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Abstract  

Adherent and uniform films of ZnS and ZnS:Ni  were 
deposited  reproducibly by Dip coating  method  onto a 
glass substrate, under acidic conditions from solutions 
containing Zinc Nitrate, Nickel Nitrate, Ammonium  
Nitrate, Sodium citrate,  thiourea and distilled water. The 
growth of ZnS thin films on glass substrates have been 
thoroughly investigated by SEM, EDAX and X- ray 
diffraction techniques.  The grain sizes (D) of crystallites 
were estimated using the Scherrer’s formula. Depending 
on selection of precursors and presence of dopant, ZnS 
and ZnS films can be of Sphalenite or wurtzite structure. 
The effect of the dopant on the crystallinity and surface 
morphology of ZnS thin films have been studied. The 
surface morphology, which has been evaluated by 
scanning electron microscope (SEM), shows a relatively 
flat and uniform surface. 
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1. Introduction 

Zinc Sulphide (ZnS) is an important semiconducting material with 
a wide direct band gap of 3.65 eV in the bulk form [1] which 
crystallizes in both cubic and hexagonal forms. A diverse range of 
applications exists for thin films of ZnS, primarily within 
photovoltaic, optoelectronic devices. Semiconductor photocatalysis 
has directed increasing interest to water splitting in the photo 
electrochemical process as it applies to solar energy conversion.  
The conversion efficiency of water photo electrolysis in the context 
of solar energy conversion is determined principally by the 
properties of the visible-light-induced photo electrodes in the 
photelectrochemical cells (PECs). However, the materials of the 
visible-light-driven photo electrodes used  in PECs should meet 
two fundamental requirements:  They must have a narrow band 
gap to attain maximal absorption of solar energy and the band edge 
of conduction band has to be more negative than the reduction 
potential of H2O to produce H2 [1]. It is well-known that the 
position of the conduction band of a semiconductor is a key factor 
in ensuring an effective photocatalytic H2 evolution. The deeper the 
conduction band, the stronger its reductive activity, and the higher 
its photocatalytic H2 production.  The level of the conduction band 
of ZnS is so negative that it can be a high efficient photocatalyst for 
water splitting.  However, use of ZnS is still limited to UV light due 
to this large band gap, 3.6 eV [2].  Therefore, many studies have 
been carried out to develop a visible-light active ZnS through the 
doping of metal ions.  Doping of ZnS by the transition metal ions 
Mn2+ [3, 4], Cu2+ [5, 6] and Ni2+ [7], has received considerable 
attention in applications in electroluminescence devices, 
phosphors, light emitting displays and optical sensors.  The aim of 
this paper is to study the structural and optical properties of ZnS 
thin films obtained on glass substrates. 
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2. Experimental 

ZnS:Ni thin films are obtained by dip-coating method in air 
atmosphere.  Cationic solutions of zinc nitrate (0.4 M) nickel nitrate 
(0.4 M), ammonium nitrate (0.4 M, buffer solution), sodium citrate 
(0.5 M, complexing agent) and thiourea (0.4 M) were added 
sequentially under constant stirring. Glass substrates were placed 
vertically into the deposition solution at 80 C for 30 minutes and 
for two hour in another solution of same composition.  The thin 
films annealed for one hour at 200 C in hot air oven.  The process 
of thin film formation is shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Preparation steps of pure and Ni-doped ZnS thin films by sol-gel dip coating method. 

3. Results and discussion 

The  formation  of  ZnS  thin  films  using  Dip   coating   method  
can be  explained that  Zn2+,  resulting  from   the  dissociation of 
Zn(NH3)42+ complex  ions, would  combine   with S2- ions,  resulting   
from  the hydrolysis  of  the  thiourea in  a  basic  aqueous  solution,  
to form  ZnS on the  substrate, followed  by a heterogeneous  
reaction  and  precipitation [8]. After  the deposition, a yellowish  
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film  of  Ni-doped  ZnS formed  and a  bright silvery ZnS film  was  
observed   on  the  glass  substrates. 

