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Abstract

Cadmium sulphide (CdS) nanocrystals with Cd:S molar ratio of 0.2:0.2, 0.3:0.3, 0.4:0.4, 0.5:0.5 M are synthesized by
chemical coprecipitation method using poly vinyl alcohol (PVA) as capping agent. Crystallite sizes of CdS nanocrystals are
determined from XRD analysis. The crystallite sizes are found to be 3.34, 3.54, 3.75, 4.18 nm for molarity 0.2, 0.3, 0.4, 0.5
M respectively. The X-ray diffraction pattern study confirms that cubic phase cadmium sulphide nanocrystals are formed.
From UV- visible spectra the band gap is found to be lying between 2.7-2.9 eV indicating a significant blue shift from its

bulk of band gap energy 2.42 eV.

Keyword: Nanocrystals, Crystallite size, PVA, XRDand UV-visible.

Introduction

CdS is a group II-VI semiconductor with a direct band gap of
2.42 eV, which is of great interest due to their several
applications in both optoelectronic and biological fields'. Due to
its wide band gap, it is one of the most vital materials among II-
VI compounds for detecting visible radiation®. CdS is also used
as window material for hetero junction solar cells to avoid the
recombination of photogenerated carriers which improves the
solar cells efficiency” *. It is also used in light emitting diodes”,
photo detectors’, sensors®, address decoders’, and electrically
driven lasers®. It exists in cubic (sphalerite), hexagonal
(wurtzite), orthorhombic or their mixed crystalline phases’?. In
order to understand the various physical, chemical or
mechanical properties of nanocrystals, different structural
aspects must be considered and thereby proper estimation of
structural parameters like crystallite size, lattice strain, stress,
energy density etc. are important. In the present work, CdS
nanocrystals having cubic (zinc blende) phase has been
synthesized by chemical coprecipatition method. Structural
analysis has been done by XRD and TEM analysis and optical
properties are observed by UV- visible spectra.

Methodology

Synthesis: CdS nanocrystals are prepared by chemical
coprecipation method. 0.2 M, 0.3 M, 0.4 M, 0.5 M CdCl, and
same amount of Na,S are prepared separately in 20 ml triple
distilled water. 2% PVA (Polyvinyl alcohol) is prepared
separately and mixed with CdCl, solutions. The solutions are
then mixed together and stirred which are kept undisturbed for
24 hours. The precipitates are filtered and rinsed with triple
distilled water for several times so that the foreign particles are
removed. The precipitates are than heated up to 70° C to dry and
then grinded to obtain in powder form. The samples are ready
for characterization. The powders are characterized by X-ray
diffract meter (D8 Advance, Bruker AXS) with CuK, radiation
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Results and Discussion

Structural investigations are carried out using X-ray
diffractmeter. Figure-1 shows the X-ray diffraction pattern of
CdS powder with Cd:S molar ratios of 0.2:0.2 (a), 0.3:0.3 (b),
0.4:0.4 (c) and 0.5:0.5 (d) M respectively. The XRD pattern of
samples (a), (b),(c) & (d) exhibit three prominent peaks at 20
values at 26.91°, 44.17° and 52.04° corresponding to the
diffraction from (111), (220) and (311) planes respectively of
cubic zinc blende phase of CdS (JCPDS card no. 89-0440). The
broadening of different peaks of nanoparticles is obviously the
characteristic of nanosized particles'®. The crystallite size are
calculated according to Scherrer formula
t = KA/ (PcosO) 1)

Where K is a constant and its value is 0.9, A is the wavelength of
radiation which is 1.5406 A’for CuK, radiation, B (in radian) is
the full width half maximum (FWHM) of the peaks and O is the
Braggs diffraction angle'> '°. The average crystallite size is
found to be 3.7 nm which is in good agreement with the TEM
image as shown in figure-2. The crystallite size for each plane
as well as the average crystallite size of all the planes for each
sample is shown in table-1. In order to further investigate the
micro structural properties, TEM characterization is carried out
on the CdS nanocrystals. Figure-2 shows the TEM micrograph
of the nanocrystals. Nancrystals of size about 4nm having nearly
spherical shape can be clearly seen from the HRTEM
micrographs. The optical properties are carried out with help of
UV-visible spectra which is shown in the figure-3. The optical
band gap values of the samples are presented in table-2. The
UV-visible spectra show a blue shift which is shown in figure-3.
This blue-shift also confirms the nanocrystalline nature of the
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samples and is caused by the strong quantum size effect in
nanoparticles'’. The absorption edge shifts towards lower
wavelength side (blue region) as the molar ratio of Cd:S
decreases indicating that the effective band gap energy increases
with the decrease in particle size.

Table-1
Crystallite size (nm) of the samples of CdS nanoparticles
. . Average
Molarit, Planes Crystallite A
Samples | FCa.d (hkl) A (mm) | Crystallite
Size(nm)
111) 4.437
(a) 0.2:0.2 (220) 4.25 4.184
(311) 3.866
111) 3.931
(b) 0.3:0.3 (220) 3.769 3.75
(311) 3.551
(111) 3714
(c) 0.4:0.4 (220) 3.565 3.547
(311) 3.363
(111) 3.444
(d) 0.5:0.5 (220) 3.409 3.349
(311) 3.194
Table-2

Band gap (eV) of the samples of CdS nanoparticles

Samples Molarity of Cd:S | Band gap energy (eV)
(a) 0.5:0.5 2.7
(b) 0.4:0.4 2.73
(©) 0.3:0.3 2.9
(d) 0.2:0.2 2.93
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Figure-1

XRD pattern of CdS powder with Cd:S molar ratio (a)
0.2:0.2 (b) 0.3:0.3 (c) 0.4:0.4 (d) 0.5:0.5
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Figure-2
HRTEM image of 0.5 M CdS along with its SAED pattern
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Figure-3
UV -visible spectra of CdS with Cd:S molar ratio (a) 0.5:0.5
(b) 0.4:0.4 (c) 0.3:0.3 (d) 0.2:0.2

Conclusion

In summary, CdS nanocrystalshave been successfully
synthesized by chemical coprecipitation method with varying
Cd:S molar ratio. XRD analysis reveals that the prepared CdS
samples are of cubic zinc blende structure and well crystalline
nature. The average crystallite sizes are found to be 3.7 nm
which is in good contrast with the TEM image. The morphology
and particle size distribution has been studied by transmission
electron microscopy (TEM). The UV-visible spectra show a
blue shift. With the increase of Cd:S molar ratio the band gap of
the samples decreases.
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