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Abstract

The chemical co-precipitation approach was used to make cadmium sulfide (CdS) nanoparticles in this study. The
produced samples' structural, elemental composition, and morphological features were investigated. Cadmium and
sulfur were obtained from cadmium chloride and thiourea. The X-ray diffraction (XRD) technique was used to
determine the crystalline structure, crystal size, interplaner space, lattice parameter, unit cell volume, and
microstrain caused in the lattice. At room temperature, XRD results reveal CdS hexagonal Wurtzite (WZ) structural
phases. The average grain size was discovered to be in the nanometer range, confirming the existence of
nanoparticles. The nanoparticles have a smooth surface and appear to be generally spherical in shape, according to
FESEM micrographs, with a crystallite size of 12.76 nm. Cadmium (Cd) and Sulfur (S) are present in almost
stoichiometric proportions, according to EDAX analysis. CdS are suited for optoelectronic device applications,
according to the research.
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Introduction

Nanomaterials have attracted people's curiosity
because of their unique structural and optical
properties that set them apart from bulk solids and
molecules.  Because innovative features of
nanomaterials are determined by their size, structure,
and form, a better knowledge of the mechanisms by
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which these properties might change, as well as a new
approach for synthesis processes, could be important
challenges in nanoscience. The surface characteristics
of nanoparticles have a major influence on their
structure and, as a result, on their nanoscale devices
in a variety of technological domains, from electronics
to targeted pharmaceuticals. This is due to the high
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surface-to-volume ratio of nanoparticles. The removal
of surface imperfections from nanoparticles by
modifying their surfaces with various organic or
inorganic species is expected to alter their
characteristics. Surfactant-coated nanoparticles would
provide an aggregation barrier and electrical
passivation [1].

The Binary compounds PbS, ZnS, ZnSe, CdS, CdSe,
CdTe, Ternary compounds GaAsP, AlGaAs, etc, and
guaternary compounds like In GaAsP, etc. are the
Semiconducting materials generally used in electronic
and optoelectronic devices [2]. The I1I-VI binary
compound CdS is the most promising choice among
the above-mentioned compounds due to its spectrum
response in the UV-Visible range and its ability to
absorb electromagnetic waves (visible light, UV, & IR),
CdS is employed as window material in various
optoelectronic devices.

When a semiconductor absorbs light, the number of
free electrons and electron-hole pairs increases,
increasing its electrical conductivity. The light that
reaches the semiconducting materials must have
enough energy to raise electrons across the bandgap
in order for this to happen. The bandgap is a critical
characteristic of semiconductors. Infrared
photodetectors and thermoelectricity both require
narrow bandgap materials whereas Light-emitting
diodes [3], solar cells [4], and other devices use
materials with a greater bandgap.

Crystallization, sol-gel, chemical vapor deposition,
spray pyrolysis [5], and other procedures for the
formation of nanoparticles are some of the methods
for the production of CdS. We used a low-cost
chemical co-precipitation approach to produce
cadmium sulfide (CdS).
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Experimental Details

Synthesis

All the chemicals and reagents of analytic grade (A.R)
were used. In this synthesis precursors, cadmium
chloride dihydrate (CdCl,. H,0, 99.99 %), Thiourea
(CS(NH;),, 99.99%) were used as the source of Cd and
S respectively. An aqueous solution of NaOH (0.2 M} jsg
used for suitably adjusting PH value. The deionized
water was used as a solvent for the preparation of
solutions. An aqueous solution of CdCl, (0.1M) and
Thiourea (0.1 M) were prepared and mixed
stoichiometrically. The solution was stirred
continuously at room temperature for 30 minutes
then another prepared solution of NaOH (0.2M) was
added dropwise with the above solution and stirred
magnetically. After some time, a clear homogeneous
yellow-colored colloidal solution was obtained and
kept for 24 hours. The yellow-colored precipitate
obtained at the bottom of the vessel was filtered and
washed several times. The filtrate was dried in
presence of IR at 90° C for 8 hours and crushed into
fine powders and then finally annealed at 200°C in a
muffle furnace for the removal of volatile impurities.
Characterization

X-ray diffraction is used to determine the structure
and phase of the sample using a Rigaku X-ray
diffractometer (PANalytical X'Pert Pro) and CuKa
radiation. The sample's surface morphology was
investigated using a scanning electron microscope
(SEM) and Energy Dispersive X-ray spectroscopy
(EDX).