The following chemical reaction leads to the formation of ZnS: 

 Zn(NO3)2Zn2++NO32- 

 CS(NH2)2+OH- SH- +CH2N2+H2O 

 SH-+OH- S2-+H2O 

 Zn2++S2- ZnS 

The X-ray diffractograms of undoped and doped ZnS thin films 
deposited on glass substrates are represented in Fig. 2a & 2b. For 
the undoped sample, the three major diffraction peaks are 
corresponding to (008), (104) and (110) planes of hexagonal 
crystalline ZnS, respectively. The ZnS sample exhibits a very strong  
diffraction peak at 2 = 29.3° indicating ZnS sample had a  
preferential orientation along the  (008) plane(JCPDS no. 36-1450). 
For the Ni-doped samples, the hexagonal phase of ZnS was 
significantly reduced with doping of nickel ions in the solution and 
no characteristic peaks of nickel containing compounds are 
detected. Moreover,  the  diffraction   peak  of (008) was shifted  to  
higher  angles  for  the  Ni  doped samples.  Since  the  ionic  radius  
of  Ni2+  (0.69 Å)  is  smaller  than  that of  Zn2+(0.74 Å),  it can  be  
inferred  that  nickel  ions  might insert  into  the   structure  of  ZnS  
and  located   at  interstices or occupied  some  of  the  lattice  sites  
of  ZnS. 

From the XRD profiles, the inter-planar spacing dhkl was calculated 
for the (101) plane using the Bragg’s relation  




sin2
ndhkl                    (1) 

where,  is the wavelength of the X-ray used, d is the lattice 
spacing, n is the order number and  is the Bragg’s angle. The 
factor d is related to (hkl) indices of the planes and the dimension of 
the unit cells. The crystallite size (D) of the films was calculated 
from the Debye Scherrer’s formula from the full-width at half-
maximum (FWHM)  of the peaks expressed in radians. 
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Fig. 2a & 2b. XRD Patterns of pure and Ni doped 

The strain is calculated by using the relation 
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is the FWHM calculated from the (101) plane. 

b. XRD Patterns of pure and Ni doped ZnS 

The strain is calculated by using the relation  

             (3) 

6 7
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where   is an internal micro strain, a dimensionless ratio, is 
defined as the ratio of elongation with respect to the original 
length. 

The dislocation density (δ), defined as the length of dislocation 
lines per unit volume of the crystal and has been calculated by 
using the formula 

 2

1
D

                 (4)  

The doping of nickel results in increase of dislocation density, the 
formation of the some defects in the crystal structures, which 
effectively decreases the intensity of the hexagonal ZnS phase.  
Therefore, at high doping level, film growth turns to non-oriented 
and with poor crystallinity.  Such a change of the crystallographic 
structure of Ni-doped ZnS may result in a change of electronic 
structure, which enables the absorption edge to shift towards 
longer wavelengths after the addition of Ni. 

The lattice parameter ‘a’ can be calculated from the equation given 
below for cubic geometry. 

 

                                                   (5)                                                                                                                          

where, hkl represent the lattice planes. The values of particle size, 
strain and dislocation density for the films annealed at different 
temperatures are shown in Table 1.  
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Table 1: Structural parameters of pure and Ni- doped ZnS thin films  

From the Fig. 3a & 3b, we see that the ZnS film contains a  
hierarchical    structure,  and  the  average  grain  size  is  in  the 
approximate range  of  500  nm,  in  which  micro particles  from the  
solution  adhere  onto  the  substrate through a  cluster-by-cluster  
deposition  process  to  produce  rod  like  branches.  The surface 
morphology of the Ni-doped ZnS film is drastically different if the 
film is constituted by small and densely packed aggregates.  So 
some crystals type structures are seen in the Ni-doped SEM 
micrographs in Fig. 3b. When Ni ions are added to the solution, 
nucleation and crystal growth obviously change. More and more 
microspheres appear through ion-by-ion condensation, which   
increases   the compactness of the film.   It   is  a well-known  fact  
that  the  growth of  a  film in  a  dip  coating  can  be  achieved  by  
using  ammonia  as  the  complexing  agent  to  control  the  release  
of  metal  ions.   In  this  case, Ni  ions  could  reduce  the  migration  
of  complex  ions, thus  leading  to  a  lower  reaction  rate  in  
freeing S from the hydrolysis of the thiourea and forming a  
uniform  and  dense  film. 

         

Fig. 3a & 3b SEM image of pure and Ni doped ZnS 

  Dislocation
density

 δ (x10 15 
lin/m2)

ZnS 40.85 6 2.57 6.21 3.193

ZnS:Ni 35.65 7.87 2.98 6.29 3.256

Element  Particle
)nm(size D

 Strain ε
 x10(3-lin  2- 
m4-)

 Lattice
 constant a
x10(10-)m 

 Lattice
 spacing  d
 x10(10-)m 
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Fig. 4a & 4b. EDAX patterns of pure and Ni doped ZnS 

    
 

 

 

 

 

 

 

 

 

Table 2: Compositional analysis of pure and Ni- doped ZnS thin films. 

