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Abstract 

Zinc sulphide (ZnS) thin films have been deposited by chemical bath method onto glass substrate at room temperature. The 
Transmittance spectra of the fabricated films were obtained with a Janway 6405 UV / Visible spectrophotometer in the 
wavelengthrange of 300nm – 1100nm. Structural and surface morphology of the films were carried out using an x-ray 
diffractometer with Cukα radiation and Olumpus Optical microscope. Transmittance spectra of ZnS thin film fabricated at 
varying concentration of zinc ion precursor show very low transmittance in the UV region, moderate transmittance in the VIS 
region and relatively high transmittance in the NIR (approximately 85%). There was no clear cut effect of varying 
concentration of zinc ion precursor on the transmittance of the deposited films in all region of the electromagnetic spectrum 
studied. 
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1. Introduction 

Zinc sulphide is an important semiconductor material with a 
direct band gap of 3.62 [1]. It has high absorption coefficient 
in the visible range of the optical spectrum and reasonably 
good electrical properties [2]. It is commercially used in 
infrared windows [3] and phosphor material by doping with 
transition or rare - earth metals [4]. It also has potential 
application in optoelectronic devices such as multilayer 
dielectric filter and solar cells [5]. It is an important device 
material for the detection, emission and modulation of visble 
and near ultra violet light [6, 7].  

Many techniques have been successfully employed for the 
deposition of ZnS thin film, they include: Resistive heating 
technique [8], Successive Ionic Layer Adsorption and 
Reaction (SILAR) technique [9], Chemical Bath Method [10, 
11], etc. In this study, we adopted chemical bath deposition 
technique. This method has been found to be an inexpensive 
and simple low temperature method that could be used to 

produce good quality films for device applications. 

This paper reports the results of optical studies of the 
transmittance spectra of ZnS thin film at varying 
concentration of sulphide ion precursor. The grown films 
were characterized using a Janway UV – VIS 
spectrophotometer to determine the transmittance of the 
deposited films. The surface morphology and structural 
characterization of the films were also carried out using an 
Olumpus optical microscope and an x-ray diffractometer with 
Cukα radiation respectively. Other solid state and optical 
properties of the films had been investigated in our earlier 
publication [12]. 

2. Materials and Method 

Chemical bath method was employed for the deposition of 
ZnS thin film. The reaction bath for the deposition of zinc 
sulphide was composed of zinc acetate (Zn(CH3COO)2), 
thiourea and ammonia solution. Zinc acetate was used as 
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precursor for zinc ion while thiourea served as precursor for 
sulphide ion and ammonia solution was used for pH 
adjustment and as a complexing agent. 

In this experiment, five reaction baths (50mls beaker) were 
used. Various volumes of 1 mole zinc acetate solution was 
measured into a 50ml beaker using burette as indicated in 
Table 1. 10ml of 1mole thiourea solution was added to each 
of the beakers. 5ml of ammonia solution was then added and 
stirred gently. Each bath was topped to 50ml mark by adding 
distilled water and stirred to ensure uniformity of the 
mixture. Glass slides (Zn6, Zn7, Zn8, Zn9 and Zn10) were then 
dipped vertically into the reaction baths with the aid of 
synthetic foam cover, which also serves as a cover for the 
reaction baths. Each bath was allowed to stand for twenty 
four hours after which they were removed and dried in air. 
Twenty four hours deposition time was used after various 
trial experiment were done to determine the period of good 
quality film growth. The experiment was conducted at room 
temperature and a pH range of 10.8 ~ 11.2 was maintained. 

Table 1. Bath constituents for the deposition of ZnS thin film. 

Slide 

Number 

Volume of 

1mole zinc 

acetate (ml) 

Volume of 

1mole 

thiourea (ml) 

Volume of 

complexing 

agent (ml) 

Time 

(hours) 

Zn6 2.50 10.00 5.00 24.00 
Zn7 5.00 10.00 5.00 24.00 
Zn8 7.50 10.00 5.00 24.00 
Zn9 10.00 10.00 5.00 24.00 
Zn10 12.50 10.00 5.00 24.00 

The reaction mechanism is of the form. 

