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Introduction:-

Zinc sulfide (ZnS) is one of the promising 11-VI semiconductor materials due to its valuable properties including
catalytic, photoluminescence, electroluminescence properties (Choudapura et al., 2019; Lin and Ho, 2017).
Recently, extensive studies (Pawar et al., 2017; Lin et al., 2013) have been carried out on the synthesis in ZnS nano-
size crystalline structure in order to improve its properties for various applications such as ultraviolet light emitters,
flat panel displays, spin functional devices, transparent conductive oxides, gas sensors and surface acoustic wave
devices, photo-electrochemical energy conversion and photoconductors (Fang et al., 2011; Ates et al., 2007). It
possesses different crystal structures i.e. cubic (c-ZnS: zinc blende) structure, having the lattice constant, a = 5.409
A and optical band gap, E, = 3.72 eV, and hexagonal (h-ZnS: wurtzite) structure, having the lattice constants a = b =
3.812 Aand ¢ = 6.26 A and E4 = 3.77 eV, both cubic zinc blende and hexagonal wurtzite and band gap energy, E, =
3.68 eV (La Porta et al., 2014; Tiwary et al., 2014).

ZnS films have been synthesized through physical and chemical techniques including co-precipitation method
(Choudapura et al., 2019), photo-assisted MOCVD (Yoon and Choi, 2013), RF mganetron sputtering (Abdallah et
al., 2019), electrodeposition (Hennayaka and Lee, 2013), aerosol assisted chemical vapour deposition (Ehsan et al.,
2013), chemical bath deposition (Padmavathy et al., 2018), chemical spray pyrolysis (Safeera et al., 2013), sol-gel
(Turgut et al., 2012), pulsed laser deposition (Zhang et al., 2013), electron beam evaporation (Abdallah et al., 2019),
etc. The physical way needs high reaction temperature, sophisticated equipment, whereas the chemical route is low
priced technique, easy, and handy to perform. So, the sol-gel via dip-coating technique for preparing zinc sulfide
nanoparticles has become very attractive due to its simplicity and ease of scale-up in laboratory.

From literature survey, dip-coating technique is defined as a coating process in which the cleaned substrate is dipped
into a tank containing the coating solution and then withdrawn at a well-defined speed in order to obtain uniform
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film. It is used both, in industry coating process to manufacture bulk products in diverse fields, and in academic
research to prepare thin film coatings.

In this research, we report the surface morphology and optical properties of cubic-zinc sulfide (c-ZnS) thin films
with the chemical method via dip-coating technique. Organization of this research paper is done into four sections
i.e. Introduction, Materials and Methods, Results with Discussion, and Conclusion. The introduction section is a
brief review of literature elaborated on some works done by various researchers on ZnS. Materials and methods
section contains precursor’s source and chemicals utilized for the synthesis of ZnS and characterization techniques.
Results and Discussion section details on the characterization results, analysis and interpretation. Conclusion section
provides the major results.

Materials and Methods:-

All analytical grade reagents were used as received without further purification. Film deposition was carried out by
using commercially available glass slides as substrates which were initially cleaned and rinsed in acetone, double
de-ionised water and finally ultrasonically cleaned.

Dip-coating method was employed to deposit ZnS thin films onto glass substrates using zinc nitrate (zinc ion source)
and thiourea (sulfur ion source). To prepare the precursor solution, we use 0.25 M zinc nitrate, 0.55 M thiourea with
isopropyl alcohol 80% and 20 % de-ionsied water. The solution was stirred continuously for 2 hours at room
temperature to obtain a clear homogenous solution. The stirred solution was taken place in a beaker and the cleaned
glass substrates were dipped in the solution for three times at regular intervals at room temperature using a
customized automatic dip-coating system.

The morphology investigation and compositional analysis of the nanoparticles have been carried out using scanning
electron microscope (SEM) equipped with energy dispersive X-ray analyzer (EDX). X-Ray diffraction
measurements were performed using Bruker D8 advance Diffractometer with Cu-Ka radiation. Data were recorded
across a 20 range of 20 to 65° with a step size of 0.05°. The optical transmittance (T) of the films have been
recorded using UV-Vis spectrophotometer.

