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Abstract: In this piece of work we have synthsized the nanocrystaline CdS by Microemulsion Mediated
Sonochemical Route, CdSe by Wet Chemical Synthesis and CuO by Combined Precipitation-Pyrolysis Method
then by Oxidative Polymerization of Thiophene we have synthesized polythiophene and nanocomposite CdS-PTh
and CdSe-PTh and studied their phase identification by X-ray Diffractometer.
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1.Introduction

Semiconductor nanocrystals exhibit unique size
and shape-dependent optical properties due to the
quantum confinement effects and thus may find a wide
range of applications in optoelectronic devices,
photocatalysis, solar energy conversion and biological
imaging and labeling. The II-VI semiconductor
nanocrystals, such as CdSe, CdTe and CdS nanocrystals,
are the group of nanostructures that have been mostly
investigated because of their high luminescence
efficiency and easily adjustable luminescence'™ from
ultraviolet to near infrared region by nanocrystals sizes
showing the prospective for optoelectronic devices and
biological imaging as well as labeling applications. As a
direct wide bandgap (2.42 eV) semiconductor, CdS
nanocrystals may be potentially used in optoelectronics
of nonlinear optics and light emitting diodes. The
Nanoparticles are of great scientific interest as they are
effectively a bridge between bulk materials and atomic
or molecular structures. A bulk material should have
constant physical properties regardless of its size, but at
the nano-scale this is often not the case. Size-dependent
properties are observed such as quantum confinement in
semiconductor nanoparticles, surface plasmon resonance
in some metal particles and super para magnetism in
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magnetic materials. The properties of materials change
as their size approaches the nanoscale and the percentage
of atoms at the surface of a material becomes significant.
Modification in the electronic levels occurred very
strongly due to the limited number of atoms in the
particles. Such materials in these regime exhibit novel
physical and chemical properties due to the large surface
to volume ratio as well as size quantization effect in
semiconductor nanoparticles. Due to finite size of the
nanoparticles the continuous energy band of the bulk
crystal transforms into a series of discrete states resulting
in widening of the effective band gap. The nanoparticles
frequently display photoluminescence and sometimes
display electroluminescence . Additionally, some
nanoparticles can form self-assembled arrays. Because of
these favorable properties, nanoparticles are being
extensively displays studied for use in optoelectronic.
With the decreasing crystal size, CuO nanocrystals
exhibit some unique properties like change in ionic
character, ferromagnetic response etc. Investigation of
electronic properties of CuO nanocrystals will provide
more insight into the electronic correlation and also the
electronic coherent states *'°. As Copper oxide has more
industrial applications like solar energy storage,
semiconductors and catalysis, it attracts researchers to
study its behavior at various size regimes. Doped
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semiconductors are extensively investigated to obtain
basic information on impurity states in quantum dots and
to examine their potential applications in novel light-
emitting devices. It is well known that the quantum
confinement effect modifies the electronic structure of
nanocrystals when their diameter is comparable to or
smaller than the diameter of the bulk exciton. We have
synthesized the CdS, CdSe and CuO nanocrystals as well
as CdS-PTh and CdSe-PTh nanocomposites and studied
their phase identification by X-ray Diffractometer.

2.Theory

The fractional decrease in intensity I of an
X-ray beam as it passes through a substance is
proportional to the distance traversed by the beam
‘x’. Therefore —dI/dx = -pdx, where ‘W’ is the
linear absorption coefficient. This constant is
dependent on the material properties, its density and
the wavelength of X-rays. Integrating this equation
gives: Iy = I, exp (-ux), where ‘I, is the intensity of
the incident beam and °I;’ is the intensity of the
transmitted beam after passing through distance ‘x’.
Only a small range of characteristic x-rays are widely
used for diffraction. Mainly K, lines are used. A
diffraction pattern records the X-ray intensity as a
function of 20 diffraction angle. The peaks in X-ray
diffraction pattern are directly related to the atomic
distances. For a given set of lattice plane with an inter
plane distance of ‘d’, the condition for a diffraction
peak to occur can be simply written as 2dsinf = n\
which is known as the Bragg’s law. The positions
and the intensities of the peaks are used for
identifying the underlying structure or phase of the
material. This phase identification is important
because the material properties are highly dependent
on structure. We can calculate the particle size of the
sample from XRD analysis using debye Scherrer’s
formula d = 0.9 A / B cos® where ‘A’ is the wave
length of X-rays, B is the FWHM of diffraction peak
and 0 is the angle to the corresponding peak.

3. Experimental Work

The experimental work has been done in
Centre for Materials for Electronics Technology (C-
MET), Pune. We have discussed in brief the
preparation of CdS , CdSe and CuO nanocrystals as
well as CdS-PTh and CdSe-PTh nanocomposites.

