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The present work is focused on the synthesis and characterization of a new polymer thin film material suitable for emissive layer
in polymer light-emitting diodes. Thin films of polyaniline and ZnO nanoparticles dispersed polyaniline have been prepared and
investigated for the suitability of emissive layer in polymer light emitting diodes. ZnO nanoparticles have been synthesized using
wet chemical method and characterized using powder X-ray diffraction. Diffraction pattern reveals that the ZnO nanoparticles are
grown in hexagonal wurtzite structure with the preferential orientation of (001) plane. Polyaniline was synthesized using potassium
persulphate (initiator) at room temperature. ZnO nanoparticles are then dispersed in different doping level (5%, 10%, 15% 20% and
50%) with polyaniline. Thin films of ZnO dispersed polyaniline (PANI/ZnO) were prepared and characterized using scanning
electron microscopy in order to investigate the surface morphology of the film. The optical characteristics and the suitability of film

as emissive layer were analyzed using UV-visible absorption and fluorescence spectroscopy.

1. Introduction

After the discovery of conductivity in polymers and in
certain organic molecules, remarkable progress has been
made in synthesizing organic materials and in developing
them for use in electronic and optical devices [1, 2]. Currently,
polymer-based organic light-emitting diodes (LEDs) [3],
photovoltaic cells [4], and field effect transistors [5] are being
pushed towards commercialization. So far, a wide range of
conjugated polymer systems has been developed, such as
poly(1,4-phenylenevinylene) (PPV) [6, 7], poly(p-phenylene)
(PPP) [8], polyfluorene (PF) [9], and polythiophene (PT) [10]
and their derivatives. Polymer-based optoelectronic devices
have gained importance due to the cost-effective nature
of polymers. Polymer light-emitting diodes (PLEDs) were
first demonstrated by Richard Friend and coworkers on
PPV that emitted 3 primary colors. Among the conducting
polymers, PANI has been of particular interest because of
its cheap monomer, simple synthesis technology, unique
electrochemical properties, high conductivity, and environ-
mental stability. PANI differs from most other conducting

polymers such as PPV and PT because it possesses readily
accessible oxidation states. Zinc oxide has received much
attention in recent years due to its diverse properties. It
is a direct wide gap semiconductor, and it is a prominent
inorganic material for optoelectronic devices. The interest of
the researchers has increased rapidly during the last decade
in the application of inorganic-organic hybrid polymers
for electronic and optoelectronic devices. A new finding
of a nanocrystal ZnO retarded gelation of low-density
polyethylene (LDPE) has also been reported [11]. It has been
reported that nanocrystals of inorganic materials exhibit
many properties which are unexpected from the conven-
tional point of view. PLEDs by depositing a p-type poly-
mer, poly(3,4-ethylenedioxythiophene): poly(styrene sul-
fonate)(PEDOT:PSS) on n-type ZnO nanowires grown by
electrodeposition on transparent conducting glass (ITO)
substrates have also been fabricated and reported [12].
Incorporation of few wt% of ZnO nanoparticles in polymer
matrix has enhanced its emissivity. The present investigation
is focused on the hybridization of PANI with ZnO and
analyzing its optical properties as an emissive layer of LED.



2. Experimental

Thin films of PANI and PANI/ZnO have been synthesized
by solution polymerization technique with different compo-
sitions of ZnO (5, 10, 15, 20 and 50 wt %). 0.1 M of zinc acetate
was added in starch solution. Starch solution is prepared
by adding 2.5 g of starch in 250 mL of distilled water. After
complete dissolution of zinc acetate under constant stirring,
ammonia (0.2M) is added dropwise to the aforemention
solution. The obtained solution is then filtered and dried in
oven at 80°C to get ZnO nanoparticles. PANI was synthesized
by solution polymerization technique. Prescribed amount of
aniline (5.58 g) is dissolved in 1N hydrochloric acid under
constant stirring for 4 hours. Calculated amount of potassium
persulphate, K,S,04 (1.62g), in 10 mL of distilled water is
added to aniline in HCI solution and constantly stirred for
24 hours [13]. The polymerization solution results in the
formation of dark green precipitate. The precipitate is then
filtered and dried in oven at 110°C to get PANI powder. ZnO
nanoparticles at different composition were dispersed into
PANI by adding ZnO nanoparticles to the aqueous solution
of aniline in HCI after adding the initiator while the solution
is in constant stirring. PANI and PANI/ZnO composites are
then powdered in mortar and preserved in a desiccator.
Thin films of PANI and PANI/ZnO were prepared by
solution method. The PANI/ZnO powdered composite was
mixed with polyvinyl alcohol (PVA) solution (1gm of PVA
in 20mL of distilled water). The PVA solution was used
as a binding agent. The obtained solution is coated on a
transparent glass substrate by spinning method on glass
substrate. The solution was allowed to fall dropwise, and the
substrate was placed in a rotating disc of the abrasion tester.
The disc was set to rotate with the speed of 100 rpm for 2 hrs.
The solution was deposited on the glass substrate. The film
was kept in the oven for 2 hrs by maintaining the temperature
of 150°C. The thickness of the films was measured using
digital foil thickness gauge (Make: Precision, Model: 500-FD,
Accuracy: 1.0 ygm) and found to be around 310-350 pym.

