
 

79 

  J. Edu. &  Sci., Vol. (26),  No. (4)  2013   

 
 

Effect Zinc Ion Concentration on Structural and 

Optical Properties of ZnS Thin Films Prepared by 

Chemical Bath Deposition Technique 

 
Faris S. Atallah                Hani H. Ahmed 

Department of Physics / College of Science 

University of Tikret 

 
Accepted Received 

01 / 02 / 2012 23 / 06 / 2011 

 
 الخالصة

 يق  يييييي  ي ليييييي     رأ يييييي ز  ZnS فييييييل حييييييحض ر أييييييب يييييييز يأ يييييي      يييييي       ي يييييي  ضر  يييييي 
   صي   ي ي ي ل ضر  ي  ضر ي  ي  3Zn(NO)(2  ضلييد ز  حين  يي ضل ضر  ي  إح (، CBDضر   ي ي) 

 2+Zn 2(2  ( يضرث  ي  يييSC(NH)     2-  صييي   ي ي ييي ل ضر    يييل ضرلييي رS.)    يييييز   ضلييي  يييي ث
    يييييل . يضر صييييي   عحيييييص ضردصييييي ية ضري     ييييي   0.1Mي 0.05M  ييييي  ع ي   يييي  ض ي ييييي ل ضر  ييييي 

( ير  ة ل عي ن. ضردص ية oK  473ضر ع  ح  ضرأ ض    رأل         ل فل ضرهيضء       أ ض ة  
 ZnS    ييي   ضن أ يييب    يييل  ،(XRD  ضري     ييي    ليييل   لييييد ضز يق  ييي  أ يييي  ض  يييع  ضرلييي    

 ي يييحر   ييي  ض   عييي  (   ييي   ضرد  صييي ن   عييي  ي   ييي    ي يحييي  ضر  لييي   عحيييص    ييي  ل      ييي 
 ع     ة ي     ض ي  ل ضر    فيل ضر أحيي . ضردصي ية nm 22 ضرص nm 14  نضرأ ز ضرأ   ل 
ع ر ي   ه    ي ي  ضر  ي  رهي   ف ح ي     ي   إن أ يب    يل  ،هح ي  ضر ف  ط ي    ليد ضز  ل ضر ص      ل

 يح  ف يية ط ةي  ي    ي  ضر           .%80 ن    ث  إرصضر  ى ضر  يل  ن ضرط   ييص   فل
  ع     ة ي     ض ي  ل ضر    فل ضر أحي . 3.57eVإرص  eV 3.62يق   ن  ي يضلع  ضرط  

 
Abstract  

In this work, ZnS films were prepared by chemical bath deposition 

technique where the zinc nitrate salt (Zn(NO3)2) was used as a source of 

zinc ions(Zn+2) and thiourea (SC(NH2)2) as a source of negative sulphide 

ions(S-2). The effect cadmium ion concentration at 0.05 M and 0.1 M on 

the structural and optical properties is described. Annealing process is 

carried out in air at temperature 473K for 2h. The structural properties 

were studied by X-ray diffraction, where found that for ZnS films 
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deposited on glass substrates have cubic (zinc blende) structure and the 

grain size increases from 14 nm to 22 nm with increasing zinc ion 

concentration in solution. The optical properties were studied by 

transmission spectra where found that for ZnS films have highly 

transmittance in visible region of spectrum and reach to more than 80%. 

The ZnS films have wide band gap and decrease from 3.62 to 3.57 eV 

with increasing zinc ion concentration in solution. 
 

Keywords: ZnS films, chemical bath deposition, structural and optical properties. 

 
1- Introduction 

Zinc Sulphide is an important II–VI compound semiconductor with 

a large band gap n-type semiconductor, whose bandgap was reported to 

be about 3.6 eV[1,2]. It is used as a key material for light-emitting diodes 

[3], cathode-ray tubes [4], thin film electroluminescence [5], and buffer 

layers in photovoltaic cells [6]. In general, Zinc sulfide exists in two 

forms, cubic (zinc blende) and hexagonal (wurtzite) [7]. ZnS is highly 

suitable as a window layer in hetrojunction photovoltaic solar cells; 

because the wide band decreases the window absorption loses and 

improves the short circuit current of the cell. In the area of optics, ZnS 

can be used as a reflector, because of its high refractive index (2.35), and 

a dielectric filter because of its high transmittance, in the visible range 

[8]. Various techniques have been employed to prepare ZnS thin film 

including SILAR, electrodeposition, chemical bath deposition, spray 

pyrolysis, vacuum evaporation and pulsed laser deposition [9-14]. 

