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Abstract— Molar concentrations have significant effect in the 

growth, structural, optical  and  phototransport properties of 

nanocrystalline ZnS thin films.  Bimolecular recombination 

mechanisms of carriers exhibit is observed in the study of   

photocurrent vs. intensity of activation of white light  (WL)  

illumination on the ZnS films. The effect of light intensity on the 

biased films showed that photosensitivity increases linearly with 

intensity of WL illumination due to effective carrier transport 

mechanism with increasing concentrations of Zn2+ and S2- ions. 

Two  types of distinct dark and photoconductivity  activation 

processes are found in low and high temperature regions in the 

films. The spectral response characteristics at different 

concentrations of Zn2+ and S2- ions in the films showed blue 

shift at 305nm and peak heights increase with increase of molar 

concentrations.   

 

Index Terms— molar concentration, ZnS, photoconductivity, 

activation energy.  

 

I. INTRODUCTION 

      In the past two decades, synthesis of “small particles” by 

different methods become fascinating field of research in 

various fields of physics and chemistry. The “small particles” 

materials now we call nano-materials (1-100nm in diameter) 

are very interesting materials for scientific reason and 

technological applications
1
 due to their unique characteristics 

that cannot be obtained from conventional macroscopic 

materials
2
. More precisely, semiconductors in nanoscale have 

attracted much attention because of their novel properties 

originating from quantum confinement effect – the effect 

produced by trapping the excitons (electrons & holes) in 

quantum wells incompatible in macroscopic materials and 

quantum size effects 
3,4,5

. These trapped excitons can be 

confined into preferred direction- in the form of wires that we 

call quantum wires, or nanosheets, nanotubes etc. Most 

studied nanocrystalline semiconductors belong to II-VI and 

IV-VI groups as they are relatively easy to synthesize and are 

generally prepared as particles or in thin film form. In this 

paper, Chemical Bath Deposition (CBD) method is used for 

synthesis of ZnS nanocrystalline thin films as the method can 

vary the dimension of the crystallites by controlling various 

parameters : the reaction time, bath temperature, pH value, 

concentration of reaction materials 
6
, number of immersion 

cycles and immersion time
7
.   

       ZnS  belongs to II-VI group of compound 

semiconductors with a large direct band gap (Eg = 3.7eV) in 

near UV region which makes it suitable for fabrication of blue 

light emitting diodes (BLEDs)
8
 and other opto-electronic  
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devices, electroluminescence
9
, cathodoluminescent displays, 

multilayer dielectric filters
10,11

. A large number of people 

have  given considerable efforts towards the synthesis of ZnS 

nanocrystals using different techniques such as thermal 

evaporation, spray pyrolysis  molecular beam epitaxy, etc. 

Most of the researchers have used equal concentration of Zn
2+

 

and S
-
 ion  precursors  in the synthesis works

12
. However, 

reports on variation of Zn
2+

 and S
-
 ion concentrations in 

synthesis of ZnS nanocrystals by different chemical methods 

show unsubstantial works. 

II. EXPERIMENTAL DETAILS 

The synthesis of ZnS thin films was  carried out in our  

laboratory by simple chemical bath deposition (CBD) 

technique. In the synthesis process, we use Zinc 

acetate[Zn(CH3COO)2]  (AR grad) for Zn
2+

 ions source, 

thiourea [ SC(NH)2] for S
-2

 ions source in presence of 

hydrazine hydrate as reducing agent, ammonium hydroxide[ 

NH4(OH)]  as catalyst and polyvinyl alcohol (PVA) as matrix 

to control agglomeration of particles in the ionic solution.  In 

the process, 10ml of zinc acetate [Zn(CH3COO)2] was  mixed 

with 10 ml of hydrazine hydrate in 100 ml glass beaker and 

stirred for 30 minutes till it turns into clear solution. Then 10 

ml of thiourea CS(NH2)2 solution was added to the precursor. 