3. Results and Discussion

3.1. Density. The density of the nanocomposites was deter-
mined using the formula Do = vDy, o + (1 — v)Dpynr-
The density of ZnO nanoparticles and PANI was deter-
mined as 5.59 g/cc. and 1.32 g/cc., respectively. The density
of PANI/ZnO nanocomposites with different composition of
ZnO was determined using the previously formula, and the
values are tabulated in Table 1.

3.2. Structural Characteristics

3.2.1. X-Ray Diffraction Studies. The structural properties
of as-synthesized ZnO nanoparticles and PANI were inves-
tigated using X-ray diffraction (XRD). The XRD pattern
was recorded in Shimadzu diffractometer, using the Cu
K, radiation, A = 15418 A with 40kV and 20maA, at
0.04" scan rate. The measurements were made at room

temperature with the diffraction angle (20) ranging from
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TABLE 1: Density of PANI/ZnO nanocomposites.

Concentration of ZnO in PANI/ZnO nanocomposites ]();1/1;;‘[;1
0% 1.320
5% 1.534
10% 1.747
15% 1.961
20% 2.174
50% 3.455

10 to 70 degrees. XRD pattern of ZnO nanoparticles and
PANTI is depicted in Figurel. The XRD pattern of PANI
shows the amorphous nature of PANI; however the XRD
pattern of ZnO nanoparticles reveals that they are grown in
hexagonal wurtzite structure with the preferential orientation
of (100) plane. The diffraction peaks do not imitate the high
crystallinity; hence the size of the particles must be smaller.
Inset of Figure 1 shows the Williamson-Hall plot which was
to calculate the particle size and the strain induced due to the
reduction of size of the particle.

From Williamson-Hall plot it is observed that the particle
size (D) and the strain (&) were calculated as 4.496 nm and
—0.0685, respectively. The negative sign represents that the
strain induced is compressive. Moreover, the lattice constants

« _»

a” and “c” are determined using the following formulae:

a—L c= A (1)
\/gsine’ sin@’

« _» « »

The “a” axis lattice constant and “c” axis lattice constant
are determined to bea = 3.1606 A and ¢ = 5.4743 A. The bulk
ZnO has the lattice constant of a = 3.25 A and ¢ = 5.206 A.
Along “a” axis the particle undergoes the compressive strain,
and hence the lattice constant is reduced from that of the bulk.
However, the ¢ axis lattice constant is increased. The reason
is that, when there is a compressive strain on one direction,
there will be a tensile strain on the opposite direction. Thus
the lattice constant is increased along c¢ axis. The average
particle size using Debye-Scherer formula is around 3.93 nm.

3.2.2. SEM Analysis. The distribution of ZnO particles was
examined using scanning electron microscopy. The SEM
images of PANI/ZnO films coated on glass substrate were
depicted in Figure 2. The SEM images have been recorded
using Carl Zeiss scanning electron microscope at the magnifi-
cation of 8.00 Kx. The SEM images clearly reveal the uniform
dispersion of ZnO nanoparticles in PANI matrix. Further it is
observed from SEM image that the ZnO particles exist in the
form of hexagonal rod. Moreover, the distribution increases
with the increase of ZnO concentration into the PANI matrix.
PANI with 20% of ZnO particles shows the higher degree of
uniform distribution. However, at higher concentrations of
ZnO (50%), the particles are clustered together due to the
stronger intermolecular forces between them.
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FIGURE 1: XRD pattern of PANI and ZnO nanoparticles. Inset: W-H plot for ZnO nanoparticles.

3.3. Optical Characteristics

3.3.1. Optical Transmittance. Optical transmittance data was
observed using Clarity meter (Make: Gardner Laboratory,
Inc., USA) which emits the light radiation of wavelength
860 nm. Figure 3 shows the variation of optical transmittance
as a function of concentration of ZnO nanoparticles. It is
observed that the incorporation of ZnO nanoparticles into
the PANI matrix increases the transparency of the PANI film.

3.3.2. Determination of Optical Band Gap. UV-visible
absorption spectra were observed using CARY 5E UV-VIS-
NIR spectrophotometer at room temperature within the

wavelength ranges from 300 nm to 1100 nm in steps of 1 nm.
The optical band gap as a function of ZnO nanoparticles
concentration has been extracted from UV-Visible spectrum.
The transmittance data from the UV spectrum have been
used for the further determination of optical parameters like
band gap and refractive index.

