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Influence of complexing agent, pH of solution and thickness on morphological and optical
properties of ZnS particles layer prepared by electrochemical deposition technique
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Zinc sulfide particles layer were grown on FTO glass and stainless steel substrates by electrode position technique from aqueous solution that
contained 0.1 N zinc sulfate, 0.1 N sodium thiosulfate and 0.1 N triethanolamine was used as complexing agent. The deposing potential was
analyzed by cyclic voltammetry technique. The ZnS particle growth was studied in the range of deposition time from 10 to 40 minutes. The
thickness of layer was found to be the highest, 3.92 pm, at 20 min. The various percentage of complexing agent, pH of solution and thicknesses
of film were characterized by scanning electron microscope (SEM) and UV-Visible spectrophotometer. The effects of complexing agent, pH of
solution and thickness of layer on morphological and optical properties of ZnS were investigated. The Electrical resistivity of ZnS was found
thickness dependent. The Chemical Composition of ZnS particles analysed by EDAX (Energy Dispersive Analysis by X-ray).
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1. Introduction

The research of chalcogenide semiconductor materials for solar energy conversion and other related photovoltaic
applications has been recently initiated. ZnS belongs to group II-VI semiconductor material. It has cubic and hexag-
onal crystal structure [1]. It is semiconductor material with a large band gap greater than 3.5 eV [2]. ZnS films have
been prepared by using various techniques such as electrochemical deposition, chemical bath deposition,spray pyrol-
ysis [3]. Amongst these various deposition methods,electrochemical deposition is more attractive, being a simple, low
temperature and inexpensive technique. The prepared films have been widely used in variety of application such as
window layer of solar cell, laser materials, sensors, photoconductors, anti-reflection coating [4]. The Chalcogenide
semiconductor material show unique optical behavior due to quantum size effect and widely studied because of their
applications in optoelectronic devices [5]. The ZnS material is suitable as a window layer in hetero junction photo-
voltaic solar cells [6—10]. In this research, we have reported deposition of ZnS film on stainless steel substrate by
an electrode position technique [11, 12]. The main aim of this research is to study the effect of triethanolamine as
complexing agent and pH of bath on the morphological and optical properties of ZnS material respectively.

2. Method

ZnS particles were deposited on stainless steel substrate by an electrochemical deposition technique shown in
Fig. 1. The type of AISI 316 stainless steel plate/FTO glass was used as the working electrode with graphite as
the counter electrode and Ag/AgCl working as reference electrode to measured deposing potential of ZnS with re-
spect to working electrode. All the precursors were used for the deposition as AR grade. Zinc sulfide particles
layer were electrode posited on to the stainless steel substrate for 10 to 40 min at room temperature from a solution
containing 0.1 N Zinc sulfate(ZnSO,), 0.1 N sodium thiosulfate (Na3S503) at pH = 3.5. The 0.1 N solution of tri-
ethanolamine (TEA) was added in bath as complexing agent. The role of complexing agent to formation of complex
stoichiometric compound of Zn and S ions and substrate is fully covered. The cyclic voltammetry technique was used
to study the electrochemical property such as deposing potential of ZnS materials. The stainless steel substrates of
2.25 cm? dimension area were cleaned by acetone and distilled water before deposition. The distance between the
working electrode and counter electrode was kept constant as 1 cm during deposition of materials. The ZnS particles
are formed on the stainless steel substrate according to reaction. This is electrochemical reaction of thiosulfate ion.
The process of disproportionate of SQO?[ to S and SO?f is possible,

8,02~ —» S + 802~ (1)
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Zinc ions are involved in reduction and oxidation reaction with transfer of two electrons
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F1G. 1. Electrochemical deposition set-up for deposition of ZnS particles layer

The formation of ZnS material according to reaction (2).

