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Abstract 

In the last few years, metal oxides nanostructures have attracted quickly increasing attention, due to their very interesting 

properties .Among them, Zinc sulfide (ZnS) semiconductor is an appropriate candidate as window or buffer layer in solar 

cells applications. ZnS thin films were prepared at room temperature by electrochemical deposition using zinc sulfate and 

sodium thiosulfate solution at pH 2.7. In this paper, we investigated the influence of the concentration of zinc sulfate on 

structural, morphological and optical properties for ZnS thin films electrodeposits.SEM images demonstrated that the 

morphology of ZnS thin films depend greatly on the intial concentration of ZnSO4. XRD studies confirmed the presence of 

zinc blende structure. The optical measurements (UV-Vis) show a large band gap between 3.4 –3.9 eV depending on the 

concentration of zinc sulfate. 
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1. Introduction 

Photovoltaic is the direct conversion of light into electricity 

at the atomic level using semiconductor materials that 

exhibit the photovoltaic effect [1]. Semiconductors have 

widely been used in solar cells application such us Zinc 

sulfide .ZnS is used in junction with SnS[2], CuO[3] and 

CZTS[4], it is a potential candidate to replace CdS in 

junction with CdTe and CIGS [5], as buffer layer or as 

window layer in multilayers ZnS/CdS/CdTe solar cells [5].  

ZnS present many interesting properties, essentially: high 

transparency, large band gap, n-type conductivity and high 

exciton binding energy (55meV) [3].  ZnS is a nontoxic, 

II–VI semiconductor, with a large direct band gap of about 

3.7eV. It has a refractive index (n) of 2.40 [6] which also 

make it suitable for application as antireflective coatings in 

thin-film solar cells.  

Different methods are used to elaborate ZnS thin films 

such as: Sol gel, spray pyrolysis, chemical vapor 

deposition, chemical bath deposition, pulsed laser and 

electrodeposition [7]. The electrodeposition of thin films 

is considered as one of the promising ways to elaborate 

materials at a nanometric scale, due to its possibility of 

controlling thickness, processing for large-area production,  

low cost fabrication process and low processing 

temperature. There have been many work on the 

electrodeposition of ZnS, Effect of sulfosalicylic acid 

(C7H6O6S) on the electrodeposition of pure ZnS 

nanocrystal thin films from acidic solutions on 

electrodeposition was done using the thiosulfate and zinc 

sulfate or zinc chloride as precursor for the 

electrodeposition of ZnS [8,5]. 

In the present work, we report the electrochemical 

synthesis of ZnS nanostructures on Indium tin oxide 

(ITO) conducting glass in acidic medium. Two different 

bath concentrations have been used. The electrochemical, 

structural, morphological and optical properties of ZnS 

nanostructures were investigated. 

2. Experimental 

ZnS films was carried out in a glass three-electrode cell 

equipped with a saturated calomel electrode (SCE) placed 

as a reference electrode, platinum plate as a counter 

electrode and Indium tin oxide (ITO) coated glass 

substrates as the working electrode. The ITO substrates 

were ultrasonically cleaned with acetone, methanol and 

distillate water for 10 min, respectively and then dried in 

the air. ZnS thin films were electrodeposited 

potentiostatically from solution contained 10
-4

M of 

Na2S2O3, 10
-3 

and 10
-4

 M of ZnSO4. The pH was adjustedto 

2.7 using diluted H2SO4. Films were deposited at 

potentialof  -1.2 vs.SCE using Potentiostat/Galvanostat 

(PGZ301, Radiometer Analytical). After deposition, the 

films were rinsed with distillate water and dried in air. 

The surface morphology and microstructure of the 

ZnSnanostrutures were examined using scanning electron 

microscopy (SEM) JEOL 7800F. Phases identification and 

crystallographic structure determination were carried out 
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using XRD Bruker AXS D8 Discover with CuKa1 

radiation (k = 1.5418 A ° ) in a  - 2 geometry. The 

optical properties were observed by UV-Visible 

spectroscopy JASCO V-670 UV-Vis. 

