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Zinc Selenide nanoparticles were synthesized successfully by microwave heating process. 
The phase of the synthesized nanoparticle was confirmed by powder X-ray diffraction 
analysis. The homogeneity and morphology of the synthesized nanoparticles was 
confirmed by scanning electron microscopy study. Further, the crystallite size was 
calculated by Scherer formula and found 32 nm. The average particle size of the 
synthesized nanoparticles was measured and found 45 nm, which is in close 
approximation with each other. The temperature and frequency dependence of dielectric 
constant and ac electrical conductivity measurements of the synthesized nanoparticles 
were carried out for the first time. Few anomalies in dielectric studies were observed near 
200 and 375 oC, respectively. These points were related to glass and amorphous to 
crystalline phase transitions, respectively. The variation of activation energy and 
conduction behavior has been studied in the vicinity of transition temperatures in the ac 
conductivity measurements. 
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1. Introduction 
 
Zinc Selenide (ZnSe) is a promising candidate from II-VI semiconducting materials due to 

their potential application in optoelectronic devices such as green-blue light emitting diodes 
(LED), laser diodes (LD) and solar cell, etc. [1–3].  ZnSe is a direct band gap semiconductor 
material with energy band gap 2.8 eV at room temperature [4].  This makes it a promising material 
for photo-electronic devices. It can also be used as dielectric mirrors; optically controlled 
switching devices [5,6]. Therefore, ZnSe is of great interest as a model material in such form as 
thin film, quantum wells and bulk crystals [7]. Since last three decades the nanosize materials, as a 
type of new quantum solid materials, have been subjected to extensive research for their unique 
physical and chemical properties. A wide range of applications could be anticipated in the use of 
nanometer size particles in electronic devices [8]. 

In recent years, due to the number of practical applications in the field of optoelectronics 
and electro-optics, a great deal of interest has been shown in the study of the dielectric and 
conduction behavior of various semiconducting materials [9-12]. However, most of the 
experimental work carried out so far for ZnSe relates to various conduction mechanisms, which 
only provides information about the nature of transport processes. Despite the intense research on 
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ZnSe that have been carried out till date, the experimental results on dielectric study are very few, 
and that too are very less informative [13]. It is well known that dielectric properties of every solid 
are very sensitive to the local electric field distribution in the sample. Therefore, the temperature 
and frequency dependence of dielectric constant and loss can explore useful information about 
structure changes, transport mechanism and defect behavior. 

In the present investigation, the synthesis of ZnSe nanoparticles (using Zn and Se 
elements) with homogeneous crystallite size using microwave heating process is achieved. The 
synthesized nanoparticles were subjected to powder XRD for the phase confirmation. The 
scanning electron microscopic study has been done to check the morphology and particle size of 
nanoparticles. The temperature dependence of dielectric constant, loss and ac conductivity were 
(range 30 0C to 600 0C) carried out in wide range of frequency (100 Hz - 2MHz). The results are 
analyzed and discussed in detail. 

 
 
2. Experimental details 
 
The synthesis of ZnSe has been done using high purity Zn and Se (99.99%, M/S Sigma 

Aldrich) taken in equimolar ratio by microwave heating process. About 25 gm of material in their 
stoichiometric ratio was taken and placed in a thoroughly cleaned high quality quartz ampoule 
(using acetone and dried in a furnace at 600 0C for 5 h) of dimension 15 cm length, 2cm inner 
diameter and 3mm wall thickness. The quartz ampoule containing the material in powder form was 
evacuated (upto 10-6 Torr) using a high vacuum system and then sealed. The sealed ampoule was 
placed in a microwave furnace with a power rating and operating frequency of 8.8 kW and 2.8 
GHz, respectively. The ampoule was rocked continuously (without interrupting the heating) by a 
slow moving motor for proper redistribution. The content of the ampoule become reddish yellow 
hot indicating that quite a high temperature ~875 0C was reached within a short time. The 
complete synthesis of the materials was done within a short time ~ 30 min. After 30 min of 
synthesis, the material was in spongy form and turned yellow [14]. The yellow color of the 
material is also indicating the synthesis of title material.  