The electrical parameters such as DC voltage and current density were adjusted at 1700 mV and 4.4 mA/cm?
respectively. The zinc sulfidefilms were prepared at deposition time (10 to 40 min) and thickness of layer studied [13].
The pH of electrolyte bath was adjusted from 3.5 to 5 by adding 0.1 N sodium hydroxide(NaOH). The ZnS films
were prepared at different percentage of 0.1 N triethanolamine (TEA). The layer of ZnS was further characterized
by UV-Visible spectrophotometer. Energy dispersive analysis by X-ray diffraction (EDAX) and Scanning electron
microscopy (SEM). The chemical bonding of functional groups was analysed by FT-IR technique. The electrical
resistivity of ZnS was estimated by two point probe method.

3. Result and discussion
3.1. Energy dispersive analysis by X-ray spectroscopy

Figure 2 shows energy dispersive analysis by X-ray spectroscopy of ZnS particles. It showed the elemental
composition for the Zn and S ions in the sample. The ZnS particles were shown to be deposited successfully. The
EDX spectrum in Fig. 3 revealed that as grown layer composed of only Zn and S species. The At% ratio of Zn, S and
O was found 62.48, 6.76 and 30.76 respectively.
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F1G. 2. Energy dispersive analysis of ZnS particles
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F1G. 3. Cyclic voltammetry of measured current versus applied potential of electrolyte bath con-
taining ZnSO,4 and NasS2O3 with scan speed 25 mv/sec

3.2. Cyclic voltammetry

Figure 3 shows cyclic voltammetry of electrolyte bath at scan speed 25 mv/sec. Cyclic voltammetry (CV) was
used to determine the optimal deposition potential of ZnS and study of the corresponding deposition mechanism. It
indicates variation of potential with current to find suitable deposing potential of ZnS material. The first and second
anodic peak was found at +0.25 V, +0.80 V at scan speed 25 mV/s. Dissolution of sulfide and zinc ions in to the
solution has been observed respectively. At that instant, the deposition of ZnS takes place when cathodic potential
was reached —0.80 V against Ag/AgCl (Reference Electrode). Therefore, the optimal potential range for deposition
of ZnSis —0.8to —1 V.

3.3. Estimation of layer thickness

Figure 4 shows the deposition time versus thickness of ZnS film.
The thickness of film variation was estimated by using mass difference method:

Am
= ﬂ’ 3

where Am is mass difference of stainless steel substrate before deposition and after deposition, ¢ is thickness of film,
A is area of deposition, p is density of deposited material. The standard density of ZnS particles was 4.090 g/cm?®.
The process of layer formation was found to time dependent. The ZnS particle growth was studied over the range of
deposition times from 10 to 40 min. It has been observed that thickness of layer increased up to 20 min, and after that,
it was decreased by co-deposition. The optimized thickness of the layer was 3.92 ym at 20 min. The thickness of the
ZnS layer was found to be highest at 20 min. The real thickness of the layer will be higher than the calculated values.
Because layers may have some porosity, there exists uncertainty in layer thickness.
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3.4. Effect of complexing agent

In this report triethanolamine (TEA) was used as a complexing agent to prepare ZnS film at optimized time
20 min [14]. The ZnS film deposited at pH 3.5 at different percentage of 0.1 N triethanolamine such as 1, 2, 3, and
4 % of total 80 ml electrolytic bath. The prepared films of ZnS were characterized by using Field Emission Scanning
Electron Microscope (FESEM). The SEM image indicated that high dense ZnS filmwas deposited at 4 % TEA if
compared to those prepared in the 1 % TEA of complexing agent [14]. It has been observed in Fig. 5. The ZnS film
deposited with 4 % TEA was optimized. It showed high dense and good surface coverage of substrate. It can be seen
that ZnS film was found densely covered full substrate area if percentage of complexing agent are increased.

