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ABSTRACT: Conducting copolymers of imidazole and
carbazole were chemically synthesized in various molar
ratios of the imidazole and carbazole by chemical oxidative
polymerization in acetonitrile medium using ammonium per-
sulphate as oxidant. The selection and composition of sol-
vent, concentration of the monomer, polymerization time,
and temperature were optimized to obtain better quality and
yield of the copolymers. The synthesized conducting copoly-
mers were characterized by various techniques such as UV–
visible, Fourier transform infrared, 1H-NMR, and X-ray dif-
fraction spectroscopy. The solubility of the copolymers was

tested in various solvents. Their conductivity was tested at
various temperatures. The thermodynamic stability of the
copolymers was examined by differential scanning colorimet-
ric and thermogravimetric analysis. The copolymers show
comparatively higher conductivity, better solubility, and
higher thermal stability than the homopolymer poly(carba-
zole) and lower than that of poly(imidazole). VC 2010 Wiley
Periodicals, Inc. J Appl Polym Sci 119: 2824–2833, 2011
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INTRODUCTION

Many potential applications of conducting polymers
become limited because of their general insolubility
in common organic solvents, poor mechanical pro-
perties vis-à-vis their insufficient environmental
stability. To improve these properties, one method
was used to prepare copolymers with other mono-
mers. New aromatic nitrogenenous polymers are con-
tinuously emerging due to their versatility, easy prep-
aration, and very attractive property-cost performance
including much higher gas separation ability than
any other polymer.1

The most widely studied conducting polymers
are poly(aniline),2–12 poly(pyrrole),13–20 poly(thio-
phenes),21–26 and poly(carbazole).27–33 The carbazole
(CZ) homopolymers have potential applications in
the field of optoelectronics because of their inter-
esting blue luminescence due to their limited
p-conjugation. Recently, poly(2, 7 carbazole) has
been synthesized and was found to exhibit a limited
solubility and blue luminescence due to biphenilic
type conjugation along the backbone.34–36 However,
electroluminescence performance and blue color
purity can be obtained with poly(carbazole) mole-
cules. Romero et al.37 reported the synthesis and

luminescence properties of N-ethyl carbazole dimers.
However, because of their limiting solubility in com-
mon organic solvents, their infusibility and photolu-
minescence properties of the aforementioned synthe-
sized polymers, there is a constant search for a new
class of polymers that fulfills all the requirements of
optoelectronic devices.
There are some reports concerning the copolymer-

ization of aniline and thiophene derivatives with
pyrrole,38 pyrrole and o-anisidine,39 m-toludine and
o-nitroaniline, and pyrrole and m-toludine.40 How-
ever, the chemical oxidative copolymerization of CZ
with imidazole (IMI) has not been reported. In the
present investigation, copolymers of IMI and CZ
with six monomer ratios were prepared for the first
time. Their solubility in several organic solvents,
macromolecular structure and thermal behavior of
the copolymers are investigated systematically. Even
though they possess multiple functionality, such as
excellent conductivity, high gas separation ability,
unique proton dopability, excellent redox recyclabil-
ity and chemical stability, their applications have
been very limited by their intractable nature since
they are usually obtained chemically as brittle
films.41 Considerable progress has been made in the
last few years in the processibility of conducting
polymers by the synthesis of polymer blends, com-
posites,42,43 and copolymers.44,45 The aim of this
study is to obtain copolymers with improved solu-
bility, to evaluate their conductivity, and to study
their spectral, and thermal properties.
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EXPERIMENTAL

Materials

CZ (Kemphasol) was recrystallized from hexane and
obtained as light brownish needles. IMI analytical
reagent grade (Himedia) and ammonium persul-
phate (Rankem) was used as procured. Acetonitrile
(Merck) was freshly distilled prior to utilization. All
other solvents were of Analytical reagent grade and
used after necessary purification.

Monomer, i.e., CZ 1H-NMR (CDCl3, 200 MHz,
d ppm): 7.1 (2 H, H3.6), 7.3 (2H, H1,8), 7.4 (2H, H2,7),
8.0 NAH proton of the pyrrole nuclei. 13C-NMR
(CDCl3, 50 MHz, d ppm): 139 (C9a), 130 (C2), 125
(C3,6), 123 (C4a,4b), 121 (C5), 120 (C4,7), 110 (C18).