Next, de-ionized water was added to the solution to obtain 

50ml of the solution. A few drops of NH4OH solution was 

added. The p
H
 of the solution was  measured and  maintained 

at 10. Then 20ml of pre dissolved 2wt % PVA matrix solution 

was   added to the above solution and stirred continuously at 

70
0
C for 2 hours till PVA dissolves in the solution. The 

chemically and ultrasonically cleaned glass ITO 

(40x25x2mm
3
)substrates were then  immersed in the matrix 

solution for 120 hours. The ZnS films deposited on the 

substrates were  then   washed with double distilled water 

several times for removal of any  grains  to obtain fine ZnS  

nanocomposite matrix  films. The thickness of the films were  

measured by microbalance technique. Prior to the 

photoconductivity measurement, gap-type electrodes were 

deposited on the host ZnS molared films using HINDHIVAC 

Coating Unit under vacuum pressure 1.33 x 10
-5

 Torr.   

III. RESULTS AND DISCUSSION 

 

3.1.  Molar dependent  photocurrent and photosensitivity  in 

ZnS film  

 

     The I-V characteristics for dark current (ID) and current 

under illumination (IL) over entire range of  applied bias of the 

as chemically deposited ZnS films grown at different molars 

at room temperature were found to be almost ohmic Fig. 1. 
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Figure 2. FESEM Images of ZnS nano crystals at different 

molars 

 

 
Figure 3. Optical focusing system on ZnS  films inside 

ambient temperatures. 

 

 
Figure 4. I-V characteristics of ZnS ncstals at molars 

 

We have studied the effects of molars on the photocurrent of 

the films after excitation of white light of different intensity 

under a fixed applied bias in vacuum. It is found that over the 

entire range of light intensities, the photocurrent (Iph) is 

related to the excitation light intensity (Φ) through the power 

law relation, 
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     Iph α Φ
γ 
,                                 -(1)                                          

The values of exponent γ determined from the slops of InIph 

vs. InΦ of the linear plots of ZnS nano-films (Fig.2)  as shown 

in Table-1 reveal that  the bimolecular recombination 

mechanism of the carriers takes place in the photo-transport 

mechanism in the films.   

 

 
Table:1. Exponent γ-values at different molars of nZnS 

nano-films 

_____________________________________ 

 Molar and film thickness        sloped γ –values 

_____________________________________      (a)   x 

=0.10M                                     0.61 

        t = 0.20μm 

 (b  x =0.15M                                      0.65 

       t = 0.25μm 

  (c)   x = 0.20M                                     0.60 

       t = 0.4μm 

_____________________________________ 

 

  The  photosensitivity of a material is expressed as  

                                                                                            

S=(IL-ID)/ID                                               - _(2)        

 

where IL is the current under illumination, ID the dark current.  

The variations of photosensitivity with light intensity of nZnS 

films of molar x = 0.05M and t = 0.24mμ, x = 0.10M and t = 

0.35μm, x = 0.15M and t = 0.4μm and x = 0.20M and t = 

0.45μm grown at room temperature substrate at varied   

biased voltages illuminated with  different white light(WL) 

intensity have been shown in Fig.3.  It         is observed from 

these linearity plots that  

photosensitivity in these thin films increase with increase in 

the intensity of illumination of white light, molars and film 

thickness (t). It may be interpreted as enhancement of 

mobility activation energy with increase in concentration of 

charge carriers with molars and film thickness. 

 

3.2. Molar dependent photoconductivity  

The variation of dark and photoconductivity, In σ vs. 1000/ T 

( where T being the ambient temperature of the film system ) 

of four  representative nZnS  films grown at x = 0.10M to x = 

0.20M grown at room temperature  and illuminated with a 

suitable white light  intensity (11,000 Lx) biased 36V have 

been shown in the adjoining Figs.7,8 and 9 respectively. The 

characteristics show distinct regions of activation processes 

from ambient temperature (30-180)
0
C (in low and high 

Temperature Regions) in nZnS films. The values of the 

observed activation energies (∆E) and the mobility activation 

energies (∆Eμ) in dark and   illuminated regions in the curves 

shift to lower values with increasing molars as shown in 

Table-2. 

