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Abstract

In the current work, cadmium sulfi de nanoparticles (CdS) NPs were synthesized via the 
hydrothermal interaction technique. Especially, the deviation in zinc Acetate Zn(CH3CO2)2 with 
0.5% 1.5%, and 2.25% was examined for its part in nanoparticles size. The nanoparticle size 
seems to reduce from 149.7 nm to 116.3 nm by enhancing the zinc acetate Zn(CH3CO2)2. With 
increasing zinc acetate Zn(CH3CO2)2 in CdS (Cadmium Sulfi de) small lattice phase changes 
appeared due to angle peaks of diff raction shifting toward higher angle. The standard crystallite 
size and lattice parameters were analyzed through X-ray diff raction (XRD) characterization. 
The average crystallite size and volume unit cell were found to increment with increasing Zinc 
acetate Zn(CH3CO2)2 concentrations. Absorption peaks in the UV visible spectra corresponding 
to zinc acetate Zn(CH3CO2)2 of CdS (Cadmium Sulfi de) were analyzed at various wavelengths 
of 368 nm and 369 and 371nm. These fi ndings show the tuning ability of structural, and optical 
characteristics of cadmium sulfi de (CdS) NPs.

Introduction
Nobel nanoparticles NPs due to noticeable uses in 

numerous areas such as optics, catalysis, and anti-bacterial 
are currently taking the moral consideration of researchers. 
Nobel NPs get effective competencies when their photovoltaic 
and optoelectronic properties are altered by modifying their 
size, composition, density, fabrication route, and particle 
shape [1]. 

Cadmium sulϐide (CdS) NPs is extremely utilized owing 
to energy storage devices, solar cell, photoconductor, photo-
detectors, and photovoltaic device applications. These 
nanoparticles have a major role in photovoltaic as well as 
electronic storage devices. Because of its appropriate and 
signiϐicant bandgap, CdS nanoparticles are also utilized in 
photovoltaic, UV detectors, radar systems, the food industry, 
and diagnostic [2].

Nanotechnology concerns the growth of fast and 

dependable experimental procedures for nanomaterials 
synthesis over chemical composition, industrial scale, and 
particle size. Nano-materials can be fabricated via numerous 
techniques, such as chemical and green techniques [3]. The 
chemical fabrication techniques need a shorter interval for 
fabricating the large amount of nanoparticles [4,5].

Cadmium sulϐide (CdS) NPs can be prepared via 
numerous fabrication techniques, such as chemical and 
photochemical reactions in reduction reaction in solutions 
thermal decomposition of CdS compounds, reverse micelles, 
electrochemical, newly synthesized by hydrothermal and 
radiation assisted techniques [6,7]. It is easily scaled up, 
environmentally friendly for large manufacturers, and 
inexpensive. The best advantage of this material is homogeneity 
can be obtained which proves best for the properties of the 
synthesized material. The only disadvantage of hydrothermal 
is that synthesized material is obtained in small quantities. 
In the current method, there is no need to utilize higher 
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temperatures, pressure, energy, and toxic chemicals. Out of 
several techniques, one is a wet chemical preparation route 
which gives the best potential for the worthwhile and large-
scale preparation of Cadmium sulϐide (CdS) NPs [8-10].

Hydrothermal interaction is a prominent method that 
is utilized in current work for the preparation of cadmium 
sulϐide NPs. Hydrothermal interaction is an appropriate 
technique for the synthesis of CdS NPs. Hydrothermal 
interaction is a fast inexpensive method that can be adjusted 
at modest room temperature, minimum gas ϐlow rate, modest 
pressure, suitable current, and voltage. The key problem 
is this combination of nanoparticles after the synthesis. 
Consequently, nonuniformity and non-homogeneity and we 
described for the ϐirst time in the production of CdS NPs. 

