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To create a (POT–CSA/ZnO) nanocomposite, a chemical oxidative polymerization of
O-toluidine was carried out in the presence of nano ZnO. This step took place throughout the
synthesis. In the attendance of hydro chloric acid (HCl) and ammonium persulfate (APS) as an
oxidant and camphor solfunic acid (CSA) as a dopant, polymerization can be accomplished
by using a monomer mixture with an equal molar ratio. Scanning electron microscope
(SEM), X-ray di®raction (XRD), Fourier transform-infrared spectroscopy (FTIR), and UV–Vis
spectroscopy were utilized in the procedure of characterizing the material. The results
displayed that the polymer ¯lm revealed both excitonic transition �–� and to �� �*
transition. The semiconducting character of the composite can be con¯rmed by its electrical
conductivity.
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1. Introduction

The easiness with which conducting polymer can be
synthesized is a signi¯cant advantage. Conducting
polymers can have their chemical structure modi¯ed
in order to alteration their chemical and physical
properties such as their band gaps. They have a
broad spectrum of electric conductivity, ranging from
insulators value (10�9 S/cm) to metallic conductivity
(105) S/cm. In addition to being simple to produce
and inexpensive, it is well known that these chemicals
have low potential for poisoning.1 Polyaniline
(PANI) is a talented applicant for applied applica-
tions among polymers due to its respectable

environmental stability, easiness of production, high-
temperature resistance, and the ability to tune its
electrical conductivity from that of a conductor to
that of an insulator by varying the type and con-
centration of dopant.2 PANI has a number of draw-
backs, the most signi¯cant of which is that it is
infusible and cannot be dissolved in typical organic
solvents. PANI and its synthetic derivatives have had
their solvability and processability improved using a
variety of alternative methodologies that have been
designed. Unsubstituted PANI was shown to have a
lower solubility compared to ring-substituted (alkyl
and alkoxy) and N-alkyl-substituted PANI.3
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Poly (o-toluidine) (o-toluidine) POT is derived
from polyaniline, it has a methyl groups in the
orthoposition of the aniline monomers. POT is
perhaps the ring-substituted PANI derivative that
has received the maximum attention and research
throughout the years4 because it is one of the
promising polymers since it has been utilized in a
variety of applications including solar cells, light-
emitting diodes, ¯eld-e®ect transistors, schottky
diodes, and sensors.5

There has been a rise in interest in conductive
polymer-inorganic nanocomposites with a variety of
component combinations in recent years. This is
due to the fact that these materials exhibit in-
triguing physical features and have numerous pos-
sible applications in many di®erent ¯elds.6 It was
possible to synthesize nanocomposite by manipu-
lating the compositions, structures, and morpholo-
gies of the component molecules.7 During the
polymerization process, the negatively charged in-
organic nanoparticles are attracted to cationic
monomers to form nanocomposite materials.7 The
manufacturing of many di®erent devices has been
made possible as a result of the ease with which
organic polymers may be processed, in conjunction
with the enhanced mechanical and optical capabil-
ities of nanoparticles.8 The improvements in the
properties of these materials are brought about by
the interactions between the polymer and the
nanoparticles, in addition to the e®ects of state of
dispersion.9

The preparation of nanocomposites consisting of
POT and inorganic nanoparticles is an alternative
road to enhance the properties of POT as well as the
performances of nano¯llers. The goal of this ap-
proach is to obtain materials with behaviors that
are synergistic or balancing between POT and the
nanoparticles.

ZnO nanoparticles have garnered a lot of atten-
tion among inorganic nanoparticles due to their
one-of-a-kind catalytic, electrical, electronic, and
optical capabilities, as well as their low cost and
widespread applicability in a wide variety of ¯elds.10

At ambient temperature, ZnO has a direct band
gap of 3.3 eV and a signi¯cant exciton binding en-
ergy of 60meV, making it a typical n-type semi-
conducting material found in nature. Its distinctive
features also include a relatively wide direct band
gap11 in addition to being an essential electronic
and photonic material with a wide variety of pos-
sible applications including light emitting diodes,

solar cells, transducers, photodetectors, and
so on.6,12,13

Zinc oxide is a potential candidate due to its
unique chemical, surface, and nanostructural
properties; this makes it particularly useful for ca-
talysis and gas sensing applications, both of which
place a signi¯cant emphasis on the amount of par-
ticle surface area that is exposed to the gas of
interest.14

The aim of this research work is to synthesize,
characterize and study the structural, optical and
morphological properties of POT–CSA/ZnO nano-
composite.

2. Experimental

2.1. Synthesis of POT-CSA/ZnO
nanocomposite

The reaction was carried out in a three-necked °ask
¯tted with a thermometer and stir bar, with 5 g of
(O-toluidine) monomer dissolved in 100ml of 1M
HCl with 0.05 g of ZnO nanoparticles and cooled to
(Co), 22ml of 1M of camphor sulfonic acid (CSA),
which is protonic acid was used as a dopant, and
15 g. After that, the contents of the reactor were
stirred continuously for a full day. After being ¯l-
tered to remove impurities, the dark green polymer
precipitate was washed thrice in distilled water,
thrice in acetone, twice in methanol, and then dried
in an oven for 24 h to remove any moisture. At room
temperature, powdered (POT–CSA/ZnO) was
added to a solvent containing chloroform, and the
mixture was stirred continuously.