Copolymerization

IMI/CZ copolymers (structure and quinoid form of
IMI unit are given in Figures 1 and 2, respectively)
were prepared by an oxidative polymerization
through a previously described method.46–49 A
representative procedure for the preparation of the
IMI/CZ (50/50) copolymer is as follows: to 100 mL
of the 95% acetonitrile solution added 0.3404 g
(5 mmol) IMI and 0.8361 g (5 mmol) CZ in a 250-mL
glass flask and stirred vigorously for an hour.
Ammonium persulfate [(NH4)2S2O8], 2.964 g (13
mmol), was dissolved separately in 30 mL of 95%
acetonitrile to prepare an oxidant solution. The
monomer solution was added with the oxidant solu-
tion dropwise at a rate of one drop for every 3 s at
room temperature (the total molar ratio is mono-
mer/oxidant ¼ 1/1). Immediately after the first few
drops, the reaction solution turned pale yellow. The
reaction mixture was stirred for 24 h at ambient tem-
perature. It was then added to 200 mL of methanol
(as a nonsolvent) to precipitate out the copolymer.
The grayish-white precipitate obtained was filtered
and washed with excess of water to remove the oxi-
dant and oligomers. Then it was dried under vacuum
for 72 h. The copolymer of 0.907 g was obtained with
a yield of 60%. The nominal structure of IMI/CZ co-
polymer is exhibited in Figures 1 and 2.

Characterization

Solubility of the synthesized copolymers was eval-
uated using the following method: polymer powder

sample of 5 mg was added into the solvent of
0.5 mL and dispersed thoroughly. After the mixture
was swayed continuously for 24 h at room tempera-
ture, the solubility of the copolymers was character-
ized. UV–visible absorption spectra of the copolymers
were recorded using a Perkin–Elmer UV–visible
Spectrometer using 0.5-cm path quartz cells in the
range 190–1100 nm. Fourier transform infrared (FTIR)
spectrum of the polymer was recorded on Perkin–
Elmer FTIR spectrometer with KBr-pressed pellet.
NMR (1H, 13C,) spectra of the copolymer were

recorded in CDCl3 solvent with a Brucker AC 200
spectrometer at 200 and 50 MHz. All the chemical
shifts (q in ppm) were referenced to tetramethyl sil-
ane. Dry IMI/CZ powder was compressed into pel-
lets of 13 mm in diameter and 1-mm thick and the
conductance was measured by four-probe method
(using four-probe resistivity setup) at various tem-
peratures ranging from 308 to 368 K.
Thermal stability of the copolymer was deter-

mined using Mettler TA 3000 analyzer and TGA-
DSC 910S differential scanning colorimeter. The
measurement was performed at a heating rate of

Figure 1 Structure of poly(IMI-co-CZ).

Figure 2 Quinoid form of IMI unit.

Figure 3 Influence of temperature on polymerization
yield of the copolymer in acetonitrile for 24 h at room
temperature. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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10�C/min with the sample size of 5–10 mg in nitro-
gen atmosphere. X-ray diffraction was performed on
a Phillips X-ray diffractometer using Cu-ka radiation
source operating at 50kV and 30 mA.

RESULTS AND DISCUSSION

Optimization of polymerization conditions

Oxidant/monomer ratio plays an important role on
the polymerization yield of copolymer. With the
increase of the oxidant content, the copolymerization
yield increase monotonically from 6% to 80%. In
general, more oxidant is beneficial to the formation
of the cation radical with higher polymerizability
promoting chain propagation reaction and the
increasing the length of polymer chain and polymer-
ization yield.

Polymerization temperature has a strong effect on
the polymerization yield. The polymerization yield
diminishes monotonically with elevating tem-
perature. This may be due to the side reaction that
occurs at the elevated temperature, leading to the
depression of the polymerization yield. Note that in
Figure 3, the highest yield but slightly low molecular
weight at low temperature (5�C) could be attributed
to slow diffusion rate of oxidant and monomers. To
get more yield, polymerization was carried out at
room temperature.

Polymerization was carried out using the different
solvents like HCl, H2SO4, CHCl3 oxalic acid, and
methyl ethyl ketone. All these lead to poor yield.
But, when the polymerization was carried out using
acetonitrile we can able to get more yields.