3. Results 

3.1 Cyclic voltametry: 
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Figure 1. Cyclic Voltammetry for the aqueous solutions 

containing 10
-3

 M Na2S2O3 and a) 10
-3

 M, b) 10
-4

M of ZnSO4 

 

 The voltammograms in Fig. 01 shown the behavior of the 

ITO substrate in a solution containing 10
-3

 M Na2S2O3 with 

two different concentrations of ZnSO4 (10
-3

 and 10
-4

 M) 

named a and b respectively. The voltammograms of the 

two solutions was recorded at room temperature in the 

potential range from 0.5 to -1.4 V vs. SCE, at potential 

scan rate of 20mV/s. In the forward scan,two reduction 

peak were obtained, the first at around -0.7 V vs.SCE [9] 

related to thiosulfate and the second at around -1 V 

vs.SCE [10] related to the reduction of zinc ions.No major 

changes can be easily observed with varying zinc 

concentration from 10
-3

 to 10
-4

 M. In the return scanning 

two oxidation peaks were observed related to the oxidation 

of S and Zn at -0.6 and -0.8 V vs.SCE respectively [11, 12]. 

The electrochemical deposition process of ZnSis given by 

the following equations [13-19]: 

 

𝑆2𝑂3
2− + 6𝐻+ + 4𝑒− → 2𝑆 + 3𝐻2𝑂 .(1) 

𝑍𝑛+2 + 2𝑒− → 𝑍𝑛                                            (2) 

𝑍𝑛 + 𝑆 → 𝑍𝑛𝑆                                                  (3) 

 

 

 
 

Figure 2. SEM images of the as-deposited ZnS thin 

films. 

 

3.2 Morphological and structural properties: 

 

The morphology of the deposited ZnS thin films was 

observed using SEM micrographs. Figure 2 shows the 

SEM image of the ZnS films electrodeposited from two 

different ZnSO4concentrations at -1.2V applied potential. 

A notable change of the form and the size of grain with 
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decreasing zinc sulphate concentration are observed. For 

the sample deposited   at 10
-4 

M Zinc sulphate (Fig. 02 (b))a 

granular structure was obtained while the substrate is 

completely covered with spherical grains uniformly over 

the whole surface. 

 

Fig. 03 shows the XRD spectra of samples prepared at 

two different concentration of ZnSO4, the intensity of the 

peak is found to increase with decreasing zinc sulphate 

concentration. The intensity of the (200) peak is very 

strong and it width at half maximum is small, indicating a 

good crystallization state through a large crystallites size 

[14]. Hence the apparition of Zinc impurity at 2θ=35.74 

and 39.39.correspond to (002) and (100) plan respectively 

is relative to low concentration of zinc sulfate [20]. While 

the samples deposited from aqueous solution containing 

10
-3

 had no presence of impurity. The crystallite size D was 

estimated using Scherer’s formula given by [21]: 

 

D =
0.94 λ

β cos θ
                                                                      (4) 

 

Table. 1: The effect of zinc sulfate concentration on the 

structural parameters of the electrodeposited ZnS thin 

films. 

 2θ (
o

) a (Å) D (nm) ND (cm
-3

) 

a 32.91 5.436 63.48 4.81 * 10 
18 

b 32.93 5.434 93.55 7.93 * 10 
21 

 

 

 

 

Where, λ is the wavelength of X-ray radiation used, θ is 

the Bragg angle and β is the full-width at half maximum 

(FWHM) measured in radian. The average crystallites 

sizes were given in table 01. The lattice parameter (a) of 

cubic zinc blend type structure can be calculated using the 

following formula [22]: 

𝑎 = 𝑑ℎ𝑘𝑙 ℎ
2 + 𝑘2 + 𝑙²                                                 (5) 

Where dhkl is the interplanar spacing corresponding to 

Miller indices h, k, and l. The calculated lattice parameter 

(Table 1) is similar to that found in literature [20]. 
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Figure 3. XRD patterns of films deposited at two different 

concentration of ZnSO4 

 

 

3.3 Electronic and optical properties: 

 

Electrochemical impedance spectroscopy (EIS) was 

performed using Mott–Schottky (MS) relation. The 

capacitance measurements on the electrode/electrolyte 

interface was also employed to determine the carrier 

density (ND), conductivity type and the flat band (E fb), 

which can be obtained from Mott–Schottky (MS) plot at a 

fixed frequency of 800 Hz.  

