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ABSTRACT

Cadmium Oxide (CdO) nanoparticles have been sy#esby simple approach of sol-gel
method at room temperature using cadmium acetage@psor) and starch as stabilizing agent.
The precipitate of cadmium hydroxide after hydrislys/ using ammonia was heated overnight
and then sintered upto 68D in steps so as to get the reddish brown colourCdO
nanoparticles. Nanocomposites of polyaniline wittOOnhanoparticles have been synthesized by
in-situ chemical oxidation polymerization methochgsammonium persulphate (APS) as oxidant
and HCI as dopant. The synthesized nanocompositee subjected for spectroscopic and
structural characterization using FTIR, UV-VIS aB&M, XRD respectively. The structure of
CdO was found to be cubic with lattice paramet&89.A which was confirmed from XRD. The
average crystallite size was found to be 56 nm kvhias supported by SEM images. Structural
changes have been observed with different weigbt @O in composite in UV and IR spectra.
Nanocomposites show high electrical conductivitynpared to pure PANI. The conductivity of
nanocomposites increases with increasing of CdOterdnbecause of the new conductivity
passageways formed by embedded nanoparticles of CdO

Keywords: polyaniline; conducting polymers; nanocomposit€slO nanoparticles; electrical
conductivity.

INTRODUCTION

Conducting polymers have been the subject of coatia research and development due to their
potential applications in many technological ar€aenducting polymers offered the promise of
achieving a new generation of polymers; materialgciwv exhibit the electrical and optical
properties of metals or semiconductors and whitdiréhe attractive mechanical properties and
processing advantages of polymer leading to wideeaof technological applications [1-4].
Amongst the family of conducting polymers, polyarel (PANI) is unique due to its ease of
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synthesis, environmental stability, and simple dgfdedoping chemistry. Because of its rich

chemistry, polyaniline has been one of the mostlistl conducting polymers of the past 20

years. Polyaniline (PANI) is a promising materiachuse of its intrinsic electrical conductivity

by doping with organic dopants [5]. The highly ardd#ructures such as crystalline or self-

assembled structures of ideal conducting polymeh wiconjugated structure is expected to

have metal-like electrical conductivity [6]. To inck an ordered structure, other materials acting
as filler for the composite are required [7-14].nNstructurization of conducting polymers and

their composites emerged as a new field of reseanchdevelopment, directed to creation of
new materials for use in modern and future techme® Recently, conducting polymer/metal

oxide nanoparticle composites have been considased new class of materials due to their
improved properties when compared with those ofpronducting polymer and metal oxide

[15-17].

Cadmium oxide (CdO) is n-type semiconductor usedaagansparent conductive material

prepared as a transparent conducting film backn@ad oxide has been used in applications
such as photodiodes, phototransistors, photovotiells, transparent electrodes, liquid crystal
displays, IR detectors, and anti reflection coatOGnicro particles undergo band gap excitation
when exposed to UV-A light and is also selectivepimenol photo degradation. With this

background of multifunctionality CdO, it was thoaghorthwhile to use the nano-sized CdO as
an inorganic counter part in the composite preparat

In present context, we are introducing a conducpotymer polyaniline in which nano scale
filler of cadmium oxides are embedded in the polymmatrix. Appropriate addition of nano
particulates or nanoscale fillers to the polymeitrmmaand good dispersion of these fillers not
only enhances its performance but also introduees physical properties and novel behaviour
to the original polymer matrix. It also observedttblectrical conductivity of polyaniline vary as
the concentration percentage varies. In this pagereport FTIR, UV-VIS, XRD, SEM and
electrical conductivity studies of polyaniline-Caf@nocomposites.

MATERIALS AND METHODS

All the chemicals used in this investigation wefewalytical reagent grade and used as received
except aniline which was distilled prior to use.ndstructure CdO was synthesized by sol — gel
method using respective metal precursor cadmiunatcgl8]. Cadmium acetate was added
slowly in 500 ml clear solution of starch and dist water and the solution was stirred. While
stirring, equimolar ammonia in aqueous solution \edded drop by drop. Then stirring was
carried for another two hours and the solution west overnight. Next day the solution was
filtered and precipitate of CdO was obtained whiehs heated overnight at 80°C. Next day
crystalline form of CdO was sintered up to 600°€88°C the colour of CdO was light red and
at 600°C, it was reddish brown. PANI-CdO nanocontposwas obtained by in-situ
polymerization. Initially polymerization of monomaniline was initiated by drop wise addition
of ammonium peroxidisulphate in acidic medium iniehhspecific quantity of synthesized CdO
powder was added. The stirring was continued foo@rs and then solution was kept overnight.
Next day, the mixture was filtered, washed withtitlex] water and the methanol and then dried
at 80°C for overnight. By changing the weight patage of CdO with aniline monomer
(5%.10%, 20%) a series of PANI-CdO nanocomposii@s ebtained [19].
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The UV-Vis spectra of synthesized composites wednded by using UV-1800 Shimadzu
automatic recording double beam spectrophotomaténe range of 200-1100 nm. The FTIR
spectra were taken on Shimadzu FTIR-8101A speottopteter between 450 ¢hio 4600 cm