Synthesis of copolymers

The copolymerization of IMI and CZ (IMI/CZ) with
ammonium persulphate as oxidant in 100 mL of
95% acetonitrile solution afforded grayish-white pre-
cipitate as products. The progress of the copolymer-

ization reaction was monitored by testing the solu-
tion temperature. It was found that, on dropping
oxidant solution slowly and regularly, the polymer-
ization solution temperature increases and finally
reaches a nearly constant temperature. IMI/CZ (40/

TABLE I
Solubility of IMI/CZ copolymers in organic solvents

IMI/CZ molar ratio

Yield

Solubility in solventsb and solution colorc

Feed Calculateda NMP DMF DMSO THF CHCl3 Benzene

100/0 37 MS(b) MS(b) MS(b) PS(bv) PS IS
80/20 74/26 38 MS(b) MS(b) MS(b) S(b) PS(bv) IS
60/40 57/43 31 MS(b) MS(b) MS(bb) MS(b) PS(bv) IS
50/50 47/53 64 MS(b) MS(b) MS(bb) S PS(bv) IS
20/80 14/86 36 MS(b) MS(br) MS(br) SS MS IS
0/100 52 MS(b) MS(br) MS(br) SS MS IS

a IMI/CZ molar ratio calculated based on the 1H-NMR spectra.
b IS, insoluble; MS, major soluble; PS, partially soluble; S, soluble; SS, slightly soluble.
c The solution’s color is indicated in the parenthesis with the following abbreviations: b, blue; bb, bluish black; br,

brownish red; bv, bluish violet.

Figure 4 UV–visible spectra of poly(IMI-co-CZ) of mono-
mer ratios (a) 20/80 and (b) 50/50 in CHCl3 solution
(quartz cell) of concentration 5 � 10�4 M. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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60) copolymerization exhibits the strongest exother-
mic capability among the five copolymerization sys-
tems. The enhancement of solution temperature is

4.5�C for this system. On the contrary, IMI/CZ (20/
80) copolymerization exhibits the lowest exothermic
effect with enhancement of the solution temperature
of 2�C. These results may be due to the highest ini-
tial polymerization temperature for the IMI/CZ (20/
80). That is the exothermic capacity of the copoly-
merization depends on the initial temperature of the
reaction solution. In other words, initial solution
temperature is an important parameter for the oxi-
dative polymerization of IMI with CZ. The influence
of temperature on polymerization yield is fitted
linearly with the correlation coefficient of 0.95763,
which is shown in Figure 3. It should be noted that
the different enhancement in solution temperature
may be due to the difference in dropping rate of

TABLE II
The Variation of UV–Vis Spectra of IMI/CZ Copolymer

in CHCl3 with IMI/CZ Molar Ratios

Feed IMI/CZ
molar ratio

Wavelength (nm)

Strong band Weak band

0/100 302 317 247 372
20/80 293 – 337 –
40/60 292 323 336 –
50/50 291 323 335 –

100/0 282 – – –

Figure 5 FTIR spectral pattern of poly(IMI-co-CZ) of monomer ratios (a) 50/50 (b) 20/80. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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oxidant solution. The copolymers were synthesized
using five different molar ratios of IMI and CZ in
the comonomer feed as given in Table I. The yield of
the copolymers was found to be dependent on the
monomer ratio. The yield was found to decrease
with increasing IMI content in the feed.

Solubility of IMI/CZ copolymer

The solubility of the newly prepared copolymers in
various solvents was tested at room temperature.
The polymers were easily soluble in polar aprotic
solvents viz. chloroform, DMF, N-methyl-2-pyr-
rolidone and dimethyl acetamide, but insoluble in
hydrocarbons (e.g., benzene, toluene, xylene) and
hydroxyl group containing solvents such as methanol,
ethanol, and 2-propanol. Table I shows the solubility
of IMI/CZ copolymers in the six solvents.

