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Cadmium sulfide (CdS) nanoparticles were synthesized by chemical precipitation method using
cadmium chloride (CdCl2 , sodium sulfide (Na2 S) and water as a solvent by varying temperatures
from 20–80  C. The nanoparticles were characterized by X-ray diffraction (XRD), Raman spectroscopy, field emission scanning electron microscopy (FE-SEM), energy dispersive spectroscopy
(EDS), High-resolution transmission electron microscopy (HR-TEM) and UV-Visible spectroscopy.
XRD pattern revealed cubic crystal structure for all the synthesized CdS nanoparticles. Raman
spectra showed first and second order longitudinal optical (LO) phonon vibrational modes of CdS.
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particles and the size is in the range
of 15–85 nm while HR-TEM images of CdS nanoparticles exhibit well-resolved lattice fringes of the
cubic structure of CdS. The optical properties of CdS were examined by UV-Visible spectroscopy
which showed variation in absorption band from 460–480 nm. The band gap was calculated from
the absorption edge and found to be in the range of 3.2–3.5 eV which is greater than the bulk CdS.
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1. INTRODUCTION
In the past two decades, nanocrystalline forms of semiconductor materials and their synthesis have attracted more
interest because of their unique optical and spectroscopic
properties.1 CdS nanoparticles are the most widely studied
binary chalcogenide amongst II–VI semiconducting group,
due to its wide energy band gap of 2.43 eV.2 The various advantages of CdS as a semiconductor are availability
of discrete energy levels, tunable bandgap, size dependant
optical properties, good chemical stability and easy preparation techniques. The various morphologies and unique
properties of CdS semiconductor intrigued researchers to
exploit it in the areas of photo electrocatalysis, biotechnology and communication.3
CdS nanoparticles are ideal quantum confined semiconductors due to its optical and electronic properties.4 Due to
wide band gap, it is used as a window material for hetero
∗
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junction solar cells to avoid the recombination of photogenerated carriers which improves solar cell efficiency.5
CdS is used as a n-type material in p–n junction solar
cells along with p-type materials like copper indium gallium diselenide (CIGS), copper zinc tin sulfide (CZTS),
gallium arsenide (GaAs), indium phosphide (InP) and cadmium telluride (CdTe).6 It has also extended applications in light emitting diodes,7 photodetectors,8 field effect
transistors,9 and sensors.10 Several methods have been
developed to synthesize CdS with divergent morphologies
and structures such as solvothermal method,11 hydrothermal method,12 photochemical method,13 one pot synthesis method,14 chemical precipitation method15 etc. Among
them, chemical precipitation method is a simple, clean and
inexpensive technique to obtain CdS nanoparticles.3
In this report, we have employed chemical precipitation method for the preparation of CdS nanoparticles. In
this work, for the first time the effect of temperature
(20–80  C) was studied on particle size, bandgap and
1533-4880/2015/15/8434/006
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crystal structure. It is confirmed from various characterization techniques, that the temperature plays a crucial role
in tuning various properties of CdS nanostructures. Thus,
the future implications of such synthesized CdS nanoparticles can be its deposition as a thin film. Subsequently,
such thin films can be employed as a window layer for
CZTS solar cell application.

2. EXPERIMENTAL DETAILS
The chemical reagents used for nanoparticle synthesis
were CdCl2 (of 99.0% purity) Na2 S (of 98.0% purity),
deionized water and absolute ethanol. All the chemicals were of pure analytical grade purchased from Sigma
Aldrich, which were directly used without any further
purification.
In a typical synthesis, 0.1 mole of CdCl2 and 0.1 mole
of Na2 S16 were dissolved in 25 ml of deionized water separately and continuously stirred for complete dissolution.
Later, Na2 S was added dropwise into the CdCl2 solution
and the reaction was carried out by employing different
temperatures (20 to 80  C). The precursor solution gradually turned from light to dark yellow. The chemical reaction 17 is as follows:
CdCl2 + Na2 S −→ CdS + 2NaCl

(1)

Figure 1. XRD pattern of CdS nanoparticles as a function of reaction
temperature (20  C, 40  C, 60  C and 80  C).

where, D is the mean size of the ordered (crystalline) size,
K is a dimensionless shape factor (0.94),  is X-ray wavelength,  is FWHM, and  is Bragg angle. The average
crystalline size were 4.5, 5.2, 6.6 and 7 nm for 20  C,
40  C, 60  C and 80  C respectively which is in close
agreement with the particle size calculated from FE-SEM
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50  C for 30 min and then used for characterization.
XRD patterns of CdS samples were recorded in X-ray
powder diffractometer (Smartlab, Rigaku) which was operated at 45 kV and 200 mA using Cu-K radiation
( = 15418 Å). Micro-Raman measurements were performed using a Lab RAM Jobin Yvon spectrometer with
a 632.8 nm He-Ne laser source. The morphologies of
the samples were observed using FE-SEM (Auriga 3916,
Carl Zeiss) and the chemical composition was measured by EDS (XFlash Detector 5010). The morphologies of the particles were confirmed by HR-TEM (JEOL,
JEM-ARM200F). The optical properties were characterized using UV-Visible spectroscopy (Shimadzu Corporation UV-2401PC).