The composition of the pure ZnS films were found to be more or 
less the same as doped ZnS there was no significant variation in the 
composition. It is observed in the Table 2 and in the Fig. 4a & 4b. 
The absorption and transmittance spectra of undoped and Ni 
doped ZnS thin films are shown in Fig. 5a & 5b respectively. The  
crystallographic  structure of  Ni  doped  ZnS  may  result  in a  
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Fig. 5a. Absorbance spectra of pure and Ni doped ZnS 

 
Fig. 5b. Transmittance spectra of pure and Ni doped ZnS 

change  of  electronic  structure,  which  enables  the  absorption  
edge  to  shift  towards  longer  wavelengths  after  the addition  of 
Ni. The absorption edge shifting towards visible region explained 
the yellowish colour for the Ni-doped ZnS thin films. The  red  shift  
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in  the  absorption  spectra  may  be  due  to  larger  grain  size [10]. 
This can be   seen from the SEM micrographs in Fig. 3a & 3b.  The 
maximum transmittance of   ZnS in the range around 950 nm is 
about 70%. Based on  the  transmittance  spectra of the samples,  
the  optical  constants  and  the  film  thickness can be calculated by 
means of  the following  formula [11]. 

Using the transmittance spectrum the optical constants such as 
extinction coefficient are calculated and plotted as a function of 
photon energy is shown in Fig. 6. To quantify the optical bandgap 
(Eg) of films, the following formula is employed in the high 
absorbance region of the transmittance spectra, 

               (α h)2  =A ( h - Eg)n                                                               (6) 

Where, α is the absorption coefficient, A is a constant which is 
independent of photon energy and h is the photon  energy, Eg is 
the optical band gap and n has four numeric values (1/2 for 
allowed direct, 2 for allowed indirect, 3 for forbidden direct and 
3/2 for forbidden indirect optical transitions). In this work, direct 
band gap was determined by plotting (αh)2 versus h curves 
respectively, with the extrapolation of linear region to low energies. 

Energy  band  gaps of  3.37 eV  for  a ZnS  film  and  3.02 eV  for  a  
Ni-doped  ZnS film  are  determined  at  the  absorption  edge  as  
the  intersection  point  of  extrapolation  from  the  straight  region  
of  the  plot. The  band  gap  of  the  undoped  ZnS  film  is  
somewhat smaller  than  the  typical  value  of  the  bulk  ZnS (~3.6 
eV), which is  probably due  to  the annealing effect. Such annealing 
effect has been reported for chemical bath  
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Fig. 6. Extinction coefficient (a.u.) vs. photon energy (eV) 
 

 

 

 

 

 

 

 

 

 

Fig. 7. The plot of variation of (αh) 2 vs. h of the pure and Ni doped  ZnS films. 

deposited ZnS films [12-14].  The  decrease in  the  band gap of Ni-
doped ZnS  thin  film  is  related  to  the  deformation of  the  
structure.  The  nickel  from  dip coating  process  can replace  
either  substitutional  or  interstitial  the  zinc  in  the  ZnS  lattice  
creating  the  structure  deformation,  Similar  results,  relate  to  
poor  crystallinity, the  formation  of  copper-based  complexes,  
and  the  decrease  of the  band  gap of  ZnS,  were  observed  by  
Oztas [15]  in  their  study  of  Cu-doped  ZnS  thin  films. 
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4. Conclusion 

Thin films of  undoped  and  Ni-doped  ZnS  are  successfully  
prepared  on glass  substrates using  dip  coating  technique.  The  
films  are  characterized  by  means  of  scanning  electron 
microscopy and  X-ray  diffraction.  SEM images confirm the 
formation of   uniform grains for all samples.  XRD   studies  show  
that  ZnS films  grown  on  glass  preferentially  orientation  along 
the (008)  direction.  It  has  been  established  that  the addition  of  
nickel  affects  the  growth  mechanisms  of  films,  the  
crystallographic  structure,  the  absorption  spectra.  In  the  case  
of  undoped  ZnS  thin  film,rod-like  branches  with  the  wurtzite  
structure  have  been   observed  by  SEM  and XRD.  The  XRD  
characteristics  of  Ni-doped  ZnS  thin  films  indicate  that  there  is  
no   Ni-S  phase  formation.  The  difference in  the  absorption  
spectra and  the  band gaps  between  undoped  and  doped  
ZnS:Ni  may  result  from  crystallinity  and  grain  size  effects,  as  
supported  by  XRD  and  SEM analysis.                                                                   
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