The Powder X-ray diffraction analysis (PXRD) of the synthesized material was carried out 
by using PW3710 based Philips analytical powder X-ray diffractometer. The morphology and 
particle size analysis of the synthesized nanoparticle was carried out using scanning electron 
microscopy. The synthesized nanoparticles were regrind and mixed with binder (Polyvinyl 
Alcohol). The mixture was then heated at 300 oC to burnout the binder. Further, a pallet of 12 mm 
diameter and 1.2 mm thickness were made by applying 250 MPa of pressure using hydraulic press 
for further analysis. The prepared pallet was then used for dielectric measurement by coated its 
opposite faces using high grade conducting layer of Silver paste. The variation of dielectric 
constant (real and imaginary), loss and ac conductivity with temperature at different frequency 
(100 Hz-2MHz) was studied from room temperature to 600 oC using a Agilent E4980A impedance 
analyzer. For measurement, sample was placed in a computer controlled heating chamber 
(accuracy + 1oC) and the temperature was varied from 30 to 600 oC at the rate of 3oC/min. The 
results were analyzed and discussed in detail.  

 
 
3. Result and discussion 
 
3.1 Powder X-ray diffraction analysis 
 
The PXRD pattern for the synthesized ZnSe nanoparticles was recorded. The room 

temperature PXRD data is analyzed using “X'Pert HighScore Plus” and Chekcell software for 
calculating cell parameters and refining the obtained cell parameters, respectively. The refined 
values were found to be of cubic phase with cell parameter a=b=c=5.6613Å and α=β=γ=900, 
which is in good agreement with the earlier reported value [JCPDS-37-1463]. The crystallite size 
of the synthesized ZnSe nanoparticle was calculated using Scherer’s formula θβ

λ
cos

9.0=D ; 
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nd β is full widt
o be ~32 nm.  

a sphere-like morphology is confirmed in SEM 
micrograph Fig.1. The average particle size of the synthesized ZnSe nanoparticles was measured 
and fou

where, D is the average crystallite size, λ is the X-ray wavelength (1.5405Å) a h 
at half maximum in radian. The average crystallite size for (111) plane is found t

 
3.2 Scanning electron microscope 
 
The uniformity, homogeneity and 

nd to be ~45 nm, which is in good agreement with the powder XRD result. 
 

 
 

Fig. 1 SEM micrograph of ZnSe nanoparticles. 

 
3.3 Dielectric Analysis 

repared pallet of the synthesized ZnSe nanoparticles were carried 
out to analyze its response to an applied low ac voltage (1V). The variation of

 

 
Dielectric studies of the p

 'ε  with temperature 
at vario

havior of dipolar system can be characterized by fractional 
power l

 

us frequencies is shown in Fig. 2(a). A dielectric constant as high as ~106 is observed at 
higher temperature. A broad dielectric peak near 200 oC is attributed to the glass transition 
temperature. A sharp peak at ~375 oC is observed at lower frequencies (upto 10 kHz). At first 
glance it is assumed to be sphalerite-type hexagonal phase transition of ZnSe. But, when the 
experiment is repeated no peak at 375 oC is observed. So, we attributed that this peak may be due 
to amorphous to crystalline transition. This shows that the as prepared sample contains amorphous 
as well as crystalline phase of ZnSe. The variation of the dissipation factor tan δ is as shown in 
Fig. 2(b). A nearly similar trend as that of dielectric constant with temperature is observed for 
dielectric loss [Fig. 2(b)]. A sharp rise in the tan δ is also observed from room temperature to 200 
oC, which possibly may be due to increase in the ionization of the sample with temperature which 
increases the conductivity processes and dissipation factor simultaneously. A sharp dip at ~375 oC 
is may be due to transition from amorphous to crystalline state, which eventually decreases 
conductivity and hence dielectric loss.   

The variation of the imaginary part of dielectric constant with frequency is shown in Fig. 
2(c). Jonscher [15] suggested that the be

aws in frequency above the loss peak frequency as 1" −∝ nfε , where (0<n<1). After fitting 
the curve the exponent n is found to increase from 0.13 to 0.24 as temperature increases from 30 to 
600 oC. 
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Fig. 2 Variation of (a) real part of dielectric constant (b) dielectric loss with temperature 
at various frequencies (c) imaginary part of dielectric constant with frequency at different 
temperatures (d)  ac  conductivity  with  inverse  of  temperature  at  different  frequencies. 

