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ABSTRACT

Films of polyaniline and polyaniline—ZnO composites were synthesized by spin coating. The
spin coated films were deposited over glass substrate. In order to confirm the dispersion quality and
the size of the dispersed ZnO, Transmission electron microscopy was done. The TEM images show
that ZnO nanoparticles were spherical in shape. Dark imaging mode confirmed these particles in
solid phase and revealed the uniform distribution of the particles in the PANI matrix. The absorption
peaks in FTIR spectra of PANI-ZnO composite film were found to shift to higher wave number when
compared with pure PANI. The observed shifts were attributed to the interaction between the ZnO
particle and PANI molecular chains. A change in the value of lattice parameter of ZnO as confirmed
through the X ray diffraction method in the composite indicated the presence of interaction between
ZnO particles and matrix. The dielectric study of PANI and PANI-ZnO composites demonstrated a
significant decrease in the value of dielectric constant after the incorporation of the ZnO nanoparticles

in the polymer matrix.
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INTRODUCTION

The polyaniline —type conducting polymer
had been worked with special interest in chemical,
electrochemical, doping process and polyaniline
based composite process. The process development
with high accuracy of product result had direct
relationship of structure, properties and molecular
structure modification for future application'.The
polymer prepared two solutions, one with highly
oxidizing agent ammonium per sulfate (NH,),(S,0,))
and other monomer aniline (C,H,NH,) .Both were
dissolved in the electrolytic of of 1M CF,COOH;
1M HCI-IM NaCl; and 1M H,S0O,-0.5 Na,SO, were
cooled at ~ 0.1°C and stirred for 2 hours under
nitrogen atmosphere2.The synthesis of optically
polyaniline salt films were achieved via the electro
polymerization of aniline on indium-tin —oxide
(ITO)-coated glass electrodes in the presence of
sulphonic acid. The results predict that chiral holes

might be formed in polymer matrix during both
redox and chemical re-doping cyclic of polyaniline
salt films®.The films of polyaniline was prepared
using ammonium persulphate as oxidizing agent.
the films were prepared by casting an N-methyl-2
pyrrolidone (NMP) solution of an emeraldine base
of polyaniline powders on glass substrates at 50
°C and doped in 1 M HCI aqueous solution with
doping the polyaniline, changes to conducting form
4 .The polyaniline film using spin coating technique
and polymers were dissolved in analytical —grade
solvents (chloroform, THF and cyclohexanone) to
form solutions of pure polymers and symmetric
(1:1 w/w) polymer blend. The pure polyaniline films
were prepared using the solution of PANI in Solvent
and spin coating onto glass substrate speed of
3000rpms® .the two structures differ from each other
by the exchange of the carbon—carbon single and
double bonds. While polyacetylene can exist in two
isomeric forms: cis and trans-polyacetylene, the
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trans-acetylene form is thermodynamically more
stable and the cis—trans isomerization is irreversible®.
Oxidative (p-type) doping of polyacetylene involves
the chemical or anodic oxidation of the polymer
to produce carbonium cations and radicals with
simultaneous insertion of an appropriate number
of anions between the polymer chains’. Two
radicals can then recombine to give a spineless
dication referred to as a positive soliton, which
can act as the charge carrier®. The combination
of these characteristics makes polyaniline useful
for various applications including rechargeable
batteries®, light emitting diodes', transistors',
molecular sensors', nonlinear optical devices',
corrosion protection', electromagnetic interference
shielding's, and electrochromic displays'®. The metal
oxide semiconductor field effect transistor (MOSFET)
is the most important device for very large scale
integrated (VLSI) circuits such as microprocessors
and memory devices. Much research has explored
the use of conducting polymers as an active material
in field effect transistor devices; dedoped or doped
conjugated polymers such as trans-polyacetylene,
polythiophene, thiophene oligomers, polythienylene
vinylene, polyaniline'”.

EXPERIMENTAL

Preparation of Polyaniline

Polyaniline has been synthesized by
chemical oxidative polymerization method. For the
synthesis of polyaniline 0.5M aniline 1.5M HCI in
double distilled water was taken. These were stirred
in a beaker which was kept inside the rubber insulator
at 0°C. After this, 9gm ammonium peroxidisulphate
was dissolved in minimum (35-45 ml/gm) quantity
of water. The ammonium peroxidisulphate is then
added drop wise to above insulated beaker with
constant stirring. The color changes to dark green.
This solution was put for overnight. The solution was
then filtered in Butchery funnel and the residue was
washed 2-3 times with distilled water in the same
funnel. The filtered residue is the dried for 3-5h in
electrical oven at 45° C.