Results and Discussion:-

The morphology of the as-deposited thin film was studied by using SEM images. Figure 1a shows the SEM images
of the ZnS nanoparticles. The uniform deposition with spherical grains in surface and granular shape morphology
were observed. The prepared films were homogeneous, smooth, and adherent to the glass substrate. EDX spectra
(Figure 1b) confirms the presence of expected elements zinc (Zn) and sulfur (S) in the samples. Low peaks of C, Si,
Ca are also detected. These peaks come from the underlying substrate (glass) and the surrounding air atmosphere.
Moreover, the existence of only zinc and sulfur peaks suggests the formation of pure and single structure of ZnS
nanoparticles.The elemental composition analysis is shown in Figure 1d with an excess of zinc. Similar type of
elemental analysis for zinc rich ZnS has also been reported by researchers (Abdallah et al., 2019).

Figure 1c presents the typical X-ray diffraction pattern of ZnS films. Three broad peaks corresponding to the (111),
(220) and (311) lattice planes located at 20 values of 28.59°, 48.12° and 56.48° are detected which matched well
with reported data (ICSD # 01-080-0020) which can be assigned to the cubic phase of ZnS. As can be clearly seen,
the diffraction peaks show the cubic structure with preferred orientation along (111) plane without any impurities or
secondary phase. Such a XRD (111) plane was reported by researchers (Akhtar et al., 2015).
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Figure 1. SEM image (a), EDX spectra (b), (c) X-ray diffractogramm and (d) elemental composition of a typical
CBD-CdS film on glass.

Based on Figure 1c, films exhibit the highest intensity of X-ray diffraction peak on (111) plane, therefore the
calculation of the average crystallite size was highlighted at (111) plane. Finally, the average crystallite size was
evaluated using XRD data in accordance with thefamiliar Scherrer equation (Alexander and Klug, 1950; Guinier,
1963).

D= 0.91 M
pcosé

Where A (A = 1,5406 A) is the wavelength of the X-ray radiation used, 0 is the Bragg diffraction angle of the XRD
peak and B is the broadening of the diffraction line at half maxima measured in radian.The average crystallite size
estimated is 50.1 nm.

Dislocation density (8) and micro strain (g) of the ZnS nano-grains were calculated using the following equations (2)
and (3) (Gherouel et al., 2012; Sahay and Nath, 2008; Klug and Alexander, 1974).

5= @
o ﬂczse 3)

The dislocation density (8) and micro strain () of the ZnS nano-grains are found to be about 3.83.10"* Lines.m™ and
28.10™ respectively.

Further investigation from the diffractogramm can be obtained from analysis of the texture coefficient TC (hkl)
which is the extent of preferred orientation, compared to other observations. The texture coefficient of a plane (hkl)
is given by (Kumar et al., 2015).
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I(hkl)
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Where I(hKkl) is the measured relative intensity of each (hkl) peak, lo(hkl) is the relative intensity of the

corresponding plane, provided by the JCPDS-ICDD card and N is the number of reflections observed. TC(hkl)
calculated values of ZnS thin films are tabulated in Table 1.

Table 1:- Values of texture coefficient TC (hkl).

(hkI) plane (111) (220) (311)

TC (hkI) 2.42 043 0.31

Optical properties of ZnS thin films were performed by measuring transmittance in the range of wavelength 200-
1000 nm by subtracting the glass substrate as a reference. The transmittance of the as-deposited films is presented in
Figure 2. The optical transmission of the films varied from 60% to 90% in the region of visible wavelength.

100 =

Transmittance (%)

400 i E-E!-EI- i &EII-'EI- i 1 'E:EI-'I}
Wavelength (nm)
Figure 2: Transmittance spectra of ZnS thin films.

Conclusion:-

Cubic zinc sulphide (c-ZnS) thin films were obtained onto glass substrate by dip-coating route at room temperature.
The diffraction peaks show the cubic structure with preferred orientation along (111) plane without any impurities or
secondary phase. The formed ZnS films were characterized by an excess of zinc and uniform distribution of the
chemical composition over the film surface. The films had good adhesion to the substrate surface and exhibit high
transmittance (60 -90 %). The smorphological and optical properties of films have been improved.
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