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ABSTRACT 
In this work we report on the growth of ZnS semiconductor nanocrystals with different 
ratio of reducing agent using chemical reduction route in THF medium. Reducing agent 
takes an important role in the growth of nanoparticles as it determines the reaction rate in 
the formation of ZnS nanoparticle. With increased amounts of sodium borohydride as a 
reducing agent, the sizes of the nanoparticles are decreased. The samples are 
characterized using XRD, electron diffraction, electron micrograph, EDAX, optical 
absorption, photoluminescence techniques. XRD and TEM shows that particle size is 
reduced with increase of reducing agent ratio. Optical absorption study shows that band 
gap increases with decrease of particle size. Photoluminescence study shows that there is 
band edge luminescence as well as luminescence from surface states.  Photoconductivity 
and conductivity of the films composed of ZnS nanoparticles are studied. Relaxation time 
is measured and is found to be dependent on the size of the nanoparticle.  

Keywords: ZnS nanoparticles, Reducing agent, Microstructural properties, Optical 
properties, Photoluminescence Photoconductivity. 
 
1. Introduction 
Nanocrystalline semiconductor particles have attracted considerable interest over the past 
few years, because of their novel properties, such as large surface-to-volume ratio and the 
three dimensional confinement of the electrons [1-3]. The degrees of confinement of the 
electrons are changed due to the change of the size of the particles and hence affects the 
electronic structure of the solid especially the band gap edges. When the particle radius 
falls below the excitonic Bohr radius, the band gap energy is widened, leading to a 
blueshift in the band gap, emission spectra, etc. On the other hand, the surface states will 
play a more important role in the nanoparticles, due to their large surface-to-volume ratio 
with a decrease in particle size (surface effects). 

Among the family of II–VI inorganic semiconductors, ZnS are the foremost 
candidates because of their favorable electronic and optical properties for optoelectronic 
applications especially in nanocrystalline form. Particle size reduction has a tremendous 
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effect on the properties of the ZnS such as blueshift in the optical absorption spectrum, 
increased luminescence, enhanced oscillator strength, nonlinear optical effects, 
geometrical structure, chemical bonds, ionization potential, mechanical strength, melting 
point, etc. ZnS can have two different crystal structures zinc blende and wurtzite[4-5], 
both have the same band gap energy (3.68 eV) and the direct band structure. ZnS has 
been extensively used for the cathode ray tube, field emission display,and scintillators as 
one of the most frequently used phosphors[6-8], thin-film electroluminescent devices [9], 
infrared windows [10], flat panel displays[11], sensors[12], lasers [13], bioanalytical 
labeling [14] and memristor applications[15], n window layers for solar cells[16-17], 
large area OLED [18]. 

Nanocrystalline ZnS can be prepared by various methods like sputtering[19], 
evaporation[20] , wet chemical[21] , sol-gel[22], sonochemical method[23],  Solid state 
[24], micro-wave irradiation[25-26] or synthesis under high-gravity environment[27]. 
This paper discusses the preparation of zinc sulfide nanocrystals via a simple chemical 
reduction route[28] in room temperature.In this process Sodium borohydride is used as 
reducing agent to initiate the reaction between zinc chloride and sulphur at room 
temperature. Amount of reducing agent are varied to study the effect of reducing agent. 
The used method is cost effective and free from experimental hazards. The structural, 
optical and photoluminescence properties of as grown samples are characterized by XRD, 
TEM, SAED, EDAX, optical absorption and photoluminescence techniques. Nanofilm is 
also grown from the dispersed medium on glass substrate and is used for photorelaxation 
study. An attempt is made to correlate the result with ratio of reducing agent. 
 