 

 
he ac conductivity

 
3.4 AC Conductivity 

 σT  can be directly related to the imaginary part of dielectric constant 
( "ε ) as "ωεεσ o=  Where, oε  and ω  is permittivity of free space and angular frequency, 

ctirespe
cre

vely. The variation of ac conductivity with temperature is shown in Fig. 2(d). A smooth 
in ase in the ac conductiv y is observed throughout the temperature range. However, an 
anomaly  near 170  whic may be due to glass transition temperature. A nearly 
invariant temperature dependence of ac conductivity is seen in the temperature range   170-300 oC, 
beyond which a sharp increase at 300 oC is observed. The activation energy for conduction (Ea) in 
the entire region as shown in Fig. 3(a) for various frequencies was calculated by fitting different 

regions with the equation

it
 is observed oC h 

TkE
oac

Bae−=σσ . The variation of the activation energy with 
frequency for all the three regions is shown in Fig. 3a. The activation energy is found to decrease 
with increasing frequency.  

The ionic conductivi  diffusion constant (D) using Einstein relation [16] 
as TkNeD B// 2=σ . This relation can be extended further 
as

ty can be related to

)()ln()/ln()" 00 TkEDNe Bt−−= ωεε , Where, Do, Et is the maximum diffusion 
coefficient and total activation energy due to bulk and surface conduction, respectively [17]. From 

( 2Tkn B

this equation it is evident that a plot between )"ln( εTkB and T1  will give a straight line whose 
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pe will represent .  The variation of  slo )"Bt kE / ln( εTkB  with T1000  is shown in Fig. 3(b). A 
similar trend as of ac conductivity is observed. The complete temperature region for the plot can 
be divided into three regions, in which it responds differently. I e first region a linear increase is 
observed with a peak at nearly 175 oC (glass transiti perature). Further, in the temperature 
range 170-300 oC a nearly invariant response to the tempera  observed, similar to ac 
conductivity. However, a sharp increase in )"ln(

n th

ture is
on tem

εTkB  beyond 300 oC is observed. The variation 
of )"ln( εTkB  for all the three regions for various frequencies is subjected to linear fitting to 
calculate the totals activation energy for conduction (due to bulk and surface conduction). The 
variation of Et with frequency is shown in Fig

 
. 3(c).  

 
 

ria ) activation energ  with frequency in different regions Fig. 3 Va
(b) ln(

tion of (a
)

y for conduction
"εTBk

differen
 

 with 10
ions  an

00/T (c) tota  for conduction with frequency in 
t  reg d  (d)  ac  conduc ency   at   different   temperature. 

 

l activa
tivity   

tion energy
with   frequ

 
Fig. 3d shows the variation of ac conductivity with frequency. A sharp decrease in  σ  is 

ob  upto 2 MHz. The frequency dependence of σ  is analyzed using power square lawserved  n 
by ity follows the Jonscher power law relation , where 

give
sAωσ = ω  is the  Jonscher, the conductiv

angular frequency, ‘A’ is a constant and the exponent ‘s’ is a frequency-dependent parameter 
having values less than unity [18]. The value of exponent ‘s’ at different temperature is calculated 
by fitting the curve Fig. 3(d) and found to increase fr  0.23 to 0.41 when temperature increases 
from 30 to 600 oC.  

 
 
 
 

om
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. Conclusions 

nSe nanoparticles were synthesized within a short time. The confirmation of the present 
phase and stiochiometery of synthesized nanoparticles was studied by using powder X-ray 
diffracti nthesized particles are homogeneous with sphere like 
morphology. The measured average particle size and calculated crystallite size was calculated and 
found to
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on. The SEM study reveals the sy

 be ~45 and ~32 nm, respectively. In the dielectric studies the phase transitions at 200 and 
375 0C was observed which may be due to the glass phase transition and amorphous to crystalline 
nature of the synthesized material. This shows that the as prepared sample contains amorphous as 
well as crystalline phase of ZnSe. In addition the variation of the activation energy for conduction 
with frequency was studied in different region of temperature. The synthesized nanoparticles may 
be very useful for optoelectronic and electro optic device fabrications. 
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