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 Transition metal ions like Nickel doped Zinc Sulphide semiconductor materials 
have a wide range of optoelectronic device applications. However, the doping 
concentration effect on the properties of NixZn1-xS has not been reported. This 
study, therefore, investigated the effects of nickel (Ni) doping concentration on 
the structural and optical properties of synthesized NixZn1-xS nanostructured thin 
films prepared by low-cost Chemical Spray Pyrolysis (CSP) technique. NixZn1-xS  
nanostructured thin films with a thickness of 320nm and different mole ratios (ϰ 
= 0.00, 0.02, 0.04, 0.06 and 0.08,) were grown by the use of spray solution on 
hot glass substrates at a temperature of 300 oC using CSP technique. The spray 
solutions contain nickel acetate, zinc acetate, and thiourea as precursors for 
Nickel, Zinc, and Sulphur, respectively. The influences of Ni doping              
concentration on the structural, optical, and morphological properties were    
investigated using X-ray diffraction (XRD), Ultraviolet-Visible spectroscopy 
(UV-Vis), and Scanning Electron Microscopy (SEM) respectively. The XRD 
analysis indicated that all the prepared films retained the ZnS cubic zinc blend 
structure. SEM results show that the films are composed of well crystalline 
grains with various shapes and densely bound to each other. The UV-Vis      
spectroscopy shows that transmittance is moderately high and increased with 
increasing Ni content. The average transmittance of NixZn1-xS are 61.3, 62.8, 
63.9, 67.6 and 69.6 % for x = 0.00, 0.02, 0.04, 0.06 and 0.08, respectively. The 
bandgap of Ni-doped ZnS samples is narrow compared to the undoped and the 
value increases gradually with increasing Ni concentration. Based on the results 
obtained, with the enhanced structural and optical properties, NixZn1-xS films 
could be useful materials for optoelectronic applications.   
  

1. Introduction 

The studies of nanomaterials have         

generated a great interest. The nanomaterials 

give a revolutionary breakthrough in terms of 

size reduction and enhancement of speed and 

accuracy with regards to the properties of   

electronics. It performs a vital role, especially 

in the semiconductors, as the bedrock of    

electronics. Nano-semiconductors exhibit    

different properties when compared to their 

bulk counterparts. This is as a result of drastic 

reduction in particle size, improved optical and 

structural properties, and this results to the 

change in band structure. As the band gap    
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increases, the particle size decreases with a 

split in the band edge and create discrete      

energy levels, hence improved electron-hole 

generation.  

Transition metals are metallic elements 

with an incomplete inner (d) electron shell. 

They have multiple valences and form colored 

compounds and stable complex ions.         

Transition metals (such as nickel (Ni),       

manganese (Mn), iron (Fe), copper (Cu), and 

Cobalt (Co)) doped with semiconducting     

materials have drawn a great interest as they 

integrate optical and structural properties into a 

single material for applications in non–volatile 

memory, magneto-optical, spintronic and     

optoelectronic devices [1]. Doping of optically 

active material alters the electronic structure 

and transition probability of the host 

nanostructure and shows new varieties of  

emissions in different wavelengths [2]. Doping 

is enhanced by concentration, type of impurity, 

and crystal dimension. It plays a very           

significant role in the efficiency and emission 

bands position and acts as a catalyst in the 

study of device developments. 

Zinc sulphide (ZnS) is a group II-VI      

intrinsic semiconductor with excellent physical 

properties [3]. Its wide bandgap of 3.68 eV at 

room temperature makes it useful in the area of 

optoelectronics such as ultra-violet             

light-emitting diodes. ZnS is useful in various 

devices, such as solar cells window layer [4], 

hydrogen blue-green LEDs production,     

Electroluminescence displays [5],                 

antireflection coatings of Infrared devices [6], 

and other nonlinear optical devices [7]. The 

emission of pure ZnS ranges from 420 to 450 

nm while the dopants such as transition metals 

and rare metals (Mn, Fe, Co, Ni, Cu) have 

emissions at the range of 10-14-104 m [8].    

   Doped ZnS nanocrystals with impurities 

occupying zinc lattice will behave like a      

trapping site for both electrons and holes.   

Consequently, electrons excited from the     

valence band to the conduction band absorb 

equal or greater energy beyond the bandgap 

energy by forming a junction. The structural 

and optical properties of ZnS can be improved 

by doping in response to specified applications 

[9]. Nickel-doped ZnS is the most efficient  

cathodoluminescence phosphors [10], exhibits 

excellent photoluminescence properties and 

found applications in plasma displays, sensors, 

LEDs, and lasers [11]. 

Adegboyega et al. 

