magnification x1500,
bar = 10 pum, and (c) PS/PIn, electrode side, magnification x800, bar =
20 pm.

CONCLUSIONS

In this study, PIn homopolymer was synthesized by electro-
chemical oxidation. It was modified the thermal and conductiv-
ity properties and morphology of PIn by electrochemically pre-
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Figure 5. XDR patterns of (a) PIn, (b) PE/PIn composite, and (c) PS/PIn

composite.

Table III. Crystallinity of Polymers

Area
Polymer Cryst. Amorph. Xc (%)
Pln 14.4 86.4 14.6
PE/PIn 40.7 60.2 40.8
PS/PIn 122 88.3 12.0

paring PE/PIn and PS/PIn composites. The composites were
found to be more thermally stable than that of PIn. These
enhancements in thermal stability of the composites are ascribed
to the interaction between host and guest materials. When it
was compared conductivity changes with changing insulating
polymers, it was observed some properties. PE and PS decreased
the conductivity value of PIn. PIn and the composites showed
different properties in the results of the FTIR and SEM analysis.
The composites also showed different morphologies according
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to the type of insulating polymer. PE/PIn and PS/PIn compo-
sites look more compact than PIn. It can be concluded that this
work could also help in future studies devoted to rechargeable
batteries, conducting films, sensors, and corrosion inhibitors.
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