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1. INTRODUCTION 

Zinc sulphide (ZnS) belongs to group II-VI direct bandgap semiconductor [1,2], normally occurring in two crystalline 

forms viz;. cubic or zincblende (ZB) structure and hexagonal or wurtzite (WZ) structure [3 – 5]. It has a high melting 

point, refractive index and transmittance in the visible region, making the material useful as reflector and dielectric 

filter [5 – 9].  ZnS has shown remarkable application capabilities in various technological areas like flat panel displays, 

field emitters, laser, photonics, solar cells, electroluminescent devices etc due to its wide bandgap energy of ~3.7 eV 

[7, 10 – 11]. The ability of ZnS to be synthesized in various dimensions and shapes necessitated its wide application in 

electronics, optoelectronic, health and safety devices. In solar cell application, it has been found to be a better buffer 

layer substitute in a CIGS solar cells because it is non-toxic and environmental friendly [12-14]. 

Several parameters have been shown to affect the structural and optical properties of ZnS,The transmission 

of ZnS deposited by chemical bath deposition is noted to increase as the pH increased for wavelength range 

of 300 – 1800 nm. Bandgap reduction with increased pH was also report in [15].  
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The effect of varying pH on the optical and electrical properties of 

electrodeposited ZnS has been studied. The electrical parameter were 

studied using the Photoelectrochemical (PEC) cell while the optical 

parameters were studied using the UV-Visible spectrophotometry 

technique for wavelength range 400 – 1900 nm.  Visual examination 

revealed that the colour of the ZnS thin films became lighter as the pH 

reduced. High transmittance, which decreases with increase in the pH 

were observed at the visible and near infrared regions. The values of the 

energy bandgaps decreases as the pH values decrease, an indication that 

the transmittance of the ZnS thin film decreased with decreased pH. The 

average current density and thickness of the thin films decreased with 

increasing pH while the thin films were all p-type in electrical 

conductivity which shows that variation in the pH did not have any 

significant effect on the conductivity type of the films. 
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According to {16], thebandgap of chemical bath deposited ZnS varied with variation in the pH. The bandgap varied 

from 3.84 to 3.93 eV as the pH varied from 10 to 10.6. Elsewhere in [17], it was reported that the transmission values 

of the spectral range of300 – 1800 nm increased with increase in pH for ZnS deposited using chemical bath deposition 

method. Also a decrease in pH leads to the increase in the thickness of the ZnS thin films. ZnS thin films prepared at a 

pH of 10.55 using a chemical bath deposition method showed a transparency of 66 – 87 % and energy bandgap ranging 

from 3.79 – 3.9 3 eV [18]. Despite the number of information on the effect of pH on ZnSthin films, report of films 

obtained via the electrodeposition route is scarce. This work studied the effect of varying pH on the electrical and 

optical properties of ZnS thin films grown using the eletrodeposition method. 
2. MATERIALS AND METHOD 

The ZnS thin films were deposited on fluorine-doped tin oxide (FTO) substrates using the electrodeposition technique. The FTO 

substrates were cleaned with de-ionized water, liquid soap and methanol. The FTO served as the cathode in a two electrodes set-up 

with carbon rod as the counter electrode. The electrolyte was prepared by mixing solutions of ZnSO4.7H2O (0.15M) and 

Na2S2O3.5H2O (0.015M) in double distilled aqueous bath. The pH of electrolyte solution was adjusted to 4.00 by using diluted 

H2SO4 acid and was maintained at room temperature while stirred using magnetic stirrer. The cathode and anode electrodes are 

immersed in the electrolyte bath concentration, and are connected to negative and positive terminals of the power supply 

respectively. The distance between the electrodes was kept constant during deposition, and then connected to a potentiostat at a 

cathodic voltage of 1450 mV. Subsequent ZnS films were deposited at pH of 3.00 and 2.00. The ZnS thin films deposited at 

electrolytic bath pH of 4, 3 and 2 were labelled M4, M3 and M2, respectively. 

 

Photoelectrochemical (PEC) cell measurement was carried out to determine the electrical conductivity type of the thin films and 

UV-Visible Spectroscopy was also done to determine the optical properties of the deposited films for the wavelength range from 

400 – 1900 nm. The following optical properties were studied for the deposited ZnS thin films: absorbance (A), transmittance (T), 

reflectance (R) and the bandgap energy. 

3. RESULTS AND DISCUSSION 

The visual appearances of the ZnS thin films grown at different pH are shown in Figure 1. It can be observed that the colour of the 

ZnS thin films became lighter as the pH was reduced from 4 to 2. Figure 2 shows the variation of the average current density and 

thickness with pH. It can be seen that the both the average current density and thickness of the ZnS thin films decreased as the pH 

increased, in accordance with the report of [17]. The variation of the PEC signal with the electrolytic pH of the bath is shown in 

Figure 3. The PEC signal of the ZnS thin film increased with increasing pH and all the grown ZnS thin films were of p-type in 

electrical conductivity. 