1%TEA ; €)% T2 % TEA

FIG. 5. Scanning electron microscopy image of deposited layer of ZnS particles with complexing
agent triethanolamine (TEA) (a) 1 % TEA; (b) 2 % TEA; (c) 3 % TEA; (d) 4 % TEA

3.5. Effect of pH

Figure 6 shows SEM images of deposited of ZnS particle layers with different pH. The SEM was carried out to
study the effect of different pH values of solution on surface morphology of ZnS particles. The pH of solution varied
from 3.5 to 5; it introduced crystallite defect. It has been observed that two types of particles were found, namely
nanorods and lamilar. The average diameter of nanorods was estimated by using image-J software. The nanorods
diameter was found to decrease in order to increased pH of solution [15]. It has been shown in Table 1.

The optical absorbance spectra of the ZnS particles by the electrode position method with different pH solution are
shown in Fig. 7. The optical absorbance data of the particles were carried out by using UV-Visible spectrophotometer
in the wavelength range from 100 to 1100 nm. It is shown that a sharp rise in absorbance occurs between 330 and
360 nm. These are fundamental absorption edges. It is indicated to excitation of electron from valence band to
conduction band.

Figure 8 shows optical transmission spectra of ZnS particles deposited by electrode position method with different
pH solution [15]. All films showed sharp absorption edges at near 330 nm which correspond to optical band gap of
films. It can be observed that average transmission values are 80 % in the wavelength range after 330 nm. The
absorption of light in the wavelength region of 330 nm to 360 nm is caused by crystalline defects. The crystalline
defects were found to be responsible for reduction in optical transmission. It can be seen that varying pH introduces
crystalline defects in ZnS particles as shown in Fig. 6.
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(a)pH=3.5

F1G. 6. Scanning electron microscope image of deposited layer of ZnS particles at (a) pH = 3.5;
(b) pH=4; (c) pH=4.5; (d) pH=5

TABLE 1. Estimated values of average diameter of nanorods and band gap of ZnS at different pH of bath

Average
Sr. No pH of solution diameter of Energy Band gap
(eV)
nanorod (nm)
1 3.5 160.12 £ 0.5 nm 3.98
2 4 100.15 £ 0.5 nm 391
3 4.5 60.10 £ 0.5 nm 3.87
4 5 40.22 £ 0.5 nm 3.74

Figure 9 shows energy band gap of ZnS particles deposited with varying pH of solution from 3.5 to 5. The band
gap energies of the deposited particles were calculated with the help of an optical absorption spectrum. i.e. Taucplot.
The absorption coefficient () was calculated by using equation:

Absorbance

= Thickness of film"

“

The optical band gap energy of ZnS particles were calculated by plotting graph (ahv)? versus hv [16-19]. The
band gaps were determined by the intercept of straight line portion of the (chr/)? versus hv graph on the hv axis. The
direct band gap was calculated to be 3.98 eV and decreased to 3.74 eV after increasing pH of solution. The effect of
crystallite defects on band gap of ZnS at different pH of solution as shown in Table 1.

3.6. Effect of deposited layer thickness

The various thicknesses of layer characterized by UV-visible spectrophotometer. Fig. 10 shows optical absorption
spectra of ZnS particles deposited by the electrode position method at different thicknesses [20]. The sharp rise of
absorption occurs between 300 to 350 nm of thickness range 2400 to 3920 nm.
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F1G. 7. Optical absorbance spectra of ZnS films deposited at different pH solution
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F1G. 8. Optical transmittance spectra of ZnS films deposited at different pH solution

Figure 11 shows transmittance spectra of ZnS particles with various thicknesses. It has been observed that 80 %
transmittance occurs for all thickness above wavelengths of 350 nm. The maximum absorption at various layer thick-
nesses was found to be at wavelengths lower than 350 nm.