2.2. Thin ¯lm preparation

When making the POT solution, chloroform was
used as the solvent. After being thoroughly mixed,
the solution was dropped by the drop onto 2� 2 cm
glass substrates, which were then spun at 1000 rpm
for 30 s.

3. Results and Discussion

XRD procedure was used to characterize the
structures of the chemically synthesized POT–
CSA/ZnO ¯lms. The XRD pattern of the POT–
CSA/ZnO nanocomposite, as illustrated in Fig. 1,
was recorded in 2� range of the order of 10–60�. X ray
di®raction pattern showed that the POT–CSA/ZnO
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has semi-crystalline nature with two broad di®raction
peaks with the ¯rst one at 2� ¼ 13:5�. A crystalline
peak appearing at 14.9� has been reported with
PANI,15 also copolymer doped with CSA indicates
the crystalline camphor sulfonic acid.16 Similarly, a
new peak was observed in PPy–ZnO–CSA thin
¯lm.17 The second one at 2� ¼ 23:6�. In other words,
the interaction of polymer and ZnO nanoparticles led
to an increase in the crystallinity of the polymer. The
presence of ZnO in the polymerization system has a
signi¯cant impact on the crystalline behavior of the
produced polymer.

Figure 2 presents an illustration of the FTIR
spectrum of the POT–CSA/ZnO nanocomposites.
The ZnO stretching mode is connected to the bands
located at 494, which belong to ZnO. The C–H
stretching vibration of the methyl group is respon-
sible for the peak that is observed at 2847 cm�1.16

Peak at 2353 cm�1 could be due to NH+ stretching
of the amine group, according to Refs. 18 and 19.
According to what was seen in the spectra, the
quinoid band has a peak at 1583 cm�1, while the
benzenoid band has a peak at 1482 cm�1. This
suggests that the nature of the composite is that it
contains emeraldine salt, which indicates that it is a
conductive form of POT.20,21 Research found that
the band with a frequency range of 1100–1160 cm
was associated with an aromatic C N stretching
vibration of 1020 cm because the CSA has a group
called SO3, which is responsible for interactions
between sulfur and oxygen.22 A C–H out-of-plane
bending vibration was assigned to the peak at 553.23

Figure 3 displays the FESEM image of the syn-
thesized POT–CSA/ZnO nanocomposites. It shows
that o-toluidine monomer was polymerized around
ZnO particle to form POT–CSA/ZnO nanocompo-
site. The particles are disorderly spherical clusters
with the size of about 100 nm.

The ultraviolet to visible spectrum of the POT/
ZnO thin ¯lms was investigated in great detail.
Recordings of spectra of absorption were made. The
absorption spectra of POT–ZnO may be shown in

Fig. 1. XRD patterns of POT–ZnO composite.

Fig. 2. FTIR spectrum of POT–ZnO composite.
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Fig. 4, along with its absorption coe±cient. The
development of doped POT can be veri¯ed by the
presence of three distinctive absorption bands at
around 310, 415, and 830 nm.24 The �–�� exciton
transition may be responsible for the band that is
located at around 325 nm.25 The amount of doping
in POT is responsible for the second shoulder-like
absorption band that was observed at 415 nm.22

Additionally, the conducting emeraldine salt phase
is responsible for the third absorption peak that
occurs about 820 nm.

Absorption coe±cient (�) of the ¯lm is calcu-
lated using relation26

� ¼ ðA � 2:303Þ=t: ð1Þ

The separation of the highest occupied molecular
orbital and the lowest empty molecular orbital is
re°ected in the optical band gap. Tauc's formula for
permitted direct transitions was used to calculate
the optical band gap.27

Figure 5 shows the bandgap of POT–ZnO com-
posite. The measured value of the optical band gap
is 2.75.

The electrical properties of nanocomposite were
tested. Figure 6 displays the alternation of current–
voltage (I–V) characteristics of POT–CSA/ZnO
nanocomposite tested at room temperature. We
observe from the ¯gure that the I–V curves are
linear. The conductivity value is calculated from the
current via the following equation:

� ¼ Is

Vdl
; ð2Þ

Fig. 4. Absorption spectrum of POT–ZnO composite.

Fig. 5. Band gap of POT–ZnO composite.

Fig. 3. FESEM image of POT–ZnO composite.

Fig. 6. I � V of POT–ZnO composite.
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where s is the width between the electrodes, V is the
applied voltage between the electrodes, d is the
sample thickness and l is the length of electrodes.

The dark conductivity of the nanocomposite ¯lm
at room temperature was equal 4*10�2 S/cm2.

4. Conclusion

In this paper, the POT–CSA/ZnO nanocomposite
was chemically synthesized by in-situ polymeriza-
tion. The XRD patterns showed that the composite
combined the di®raction peak from ZnO and the
peak from the POT. FT–IR spectra indicated that
there was an interaction between POT and ZnO in
the composite. Good electrical and optical proper-
ties have been accomplished and the nanocomposite
is suitable for optoelectronic applications.
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