Chemical bath deposition (CBD) is one of the solution phase 

methods useful for the preparation of compound semiconductors from 

aqueous solutions[15-18]. It is widely used for the deposition of different 

metal chalcogenide thin films, it results good deposits on suitable 

substrates by the controlled precipitation of the compounds from the 

solution. This method offers many advantages over other well-known 

methods of vapor phase synthetic routes. It could allow us to easily 

control the growth factors, such as, film thickness, deposition rate and 

crystalline quality by varying the solution pH, temperature and bath 

concentration [19]. In this method, we need not use high voltage 

equipments, moreover it works at room temperature and hence, it is 

inexpensive. The only need for this deposition is an aqueous solution 

made up of few common chemicals and a substrate on which the film is 

deposited. Often it suffers lack of reproducibility comparing with other 

chemical processes; however, by the proper and careful optimization of 

the growth parameters, one can have reasonable reproducibility. The 

principle of direct deposition of film via CBD method is based on gradual 

release of metal ion from super saturation solution. A chelating agent is 

usually used to limit the hydrolysis of the metal ion and impart some 
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stability to the bath, which would otherwise undergo rapid hydrolysis and 

precipitation. It is well known that there are distinct mechanism or 

models leading to the formation of CBD films, notably:(a) adsorption and 

coagulation of colloids performed solution by homogeneous reaction (as 

usually called cluster-by-cluster process), and (b) ion –by-ion 

condensation at the surface of the substrate by heterogeneous reaction. In 

practice, both processes may occur and/or interact in the grown films. The 

predominance of one mechanism over another is controlled by the extent 

of heterogeneous and homogeneous nucleations. Key parameter include 

the degree of super saturation of solution and the catalytic activity of the 

surface of the substrate [20]. 
In the present work, we report the chemical bath deposition of ZnS 

thin films and their characterization. The effect of zinc ion concentration 
on structural and optical properties of these films is investigated with the 
objective to optimize the conditions of the deposition process. 
 

2- Experimental 
Zinc sulfide thin films have been deposited on glass substrates 

using the chemical bath deposition technique. Glass slides (75×25×1 mm) 
were used as substrates. The slides were cleaned with soft cotton and 
washed with double distilled water and dried in air. The ZnS films was 
grown on glass substrate by using the Zinc nitrate salt[Zn(NO3)2.6H2O] in 
two various molarity of 0.05M and 0.1M as a source of zinc ions(Zn+2) 
and 0.1M thiourea [SC(NH2)2] as a source of sulphide ions (S-2). 
Ammonia solution (NH4OH) 30 % was added slowly to form the complex 
and pH was adjusted between 10 and 11. The solution was stirred to 
ensure homogeneous dissolve about 5 minutes. The bath temperature was 
kept at 60°C for 5h and under unstirred condition. A lower bath 
temperature could retard the ZnS deposition rate, however, a higher 
temperature would produce a higher evaporation of chemical bath to 
make an uncontrollable deposition rate. The glass substrate was held by 
Teflon holder when they were immersed vertically in the chemical bath. 
After 5h, the glass slides were removed from the beaker and were cleaned 
with distilled water to remove the white, loosely adherent powders 
precipitates in the solution during deposition. The obtained films were 
white, uniform and with a consistent with previous reports [18]. The 
residual powder formed in the reaction bath was collected, washed with 
water and dried in air at 473K for 2h. 

Film thickness is important parameter in the study of film 
properties. For thickness measurement, gravimetric weight difference 
method with the relation t=Δm/(ρ×A) where, Δ m is the mass of the film 
deposition on the substrate in gram; A the area of the deposited film in 
cm2 and ρ the density of the deposited material (ZnS=4.089 g/cm³) in 
bulk form[21].The maximum thickness for ZnS thin film was 428 nm. 
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The X-ray diffraction(XRD) analysis was carried out using X-ray 
6000(Shimadzu) diffractometer with Cukα radiation (λ=1.541 Å) at 40 kV 
and 30 mA. The optical transmission spectra were investigated by UV-
Visible Spectrophotometer (Cintra 5) GBC-Astrural). 
 
3- Results and discussion 
Reaction Mechanism 

The CBD is based on the formation of the sold phase from a 
solution, which involves two steps as nucleation and particle grown. In 
the nucleation, the cluster of molecules formed undergo rapid 
decomposition and the particle combine to grown up to certain the 
thickness of the film by homogeneous reactions at the substrate surface 
[20]. The reaction mechanism for the formation of ZnS could be 
understood as follows. 
Ammonia hydrolyzes in water can give out OH−: 
NH3 + H2O                NH4

+ + OH−                            ………….………. (1) 
The source of Zn2+: 
 Zn(NO3)2                Zn2+ + 2NO3

−                            ………………..….(2) 
Zn2+ and NH3 form a complex species of cadmium [Zn(NH3)4]

2+ (to 
slowly release Zn2+): 
Zn2+ + 4NH3                [Zn(NH3)4]

2+                          ………..……..…..(3) 
Then 
Zn2+ + 2OH−                 Zn(OH)2                             …………….…...… (4) 
Thiourea hydrolyzes in alkaline solution to give S2−( The source of S2−): 
NH2-C-NH2+2OH−                 S2−+CN2H2+2H2O               …......…….. (5) 
Zinc sulfide is formed: 
[Zn(NH3)4]