The capacitance potential measurements are presented as 

a Mot Schottky plot following the equation below [21]: 

 
1

𝐶2 =
2

𝜀𝜀0𝑞𝐴
2𝑁𝐷

( 𝐸 − 𝐸𝑓𝑏  −
𝐾𝑇

𝑞
)                                 (6) 

In equation (6), C is the interfacial capacitance, ε is the 

dielectric constant of ZnSε=8.1, ε0 is the permittivity of free 

space, k is the Boltzmann constant, ND is the number 

density (cm
-3

) of donor in ZnS, E is the applied potential, 

Efb is the flat band potential, T is the absolute temperature, 

and e is the electron charge. The donor density and the 

flat-band potential of an n-type semiconductor can be 

obtained from the slope (=
2

𝜀𝜀0𝑞𝐴
2𝑁𝐷

) and intercept at C 

=0[21]. The potential at which the line intersects the 

potential axis gives the flat band potential (Efb) and the 
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carrier concentration was calculated from the slope. The 

positive slope indicate the n type conductivity of the ZnS 

thin films, from Fig 04 the flat band potential is found to 

be about-0.268 and -0.12V vs. SCE   for the 10
-3

 and 10
-4

 

M respectively, this results were similar to that obtained by 

[22]. When the carrier concentration was about 10
18

 for the 

first sample, this value are similar to that obtained in 

literature [23] for the second one, a high number of carrier 

concentration was obtained (10
22 

cm
-3

), which may be 

caused by presence of Zinc found in the X-ray diffraction. 
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Figure 4. Mott– Schottky plots of the ZnS thin films 

deposited at a) 10
-3

M and b) 10
-4

M of ZnSO4 at 800 Hz. 

 

Transmittance spectrums of ZnS films, with two 

different concentrations of ZnSO4 recorded in the 

wavelength range from 250 to 800 nm (not shown here), 

indicate that ZnS thin films exhibit low trasmittance values,  

which may be due to the presence of zinc in the films.  

These values are near to the values for ZnS derived from 

the electrochemical deposition process [8]. To obtain a 

high transmittance an annealing process is important for 

the obtained thin films. The energy band gap (Eg) for ZnS 

nanostructures was evaluated by using the Tauc plot. The 

values of the energy band gap of ZnS layers is determined 

from the intercept of the straight-line portion at the 

horizontal axis when (αhυ)²=0 (Fig. 5b), the obtained Eg 

from Tauc plot was 3.37 and 3.88 eV for the films 

deposited  from solution containing 10
-3

 , 10
-4

 M ZnSO4 

respectively. This augmentation of Eg is due to the 

increase in the carrier concentration.  
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Figure 5. (αhυ)

2

 vs. energy dependence for the 

determination of the optical band gap energy of 

ZnSthin filmson ITO-coated conducting glass 

surfaces obtained at different ZnSO4 concentrations. 
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4. Conclusion 

In this work we have investigated the effect of ZnSO4 

concentration onelectrodeposition  process, 

morphological, structural and optical properties of ZnS 

thin films electrodeposited on ITO surfaces from sulfate 

bath. The SEM study shows that varying ZnSO4 

concentration has a great influence on the morphological 

and grain size, XRD show a blend phase structure at room 

temperature, Mott-Schottky confirm the n type 

conductivity and the UV-Vis how a high band gap which 

makes it suitable to use as a widow layer in solar cell 

application. 
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