UV–visible spectra of the copolymer of
IMI and CZ

Figure 4(a,b) shows the UV–vis absorption spectra of
two copolymer solutions with IMI/CZ ratios 20/80

and 50/50 in chloroform. The absorption bands of
all the copolymers are listed in Table II. A strong
band and a weak band are observed. The strong
absorption bands appear in the wavelength range of
317–323 nm and weak band 247–335 nm are due to
CZ moiety of the copolymer and a strong band at
282–302 nm was due to IMI moiety of the copoly-
mer. It can be seen from Table II that the wavelength
of both bands moves to lower values monotonically
with increasing feed IMI content.50 Additionally, the
relative intensity of weak band becomes weaker fur-
ther with increasing IMI content. The continuous
variation of wavelength and intensity of UV–vis
bands may result from copolymerization effect of
IMI with CZ. In other words, the polymer formed
by oxidative polymerization of IMI with CZ is the
copolymer of two monomers rather than the mixture
of two homopolymers. A similar variation of UV–vis
spectral characteristics with pyrrole content was
observed for the pyrrole/m-toludine copolymer
solution in DMSO.40

FTIR spectra of the copolymers of IMI and CZ

Representative FTIR spectra for the copolymers with
IMI/CZ molar ratios of 50/50 (a) and 20/80 (b) are
shown in Figure 5. It is reported that poly (carba-
zole) exhibits ANHA stretching vibration51 at 3053
cm�1 and poly(imidazole) exhibits ANHA vibration
weak peak at 3077 cm�1. Sharp band at 3052 cm�1

due to characteristic NAH stretching vibration sug-
gests the presence of ANHA groups in IMI and CZ
units. The sharp band becomes weaker and broader
and shifts to higher wave number with an increase
in IMI feed content from 0% to 100%. Two weak
peaks at 2926 and 2852 cm�1 are due to aromatic
CAH stretching vibrations. With increasing feed IMI
content, these two peaks become weaker because CZ
unit contain less CAH bond. Thus, the characteris-
tics of IR absorption spectra of IMI/CZ copolymers
above 2000 cm�1 are dominated by the CZ unit.
However, the absorption below 2000 cm�1 is influ-
enced by the IMI units. A comparison of the spectra
of poly(imidazole), poly(carbazole),51 and IMI/CZ
copolymer shown in Figure 4 reveals some differen-
ces in the relative absorbance and wave number.
With increasing feed IMI content, the relative
absorption intensity at 1625–1604 cm�1 and 1492–
1450 cm�1 gets stronger significantly. This should be
attributable to IMI unit to some extent because the

Figure 6 1H-NMR spectra of the copolymers with IMI/
CZ molar ratios of (a) 50/50 and (b) 80/20 in CDCl3 at
200 MHz.

Figure 7 Schematic diagram of formation of copolymer IMI/CZ from its monomers.
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bands52–54 at 1625–1592 cm�1 and 1454–1441 cm�1

are characteristic of poly(imidazole). The absorption
at 1592 cm�1 increase significantly with increasing
feed IMI content suggesting that the IMI unit in the
polymer chains seems to exist mainly in the follow-
ing quinoid form.39 The difference of wave number
might result from the copolymerization effect of IMI
and CZ.

1H-NMR spectra of the copolymers of IMI and CZ

Figure 6(a,b) shows the 1H-NMR spectra of the two
copolymers IMI/CZ 50/50 (a) and 80/20 (b). The
spectra of the copolymers exhibit peaks arising from
both poly(imidazole) and poly(carbazole) units. The
five-membered heteroaromatic proton of CZ (1, 8)
appear at 7.4 ppm. The benzenic proton of the aro-
matic ring is appearing at 7.5 ppm (2, 7). The signal
at 8.1 ppm is due to NAH proton of the pyrrole
nuclei. The aromatic proton of the terminal ring was
observed at 8.5 ppm (3, 6) and the signal at 7.3 ppm
(C4) due to the proton of IMI ring.

1H-NMR analysis of IMI/CZ copolymer disclosed
that oxidative coupling essentially occurred as antici-
pated in 3rd and 6th position of the CZ moieties and
2nd and 5th position of IMI moiety. It is consistent
with the expected structure. As polymerization
proceeds, 3, 6 proton peaks of the CZ at 7.1 ppm
as well as the corresponding tertiary carbon at
125 ppm disappear and new signal ascribed to the
quaternary carbon of the 3, 6 polymer linkages
appears at 130.68 ppm. No abnormal linkages result-
ing from 2, 7 coupling (reaction is given in Fig. 7)
were detected in the 1H-NMR spectra of copoly-
mers27 and the yield with peak positions are given
in Table III.

