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Synthesis and characterization of ZnTe nanoparticles
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In this work, we report the ZnTe semiconductor nanoparticles (NPs) prepared by
aqueous chemical precipitation method using the tellurium precursor solution
with different zinc compounds. Three batches of ZnTe NPs were synthesized to
study the effect of dilution on the size and phase purity of ZnTe. The influence of
sourcecompoundsandconcentrationsofthesizeandstructureof NPswerestudied.
ZnTe NPs have great applications as field-effect transistors and photodetectors.
The existing controversy regarding the crystalline structure of ZnTe NPs,
whether it is cubic or hexagonal, has been resolved using X-ray Diffraction
(XRD) data. The ZnTe NPs possess cubic structure, which is also confirmed by
Electron Diffraction (ED) pattern. The average particle size determined from
XRD data with the help of Debye-Scherrer equation is about 6 nm. The particle
size can be further verified by Transmission Electron Microscopy (TEM) studies.
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1.Introduction

Zinc telluride is a Group II-VI compound semiconductor
with a direct band gap of 2.26 eV (Ersching et al. 2010) at
room temperature. ZnTe usually had a cubic (sphalerite or
zinc blende) crystal structure (Promnopas et al. 2014), but can
be also prepared as hexagonal crystals (wurtzite structure)
(Dwivedi et al. 2009). It has very potential applications in solid
state devices such as solar cell (Promnopas et al. 2014), photo-
detectors (Liu et al. 2013), light emitting diodes (Shaygan et al.
2014), optoelectronic devices (Mohd et al. 2012), high efficiency
multi-junction solar cells (Jioa et al. 2015), terahertz (THz)
devices (Loffler et al. 2005) and electronic devices (Lincheneau
et al. 2014). All those are dependent on crystal structure and
particle size.

Many researchers have been interested to study the
nanoparticles for last few decades. Due to their different
variety of properties compared to bulk materials. Actually,
all kinds of nanoparticle like Cd-chalcogenide have been
synthesized by various methods and exhibit size dependent
properties (Orii et al. 2007).

Several researchers have employed various techniques for
synthesizing ZnTe nanoparticles such as electrodeposition
method (Xia et al. 2003), chemical synthesis (Dwevdi et al.
2009), thermal evaporation (Sharma et al. 2013), microwave
irradiation (Mohd et al. 2012), sublimation technique (Feng et
al. 2013), spray pyrolysis (Kim et al. 2011), microwave plasma
(Promnopas et al. 2014), electrical conduction (Hossain et al.
2008), etc.

2. Materials and Methods

Zinc-Tellurium nanoparticles were prepared by chemical
precipitation method using aqueous medium and ambient
condition. All the reactants used were of analytical grades.

ZnTe nanoparticles were synthesized from different sources
of zinc salt. Zinc sulphate heptahydrate [ZnSO4.7H20]
(99.99%), zinc chloride [ZnCl2] (99.5%) and zinc nitrate
hexahydrate [Zn(NO3)2.6H20] (98%) were used as zinc
source. Tellurium metal powder [Te] (99.99%) was used as
tellurium source. Sodium borohydride (NaBH4) was used
as reducing agent and deionized water was used in the
experiments.

2.1. Synthesis of ZnTe nanoparticles

TThe synthesis approach is very simple and does not require
any special set up. A mixture of Te and NaBH4 (molar ratio;
Te:NaBH4 = 1:2.4) was added in 200 ml deionized water and
the mixture was stirred in a magnetic stirrer for 20 min at
room temperature. Zinc telluride was prepared from Zn2+
and NaHTe solution. The 1:1 molar ratio of Zn*:Te* was
mixed and was stirred for half an hr at room temperature
in a magnetic stirrer. The temperature was then maintained
at 90°C for 3 hours. The solution was then filtered and the
obtained precipitate was washed with distilled water. It was
then finally dried at 45-60°C. The precipitate obtained was of
ZnTe, which was grinded to a powder form. The synthesis
process described the following reactions to yield ZnTe as a
final product (Mntungwa et al. 2012).

2Te +4 NaBH4 +7 H20 —>> 2 NaHTe + Na2B407 + 14 Hz |

NaHTe + ZnCla = ZnTe + NaCl + HCI

2 NaHTe + 2 ZnS0O4.7H20 —> 2.ZnTe + Na2SO4 + H2S04 + 14 H20
NaHTe +Zn(NO3)2.6H20 —> ZnTe + NaNO3 + HNO3 + 6H20

2.2.Characterization

As synthesized nanoparticles samples were analyzed using
X-ray Diffraction (XRD), Transmission Electron Microscopy
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(TEM) and Selected Area Electron Diffraction (SAED)
patterns.