2++ S2-+CN2H2+2H2O             ZnS+4NH3+CN2H2+2H2O  …(6) 
Fig. (1) shows the growth is strongly influenced by the molarity of 

zinc nitrate. The deposition rate increases with increasing zinc ion 
concentration, the terminal thickness increases with increasing zinc ion 
concentration from 324 nm to 416 nm. The increase in deposition rate 
refers that in any chemical reaction the reaction rate is proportional to the 
concentration of the reacting species. 
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Fig.(1): Terminal thickness of ZnS films as a function molarity. 
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Fig. 2(a and b) shows X-ray diffractograms of ZnS thin films 

deposited on glass substrate, and were deposited at various zinc ion 

concentrations (zinc nitrate molarity) for constants bath temperature of 

(60C° ) and pH of (11) at fixed deposition time of 5h and annealing at 

473 K for time of annealed is 2h. Fig. 1(a) show XRD pattern of ZnS film 

at 0.05M, can be observed appearing peaks at 2θ= 28.93°,48.5 and 58.49° 

which correspond to diffraction from (111), (220) and (222) crystalline 

planes respectively, where the peak refer to the cubic ZnS phase. Fig. 1(b) 

show XRD of ZnS film at 0.1M film which was reveals the diffraction 

peaks 2θ = 29.54°, 49.13°and 58.89° corresponding to diffraction from 

(111), (220) and (222) planes respectively. All the above mention planes 

refer to the polycrystalline ZnS with cubic phase. The diffraction intensity 

increases with increasing the (Zn2+) molarity due to film thickness 

increasing and this implies a larger number of Bragg plane.These values 

of 2θ and its crystal planes are comparable with standard data from ZnS 

matches well (JCPDS No.05 -0566), While comparing the X-ray 

diffraction pattern of 0.05M and 0.1M of CdO, it is obvious that, Bragg’s 

peaks became more intense for higher molarity indicating a clear 

improvement in crystallinity. This behavior appreciably a constant 

procedure for all films were prepared by CBD as reported in literatures 

[7,18,22,23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (2): The X-ray diffraction patterns of the zinc ions concentration (a) 0.05 

M and (b) 0.1M. 
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The average grain size of ZnS film was calculated from the 

following Scherrer’s equation for the (111) direction [24].: 





cos

9.0
=d     ………………………………………………….. (7)  

where λ is the X-ray wavelength,   is the full-width at half-

maximum (FWHM) of the peak, and θ is the reflection angle. The grain 

size was increased from 14nm to 22nm with molarity increasing from 

0.05M to 0.1M [25]. And the diffraction peaks become more intense and 

sharper which indicated that the grains become larger and the crystal 

quality was improved. The noticeable difference in grain size between the 

0.05M film and the 0.1M films may be attributed to the fact that there are 

two different deposition processes in CBD that compete with each other; 

cluster by cluster deposition and ion by ion deposition[7].  

 

Optical Properties 

Fig.3 shows the effect of the zinc ion concentration(0.05 and 0.1)M 

on the transmission spectra in for the range 300 – 800 nm. The average 

transmittance o f the ZnS films in the visible region was found to be with 

a transmittance of more than 80% when the wavelength is above 400 nm. 

We have found film transmission decreases with increasing zinc ion 

concentration, because of Zn+2 ion concentration increasing causes an 

increase of grain size as a result of increasing the film thickness. This 

behavior appreciably a constant procedure for all films were prepared by 

CBD as reported in literatures [26,27]. 
  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (3): The optical transmission spectra as a function of wavelength of ZnS 

films at different zinc ion concentration. 
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Fig.4 shows effect the zinc ion concentration (0.05 and 0.1)M on 

direct band gap of ZnS film, where the band gap value is estimated by 

extrapolation of the straight line of the plot of (αhν)2 versus photon 

energy. The linear nature of the plots indicates the existence of direct 

transitions. The values of direct optical band gap have found to be 3.6 eV 

and 3.5 eV for 0.05M and 0.1M ZnS films. The optical band gap of CdO 

film prepared with 0.05M is larger than that for 0.1M, this can be 

attributed to the effect of grain size and the crystal quality was improved 

[28]. The obtained values of band gap are agreed well with those reported 

recently [8,29,30,31]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (4): A plots of (αhυ)2 versus (hυ) of ZnS films at different zinc ion 

concentration. 

 
4- Conclusions 

The ZnS films are prepared by low cost chemical bath deposition 

technique with different zinc ion concentration. The present method is 

simple, economic and easily reproducible for Zinc Sulphide. The XRD 

measurements indicate that the structure of the ZnS thin films is 

cubic(zinc blend) for both molarties, Bragg’s peaks became more intense 

for higher molarity indicating a clear improvement in crystallinity. The 

average grain size increase with increasing Zn+2 ions concentration. The 

ZnS films are highly transmittance of more than 80% and decrease with 

increasing Zn+2 ions concentration. The band gap of ZnS thin films 

decrease with increasing zinc ion concentration. ZnS having wide band 

gap of 3.57-3.62 eV is a promising material to be used in photovoltaic 

devices, solar cells and detectors. 
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