2. Experimental methods 
Anhydrous ZnCl2 (99.999%) (1360.8mg), sulfur powder (99.999%) (320.6mg) and 
stochiometric amount of sodium borohydride (98%) (378.3mg, 1134.9mg, 1891.5 mg) 
were purchased from Alfa-Aesar to prepare different samples. To prepare different 
samples the amount of ratio for ZnCl2, S and NaBH4 are in 1:1:1, 1:1:3, 1:1:5 
respectively.  Tetrahydrofuran (99%) used as capping agent. Sodium borohydride were 
taken to ini-tiate the reaction at 400C.The stirring was continued for three hours at a 
particular speed. For microstructural study, as prepared ZnS nanoparticles were dispersed 
in ethanol by ultrasonification.  A small drop of this dispersed samples were placed on a 
thin carbon film supported on the carbon grid and kept for some time for drying. The 
transmission electron micro- graph (TEM) of the prepared nanoparticles was acquired 
using JEOL-JEM-200 operating at 200 kV. The SAED pattern and EDAX analysis of the 
said nanoparticles were also carried out. The XRD patterns of the said samples are 
obtained by using Rigaku MiniFlex-II X-ray diffractometer. The optical absorption 
spectrum of the samples was taken by using Shimadzu-Pharmaspec-1700 UV-VIS after 
ultrasonification in ethanol. The photoluminescence spectrum of the as prepared samples 
was obtained by using Hitachi-F7000-FL spectrophotometer. Nanofilms corresponding to 
samples of different reducing agent ratio are grown on glass. The samples are dispersed 
in ethanol using ultrasonicator. The glass slides are dipped into the dispersed medium for 
at least six hours. Film of ZnS is grown on the glass substrate. Graphite paint is used as 
ohmic contact for measurement of Conductivity and photoconductivity of nanofilms. 
Conductivity and photoconductivity is measured using Keithly Electrometer -
6514.Intensity of ultraviolet light falling on the sample is measured by a luxmeter. 



 

3. Results and discussion
3.1. Structural determination (XRD)
The powder X-ray diffraction (XRD) pattern on the samples were recorded by a 
diffractometer (miniflex II,desktop
length λ = 1.54 A0 for 2
pattern of as prepared the samples are shown in Figure 1. The XRD pattern of 
nanoparticles exhibit the peaks at scattering angle (2
to (111), (220), (311) planes respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             
                                                        
Diffraction peaks of the XRD pattern of the as synthesized samples show cubic 

phase. The peak broadening in the X
shown in Figure1clearly indica
reducing agent ratio.  
   First peak shows maxima at value (2
Nanoparticles grown with increase of ratio of reducing agent gives maxima at higher (2
value. This clearly shows that there is increase of stacking fault probability with decrease 
of particle size. Shift of all the Bragg peaks means that there is possibility of increase of 
dislocation with increase of reducing agent ratio.

3.2 Morphological Study
Morphologies of the products synthesized at fixed reactional time at concentration for 
different molar ratio of reducing agent are shown in figure 2

The TEM images clearly show that the particle size depends on the ratio of 
reducing agent. The particle sizes of the as prepared samples decrease as increase in the 
ratio of reducing agent shown in table 1. The smallest particle size has observed   5 nm in 
case of ratio 1:1:5(Figure 4).

Figure 5 shows typical EDX of ZnS nanoparticles
analysis show that the Zn:S ratio increases with  increase of the ratio of reducing agent. 
This is probably due to the increased reduction of sulphur with increase of reducing agent 
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etermination (XRD) 

ray diffraction (XRD) pattern on the samples were recorded by a 
diffractometer (miniflex II,desktop-X-ray diffractometer) using Cu-kra

for 2Ө ranging from 200 to 800.  The diffraction peaks of the XRD 
pattern of as prepared the samples are shown in Figure 1. The XRD pattern of 
nanoparticles exhibit the peaks at scattering angle (2θ) 28.61º, 48.07º, 56.72º corresponds 
to (111), (220), (311) planes respectively.  

                                                              
                                                        Figure 1: 
Diffraction peaks of the XRD pattern of the as synthesized samples show cubic 

phase. The peak broadening in the X-ray diffraction (XRD) patterns of the samples 
shown in Figure1clearly indicates that nanocrystal size is reduced with increase of 

First peak shows maxima at value (2θ) 28.61º and is very close to the bulk value. 
Nanoparticles grown with increase of ratio of reducing agent gives maxima at higher (2

. This clearly shows that there is increase of stacking fault probability with decrease 
Shift of all the Bragg peaks means that there is possibility of increase of 

with increase of reducing agent ratio. 

3.2 Morphological Study (TEM) 
Morphologies of the products synthesized at fixed reactional time at concentration for 
different molar ratio of reducing agent are shown in figure 2-4. 

The TEM images clearly show that the particle size depends on the ratio of 
rticle sizes of the as prepared samples decrease as increase in the 

ratio of reducing agent shown in table 1. The smallest particle size has observed   5 nm in 
(Figure 4). 