Methodology
Cadmium Sulϐide (CdS) NPs through the hydrothermal 

method. (0.25g) of cadmium acetate (CH3.COO)2Cd. 2H2O and 
(0.75 g) of Thiourea NH2.CS.NH2 dissolved in 50 ml of deionized 
water with a ratio of (1:3) as a sample1. Then (0.5%, 1.5%, 
and 2.25%) of Zinc acetate Zn(CH₃CO₂)₂ are mixed in samples 
respectively. The solution was assorted through a magnetic 
stirrer by continuously stirring for 10 min. Then 50 ml of the 
produced solution was added into the Teϐlon-lined stainless-
steel autoclave and heated in an oven at reaction temperature 
170 °C for 3 h, and cold down at room temperature. The 
centrifuge (Frontier 5706) was used to separate the obtained 
solution at 5000 rpm for 10 min to obtain the deep-yellow 
powder. The resultant sample (CdS) was washed two or three 
times through absolute ethanol (C2H5OH) purity (99.9%) and 
deionized water and then dried at 70 °C (Figure 1).

X-ray diffraction (XRD) and Scanning Electron Microscopy 
(SEM) were utilized for the structural and morphological 
analysis of cadmium sulϐide NPs.

Results and discussions
XRD analysis

The XRD graph of CdS NPs is shown in Figure 2 revealing the 
amorphous and crystalline phases. The crystalline peaks show 
the face-centered cubic (FCC) structure of CdS nanomaterials 
[11-14]. All specimens exhibited the FCC structure which 
was revealed from the XRD graph as exhibited as shown in 
Figure 2. Lattice parameters, crystallite size, and some other 
structural features were observed from XRD-examined data 
of CdS NPs. Debye-Scherrer equation was used to calculate the 
crystallite size of NPs [15].

Figure 1: Experimental diagram of sample preparation of CdS at diff erent concentrations of zinc acetate (0.5%, 1.5%, and 2.5%)

Figure 2: XRD peaks of CdS NPs prepared through diff erent concentrations 
of zinc acetate (0.5%, 1.5%, and 2.5%).
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The porosity was reduced from 8.03% to 5.92%. 0.5%. 
The results exhibited that the porosity exhibited the reverse 
behavior to the bulk density with the change in material. 

Dislocation density

The formula used to determine the dislocation density in 
the samples is given below [23-25].

2hkl
1

D                         (8)

Where "D" is the crystallite size determined using Sherrer's 
formula. With the increase in concentration, dislocation 
density was increased which belongs to the crystallite size. 
With the increase in crystallite size, the dislocation density 
was increased. With higher concentrations, nanoparticles 
show higher irregularity in the crystals. The results are 
presented in Table 2.

Morphology

In the micrograph, the Cds NPs are visible at greater 
magniϐication (100,000x). To investigate the morphological 
characteristics of CdS NPs, a Field Scanning Electron 
Microscopy (FSEM) examination was done. The size of the 
particles was estimated using FSEM analysis and is shown 
in Figure 3's micrographs. FSEM made use of FSEM grids 
that were made using specimen powder on a grid coated in 
copper. A light was used to dry the grid Grain boundaries in 
specimen 1 were not distinct, the specimen showed more 
agglomeration, and the specimen showed 8.03% porosity, as 
revealed by XRD data. In specimen 2, the specimen exhibited 
the reduced agglomeration that specimen 1, and the specimen 
exhibited a porosity of 6.56%. In specimen 3, grain boundaries 
were uniformly distributed and clear. The sample showed no 
agglomeration while the specimen exhibited 5.92% porosity. 
The particle size appears to decrease from 149.7 nm to 116.3 
nm by increasing the of zinc acetate Zn(CH3CO2)2 with 0.5% 
1.5% and 2.25%. In all samples, agglomeration was highly 
increased. The increasing agglomeration becomes a cause 
for the reduction in particle size. The reason is that the 
higher magneticity among grains becomes a cause behind 
the increase in agglomeration. The increasing agglomeration 
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


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Where β represents the full width at half maximum 
(FWHM) of the XRD peak, λ is the X-ray wavelength and θ is 
the Bragg diffraction angle. In the current work, Scherrer’s 
formula was used to determine the size of crystallite for 
all specimens which were 7.87 nm, 7.63 nm and 5.89 nm 
for the specimens synthesized through zinc acetate (0.5%, 
1.5% and 2.5%) respectively as shown in Table 1. The 
examined crystallite size lies in the favorite nanometer range; 
consequently, these synthesized CdS NPs are appropriate for 
photovoltaic applications.