Preparation of ZnO Nanoparticle

ZnO nanoparticle synthesis was as
follow Zinc acetate dihydrate (3.35 mmol) was
first dissolved in methanol (31.25 ml) and another
solution of potassium hydroxide was prepared

by dissolving potassium hydroxide (6.59 mmol)
in methanol (16.25 ml). The potassium hydroxide
solution was added drop wise to the zinc acetate
solution at 60 &%C under vigorous stirring. After
1.5 h, nanoparticles started to precipitate and the
solution became turbid. The heater and stirrer were
removed after 2h and the solution was allowed to sit
for another 2h. The ZnO nanoparticles settled at the
bottom and the excess mother liquor was removed
and the precipitate was washed twice with methanol
(12.5 ml). The precipitate was then dispersed in
12.5 ml of methanol and 2.5 ml of chloroform. The
dispersed solution was translucent and stable for up
to 2 weeks 8.

Synthesis of Polyaniline-Zinc Oxide Composite

The undoped polyaniline powder was
dissolved in N-methyl-2-pyrolidone (NMP).The
solution was stirred for 2 hrs and filtered by a
whatman filter paper having pore size of 6micron.
A film of this undoped PANI was deposited by spin
coating method on a glass substrate with 600 rpm
for 20 sec and then dried at 1500 rpm for 45sec. The
film was then put for half an hour to dry completely
at room temperature. A free standing film was also
deposited by solution casting technique. For this a
glass slides were taken in a Petri dish and spread
the solution over them by a dropper. The ZnO
composites with undoped PANI were prepared by
adding 20% ZnO and 30 % ZnO in filtered solution
of undoped PANI in NMP. After that the solution was
arranged on the magnetic stirrer for 5 hrs. The film
of composites were prepared on glass substrate by
spin coating method at 600 rpm for 20sec and then
dried at 1500 rpm for 20 sec. Other free standing
films of composite were also prepared by the solution
casting technique '°.

RESULTS & DISCUSSION

XRD Analysis

XRD analysis of bulk film of composite
was conducted over the glass substrate. The
characteristics peaks of ZnO comes at 31.72°,
34.5° 36.3° 47.76° 56.6° 63.1°and 68° which
corresponds to miller indices (100),(002),(101),(10
2),(110),(103) and (201) respectively. The average
crystallite size was calculated by using Scherer
formula by measuring the full width at half maxima
of the (101) peak. The average size was found to
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be 27nm. This is further confirmed by TEM results.
The XRD pattern of PANI shows a broad peak at
2e=19% which corresponds to (200) plane of PANI.
The XRD pattern of ZnO powder and PANI-ZnO
(20%) composite exhibit the characteristic peak for
crystalline ZnO of wurtzite structure this indicates
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that crystal structure of ZnO is not modified due to
the presence of PANI. All the peaks of PANI-ZnO
composites shift slight higher values of 2&. From the
XRD peaks it was observed that lattice parameter
for ZnO were a=b=3.2269A° and for composite were
a=b=8.2442A°, c=5.2061A°. This change of lattice
parameter shows that the unit cell of ZnO stretches
along horizontal plane and suppresses along c-axis.
Since the surface area along the horizontal direction
of unit cell is more than that of combined surface
area of two vertical surfaces (top and bottom).

Thickness measurement

Thickness of PANI-ZnO composite film was
measured with the help of mechanical profilometer.
The graph given below can be used to measure
thickness. Here on going from left to right we have
a step at the origin. This step is the measure of
thickness of film and can be measured by subtracting
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Fig.3.1 XRD pattern of Zinc Oxide (ZnO)

Fig.3.2 XRD pattern of PANI-ZnO composite.
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Fig.3.3 Measurement for thickness of thin film of Polyaniline-Zno.
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lower-right value from upper-left value. So, the
thickness is

Thermogravimetric analysis

The Thermogravimetric analysis (TGA)
of ZnO-PANI composite was carried out in the
presence of Nitrogen from 30°C to 1000°C. For
PANI initially the huge loss of weight (97.32%)
upto the temperature of 160°C is due to the loss of
N-methyl-2-pyrolidone from melt. After that there was
no change in weight up to 430°C, which shows that
the PANI is stable up to that temperature. After this
PANI starts to decompose at 480°C. The reaction
completes at 600°C. For PANI-ZnO composite the
curve was nearly same and loss of weight occurs
due to loss of N-methyl-2-pyrolidone (97.13%) upto
175°C. After that there was no weight change till
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445°C temperature was reached (430°C for PANI).
This shows that the composite was stable till 445°C
and strength of composite also increased due to the
attachment of PANI chains with ZnO crystallites. The
composite decompose 0.88% up to the temperature
of 637°C (which was 600°C for PANI). After 637°C
there was no weight change up to 1000°C owing to
the stability of ZnO nanoparticles.