To determine the optical band gap of the composites,
Tauc’s plot for pure PANI and PANI/ZnO composites was
plotted and depicted in Figure 4. From the graph, it is
observed that the optical band gap decreases with respect to
the concentration of ZnO. Since ZnO is a direct band gap
semiconductor, Tauc’s plot is plotted between («hv) and hv.
The band gap is determined by extrapolating the linear region
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FIGURE 2: SEM image of PANI and PANI/ZnO composites.
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FIGURE 3: Optical transmittance as a function of ZnO concentration.

of the curve. The energy gap for pure PANI is observed to
be 2.8 eV. The higher value of optical band gap is due to the
reduction in particle size of the synthesized ZnO powder.
Composites with 5 wt%, 10 wt%, 15 wt%, 20 wt%, and 50 wt%
of ZnO in PANI exhibit the energy gap of 2.63 eV, 2.59 eV,
2.56 eV, 2.51 eV, and 2.47 eV, respectively.

3.3.3. Determination of Refractive Index. Reflectance, trans-
mission, and absorption from any material depend upon the
refractive index of that material. Reflectance is given as R =
(n-1)*/(n+ 1)% from this relation, the refractive index as
a function of wavelength in terms of reflectance has been
derived and reported earlier [14] as n(A) = —(R + 1) +
V(=3R%2 + 10R — 3)/2(R — 1). The reflectance of the sam-
ples was extracted from the transmittance and absorbance
data. Figure 5 shows the variation of refractive index with
respect to the concentration of ZnO at a wavelength of
800 nm. The refractive index is found to be increasing with

respect to ZnO up to 20% of ZnO and again decreases at
higher dispersion level of ZnO.

3.3.4. Band Gap: Refractive Index Relationship. The refractive
index and energy gap of semiconductors represent two fun-
damental physical aspects that characterize their optical and
electronic properties. Optical band gap of a semiconductor
determines the threshold for the absorption of photons,
and the refractive index determines the transparency of
the material. Therefore, the correlation between these two
properties obtains the significant importance. Theoretically
energy gap-refractive index relationship was obtained by
Ravindra et al. [15] using Penn model, n(Y) = A + B;x +
B,x* + B;x” + B,x". The same method has been employed
to determine the relation between band gap and refractive
index theoretically. Figure 6 shows how the refractive index
varies with respect to the optical band gap. The relation is
well fit into a fourth order binomial equation. The relation

« »

between “x” and “Eg” isdetermined asn = —60.57+94.47E ;-
53.99E,% + 13.71E,> — 1.31E,".

3.3.5. Fluorescence Spectroscopic Studies. From previous stud-
ies, it is concluded that PANI/ZnO composites exhibit good
optical properties and conducting properties. In order to
check whether the films can emit radiation, fluorescence
studies were carried out. PANI/ZnO nanocomposites were
subjected to fluorescence spectroscopy to observe the exci-
tation and emission phenomenon of as-synthesized com-
posites. Figure7 shows the fluorescence spectra of PANI
and PANI/ZnO composites which reveal the emission of
radiation in the UV region.

Inset of Figure 7 shows the variation of emission wave-
length with respect to ZnO composition. It is observed that
the emission wavelength increases as ZnO increases up to
20%, and further addition of ZnO leads to the decrease of
emission wavelength. Hence by adding different composition
of ZnO with PANI the radiation of desired wavelength can be
obtained. Further it is also observed that the emission is very
strong (highly intense) at 20% of ZnO. Therefore, the PANI
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FIGURE 4: Tauc’s plot for various compositions of ZnO in PANI.

film with 20% of ZnO emits the radiation of 395 nm with high
intensity.

3.4. Electrical Properties. Figure 8 shows the variation of
optical band gap and the electrical conductivity with ZnO

concentration. The band gap is observed to be decreased
by the addition of ZnO nanoparticles. The higher level of
incorporation of ZnO reduces the band gap due to the for-
mation of donor level at the bottom of the conduction band
which contributes to electrical conductivity. The widening
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of band gap in case of heavily doped semiconductors is
due to the blocking of the low-energy transitions by the
donor electrons occupying the states at the bottom of the
conduction band which is known as the Burstein-Moss effect
[16]. According to this effect, the electrical conductivity of
the film is expected to be increasing with ZnO concentration.
The electrical conductivity of the film was measured using
electrometer. The conductivity was found to be increasing
with the increase of ZnO concentration and well reflects the
Burstein-Moss effect.

4. Conclusion

Thin films of PANI and ZnO nanoparticles dispersed PANI
were prepared by PVA assisted method on glass substrates.
XRD was carried out to confirm the formation of ZnO
nanoparticles and PANI. The film of PANI and ZnO/PANI
nanocomposites was subjected to UV-visible spectroscopy
and fluorescence spectroscopy. The dispersion of ZnO
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nanoparticles in the PANI matrix improves the transparency
and modifies the optical band gap. The electrical conductivity
is found to be enhanced by the dispersion of ZnO. Further,
the dispersion of ZnO tunes the emission wavelength and
the intensity of the radiation. Hence, it is concluded that
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ZnO nanoparticle dispersed PANI is a promising material for
emissive layer in polymer light-emitting diodes.
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