Zinc acetate dissociates as 

Zn(CH3COO)2 Zn2++ 2CH3 COO- 

ammonia hydrolyses in water to give OH- according to  

 

 

thiourea dissociates as 

SC(NH2)2 + OH- SH-+ CH2 N2 + H2O 

 

Zn(NH3)4
2+ + SC (NH2)2+ 20H- ZnS + 4 NH3 + CH2N 2 

+2H2O 

3. Results and Discussion 

From the transmittance spectra shown in Figures 1 - 5, it can 
be seen that the transmittance of all the samples are lowest in 
the UV region of the electromagnetic spectrum. The sample 
with the lowest concentration of zinc ion precursor has the 
highest transmittance in the UV region. It has approximately 
75% between 305nm - 385nm.While the sample with 5.0mls 
of zinc ion precursor has 4.5% at 300nm - 370nm. Sample 
Zn8 with 7.5mls has approximately 2.8% at 300nm - 370nm. 
Sample Zn9 with 10mls has approximately 30% at 300nm - 
370nm, while sample Zn10 with 12.5mls has approximately 
10% at 300nm - 370nm. In the visible region, sample Zn6 has 
approximately 80% while sample Zn7 has transmittance 
value of less than 9%. [10] also reports transmittance of 75 - 
88% in the visible region. This high transmittance in the 
visible region indicates our films potential use in 
photovoltaic application. Sample Zn8 has transmittance value 
less than 6%, Sample Zn9 has transmittance value less than 
60%. Sample Zn10 has transmittance less than 30%. In the 
NIR, all the samples have their highest value of 
transmittance. Zn6 has approximately 85%, Zn7 has about 
10.5%, while Zn8 has approximately 5.5% (1070nm), Zn9 has 
approximately 50% in this region (1070nm). Sample Zn10 has 
peak value of approximately 30% (1070nm) in this region. 
The films with high transmittance in the NIR region makes 
ZnS an excellent infra red material and can be widely applied 
at infrared photoelectric detection systems and infrared 
guided systems [13, 14].  

 
Figure 1. Graph of transmittance versus wavelength at 2.5ml volume of zinc acetate (slide ���). 
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Figure 2. Graph of transmittance versus wavelength at 5.0ml volume of zinc acetate (slide ���). 

 
Figure 3. Graph of transmittance versus wavelength at 7.5ml volume of zinc acetate (slide ���). 

 
Figure 4. Graph of transmittance versus wavelength at 10.0ml volume of zinc acetate (slide ���). 
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Figure 5. Graph of transmittance versus wavelength at 12.5ml volume of zinc acetate (slide ����). 

 
Figure. 6. Micrographs of ZnS thin film. 

 
Figure. 7. X-ray diffraction spectra for ZnS thin film. 
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A careful look at the transmittance spectra of all the 
fabricated films indicate that there is no clear cut effect that 
can be attributed to the varying concentration of zinc ion 
precursor in all region of the electromagnetic spectrum. From 
the foregoing, one can infer that the varying concentration of 
zinc ion precursor has no effect on the transmittance of ZnS 
thin film. Figure 6 shows the optical micrograph of our 
deposited Zinc sulphide thin film. The optical micrograph 
shows that the substrate is covered completely indicating that 
nucleation sites have formed. The grains are very small, the 
size of each granule does not differ very much from each 
other. Figs 7 shows the x–ray diffraction spectra. According 
to XRD result, the chemically deposited film of ZnS has 
cubic structure, a lattice constant of 4.684Ǻ was calculated 
for ZnS thin film in the [111] plane, at a maximum intensity 
of 2θ = 28.559 using Bragg’s law given by, 	� = 2�
��θ, our 
findings is also in line with the findings of [10]. 

4. Conclusion 

Zinc sulphide (ZnS) thin films have been deposited by 
chemical bath method onto glass substrate at room 
temperature. The Transmittance spectra of the fabricated 
films were obtained with a Janway 6405 UV / Visible 
spectrophotometer in the range of wavelength 300nm - 
1100nm. Structural and surface morphology of the films were 
carried out using an x-ray diffractometer with Cuk α 
radiation and Olumpus Optical microscope. Transmittance 
spectra of ZnS thin film fabricated at varying concentration 
of zinc ion precursor show very low transmittance in the UV 
region, moderate transmittance in the VIS region and 
relatively high transmittance in the NIR. There was no clear 
cut effect of varying concentration of zinc ion precursor on 
the transmittance of the deposited films in all region of the 
electromagnetic spectrum. 
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