Results and Discussion

Elemental Analysis:

The EDAX technique is used to determine the
presence of quantitative elemental composition of
the prepared CdS nanoparticles. Fig (1) shows the
EDAX spectra of CdS nanoparticles, which clearly
reflect the presence of cadmium (Cd) and sulfur (S)
and the absence of other impurities or contaminants
in the samples.
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Fig. 1. EDAX Spectra of CdS nanoparticles.
Surface Morphology:
The morphology of CdS nanoparticles has been investigated by FESEM at 10,000X magnification, the scale bar length
is 1 micrometer and the average grain size was estimated. Fig. (2) and Fig. (3) show the image of FESEM micrographs
of the CdS nanoparticles. The micrograph clearly indicates that the nanoparticles have a smooth surface and appear
to be roughly spherical. The particles are found to be agglomerated, which might be due to the absence of a capping

agent in the prepared solution during synthesis. The average grain size obtained from FESEM images is found to be
in the nm range.

EHT = 20.00 kV  Signal A=InLens  System Vacuum = 1.06e-006 mbar
WD = 6.9 mm Mag = 25.00 KX Gun Vacuum = 7.18e-009 mbar

Fig. 2. FESEM image of CdS.
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Fig. 3. Mapping image of Cadmium and Sulfur.
Structural Analysis:
Structural analysis was carried out by XRD-Technique. XRD diffraction spectra shown in fig. (4) have been recorded
using Cu-ka radiation of wavelength (A=1.5406 A) in the range of angle 20 to 65 degrees to determine the crystal
structure.
All the major peaks in the diffraction spectra of CdS observed at angles of 25.15, 26.84, 29.61, 37.64, 44.24, and
52.22 correspondings to the planes (100), (002), (101), (102), (103), and (112) respectively. The standard diffraction

peaks show the hexagonal wurtzite structure of CdS NCs with the P63 . space group and are also verified by the
JCPDS card number 10-0454[6]. The broadening of the peaks supports the formation of nanocrystals.
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Fig. 4. XRD Spectra of CdS.
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The crystallite size of the samples was calculated at the FWHM of the peak of the plane (002) using Debye-Scherrer’s
formula [7]:

0.914
- Bcos 6

Where D is the crystallite size.
o 370

A is the wavelength of X-ray radiation (1.54060 A) and

B is the full-width half maxima (FWHM) and 0 is the diffraction angle.
The interplanar space has been estimated using Bragg’s law:

nA =2dsin@

Where n (=1) is the order of diffraction

A is the wavelength (1.54064A) of the X-ray used

0 is the diffraction angle and ‘d’ is the interplanar space

and then the equation:

d? 3 a? c?

1 4(h2 + hk + k2> 12
Where, ‘d’ is the inter planer space
(h, k, 1) are the Miller indices and

‘a’ and ‘c’s are the lattice constants of the unit cell.

The lattice constant ‘a’ is obtained for the plane (100), through the relation

!
Qa=———
V3 Sin 6

The lattice constant ‘c’ is derived for the plane (002) by the relation

= A
" Sine @

The volume of the unit cell is calculated from the value of the lattice constants by using the relation:

_V3 2
=X2q%¢

V=3

Estimation of elastic parameters:
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The microstrain present in the nanoparticles and deformation are calculated using the following expression [9]:

B

€= 4tan 6

The estimated value of € for CdS is found at 0.01806 um/m.

The dislocation density, which defines the length of dislocation lines per unit volume of crystal of the nanoparticles,
which is used to analyze the disorders, deformation, irregularities, and crystal defects present in samples, can be 371
calculated using the following expression [10]:

1
(5 = ﬁ
The estimated values of § for CdS nanoparticles is found at 1.88 lines/meter.

Table 1-The calculated values of crystallite size, interplanar space, lattice constants, and volume of the unit cell.

Sample Peak Plane | FWHM Inter- Crystallite | Lattice constants c/a | Volume of the

position planar size unit cell

g’ (hkl) (Degree) spacing
(Degree D(nm) | (A) ‘< (A) V' (AY)
d (A)
)
Cds 26.8405 | (002) | 0.0095 35379 | 12.7631 |4.0853 |7.0758 |7.07 |102.2741
58
[1] De Souza, Carla Daruich, Beatriz Ribeiro Nogueira,

Conclusion:

The X-ray diffraction (XRD) technique is used to know
the structural behavior of prepared CdS nanoparticles,
crystallite size, lattice parameters, strain, and
dislocation densities have been estimated. The XRD
spectra confirm the formation of the hexagonal
(wurtzite) structural phase of CdS NPs. The boarding
in the XRD peaks indicates the very small size of the
NPs. The crystallite size corresponding to the plane
(002) of the most intense peak is found 12.76 nm. The
structural investigation of CdS revealed that this kind
of NPs can play an important role in the fabrication of
nanoelectronics devices.
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