Figure 12 shows the optical band gap energies for various particle layer thicknesses. The optical band gap energy
of ZnS particles of various thicknesses were calculated by plotting graph (ahr/)? versus hv [21]. The band gap values
varied from 4.10 to 3.78 eV. Of varied thickness 2400 to 3920 nm. It showed band gap energy deceased with increased
thickness of layer [22,23]. The effect of thickness on band gap energy as shown in Table 2.
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FI1G. 9. Energy gap of ZnS films deposited with different pH solution
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F1G. 10. Optical absorbance spectra of ZnS particles with different thickness

TABLE 2. Estimated values of band gap with different thickness of films

Sr. No. Thickness of layer (nm)  Band gap energy (eV)
1 2400 4.10
2 2910 3.99
3 3450 3.90
4 3920 3.78

525
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F1G. 11. Transmittance spectra of ZnS particles with different thickness
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FI1G. 12. Energy band gap of ZnS particles with different thickness

3.7. Electrical resistivity

A direct current two point probe technique in air was implemented for characterized the ZnS particles resistivity.
The electrical resistivity was estimated by using eq. (3):

p-L
= 5)
where R — resistance of film, p — resistivity of film, L — length of rectangular substrate, dW — element of width.

The resistivity of particles depends on resistance of layer and its thickness. It has been observed that a change in
thickness of layer gives variation in electrical resistivity.

The resistivity of various layer thicknesses estimated as shown in Table 3.

It confirmed the resistivity of ZnS particles decreases from 1.782 - 10° to 0.462 - 10° (Q2-cm) as layer thickness
increases from 2400 to 3920 nm, due to the improved crystallinity of ZnS particles. The size effect in semiconductor
thin films was introduced for this behavior. Fig. 13 shows the variation of resistivity with thickness of ZnS particles.

The ZnS particles deposited on substrate with high concentration of Zn?" ions as compared to S ions and this is
n-type ZnS film hence it has been observed in edax spectra as Zn:S =9.24:1.

R
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TABLE 3. Illustrate the variation of electrical resistivity with thickness of ZnS particles layer

Sr.No. Thickness of layer (nm) Resistivity (£2-cm)

1 2400 1.782 - 10°
2 2910 1.396 - 10°
3 3450 0.868 - 108
4 3920 0.462 - 10°
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FI1G. 13. Variation of resistivity with film thickness of ZnS films

During the growth process of ZnS, not only the Zn and S were found, but also the presence of oxygen appeared,
actually there was a significant amount of oxygen present in the ZnS layer. The impure Zn included in deposited layer
because ZnS include oxygen element. There is impact of this additional phase on electrical behavior. The resistivity
value decreases as the oxygen content is increased in ZnS. It maybe owing to the higher defect existed in ZnS and
surface state density existed in the higher oxygen incorporated. The thickness of the layer increases when more oxygen
is introduced in ZnS and resistivity will decrease.

4. Conclusion

The ZnS particles were successfully deposited on FTO/stainless steel substrate by an electrode position technique
in the presence of triethanolamine as complexing agent. By using scanning electron microscope and UV-Visible
spectrophotometer ZnS layers were studied. The SEM images showed that the layer was found good quality and fully
substrate coverage at 4 % triethanolamine as compared to film in absence of triethanolamine. The effects of pH on
surface morphology, optical properties of ZnS particles were investigated. It was shown that the average crystalline
nanorod diameter and band gap decreases with increasing the pH values in range 3.5 to 5. The crystalline nanorod
diameter of ZnS particles were found to be between 160.12 — 40.22 nm. The pH values were found to be responsible
for crystal defect.The optical band gap values of ZnS particles were found to be 3.98 to 3.74 eV. The thickness of
layer was also affected on optical properties.The thickness of layer varied from 2400 to 3920 nm. The optical band
gaps were found to range from 4.10 to 3.78 eV. The thickness of layer increases with decreasing band gap energy.
The complexing agent, pH of solution and thickness has an important role in controlling morphological and optical
properties of the ZnS particles layer. The resistivity of layer was found to thickness dependent. The thickness of layer
ranged from 2400 to 3920 nm the resistivity were measured in range 1.782 - 10° to 0.462 - 105 (Q-cm). It confirmed
that the resistivity of layer decreases as layer thickness increases.
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