3.1  Synthesis  of Cds

(Sonochemical Route):

Nanocrystaline

In this procedure, 95 ml of distilled water and 5
ml of CTAB (surfactant) were added together and
divided into two 50 ml aliquots. Then 0.01 M solutions
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of cadmium nitrate and ethylene diamine tetraacetic acid
(EDTA) were prepared in one aliquot and 0.01 M
solutions of sodium thiosulphate were prepared in
another aliquot. These solutions were added together
slowly (drop by drop) under stirring and then irradiated
at 20 KHz frequency for 1 hour in an ultrasonic bath.
The products of greenish-yellow precipitates were
collected. These products were filtered and washed
thoroughly with distilled water followed by ethanol and
then dried in a vacuum oven at 70° C for 5 hours and
ground these to get powder form of nanocrystalline CdS.

3.2 Synthesis of Nanocrystalline CdSe:
Chemical Synthesis)

(Wet

In this procedure, first 0.4 M Se metal powders
were dissolved in 0.4 M sodium sulphite solution. The
solution was carried out at 600) C under stirring for 4-5
hours. Then the undissolved particles were filtered out
after the solution cooled to the room temperature. That
solution was sodium selenosulphate used as a selenium
source. Second, in 35 ml of distilled water and 15 ml of
isopropanol, 0.1 M of cadmium sulphate solution was
prepared. The prepared sodium selenosulphate solution
was added drop wise to the stirred cadmium sulphate
solution. After one hour, the products of dichromate
coloured precipitates were collected and then washed
with distilled water followed by absolute ethanol. The
products were dried in a vacuum oven at 70°C for 6
hours. Finally the powders of nanocrystalline CdSe were
collected.

3.3 Preparation of Copper Oxide Nanocrystals

The synthesis of Copper oxide nanocrystals is
done by a combined precipitation-pyrolysis method,
which involves initially preparing precursors and finally
decomposing the precursors in a furnace with different
annealing temperatures, which lead to the final products
of copper oxide nanocrystals.

3.3.1 Procedure for Preparing Precursor A

Preparation of precursor A involves the
following reaction. 0.3 M of aqueous ammonium
carbonate is prepared by dissolving 4.714 g of
ammonium carbonate in 100 ml distilled water.
Similarly, 0.05 M of aqueous copper acetate is prepared
by dissolving 4.991g of copper acetate in 500 ml of
distilled water. Now, 50 ml of freshly prepared aqueous
ammonium carbonate is rapidly added to 300 ml of
aqueous copper acetate, and precipitate is formed. After
a reaction time of lminute, the precipitate formed is
separated by a centrifuge process. Then they are washed
with distilled water and ethanol to remove possible
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remnant ions in the final products, which are dried in air
at 600 C and kept ready for further reaction.

3.3.2 Procedure for Preparing Precursor B

0.3 M of aqueous sodium hydroxide is prepared
by dissolving 4.714 g of sodium hydroxide in 100 ml
distilled water. Similarly, 0.05M of aqueous copper
acetate is prepared by dissolving 4.991 g of copper
acetate in 500 ml distilled water. 50 ml of prepared
aqueous sodium hydroxide is mixed rapidly with 300 ml
of aqueous copper acetate. After a reaction of 1 min the
precipitate is formed which is separated by centrifuge
process, and then washed with distilled water and
ethanol. It is then dried in air at 600 C.

3.3.3 Thermal Decomposition of Precursors

Thermal decomposition of the precursors in a
furnace with different annealing temperatures led to the
final product of CuO nanocrystals and nanorods. Sample
(S2) was prepared at 2000C by using precursor A under
constant nitrogen flow. Annealing at temperatures
3000C, 4000C, and 5000C, samples (S3), (S4), and (S5)
are prepared respectively from precursor A. without
nitrogen flow the final product obtained was copper
oxide nanocrystals. Sample (S6) was prepared by using
precursor B with the reactant copper sulphate at an
increased concentration 0.15 M, which is obtained by
dissolving 3.742g of copper sulphate in 100 ml of
distilled water and at an annealing temperature of 3000C.
Here the final product obtained was copper oxide
nanorods.

3.4 Synthesis of Polythiophene (PTh):(Oxidative
Polymerization of Thiophene)

Here 0.1 M of thiophene was dissolved in 25 ml
of acetonitrile or methanol (non-aqueous media) with
Iml of CTAB as surfactant. Then 0.3 M of lithium
perchlorate was added as a supporting electrolyte to
increase the bath conductivity and also added 0.1 M of
ferric chloride as an oxidant to the above stirred solution.
Again stirred the above mixture for 2 hours and kept
several hours for polymerization. Then the products of
black coloured precipitates were collected. These
products were washed thoroughly with acetonitrile to
remove any residual ferric chloride. These products were
dried in a vacuum oven at 70°C for 10 hours to get
powder form of polythiophene .