The transmittance spectra of electrodeposited ZnS layers in wavelength range 300 nm to 900 nm are shown in Figure 4. The 

transmittance increases with increase in incident photon from the visible to the near infrared region. It was observed that the 

transmittance decreased with decrease in pH of the material. This is in agreement with previous researches [15, 17]. The 

absorbance decreased as the wavelength of the incident photon increased and reduced as the pH of the bath increased (Figure 5). 

The reflectance spectra of the thin film layer deposited at different pH are plotted in Figure 6. It was observed that ZnSthin films 

have very low reflectance in direct contrast to their transmittance. The reflectance reduced with increase in the incident photon 

wavelength from the visible to the near-infrared region and the reflectance reduced as the pH of the bath increased.  The summary 

of the optical parameters for the electrodeposited ZnS layers are shown in Table 1. 

The energy bandgap (Eg) of the electrodeposited ZnS layers was estimated from the graph of (αhv)2 against photon energy by 

extrapolating the straight-line portion of the graph with the photon energy axis where(𝛼ℎ𝑣)2 = 0 in Figure 7. Energy bandgaps of 

3.40 eV, 3.30 eV, and 3.20 eV were obtained at electrolytic bath pH of 4, 3, and 2 respectively. The energy bandgap for the 

electrodeposited layers increased as the pH of electrolytic bath increased. This is in line with the report of [16] but contradicts the 

report [15] in which the band gap energy decreased from 3.78 eV to 3.67 eV when the pH increased from 10 to 11.5.   

 
Fig 1: Visual appearance of the ZnS thin films grown at different temperature. 

M4 M3 M2 
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Fig 2: Variation of thickness and average current density with pH. 

 
Fig 3: Variation of PEC signal against the pH of the electrolytic bath 

Table 1: Summary of optical properties of electrodeposited ZnS thin film 

Sample ID Time (sec.) Band gap (eV) Average 

Transmittance 

Average 

Reflectance 

Average 

Absorbance 

PEC values 

(mV) 

M4 1200 3.40 0.81 0.10 0.18 +868 

M3 1200 3.30 0.61 0.17 0.22  +718 

M2 1200 3.20 0.55 0.18 0.27 +362 

 

 
Fig 4: Variation of transmittance against wavelength of the electrodeposited ZnS layers 
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Fig 5: Variation of absorbance against wavelength of the electrodeposited ZnSlayers 

 
Fig 6: Variation of reflectance against wavelength of the electrodeposited ZnS layers 

 
Fig 7: Variation of (αhv)2 against photon energy of the electrodeposited ZnS layers 
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4. CONCLUSION 

The electrical and optical properties of electrodeposited ZnS thin film were studied for varying pH values.  The thin films were all 

p-type in electrical conductivity. The average current density and thickness of the thin films decreased with increasing pH. The 

films showed high transmittance at the visible and near infrared regions. The energy bandgapZnS thin films obtained are 

comparable to the values reported in literature. The research revealed that varying pH has effect on the optical and electrical 

properties of ZnS thin films prepared via the electrodeposition method. However, changes in the pH do not have significant effect 

on the conductivity type of ZnS thin film. 

 

 

References 

[1] López, M. C., Espinos, J. P., Martín, F., Leinen, D., and Ramos-Barrado, J. R. (2005). Growth of ZnS thin films 

obtained by chemical spray pyrolysis: The influence of precursors. Journal of Crystal Growth, 285(1–2), 66–75. 

https://doi.org/10.1016/j.jcrysgro.2005.07.050 

[2]  Madugu, M. L., Olusola, O. I. O., Echendu, O. K., Kadem, B., and Dharmadasa, I. M. (2016). Intrinsic Doping in 

Electrodeposited ZnS Thin Films for Application in Large-Area Optoelectronic Devices. Journal of Electronic 

Materials, 45(6), 2710–2717. https://doi.or 

[3]  Cheng, J., Fan, D., Wang, H., Liu, B., YongCai, Z., and Hui, Y. (2017). Chemical Bath deposition of crystalline 

ZnS Thin Films. Chemical Bath Deposition of Crystalline Cu4SnS4 Thin Films. https://doi.org/10.4172/978-1-

63278-006-5-007 

[4]  Ong, H. C., and Chang, R. P. H. (2001). Optical constants of wurtzite ZnS thin films determined by spectroscopic 

ellipsometry. Applied Physics Letters, 79(22), 3612–3614. https://doi.org/10.1063/1.1419229. 