 

 
Figure7. Inσ vs. 10

3
/T plots of n ZnS film (x=0.1M) 

 

 
Fiure.8. Inσ vs. 10

3
/T plots of n ZnS films (x-0.15M) 
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Figure.9. Inσ vs. 10

3
/T plots of nZnS film (x=0.25M) 

 

Table 2. Values of act. energy and  mob. act. energy 

____________________________________________ 
Molar Conc.     Dark Act. En. Photo Act.En     Mob. Act. En. 

(M)                (∆ED ) (eV)        (∆EL ) (eV)      (μE )  (eV)            

____________________________________________ 

0.05                   0.0              0.0                      0.0 

0.10                   0.73            0.07                    0.03 

0.15                   0.09            0.08                    0.02 

0.25                   0.09            0.08                    0.01           

___________________________________________ 

The reduction is mainly due to the reduction in the grain 

boundary potential barrier by some excess photo-generated 

carriers in the films as suggested by Petritz 
13

. It is also 

observed from the experimental data that the values of 

photoactivation energy (∆EL) in high and low temperature 

regions in the curves are comparatively lower than their 

corresponding dark values (ΔED). 

 

3.3. Spectral response characteristics 

         The spectral response characteristics of the host ZnS 

nanocomposite films have  been studied using 

monochromatic radiations with wavelengths  250nm – 

500nm. The monochromatic radiations were obtained from a 

white light source of a 250W-24V tungsten halogen projector 

bulb provided with a parabolic focusing mirror using a set of 

Carl Zeiss [GDR] metal interference filters. The spectral 

response characteristics of chemically bath deposited ZnS 

thin films grown at 

 
Figure.10.. Spectral response characteristics of ZnS 

nanocomposite films. 

 

different molars is shown in Fig.7. It is observed that ZnS 

nano-films at different molars  show maximum peak at λ ≈ 

305nm wavelength and the peak heights  increase with 

increasing molars of the host samples. The  spectral analysis 

reveals that the synthesized ZnS  nano-films at different 

molars show remarkable increase in photocurrent with 

increase in molars in the synthesis process. It is observed from 

the characteristics of the figure that photocurrent increases 

with wavelengths up-to 500nm. This can be given with the 

precisions that maximum photoconductivity is normally 

produced at a wavelength slightly above the absorption edge. 

For wavelengths longer than the maximum photocurrent to 

produce, the excitation energy (E =  hc/ג) decreases simply 

because the absorption producing free carriers to the 

conduction band are decreasing, which results a decrease in 

photoconductivity. Similarly, at shorter wavelengths than the 

maximum, the radiation is strongly absorbed and produces 

excitation only near the film surface. The surfaces of the films 

at shorter wavelength regions are, therefore, non-radiative 

due to recombination of carriers (electrons and holes), and 

hence the excitation to cause photoconductivity is reduced. In 

other words, the concentration of free carriers in the small 

restricted volume of the surface at shorter wavelength regions  

become very high which causes sharp increase in 

recombination rate. In addition to this, the presence of various 

impurities and defects in the surface layer also enhances the 

recombination rate of the carriers (electrons and holes) which 

decreases the surface life time, and hence reduction in 

photoconductivity . Further, the increase of photocurrent with 

increasing of molars is mainly due to the increase of particle 

size which resultants decrease in the grain boundary barrier 

heights of the ZnS films. The observed optical band edge 

corresponding to the maximum spectral sensitivity in ZnS at 

wavelength 305nm (threshold wavelength) is estimated using 

the relation, Eg (eV) = 1.24/גg where λg is in μm and is found to 

be 4.1eV. This mean experimental value of Eg   of ZnS (x = 

0.20M) at 4.1eV is above the actual bulk band gap 

value3.7eV at 300K . 
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