35 Synthesis of CdS / PTh Nanocomposite:
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In a typical procedure, 50 ml of methanol, 45 ml
of distilled water and 5 ml of CTAB stock solution were
added together and then divided into two equal volumes.
0.1 M of thiophene, 0.3 M of lithium perchlorate and 0.1
M of ferric chloride solutions were prepared in one part.
Again 0.1 M of cadmium nitrate, 0.1 M of EDTA and 0.1
M of sodium thiosulphate solutions were prepared in
another part. Then these solutions were mixed slowly
under stirring for 1 hour and irradiated 20 KHz
frequency for 1 hour in an ultrasonic bath. The products
of brown coloured precipitates were collected and then
washed thoroughly with ethanol. The final products were
dried in a vacuum oven at 70°C for 10 hours and ground
to get CdS/polythiophene nanocomposite powders.

3.6 Synthesis of CdSe / PTh Nanocomposite:

Here first Se metal powders were dissolved in
0.4 M sodium sulphite solution at 60[1C under stirring
for 4-5 hours and then the undissolved particles were
filtered out after the solution cooled to the room
temperature. That solution was sodium selenosulphate
used as a selenium ion source. Second, 50 ml of
methanol, 45 ml of distilled water and 5 ml of CTAB
stock solution were added together and then divided into
two equal volumes. 0.1 M of thiophene, 0.3 M of lithium
perchlorate and 0.1 M of ferric chloride solutions were
prepared in one part. Again 0.1 M of cadmium nitrate
and the above prepared sodium selenosulphate solutions
were prepared in another part. These solutions were
mixed slowly under stirring for 1 hour and irradiated 20
KHz frequency for 1 hour in an ultrasonic bath. The
products of blackish-brown coloured precipitates were
collected and then washed thoroughlywith absolute
ethanol. The final products were dried in a vacuum oven
at 70°C for 10 hours. Finally CdSe/polythiophene
nanocomposite powders were collected.

4, Results and Discussion
X-Ray Diffraction (XRD) Analysis:

Phase identification was carried out by X-ray
Diffractometer (X-Ray generator, Regaku Miniflex,
Japan) employing a scanning rate of 2°/minute in
diffraction angle 20 range from 10° to 80° and CukK,
radiation (A=1.5405 A°).

The X-ray diffraction curves for different
prepared materials are discussed here. Figure 1 gives the
XRD pattern of nanocrystalline CdS prepared by
microemulsion mediated sonochemical synthesis. The
XRD pattern of nanocrystalline CdS contains 3 main
peaks at diffraction angle 26.55°, 43.87° and 51.91°
corresponds to the Miller indices (101), (110) and (112).
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This XRD pattern matched with the JCPDS data (JCPDS
No. 6 - 314) of hexagonal CdS. The broadening of the
peaks indicates the inorganic component CdS is in
nanometer scale. Figure 2 shows the XRD pattern of
CdS/polythiophene nanocomposite. Here the more
diffraction peaks are due to the presence of
polythiophene in CdS/polythiophene nanocomposite. It
confirms the successful polymerization of thiophene
monomer and the formation of nanocomposite material.

Figure 3 gives the XRD pattern of as-prepared
nanocrystalline CdSe synthesized by wet chemical route.
After thermal annealing of the prepared CdSe, we can
get the clear diffraction peaks because of the increase in
grain sizes of the material. The above XRD pattern
matched with JCPDS data (JCPDS No. 8 - 459) of
hexagonal and cubic CdSe. Figure 4 shows the XRD
pattern of CdSe/polythiophene nanocomposite. Here also
some extra diffraction peaks are due to the presence of
polythiophene in CdSe/ polythiophene nanocomposite.
Figure 5 and figure 6 shows the XRD pattern of CuO
nanocrystal synthesized at different tempreture. The
mean crystalline sizes of the samples estimated using
scherrer formula and are in the range of 5 to 15nm. The
XRD data clearly demonstrate the growth of nanocrystals
as the thermal treatment temperature increases. The
FWHM increases as the sample size decreases.
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Figure 6: XRD pattern of CuO prepared at 500 °C

3. Conclusion
In  conclusion, it is
CdS/polythiophene and

summarized  that
CdSe/polythiophene
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nanocomposites are successfully synthesized in room
temperature and pressure. The inorganic CdS and CdSe
nanocrystals are of uniform size and nearly
monodispersive, which are disordered and mixed with
polythiophene. In XRD, the broadening of peaks
indicates the inorganic components are in nanometer
scale. Some extra peaks in nanocomposites may be
assignable to the dopants. In case of CuO the XRD data
demonstrates the growth of nano crystal with increase of
thermal treatment temperature.
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