Figure 5 shows typical EDX of ZnS nanoparticles grown at ratio1:1:1.
analysis show that the Zn:S ratio increases with  increase of the ratio of reducing agent. 
This is probably due to the increased reduction of sulphur with increase of reducing agent 
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which opposes the agglomeration of the particles. As a result particle size is reduced and 
ratio of sulphur is decreased. 

igure 2:                                                                Figure 3
                                                      

                                                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:                                                      Figure 5:

es. As a result particle size is reduced and 

Figure 3: 
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3.3. Optical Properties of ZnS 

                              Figure 6

  Figure 6 shows the variation of optical absorbance with wavelength of the as prepared 
nanoparticles. Optical absorption coefficient ha
200–700 nm. Optical absorption coefficient (
   The band gaps of the as

where C is a constant, 
coefficient. 
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Optical Properties of ZnS – Nanostructure 

Figure 6:                                                                      Figure 7

Figure 6 shows the variation of optical absorbance with wavelength of the as prepared 
nanoparticles. Optical absorption coefficient has been calculated in the wavelength region 

700 nm. Optical absorption coefficient (α) is calculated at each wave length. 
The band gaps of the as-prepared nanoparticles are determined from the relation

(αhν)2 = C(hν-Eg) 
is a constant, Eg is the band gap of the material and α is the absorption 

 
Figure 8: 

Figure 7: 

Figure 6 shows the variation of optical absorbance with wavelength of the as prepared 
s been calculated in the wavelength region 

) is calculated at each wave length.  
prepared nanoparticles are determined from the relation [29]  

α is the absorption 
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Fig. 7 shows the plot of (αhν 2 vs. energy (hν) and it is used to determine band 
gap in each case. The band gap of as prepared samples increases as ratio increases. This 
means that quantum confinement takes place. 
 
3.4. Photoluminescence 
The PL spectra of the ZnS sample products were measured with excitation wavelength 
266 nm.  

The figure 8 shows PL spectra of the ZnS samples prepared at different ratio. 
With increase of reducing agent ratio PL spectra clearly indicates the appearances of new 
peak around 409 nm. Also peak intensity is reduced with the decrease of reducing agent 
ratio & finally disappears at the ratio 1:1:1. The peak around 409 nm is attributed to the 
surface state .The peak around 332 nm corresponding to energy 3.73 eV gives emission 
from a state which is closer to the band edge. This peak shifts to the higher wavelength 
with increase of reducing agent ratio. 
 
3.5. Photoconductivity study 
The growth of photocurrent is shown in figure 9 -11. After the steady current is reached 
the light is switched off. Relaxation time is measured from long time photodecay graph. 
The corresponding graph is displayed by the figure 9-11. Relaxation time is measured 
using the relation ∆n =∆ns exp (- t/τ). This relation can be correlated to experimentally 
measurable parameter by ∆n/∆ns =∆Iph(s)/∆Iph(t) =exp(t/τ),where ∆Iph(s) is the change 
of steady photo current with respect to dark current value and ∆Iph(t) is the change of 
photo current at any arbitrary time t with respect to the dark. 
 
 

   
 
                             Figure 9:                                                   Figure 10: 
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Figure 11: 

 
The plot of ln (∆Iph(s)/∆Iph(t)) vs. t gives the straight line and is displayed in figure 9-
11(inset). From the slope, the long time relaxation is estimated. Relaxation time 
decreases with increase of reducing agent ratio. This is probably due to the decrease of 
the particle size which results in the increase of surface area. As a result the surface 
recombination is increased and thereby relaxation time is reduced. 

The slow photoconductive decay is attributed here to the reconstruction of 
recombination barrier which has spatially separated the photogenerated electron-hole 
pairs by trapping minority carriers. The dark conductivity is established only after 
equilibrium filling of the recombination barrier states.The exponential decay shows that 
recombination barrier height does not change at all under illumination & this is the case 
under weak illumination. 
 
4. Conclusions 
ZnS is prepeared in a cost effective way and characterized structurally, optically and 
electrically. The effect of reducing agent i.e NaBH4 is prominent in the formation of 
nanoparticles. XRD and TEM indicate that with increase of reducing agent particle size is 
reduced. As a result band gap is blue shifted. PL spectra clearly show the appearance of 
the peak due to surface state for samples grown with increased reducing agent ratio. The 
effect of particle size on long time relaxation is evident due to the involvement of surface 
recombation. Variation of characteristics of ZnS nanoparticles with change in reducing 
agent are shown in table 1.      

Table1: Summarisation table 

Sample 
Name 

PL Peak (nm) Band Gap 
(eV) 

Particle Size 
(nm) 

EDAX %  

Zns 1:1:1 333.67  3.85 10 Zn- 51.56 
S- 48.44 

ZnS 1:1:3 344.60 408 4.28 7 Zn- 60.02 
S---39.98 

ZnS 1:1:5 346.08 409 4.52 5 Zn – 72.91 
S- 27.08 
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