It can be seen that the aromatic protons of CZ are
sifted slightly upfield in the spectra of the copoly-
mers, whereas the protons of poly(imidazole) do not
show much shift. The upfield shift of the aromatic
protons of CZ could be attributed to an increase in
the electron density of the ring. The 1H-NMR spectra
of IMI/CZ copolymers do not change systematically

with increasing feed IMI content. These spectra are
not much informative on the calculation of sequence
of distribution of the comonomers units.

The molar ratio of IMI over CZ 5 (imidazole
proton area/1)/(carbazole proton area/7)

Based on the comparison of area of CZ proton peak
and IMI proton peak, the ratios of IMI/CZ units on
the copolymers have been calculated and listed in
Table I. It seems that the actual IMI content is
slightly lower than the feed IMI content for IMI/CZ
copolymers. This difference in IMI content should be
due to the lower solubility of poly(imidazole) in
CHCl3 as listed in Table I because the higher the IMI
content, lower the solubility of the copolymer in
CHCl3. A similar trend has been observed in the
Py/MT copolymers.40

Thermal analysis

Representative thermogravimetric analysis (TGA)
and Derivative thermogravimetric (DTG) curves of
IMI/CZ copolymers 50/50 are shown in Figure 8,
from which a series of thermal degradation parame-
ters are obtained and listed in Table IV. The

TABLE III
Conductivity and NMR Peak Positions for the Copolymer

Sample
feed

IMI/CZ Conductivity Peak Positions q in ppm

100/0 1.9 � 10�3 7.3 (1H, C4 of imidazole ring)
80/20 5.48 � 10�4 7.25 (1H, C4 of IMI), 7.45 (2H, C1,8 of CZ), 8.1 (2H, C2.7), 8.3 (NH proton of the IMI and CZ)
60/40 2.72 � 10�4 7.3 (1H, C4 of IMI), 7.5 (2H, C1,8 of CZ), 8.0 (2H, C2.7), 8.45 (NH proton of the IMI and CZ)
50/50 2.1 � 10�4 7.2 (1H, C4 of IMI), 7.45 (2H, C1,8 of CZ), 8.1 (2H, C2.7), 8.45 (NH proton of the IMI and CZ)
20/80 1.28 � 10�4 7.3 (1H, C4 of IMI), 7.5 (2H, C1,8 of CZ) 7.9 (2H, C2.7), 8.45 (NH proton of the IMI and CZ)
0/100 2.68 � 10�5 7.1 (2H, C3,6), 7.3 (2H, C1,8 ) 7.4 (2H, C2.7), 8.0 (NH proton), 8.5 (2H,

C3,6 aromatic proton of the terminal ring)

Figure 8 TGA/DTG curves of poly(IMI-co-CZ) of mono-
mer ratio 50/50. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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copolymers lose weight rapidly between 200�C and
300�C and more slowly from 300�C to 500�C with
increasing IMI content from 0 to 100 mol %. The
temperature at the second maximum weight loss
rate increases suggesting that the char yield at ele-
vated temperature could be attributed to IMI unit in
the copolymer. These results show that the thermo
stability of the IMI/CZ copolymer increases with
increasing IMI unit content.

The differential scanning colorimetric (DSC) analy-
sis of poly(carbazole) and poly(imidazole) is shown
in Figures 9 and 10, respectively. DSC scans of the
IMI/CZ copolymers with ratios of 50/50 (a), 20/80
(b), and 60/40 (c) are shown in Figure 11. All the
three scans show a sharp decomposition peaks at
234�C, 292�C, 329�C for IMI/CZ for (20/80), 240�C,
252�C, 333�C for (60/40), and 235�C, 305�C, 349�C
for (50/50) copolymers respectively. The peaks
appear at (234–240) and other peaks (292–349) are
assigned to the inter chain crosslinking in the
polymer.55

In TGA of poly(carbazole), the endothermic peaks
present between 62�C and 150�C are due to the
removal of water dopant molecules present in the
polymer and other endothermic peaks between
201�C and 324�C (64%) arising due to morphological
changes in the polymer. In DSC of poly(carbazole),
exothermic peaks found between 231�C and 377�C

were assigned to the interchain crosslinking in the
polymer.
The transitions for pure PIMI at 373�C with 53%

weight loss are due to interchain crosslinking.
In DSC of poly(imidazole), exothermic peak at
143�C was due to the removal of water dopant mole-
cules present in the polymer and other exothermic
peak at 412�C was assigned to interchain crosslink-
ing in the polymer. Thermal analysis data also
suggest that homopolymer poly(imidazole) is more
stable compared with the copolymer IMI/CZ and
poly(carbazole).

