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Introduction

Semiconductor nanostructure materials
become highly prominent in recent years as a
result of quantum confinement phenomena due
to their unique optical and electrical capabilities
[1-3]. As one of the most important II-IV
semiconductors, ZnS offers a wide range of
applications, like, Light Emitting Diode (LED) [4],
phosphors [5,6], nonlinearopticaldevices [7]
pharmaceutics [8,9], electroluminescence [10]
and fluorescence probe [11].

The temperature of the synthesis plays a
significant effect in particle shape and size
management [12]. The
thermodynamics of the process have an impact
on particle growth. Temperature can influence
the particle growth mechanism, i.e., the Ostwald
ripening process, via interfacial energy, diffusion
and growth rate parameters, and equilibrium
solubility [13]. However, the method of synthesis
has a considerable impact on its properties.
Synthesizing ZnS thin films has been done using a
variety of techniques, including: chemical spray
pyrolysis [14,15], solvothermal synthesis [16,17],
successive ionic layer adsorption and reaction
[18,19], pulsed laser deposition [20], metal-
organic chemical vapor deposition [21], RF-
magnetron sputtering [22,23], electro deposition
[24,25], thermal evaporation [26], electron beam
[27], aerosol assisted chemical
vapour deposition [28, 29] and chemical bath
deposition [30,31].
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Materials and methods

All of the reagents, including zinc acetate and
sodium sulphid, were acquired from Sigma-
Aldrich and were wused without additional
purification. As a solvent, we utilized de-ionized
water. Zinc acetate Zn (CH3C00)..2H,0 (2.194 g),
and NapS.9H,0 (4.8038 g) were dissolved in
deionized water and stirred at ambient
temperature for 15 min. Then, they were stirred
together and heated on a magnetic stirrer to
80°C, stirring at a set speed. The gel is created
after 10 minutes. To eliminate superfluous water,
this viscous gel was dried in a heating oven at 60

°C for 10 hours. The dried powder was then

heated for 5 hours at 300 °C, 400 °C, 500 °C, and
600 °C, respectively to obtain the final product.

X-ray diffraction was used to examine the
structure of the ZnS samples, with a Siemens
model D500, SEM ZEISS model: sigma VPEDS, and
mapping by Oxford Instruments, UK. The Fourier

transform  infrared  spectroscopy  (FTIR)
Shimadzu FT-IR8400S  Japan  chemistry
department, college of science, Baghdad

university, was used to examine the composition
and quality of the substance in the range (4000-
400 cm-1). Shimadzu UV 1800 twin beam, Japan,
area (200-1100) nm, was used to get the
absorption spectra.

Morphological observation

Figure 1 illustrates the SEM pictures of each
synthesized sample. SEM micrographs of
produced ZnS nanoparticles with spherical
shaped are shown in Figures 1(a, b, ¢, and d). The
size of the crystals grows as the temperature of
growth rises. Crystals of modest size are visible in
the sample developed at 300°C. Particles
agglomerate and plate-shaped big clusters form
when the temperature of the growing medium
rises.

Structural studies

Figure 2 shows the X-Ray diffraction patterns of
Zinc Sulfide nanoparticles synthesized at
different temperatures (300, 400, 500 and 600
°C). All samples had peaks on their XRD patterns,
indicating they formed a cubic structure, which
was further validated by mapping with JCPDS No:
05-0566. The diffraction peaks are located in the
planes (111), (200), (220), (311), (400), (331),
and (422). 32.05, 34.69, 36.42, 47.75, 56.81,
63.13, and 68.24 correspond to the two 0 at
32.05, 34.69, 36.42, 47.75, 56.81, 63.13, and
68.24.

Table 1 shows the computed lattice parameters.
The Wulf - Bragg relation is used to compute the
distances dhkl between successive lattice planes:
2dhklsin®=n2 1
The Debye - Scherrer equation was used to
compute the powder's average crystalline size.
[32-34]:

D=0.9 A/ BcosH... 2

68|Page



Al-Zahra A.A, et. al,/ Chem. Methodol. 2022, X(X), XX-XX

D is the mean crystallite size, A is the wavelength
of X-ray (0.15418 nm), 6 is degree of the
diffraction peak/the Bragg’'s angle, and f is the
full width at half maximum of the XRD peak
appearing at the diffraction angle 6. The average

crystallite sizes of ZnS (NPS) are found to be
15nm, 24nm, 17nm and 21nm for samples
300,400,500and6000c, respectively.
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Figure 2: XRD plots of ZnS nanoparticles at 300 °C, 400 °C, 500 °C and 600 °C
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Table 1: Nano crystal sizes and Lattice constants calculated from XRD (A=0.154nm) patterns for samples a, b, ¢
and sample d

(Interplanar distance) FWHM (B)
sample plane 20 (degree) FEPYR (degree) D (nm)
300°C 111 32.1814 0.2778 0.2952 15
200 34.6037 0.2589 0.7872
220 36.4404 0.2463 0.2952
311 47.8228 0.1899 1.1808
400 56.8249 0.1618 0.8856
331 63.0462 0.1473 1.18087
422 68.1466 0.1374 0.7872
400 °C 111 31.9725 0.2796 0.2460 24
200 34.6165 0.2589 0.2952
220 36.4367 0.2464 0.2460
311 47.6914 0.1905 0.6888
400 56.7296 0.1621 0.8856
331 63.0520 0.1473 1.1808
422 68.0980 0.1374 0.4920
500 °C 111 32.0745 0.2788 0.4428 17
200 34.7295 0.2581 0.6888
220 36.5318 0.2460 0.2952
311 47.8532 0.1899 0.7872
400 56.8724 0.1617 0.7873
331 63.1386 0.1471 0.8856
422 68.1335 0.1375 0.3936
600 °C 111 32.0547 0.2789 0.1968 21
200 34.6995 0.2583 0.6888
220 36.4259 0.2464 0.2460
311 47.7532 0.1903 0.6888
400 56.8161 0.1619 0.6888
331 63.1397 0.1471 0.8856
422 68.2466 0.1372 0.6888

Composition studies
Figure 3 shows the FT-IR spectra of ZnS
nanoparticles. Sol gel technique was used to
prepare this sample, ranging 4000 - 400cm-!. FT-
IR measurements were performed when it is at
room temperature.

The vibration of ZnS nanoparticles is associated
with the bands between 420 and 1100 cm-L. The
presence of residues of organic species (e.g. COO)
on the particle linked to the
coordination of carboxyl groups, resulting in the
distinctive absorption bands at 1631 cm-. The
band at 2920 cm! is used to deduce the C-H

surface is
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stretching vibration. At 3450 cm-!, the broad
band corresponds to -OH stretching absorbed on

the surface of the H,0 molecule [35,36].
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Figure 3: FT-IR spectra of annealed ZnS nanoparticles at (3000C, 4000C, 5000C and 600 °C)

UV-Visible study
The ZnS samples' spectra are shown in Figure 4.
[t shows a strong absorption peak by ZnS around

400 nm corresponding to the optical band gap
[37,38].
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Figure 4: Absorption spectra for ZnS nanostructures prepared at different temperature

Conclusion

A sol gel technique was used to successfully
produce Nano crystalline ZnS at (300, 400,
500and 600 °C). UV-Visible spectra revealed that
there was a blue shift in the absorption band at
max 315nm. In XRD spectra, the particle size (15-
24nm) was calculated by the Debye Scherrer
formula; the synthesized particles had a cubic
structure of zinc mixture.
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