Bragg’s law formula was used to determine the d-spacing 
was equivalent to (111) distinguishing peak which is given 
below [16,17].

 
2sin

d 


                       (2) 

The d-spacing was 4.26355Ǻ, 3.8564Ǻ, and 3.8628Ǻ of 
the specimens prepared through zinc acetate (0.5%, 1.5% 
and 2.5%) respectively. The d-spacing declined with the 
reduction in crystalline size which is given in Table 1.

The following formula was used to measure the lattice 
constant of cubic phase CdS [18]:

2 2 2a d h l k                        (3)

The unit cell constant declined from 4.26355Ǻ to 3.8628Ǻ.

The following formula was used to estimate the unit cell 
volume of CdS [19].

Vcell = a3                        (4)

The following formula was applied to determine the X-ray 
density (ρXRD) of the CdS [20].

3

8  XRD
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The X-ray density was enhanced from 1.85% to 9.22%.

The equation was used to determine the bulk density (ρB) 
of the CdS is given below [21].

 
 B

m
V

                         (6) 

Where m and v are the mass of each sample and lattice 
volume of each unit cell, respectively. The calculated values 
were improved from 1.72 g/cm3 to 8.68 g/cm3.

The following relation of bulk density and X-ray density 
was used to estimate the porosity of the samples [22].

Table 1: Diff erent parameters to study the zinc acetate (0.5%, 1.5% and 2.5%) of zinc acetate.
Crystallite  Size (nm) d-spacing (Ǻ) Dislocation Density Lattice Constant Lattice  Volume X-ray Density (g/cm3) Bulk Density (g/cm3) Porosity (%)

7.78 2.3467 0.017156 4.3642 78.1532 1.7483 1.68 8.13
7.53 2.2789 0.015169 3.8561 61.5361 2.3022 2.25 6.45
5.98 2.2569 0.02775 3.8528 15.5425 9.2314 7.67 5.89

Table 2: The values of dislocation densities of zinc acetate (0.5%, 1.5%, and 2.5%) 
of zinc acetate are given below.

Samples Density Dislocation
0.5% 0.016145
1.5% 0.017177

2.25% 0.028825
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becomes a cause behind the reduction in particle size. The 
reason is that due to increasing agglomeration, the particles 
cannot grow because of the high forces of attraction among 
the nanoparticles. Therefore, particles cannot grow with the 
increase in agglomeration.

Conclusion
In the current work, CdS NPs were synthesized by the 

hydrothermal technique. Particularly, the change in zinc 
Acetate Zn(CH3CO2)2 with the concentration of 0.5% 1.5% and 
2.25% was examined for its role in nanoparticles size. The 
particle size seems to reduce from 149.7 nm to 116.3 nm by 
enhancing the zinc acetate Zn(CH3CO2)2 with the mentioned 
concentrations. With increasing zinc acetate Zn(CH3CO2)2 in 
CdS (Cadmium Sulϐide) small lattice phase changes appeared 
due to angle peaks of diffraction shifting toward higher 2θ 
for samples. The average crystallite size and lattice constant 
were analyzed through XRD characterization. The average 
crystallite size and volume unit cell were found to increment 
with increasing zinc acetate Zn(CH3CO2)2 concentrations. These 
ϐindings show the tuning ability of structural characteristics of 
cadmium sulϐide (CdS) NPs.
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