Fig. 1: Schematic Diagram of the chemical spray pyrolysis setup 
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Semiconductor nanostructures can be  

prepared via some techniques including 

mechano-chemical process, simple chemical 

method, ultrasonic radiation technique,       

sol-gel process, colloidal chemical technique, 

solvothermal method, reverse micelles   

method, thermal evaporation method and 

chemical spray pyrolysis (CSP) among others 

[12,1,14]. Among these techniques,           

advantages such as simple, cost effective   

experimental arrangement, vacuum less, high 

growth rate, ease of adding various doping 

materials, and mass deposition capability for 

homogeneous large area coatings, which are 

desirable for industrial and photovoltaic solar 

cell applications make spray pyrolysis the 

most recommended [15,16]. Chemical spray 

pyrolysis is one of the very efficient         

techniques of growing durable thin films 

(CSP) [17]. In this process, the reacting     

solution made from relevant chemical        

reagents is sprayed onto a substrate to achieve 

the desired film.   

In this research, Ni-doped ZnS           

semiconductor nanostructures have been   

synthesized with the use of chemical spray 

pyrolysis technique, and their structural,    

optical, and morphological properties have 

been analyzed using X-ray Diffraction 

(XRD), Scanning Electron Microscopy 

(SEM), and Ultraviolet-visible spectroscopy 

(UV-Vis) for suitable applications in          

optoelectronic devices. 

 

2. Materials and Methods 

2.1 Materials 

Nickel acetate [Ni(CH3COO)2 .4H2O], 

Thiourea  [CS(NH2)2], Zinc acetate [Zn

(CH3COO)2 2H2O], acetone, methanol,      

distilled water, alcohol, and detergent were 

used. All chemicals were of analytical grade 

(Sigma Aldrich chemicals) used as received 

without further purification.   

 

2.2 Method 

2.2.1 Cleaning of Glass Substrate  

Soda-lime glass slides cut into 12 ×12 

mm2 were used as substrates. The substrates 

were cleaned with detergent and rinsed with 

distilled water, and then ultrasonically 

cleaned in acetone, methanol, and isopropyl 

alcohol (IPA) bath for 20 minutes each. The 

substrates were dried and kept in the          

microelectronic graded vacuum oven.      

Substrate cleaning is important to reduce  

contamination which may be detrimental to 

the output performance of the film.     

 

2.2.2 Preparation of Precursor  

The NixZn1-xS precursor was prepared 

using commercially available Nickel acetate 

[Ni(CH3COO)2 .4H2O], Thiourea [CS(NH2)2] 

and Zinc acetate [Zn(CH3COO)2.2H2O] 

(Sigma Aldrich chemicals) as source         

materials for Ni, S, and Zn, respectively in 

distilled water. Undoped and Ni-doped ZnS 

nanostructured films were prepared by   

chemical spray pyrolysis technique by mixing 

nickel acetate solution of 0, 2, 4, 6, and 8 mol 

Adegboyega et al. 

Fig. 2: X-ray diffraction patterns of NixZn1-xS at 
different concentrations of Ni 
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% with zinc acetate and Thiourea aqueous 

solution.  

The solutions were thoroughly stirred 

with a magnetic stirrer for 30 minutes before 

stepwise spraying onto preheated substrates 

maintained at 300 ± 5 ºC. NixZn1-xS thin films 

were obtained by maintaining deposition   

parameters such as carrier gas flow rate,    

substrate temperature, and pressure at 3-3.5 

ml/min, 300 ± 5 ºC and105 Pa, respectively. 

The chemical reaction mechanism of NixZn1-

xS thin film is as shown in equation 1.0.   

 

 

 

2.2.3 Film Deposition 

The chemical spray pyrolysis system 

components consist of a flow meter, air     

atomizer nozzle, solution bottle, hot plate, air        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

compressor, and iron-constantan thermocou-

ple wire coupled with a temperature control-

ler setup in a flame chamber (Figure 1). The 

films were deposited by spraying the precur-

sor via airbrush atomizer with spray nozzle of 

0.2 mm diameter, compressed air of about 105 

Pa pressure as the carrier gas onto a heated     

substrate on the hot plate. The temperature of 

the substrate was monitored using an         

iron–constantan thermocouple connected to a 

temperature controller. To get uniform 

nanostructured thin films, the height of the 

spraying nozzle and the rate of spray process 

were kept constant during the deposition   

process at 30 cm and 3-3.5ml/min, respec-

tively. The spraying process lasted 6 seconds. 

To prepare the spray system for good  

deposition, system components must be 

cleaned and positioned to maintain             

experimental consistency. A minimum of 3 

ml of solvent was sprayed to clean the tube 

and nozzle of any other previously sprayed  
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Fig. 3: SEM Micrograph of (a) undoped ZnS (b) Ni0.02Zn0.98S (c) Ni0.04Zn0.96S (d) Ni0.06Zn0.94S (e) Ni0.08Zn0.92S 
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solutions. Typically, it is ideal to employ the 

solvent used in preparing the precursor to 

minimize contamination. A substrate refer-

ence location was created on the system base 

to maximize the allowable area of      deposi-

tion and maintain experimental consistency 

without applying extra stress to the spraysys-

tem components.  