[5]  Sinha, T., Lilhare, D., and Khare, A. (2018). Effects of Various Parameters on Structural and Optical Properties 

of CBD-Grown ZnS Thin Films: A Review. Journal of Electronic Materials, 47(2), 1730–1751. 

https://doi.org/10.1007/s11664-017-5876-z. 

[6]  Leftheriotis, G., Yianoulis, P., and Patrikios, D. (1997). Deposition and optical properties of optimised 

ZnS/Ag/ZnS thin films for energy saving applications. Thin Solid Films, 306(1), 92–99. 

https://doi.org/10.1016/S0040-6090(97)00250-2 

[7]  Wei, A., Liu, J., Zhuang, M., and Zhao, Y. (2013). Preparation and characterization of ZnS thin films prepared by 

chemical bath deposition. Materials Science in Semiconductor Processing, 16(6), 1478–1484. 

https://doi.org/10.1016/j.mssp.2013.03.016. 

[8]  Elidrissi, B., Addou, M., Regragui, M., Bougrine, A., Kachouane, A., and Bernède, J. C. (2001). Structure, 

composition and optical properties of ZnS thin films prepared by spray pyrolysis. Materials Chemistry and 

Physics, 68(1–3), 175–179. https://doi.org/10.1016/S0254-0584(00)00351-5 

[9]  Roy, P., Ota, J. R., and Srivastava, S. K. (2006). Crystalline ZnS thin films by chemical bath deposition method 

and its characterization. Thin Solid Films, 515(4), 1912–1917. https://doi.org/10.1016/j.tsf.2006.07.035 

[10]  Afifi, H. H., Mahmoud, S. A., and Ashour, A. (1995). Structural study of ZnS thin films prepared by spray 

pyrolysis. Thin Solid Films, 263(2), 248–251. https://doi.org/10.1016/0040-6090(95)06565-2 

[11]  Göde, F. (2011). Annealing temperature effect on the structural, optical and electrical properties of ZnS thin 

films. Physica B: Condensed Matter, 406(9), 1653–1659. https://doi.org/10.1016/j.physb.2010.12.033 

[12]  Long, F., Wang, W. M., Cui, Z. kui, Fan, L. Z., Zou, Z. guang, and Jia, T. kun. (2008). An improved method for 

chemical bath deposition of ZnS thin films. Chemical Physics Letters, 462(1–3), 84–87. 

https://doi.org/10.1016/j.cplett.2008.07.064 

g/10.1007/s11664-015-4310-7 

[13]  Qi, L., Mao, G., and Ao, J. (2008). Chemical bath-deposited ZnS thin films: Preparation and characterization. 

Applied Surface Science, 254(18), 5711–5714. https://doi.org/10.1016/j.apsusc.2008.03.059 

[14]  Hwang, D. H., Ahn, J. H., Hui, K. N., Hui, K. S., and Son, Y. G. (2012). Structural and optical properties of ZnS 

thin films deposited by RF magnetron sputtering. Nanoscale Research Express, 7:26 

http://www.nanoscalereslett.com/content/7/1/2 

[15] Sinha, T., Lilhare, D and Khare, A. (2017). Effects of various parameters on the structural and 

optical properties of CBD-grown ZnS thin films: A review. Journal of Electronic 

MaterialsDOI: 10.1007/s11664-017-5876-z 

https://doi.org/10.1063/1.1419229
https://doi.org/10.1007/s11664-017-5876-z
https://doi.org/10.1016/j.mssp.2013.03.016
https://doi.org/10.1016/j.tsf.2006.07.035
https://doi.org/10.1016/j.apsusc.2008.03.059
http://www.nanoscalereslett.com/content/7/1/2


Nkiruka E.A. - Transactions of NAMP 19 (2024) 141-146 
 

146 
 

[16] Antony, A., Murali, K. V., Manoj, R., and Jayaraj, M. K. (2005). The effect of the pH value on the growth and 

properties of chemical-bath-deposited ZnS thin films. Materials Chemistry and Physics, 90(1), 106–110. 

https://doi.org/10.1016/j.matchemphys.2004.10.017 
[17]  Nasr, T., Kamoun, N., Kanzari, M., and Bennaceur, R. (2006). Effect of pH on the properties of ZnS thin films 

grown by chemical bath deposition. Thin Solid Films, 500(1–2), 4–8. https://doi.org/10.1016/j.tsf.2005.11.030 

[18]  Göde, F., Gümüş, C., and Zor, M. (2007). Investigations on the physical properties of the polycrystalline ZnS thin 

films deposited by the chemical bath deposition method. Journal of Crystal Growth, 299(1), 136–141. 

https://doi.org/10.1016/j.jcrysgro.2006.10.26 

https://doi.org/10.1016/j.matchemphys.2004.10.017
https://doi.org/10.1016/j.tsf.2005.11.030