FTIR Spectral studies

The characteristics peaks of PANI at
503.1cm™, 587.6 cm™,798.7 cm™, 1121.8 cm™,
1296.7 cm™, 1472.4 cm™, 1559.8 cm™, 2369.3
cm™ and 3446.7 cm corresponds to the C = N
iminoquinone, C =C stretching mode of quinoid rings,
the C = C stretching mode of the benzenoid rings,
the stretching mode of C — N, the stretching mode of
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Fig.3.4 Measurement of surface roughness of thin film of Polyaniline-ZnO.
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N = Q = N where Q represents the quinoid ring and
C — H bonding mode of aromatic rings. The PANI-
ZnO composite also shows the same characteristics
peak. But the corresponding peaks of pure PANI at
798.7 cm'shifted to 794 cm™,1121.8 cm shifted to
1136 cm™, 1472.4 cm™ shifted to 1490.2 cmand
1559.8 cm™' shifted t01580.2 cm™ wave numbers in
PANI-ZnO composite. The shift may be described
due to the formation of hydrogen bonding between
ZnO and NH group of PANI on the surface of ZnO
particles.

Dielectric constant

The dielectric constant (&) of PANI and
PANI-ZnO composites as a function of frequencies
(1 to 800 kHz) are shown in Fig. 3.8, For PANI
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the dielectric constant as a function of frequency
decreases from 674.34 to 604.17 while for PANI-ZnO
(15%) composite and PANI-ZnO (25%) composite, it
remains almost constant. The real part of permittivity
of PANI-ZnO (15%) composites decreases by a
factor of <“2 and for PANI-ZnO (25%) composite
by <9 in comparison of pure PANI. This decrease
in real part of permittivity can be explained by the
multi-core model of interface between ZnO particle
and PANI. According to this model the interface
between particles and polymer consists of multilayer
in which the inner layer consists of polymer chains.
These layers are strongly attached to the surface
of ZnO particles and the outer layer consists of
polymer chains which loosely interacted with the
inner layer. It is characterized by different chain
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Fig. 3.6: FTIR Spectra of polyaniline (PANI)
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Fig. 3.7 FTIR Spectra of PANI-ZnO composite.



151 VERMA, Mat. Sci. Res. India, Vol. 11(2), 146-152 (2014)

Polvaniline

80 -
AN
rod N R o

504

n

[*]
o 40
E Polvaniline-Zno (15%)
L& 30 4 /
: — ——
20 4 T T
0 /f/ Polvaniline-Zno(25%)
—L'- - Teeases TRlcwaas oo

T T T T
0 00 400 600 800

Frequency( kHzj
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Fig. 3.10 TEM image of PANI-ZnO composite

conformation, chain mobility and free volume. The
reduction in the real part of permittivity is related
to inner bound layer which impairs the motion of
dipoles and the free volume contributed by the outer
layer. In the present case of PANI-ZnO composite,
there is a strong interaction on the surface of ZnO
particles with the PANI molecular chains as indicated
by the XRD and FTIR analysis. The reason of this
interaction may be attributed to the defects on the

20 nm
HY=80kV

Fig.3.9 TEM image of ZnO nanoparticles.

surface of ZnO particles. These defects may act
as active sites (dipoles) for the interaction of PANI
molecular chains.

TEM Analysis

The fig 3.10 shows the TEM images of ZnO
nanoparticles. It is clear from the image that shape
of particles is spherical, the average size of particles
lies between 5to 10 nm in diameter. The dark images
show that nanoparticles are solid in structure. The
TEM images (Fig. 10 (a), 11 (b)) of PANI-ZnO
composite shows that particles are entrapped inside
the matrix of PANI and size of particles is same so
there is no agglomeration of ZnO nanoparticles in
PANI matrix. Also, the distribution of ZnO particle in
PANI matrix is nearly uniform.

CONCLUSION

The thin Films of polyaniline and polyaniline—
ZnO composites have been synthesized over glass
substrate. The PANI-ZnO composites showed a
better dielectric property as compared to the PANI
films due to high energetic ZnO nanoparticles
with matrix of polyaniline. This is attributed to the
interaction between the uniformly dispersed ZnO
nanoparticles and the polymer chain in the matrix.
This interaction has been confirmed simultaneously
through various characterization such as X-Ray
Diffraction (XRD), Transmission electron microscope
(TEM) and Fourier transform infrared (FTIR). The
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TEM study of composite film revealed uniform
distribution of ZnO particles matrix. In FTIR spectra
the peaks corresponding to polyaniline are shifted
to higher wave number side than polyaniline which
again indicates interaction between polyaniline
chain and ZnO nanoparticles. The XRD confirm the
attachment of ZnO nanocomposite with the polymer
chains.
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