 

A stepwise multi-pass spraying approach 

was adopted for this study to have relatively 

uniform, crack and pin-hole free thin film 

[18].   

 
2.2.4 Thin Films Thickness Calculation 

The film thickness was approximated   

using the gravimetric technique due to the   

unavailability of interferometers and stylus 

instruments. The thickness t was calculated 

based on the relationship between the film 

mass m, the deposition area A, and the thin 

film density ρ according to Eqn. (2.0) [19]. 

 

 

 

 

2.3 Characterization Techniques 

A few characterization techniques were 

used to evaluate the quality of the thin films. 

The structural characteristics were studied by 

X-ray diffractometer (JEOL, JDX- 3530) at  

CuKα radiation wavelength of 1.5418 Å,    

operating at 40 kV and 30 mA. The            

experimental results were compared with the 

Joint Committee on Powder diffraction   

Standards (JCPDS) data to obtain inferences 

about different crystallographic phases and 

orientations. The average grain size was also 

calculated using Scherer’s equation (Equation 

3.0). The microstructural/morphological    

features of the films were investigated with a 

Scanning Electron Microscope (JEOL, JSM-

6301F).. The optical reflectance, R, and  

transmittance, T of the films were measured 

using UV–Visible Spectroscopy (ELICO SL-

164) equipped with an integrating sphere, in 

the wavelength range 300 - 750 nm.  

  

3. Result and Discussion 

3.1 Structural Properties of NixZn1-xS  

The X-ray diffraction patterns of NixZn1-

xS nanostructured thin films with different 

concentrations of dopant are shown in Figure 

2. All samples have a cubic crystal structure 

with a unit cell of a = 5.4090Å and a density 

of 4.082 g/cm3 as confirmed by the Match  

 

 

Adegboyega et al. 

Fig. 4: (a) Transmittance (b) Reflectance spectra for NixZn1-xS at varying Ni concentrations  

… 2.0 

(a) (b) 
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Phase Analysis report (MPAR). This find-

ing is consistent with the submission of Wu, 

et al. [20] who reported that ZnS crystals           

containing 3% nickel have the cubic structure 

and the result obtained by Sreenivasulu, et al. 

[21], who reported the cubic blended      

structure for Ni-doped ZnS as observed from 

the XRD analysis. The result also shows that 

all the films have a diffracting peak located at 

2θ = 28.650 corresponding to the miller plane 

(111) which is a characteristic of cubic   

structure. The indexed plane value of NixZn1-

xS is in agreement with the JCPDS file No: 80

-0020 for all the prepared samples. The full-

width-at-half-maximum (FWHM) of the    

diffraction peaks increased slightly as the  

 

 

 

 

 

concentration of Ni increased indicating a 

reduction in the size of the particles. The av-

erage crystallite size was calculated using the 

Scherer formula [19] (Equation 3.0).  

 

Where λ is the x-ray wavelength, θ is the 

diffraction angle, β is the full-width-at-half-

maximum (FWHM), k is Bragg’s constant, 

and D is the particle size. The crystallite size 

is shown in Table 1.0 indicating a decreased 

crystallite size with increased doping        

concentration. A similar result was reported 

elsewhere by Meiron, et al. and Khalid, et al. 

[22-23]. 

Figure 3 shows the SEM micrographs of 

Ni2+ ions doped ZnS (NixZn1-xS) samples. 

Adegboyega et al. 

Fig. 6: Energy band gap of (a) undoped ZnS (b) Ni0.02Zn0.98S (c) Ni0.04Zn0.96S (d) Ni0.06Zn0.94S (e) Ni0.08Zn0.92S 

… 3.0 
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The SEM micrograph reveals that the films 

are composed of well crystalline grains of 

various shapes and densely bound to each 

other.  

 

3.2 Optical Properties of NixZn1-xS  

The transmission spectra of the prepared 

NixZn1-xS (x = 0.00, 0.02, 0.04, 0.06, 0.08)  

samples with wavelength range of 300 to 750 

nm are shown in Figure 4. It is observed that 

transmittance is moderately high and         

increased with increased Ni content. The   

average transmittance of NixZn1-xS are 

61.3%, 62.8%, 63.9%, 67.6 and 69.6% for x 

= 0.00, 0.02, 0.04, 0.06 and 0.08,               

respectively. The observed difference in the 

average transmittance values of the NixZn1-xS 

films may be attributed to the effect of the 

variation of Ni doping concentration. The 

high transmittance of the NixZn1-xS film    

samples may be attributed to the thinness and 

low defect density of the films. The          

moderately high transmittance of the 

nanostructured thin films throughout the UV-

Vis region makes it suitable for                  

optoelectronic devices [24]. Such films with 

high transmittance characteristics in the      

visible region could be employed as window 

layers for various photothermal and           

optoelectronic devices [25].  