3. RESULTS AND DISCUSSION
X-ray diffraction (XRD) pattern (Fig. 1) for different temperatures were varied from 20–80  C. It reveals cubic
crystal structure for all synthesized nanoparticles with
well-defined lattice planes indicating that it is nanocrystalline in nature. They are in good agreement with the hkl
planes of (111), (220) and (311) which are signature markers of cubic CdS crystal (JCPDS card No: 80-0019). The
average crystalline size of CdS nanoparticles were calculated using Scherrer formula,
K
D=
(2)
 cos 
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Figure 2. Raman spectra of CdS nanoparticles at different temperatures
ranging from 20  C to 80  C.
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images (15 nm). Lattice parameter is calculated using the
formula,
h2 + k 2 + l 2
1
=
(3)
2
d
a2
where, d is the atomic lattice spacing, h k and l are miller
indices, a is the lattice parameter of the crystal. When
the temperature is increased, crystallinity tends to increase
with decrease in lattice constant (a = 629, 5.88, 5.87 and
5.85 Å) and increase in the particle size.18 Particle growth
usually occurs via the mechanism of Ostwald ripening.
Larger particles grow on account of dissolution of smaller
ones. As a result, the particle size increases continuously
during the growth as temperature increases.19
Raman spectra of CdS nanoparticles at different temperatures showed in Figure 2 reveals first and second order
longitudinal optical (LO) phonon vibrational modes. 1LO
mode appeared around 300 cm−1 which is the prominent peak of CdS. The 2LO mode is indicated by the
raman peak at 600 cm−1 . We observed a small shift in
raman peak towards lower wavenumber with increasing
temperature.20 21
FE-SEM micrographs of CdS nanoparticles showed in
Figure 3 which were spherical in shape and the particle size was in the range of 15–80 nm in all cases,

Scheme 1.

Growth mechanism of CdS nanoparticles.

agglomeration increases when reaction temperature is
increased which is due to uncontrolled particle growth
by Ostwald ripening.22 23 In CdS nanoparticle synthesis,
majorly 2 reaction mechanisms (Scheme 1) are involved
which are as follows,
1. Ostwald’s ripening
2. Particle agglomeration.
Principally, the crystal growth, during in-situ precursor heating, follows a main path of Ostwald ripening in
which the surface energy decreases when large particles
are formed by employing the smaller particles. But, the
ripening of nanoparticles are driven by numerous criteria
like temperature of precursor, reactivity of the species etc.,
so that two time course growth of CdS nanoparticles were
identified.
When temperature is elevated, the grain formation is fast
as compared to the inferior decomposition temperature in
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Figure 3.
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FE-SEM images of CdS nanoparticles (a) 20  C (b) 40  C (c) 60  C and (d) 80  C
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Figure 4.
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EDS spectrum of CdS nanoparticles (a) 20  C, (b) 40  C, (c) 60  C and (d) 80  C.
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CdS (512 nm) which is due to increased binding energy of
the crystal can only grow to a certain size, preventing the
the exciton.26 The optical absorption edge in the blue shift
coalescence of nanoparticles. Consecutively, the polymer
indicates the formation of CdS particles in the nanomechain removal will promote coalescence of particles and
ter regime. As temperature increases, wavelength is shifted
also the agglomeration of the previously building units.24
to higher wavelengths. Thus, the wavelength is increased
EDS analysis (Fig. 4) confirmed the stoichiometric ratio of
1:1 for Cd and S. As temperature increases S:Cd increases
since surface to volume ratio decreases with increasing
cluster size.23
Nanosized spherical particles were observed using TEM
(Fig. 5) which is due to the free surface area and surface energy reductions. Because, the growth and nucleation
of CdS nanoparticles from reaction solution is principally
governed by the competition between surface and volume free energies of the particle. This can be achieved
by adopting a crystal structure amenable to the formation
of a sphere like nucleus by exposing close-packed lowenergy planes as facets on the surface of the nucleus.25
As temperature increases, particle size is increased due
to Ostwald ripening, the smaller particles are merged into
larger ones. We observed this increase up to the range of
85 nm when the temperature is reached to 80  C. HRTEM images (Fig. 6) of CdS nanoparticles for different
temperatures exhibit well resolved lattice fringes with the
interplanar spacing of 0.33 nm (20  C), 0.32 nm (40  C),
0.31 nm (60  C) and 0.30 nm (80  C) assigned to (111)
Figure 5. TEM images of CdS nanoparticles (a) 20  C, (b) 40  C, (c)
60  C and (d) 80  C.
plane of the cubic CdS structure.
J. Nanosci. Nanotechnol. 15, 8434–8439, 2015
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4. CONCLUSIONS
In the present work, CdS nanoparticles were synthesized
using chemical precipitation method by varying temperatures from 20 to 80  C. Temperature plays a vital role in
synthesizing CdS nanoparticles, which affects the particle
size, bandgap and morphology. Cubic crystal structure was
observed in all cases and crystallinity increased as temperature increases. As temperature increases, both particle
size as well as agglomerations increased due to Ostwald
ripening. Spherical nanoparticles were observed because
surface to volume ratio decreases. Bandgap is reduced as
temperature increases, which is in good agreement with the
particle size because, increased particle size leads to decrement in the bandgap. Thus, the synthesized CdS nanoparticles will be deposition as a thin film and it can be used
as a window layer for solar cell applications.
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