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ABSTRACT 
 

ZnSe nanorods are grown by varying temperature and keeping ratio of reagent constant. The 

samples are characterized using electron diffraction techniques. Simultaneously optical absorption, 

photoluminescence and longtime photorelaxation of these samples are studied at room temperature. An 

increase in band gap is observed in each case as compared to bulk ZnSe. Also the formation of nanorods is 

found to be favourable at particular temperature .  An attempt is made to explain the growth & correlate the 

structural, optical & electrical properties 
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INTRODUCTION 
 

The semiconductor nanomaterials exhibit structural, optical, luminescence and photo conducting 

properties that are very different from their bulk properties. It is very attractive because of their possible 

application in solar cell, photo detector, laser, LED, high density magnetic information storage and many 

others in semiconductor industries [1-7]. A2B6 semiconductor nanorods play an important role having 

application in nano devices [8, 9]. ZnSe (bulk band gap 2.6 eV at 300K) has huge potential in this aspect. 

Their growth techniques are relatively cheap. Their characteristic absorption of light is in the visible range. 

There are various methods to prepare ZnSe nanorods [10-19].Some of the above mentioned methods have 

some draw backs. Used precursors are unstable causing environmental hazards and required very high 

temperatures. These methods are not cost effective also. In the present work a chemical reduction method is 

followed at room temperature. Sodium borohydride is used to initiate the reaction between ZnCl2 and 

selenium at room temperature. The grown samples are dispersed in ethanol to characterize it structurally & 

optically. Nanofilm is also grown from the dispersed medium on glass substrate & is used for photorelaxation 

study.  An attempt is made to explain the formation of nanorods at certain ratio of reducing agent. 
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EXPERIMENTAL SECTION  

Anhydrous ZnCl2 (360mg), Selenium powder (208 mg) and stoichiometric amount of sodium 

borohydride (150mg, 300mg, 450mg, 600mg,750mg)  were taken to prepare different samples. To prepare 

different samples the temperature of the medium of reaction are kept as 300 C,45 0C ,60  0C and 700C  

respectively. Ethylene-di-amine used as capping agent. Sodium borohydride were taken to initiate the 

reaction at room temperature.. The stirring was continued for three hours at a particular speed. The reaction 

are as follows.      

ZnCl 2  = Zn++ +2Cl - 

NaBH4  +2Cl - = NaCl + B2H6 +2H + 2e 

2H +Se =H2 Se                                                                                                                                                        

H2 Se +Zn + + + 2e =ZnSe + H2 

For microstructural study, as prepared ZnSe nanomaterials 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 Micrograph of the prepared 

nanosamples was acquired using JEOL-JEM-200 operating at 200kV.The SAD pattern and EDX analysis of 

the said nanosamples 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. 

For photoconductive measurement thin film of the ZnSe has been grown from the dispersed sample 

.The glass substrate has been dipped in the dispersed solution at least for 12hrs. Uniformly thin film of ZnSe 

is deposited on the glass substrate. Silver paint is used as ohomic contact. I-V characteristics are found to be 

linear. The photoelectrical characteristics have been studied using Kiethly electro-meter-6514.From long 

time photoconductive decay, relaxation time has been measured. Intensity of light falling on the sample is 

measured by luxmeter and found to be 25 lux. 

RESULTS AND DISCUSSIONS 

  The structural morphology of as prepared samples were obtained from SAED and TEM pattern. The 

TEM and SAED images are shown in figure 1. The images clearly show that there is formation of 

nanoparticles for the reaction temperature 600C and 700Crespectively.  Mainly  randomly oriented nanorods 

of different diameter and length were obtained for reaction temperature 300C and 450C. EDX pattern shows 

that nanorods are formed when the weight ratio of Zn and Se is approximately  1:1. 
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           Figure 1(a)                                                                                   Figure 1(b) 
 
                                                                                                                                                     
                                                                                                                                                                  

                                
 
              Figure 1(c)                                                                        Figure 1(d)                                                                      
Figure 1(a) (b) (c) (d) The TEM and SAD pattern of as synthesized  ZnSe samples having reagent 
temperature300C(room temperature) , 450C,  600C  and 700C respectively 
 
The diffraction peaks of the XRD pattern of the as prepared sample is shown in figure 2.The XRD pattern of 

the as synthesized samples show a mixture of hexagonal phase and cubic phase at different condition.               
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Figure 2  The XRD pattern of the sample ZnSe- nanomaterials 

 
Figure 3 displays the variation of optical absorbance with wavelength of nanomaterials.Optical absorption 

coefficient has been calculated in the wavelength region 350-700nm. 