XRD measurements of the copolymers
of IMI and CZ

The XRD pattern of the PCZ, PIMI, and copolymer
IMI/CZ (50/50) are shown in Figures 12–14, respec-
tively. There are four main peaks at about 2y ¼
19.1�, 19.6�, 23.2�, 28.0� and five small peaks at 18.6�,
22.6�, 23.5�, 37.9�, and 48.2�. The XRD pattern exhibit
a sharp diffraction peaks at 19.1� (54.56%), 19.6�

(100%), 23.1� (55.6%), and 27.9� (57.81%). The peak

TABLE IV
Thermal Parameters of Copolymers

Poly(Imi-co-Cz)

Weight loss in % Maximum
decomposition

temperature (�C)

Range of
decomposition

temperature (�C)200�C–300�C 400�C–500�C 500�C–600�C

0/100 64 20 – 193, 300 100–400
20/80 58 10 5 224, 459, 665 100–690
50/50 62 18 – 223, 524 200–542
80/20 90 5 – 257, 368 200–400
100/0 53 – 373 300–420

Figure 9 DSC analysis of poly(carbazole). Figure 10 DSC analysis of poly(imidazole).
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centered at 2y ¼ 19.6� may be ascribed to the perio-
dicity parallel to the polymer chain, while the weak
peaks at high angles may be caused by periodicity
perpendicular to the polymer chain.56 The diffraction
pattern of PCZ have peak at about 2y ¼ 20.1�, which
is a characteristic peak of poly(carbazole).51 The
characteristic peak of PCZ has been shifted slightly
to low angle in the copolymer. This shows the crys-

talline nature of the copolymer. This is also evi-
denced by our previous report.51 Previously, the
researchers reported that the amorphous and
crystalline nature was exhibited in low angle and
high angle (42.2� and 49.2�), respectively, for poly-
aniline powder.57 But in our case, we observed sharp
peaks at about (19.63�, 19.08�, 18.60�). The crystallite
size of both homopolymer and copolymer was also
calculated using Debye Scherer’s formula (for co-
polymer ¼ 38.3046 � 10�9 nm; poly(imidazole) ¼
1.80 � 10�9 nm; poly(carbazole) ¼ 70.9257 � 10�9 nm).

Electrical conductivity

The electrical conductivity of the copolymer was
measured on pellets at room temperature by using
the four probe method of Vander Pauw58 pressed at
2 T cm�2 is close to 10�4 S cm�1. The conductivity of
the copolymers measured at various temperature

Figure 11 DSC analysis of copolymers with IMI/CZ
molar ratios of (a) 50/50 (b) 20/80 and (c) 60/40. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

Figure 12 Powder XRD pattern of poly(carbazole).

Figure 13 Powder XRD pattern of poly(imidazole). [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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are given in Table IV. The conductivity of various
copolymers lies in the narrow region of 2.7 � 10 �4

to 5.48 � 10�5 S cm�1. The conductivity of all the
copolymers was found to be higher than that of pol-
y(carbazole) (2.68 � 10�5) and lower than that of
poly(imidazole) (1.9 � 10�3) S cm�1. The conductiv-
ity of copolymers increases with increase in IMI con-
tent. The higher conductivity of the copolymers
compared with that of the poly(carbazole) homopol-
ymer indicates lowering of the band gap in the
copolymers formed with IMI. The trend of an
increase in conductivity with lowering of CZ content
in the comonomer feed suggest that the donor–
acceptor type of interactions are dependent on the
composition of the copolymer.38 It is evident from
the Table V that, conductivity increases steadily with
increase in temperature showing semiconductor
behavior.

CONCLUSIONS

A series of the copolymers & varying monomer
ratios from IMI and CZ have been synthesized suc-
cessfully by oxidative polymerization in acetonitrile

medium at ambient temperature for 24 h. UV–visi-
ble, FTIR, 1H-NMR measurements suggest that the
polymers obtained are actual copolymers consisting
of two monomer units but calculated IMI content is
lower than feed content. XRD and DSC measure-
ments indicate that the copolymers are crystalline.
The copolymers exhibit higher conductivity and
good solubility in various solvents than the homo-
polymer poly(carbazole).
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