The reflectance decreased with increased 

wavelength (Fig. 4b). The average reflectance 

values are 0.159, 0.168, 0.167, 0.145 and 

0.143 for x = 0.00, 0.02, 0.04, 0.06, and 0.08, 

respectively. This indicates a decrease in   

reflectance as the doping concentration      

increased. This might be due to the            

absorption energy level introduced by the  

dopant [26]. Also, the dopant acts as an   

electron sinking center which results in    non

-radiative recombination. Therefore,          

reflectance decreases as the molar             

concentration of dopant increases. This may 

be due to the reduction in grain boundaries, 

scattering of light, as well as decrease in the 

reflection of incident light by Ni clusters [27]. 

The difference in the average reflectance   

values of NixZn1-xS films suggests that Ni 

doping concentration significantly influenced 

the reflectance of such films. Such NixZn1-xS 

films with low reflectance and high         

transmittance characteristics could be        

employed in antireflection coatings for solar 

thermal devices and eyeglass coatings to   

reduce solar reflectance and increase      

transmittance through the glass as reported by 

Anuar, et al. [25].  

 
 

 

Adegboyega et al. 

  
Sample 

  
Crystallite Size 

(nm) 
  

  
Average  

Transmittance 
(%) 

  
Average  

Reflectance 
(a.u) 

  
Band gap 

(eV) 

     Undoped 7.34 61.3 0.159 3.87 

 

5.25 62.8 0.168 3.64 

 

3.13 63.9 0.167 3.79 

 

2.54 67.6 0.145 3.85 

 

2.05 60.6 0.143 3.97 

Table 1: Calculated Structural and Optical Parameters for Ni Zn1− S Films with Different Ni           
Concentration 
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3.2.3 The bandgaps of the films  

The bandgaps of the prepared samples 

were calculated from the absorption (αhυ)2 -

wavelength (hυ) graph and then extrapolating 

the straight portion of the curve on the energy 

gap axis. The bandgap calculated for undoped 

ZnS was 3.87 eV which is quite higher     

compared to its bulk counterpart having 3.7 

eV. The influence of doping concentration of 

Ni on the energy bandgap of NiϰZn1−ϰS    

samples is indicated in Figures 6 and Table 1. 

It is worth noting that the bandgaps of Ni-

doped ZnS samples is lower than that of    

undoped and the value gradually increases 

with the increase of Ni-doped concentration. 

At low doping concentration, the observed 

lower bandgap (redshift) might result in the 

sp-d spin-exchange interactions. 

The correction probability of both        

positive and negative potential to the        

conduction band and the valence band edge 

may be enhanced respectively, under the s-d 

and p-d exchange interactions which resulted 

in narrowing the bandgap. This result is in 

agreement with Kim and Park, [28] who 

worked on the optical investigation of        

Zn1-xFexO films grown by radio-frequency     

sputtering. The blue shift of the higher 

bandgap at higher doping may be explained 

by the Burstein–Moss shift. When the doping 

concentration of Ni ion is high, the carrier 

density donated by Ni ions increases [26] 

thereby shifting the Fermi level close to the 

conduction band, and the changes in          

transition levels lead to broadening the      

energy gap. A similar result was reported by 

Mahdi and Raoof [24], stating that direct 

bandgap energy of Zn1-xS:Cux thin films    

increased with increasing concentration of 

Cu. Having direct bandgap energy, the      

materials are suitable for optoelectronic     

device applications such as multilayer        

dielectric filters and solar cells.    

 

 

4. Conclusion 

Nanostructured thin films of undoped zinc 

sulphide and nickel-doped zinc sulphide were 

prepared. XRD result showed that all samples 

have cubic crystal structure with a unit cell of 

a = 5.4090Å and density of 4.082g/cm as 

confirmed by the Match Phase Analysis     

report (MPAR). XRD also confirmed the 

presence of Nickel dopant while SEM result 

showed that the films are composed of well 

crystalline grains with various shapes. The 

UV analysis shows that transmittance is   

generally high with a gradual fall near the 

fundamental absorption region and the values 

of transmittance increased with the increase 

in Ni concentration. The bandgap energy of 

Ni-doped ZnS samples was low compared 

with the undoped and the value increased 

gradually as the concentration of Ni in the 

samples increased. With the improvement in 

its  microstructural and optical properties,    

Ni-doped ZnS films could be a desired candi-

date for future optoelectronic applications.  
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