The band gap of the as-prepared nanorods is determined from the relation           

 (αhν)2 = C(hν-Eg) ...................................(1) 
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Figure 3 Optical absorption spectra of  different samples 

 
 

 
 

Figure 4 The band gap determination curve for different samples 
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 where C is a constant. Eg is the band gap of the material and α is the absorption coefficient. A plot of 

(αhν)2  vs. energy (hν) is shown in figure 4 and is used   to determine band gap. The band gap is found to be 

Eg= 2.92eV, 3.00 eV, 3.2eV and 3.5eV for the temperature 300C  ,450C, 600C, and 700C  respectively 

Hence band gap is found to be maximum at grown temperature 700C .This is due to the more 

quantum confinement at that particular reaction temperature,  The photoluminescence spectra of  ZnSe 

sample are displayed in the figure 5. 

 

                             

Figure 5 The photoluminescence spectra of as synthesized samples 

    The photoluminescence spectra show the shift of peak towards lower wavelength as the temperature is 

increased This is in agreement with the optical absorption data. These peaks are due to surface states  

appearing in the range 380-430 nm.  The growth of photocurrent  is shown in figure 6. After the steady 

current is reached the light is off. Relaxation times are measured from long time photodecay graph.. 

Relaxation time is measured using the relation                                      

                                                    exp (- / )∆ = ∆ sn n t ττττ ....................................(2) 

This relation can be correlated to experimentally measurable parameter by                           
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Figure 6(b) 

 

Figure 6(c) 
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Figure 6(d) 

Figure 6 (a) (b) (c) (d)   The photoconductive growth, decay current and determination of relaxation time 
graph for two typical samples.   

 ( )∆ ph sI  is the change in photocurrent at steady state condition with respect to dark current value. ( )∆ ph tI  is 

the change in photocurrent at an arbitrary time t with respect to the dark. 

The plot of  
( )

( )
ln

∆
∆

ph s

ph t

I
I

  vs. t gives the straight line. Two typical plot are displayed in figure 6(a) (b)   

The long time relaxation is estimated from the slope of the respective curve.  

Experimental results show that the lower band gap energy sample having greater relaxation time. This is 

probably due to the decrease of surface states with the increase of grain size.   

CONCLUSIONS 

The ZnSe nanoparticles and nanorods are synthesized by chemical method at different  temperature. 

The XRD pattern shows mixture of hexagonal & cubic phase for all cases.  The TEM images shows that 

nanorods are formed  when growth temperature are at room temperature & at 450C. With increasing growth 

temperature the probabality of formation of nanorods are reduced & formation of particles are increased. It is 

observed that smaller particles are formed at higher growth temperature. The tendancy of formation of 

nanoparticles at higher temperature is probably due to the decrease of free energy.Band gap energy of that 

sample becomes maximum at higher reaction temperature. Also the peak of the PL spectra is shifted towards 

higher energy for greater reaction temperature & long time relaxation shifts towards lowest value. All these 

effects clearly show more and more quantum confinement at the greater growth temperature. 
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Name 
of the 
samples 

Temperature    Size of the Relaxation time 
in (sec) 

Band  gap (eV) 

(in0C)  
nanoparticles/nanorods 
(nm) 

 

            

 ZnSe-1 30   Rods length 229.74-267.01 
diameter 11.44-16.24  

77 2.92 

ZnSe-2 45   Rods length 100-215,  
diameter 7-14  

54 3 

ZnSe-3 60   Diameter19.73-38.04 45 3.2 

ZnSe-4 70     diameter 8.58-26.26    38 3.5 

 

Table 1.  Summarisation table 
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