! X-ray diffraction patterns were recorded on Philp&/1710 automatic X-ray diffractometer.
The morphology analysis was carried out using scgnelectron microscope JSM-6380A. The
electrical conductivity was measured by using feoint probe method.

RESULTS AND DISCUSSION

The XRD patterns of pure CdO and PANI-CdO nanocasitpq20%) are shown in figure 1(a)
and (b) respectively. The XRD pattern of pure Cad® been matched with standard JCPDS data
(file N0.11049). According to that data, structofesample is cubic where atoms are arranged in
octahedral position. The particle size of CdO wakeidnined from the width of the XRD peak
by using Scherrer’'s formula. The particle size afgpCdO was found to be 56 nm. While
comparing the XRD pattern of PANI reported earf&f] and PANI-CdO nanocomposite (20%),

it can be concluded that CdO has been uniformlyechix the chain of polyaniline as the peak at
26° of polyaniline became well intense and the peaklabf polyaniline became diminished in
case of nanocomposite shown in figure 1 (b).
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Fig 1(a): XRD pattern of CdO Fig 1(b): XRD pattern of nanocomposite (20%)
nanoparticles

The SEM image of PANI-CdO nanocomposite (20%) i@wshin figure 2. It can be seen from
the image that the particle size is in the rang@afometer and having spherical and porous
structure [21]. The FTIR spectra of PANI-CdO nanoposite (20%) is shown in figure 3. It is
clearly seen from the figure that the characteriggaks at 3450, 1600, 1554, 1491, 1207, 1160,
823 cni" attributed to N-H stretching of secondary amiremamnoide ring, C-N strectching band
vibrating of the dopant anion and paradisubstituiedzene ring respectively. The decrease in
peak area with respect to the PANI indicates thecgiral change in polymer due to presence of
CdO nanoparticles which has been uniformly mixethanpolymer matrix as supported from its
SEM..
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Fig 3: FTIR spectra of ‘nanocomposite (20%)

Fig 2: SEM image of CdO nanoparticles

UV-VIS spectra of nanocomposites are shown in #glir From the spectra, it can be seen that
pure CdO shows maximum absorption at 400nm indigailue shift which is due to particle
size in nano regime [22]. The changes in peak ijposif PANI- CdO composites of 5% and
20% shows the enhanced absorption as compared t@toetid 389-390nm indicating the
polaronic bands have been formed in the compositeish are responsible to increase the
electrical conductivity of these composites duespecific amount of CdO incorporation in
polymer matrix as compared to that of pure polyaei[23,24].
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Fig 4. UV —-VIS Spectra of CdO and nanomposites Fig. 5: Electrical conductivity of pure PANI and

nanocomposites

The variation of conductivity with temperature ANI-CdO nanocomposites are shown in
figure 5. The increase in conductivity for the oammposites containing 5% and 20% filler
particles may be due to the formation of more nunabgolarons in the widen band gap which
is also confirmed from the UV-vis spectra. Hence tbe particular amount of filler
nanomaterial, the surface of PANI would be modifiechave high conductivity and have much
active surface. The change in the conductivityhef composites indicates a change in the doping
state of the polymer. Though the composite havitig &d 20% of CdO shows the higher
conductivity than pure PANI but the formation oD3eonduction network is not likely and thus
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such enhancement of DC conductivity values canttséated to the uncoiling of polymeric
chains due to strong interfacial interaction betw@&eO nanocrystallites with PANI caused by
their composition [25].

CONCLUSION

CdO nanoparticles were prepared successfully bygalosimple approach. A series of PANI-
CdO nanocomposites have been synthesized by cHeoxaation polymerization method.
PANI-CdO nanocomposites show enhanced polaronid$as observed from UV-VIS spectra.
This also reveals the well incorporation of theesped CdO in the PANI matrix and effect of
nanoparticles on the structural and optical progerof polyaniline. The enhanced electrical
conductivity for the composites of 5% and 20% wotldered structure compared to pure PANI
may be applicable in the nanoelectronic devicescwhiave the dual advantages of low
dimension and organic conductor.
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