2.2.1. X-ray Diffraction (XRD)

XRD pattern provided information about crystalline phase
of the nanoparticles as well as particles size. A considerable
broadening of diffraction peaks is the characteristic feature
of the XRD pattern of nanoparticles. This broadening of the
diffraction peak is due to the formation of smaller sized sam-
ples.

Average particle size was found from XRD measure-
ment value of full width at half maxima (FWHM) using De-
bye-Scherrer formula (Dwivedi et al. 2009).
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Where, D = mean diameter of the nanoclusters, B = full width
at half maximum (FWHM),A= wavelength of CuKo radiation
(1.5406 A), and e = Bragg’s angle.

The XRD analysis of the synthesized material was carried
out by a Rigaku 18 kW powder X-ray Diffractometer by
employing CuKo radiation of wavelength (A) with anode
based graphite monochromator. The diffractometer was
operated at 40 kV and 150 mA of the data recorded in the
angular range of 20-120 degrees geometry with 0.02°/sec
scan rate, which was found to be adequate for characterizing
the nanoparticles.

2.2.2. Microscopic study (TEM/ED)

TEM is commonly used to characterize the structure and
morphology of the nanoparticles. The TEM images of sample
were taken by a Tecnai G*20 electron microscope. For this,
the samples were prepared by dropping the nanoparticles
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Fig. 1. XRD pattern of ZnTe samples synthesized by using
aqueous solution of various precursors.

Fig. 3. Transmission Electron Microscopy (TEM) image of ZnTe
sample synthesized from aqueous solution of ZnSO4.
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solution onto carbon coated copper grid and immediately the
solvent was evaporated. By utilizing the technique of SAED,
the crystalline orientation for specific nanoparticle can be
characterized.

3.Results and Discussion

The prepared ZnTe nanoparticles were subjected to XRD,
TEM and SAED studies for characterization. Their results are
presented below:

a. Influence of source compound of zinc on the structure and size of
the ZnTe nanocrystallites: The XRD patterns of ZnTe samples
synthesized using different zinc source and concentration
of 10 mM at room temperature are given in the (Fig. 1). The
XRD pattern exhibited three diffraction peaks indexed as
(111), (220) and (311). These peaks matched well with those
of bulk ZnTe but were comparatively wider than that of
bulk due to finite and smaller crystalline size. Since no
other characteristics peak were seen in these three different
zinc sources, it was concluded that ZnTe synthesized
from ZnCI, ZnSO, and Zn(NO,), were cubic in structure.

b. Influence of dilution on the structure and size of the ZnTe
samples: Similarly, influence of dilution on ZnTe samples
were studied by taking three different concentrations
of ZnSO, as 5, 10 and 20 mM. The XRD patterns of those
ZnTe samples of three variation concentration were also
cubic crystalline structures, which were confirmed due
to the presence of (111), (220) and (311) peaks (Fig. 2).

Fig. 3 and Fig. 4 show the TEM images and ED pattern of
ZnTe nanoparticle prepared from aqueous solution of ZnSO,
and ZnCl, of 10 mM concentration, respectively. The ED
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Fig.2. XRD pattern of ZnTe samples synthesized by using solution
of various dilutions.
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Fig. 4. Electron Diffraction (ED) pattern ZnTe sample synthesized
from aqueous solution of ZnCl2.
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shows rings corresponding to (111), (220) and (311) planes of
cubic phase only. The average particle size from TEM image
was also estimated to be around 6 nm. ED patterns of other
samples also supported the cubic structure of ZnTe and the
particle size calculated form Debye-Scherrer’s equations
was in consistent with the size estimated from TEM images.

The values of particles size were obtained by using Debye-
Scherrer’s formula for different zinc sources and dilutions.
The sizes of particle were found to be varied due to change
in source compound of zinc. The particle size of the samples
synthesized from ZnCl, Zn(NO), and ZnSO, were obtained
as 7.5, 4.5 and 6.9 nm, respectively. Zn(NO,), was found to be
the zinc source giving smallest particle size of zinc telluride.
The size of particle was found to be increasing as we choose
ZnSO,and ZnCl assourceofzinc. Similarly, ZnTe synthesized
from ZnSO, at concentration 5, 10 and 20 mM exhibited
different particles sizes as 4.5, 6.9 and 7.4 nm, respectively.

The size of the particle was found to be decreasing as the
dilution of ZnSO, was increased. The size of nanoparticles
increased gradually with increase in concentration of ZnSO4
solution as shown in Fig. 5. It gives the conclusion that we
can synthesize the desired small size particle by varying
the zinc source and increasing the dilution of the ZnSO,.
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Fig. 5. Plot of particle size of ZnTe nanoparticle versus concentra-
tion of ZnSO4 solution.

4.Conclusion

ZnTe nanoparticles have been prepared using wet chemi-
cal synthesis method and were characterized by XRD, TEM
and SAED. The crystallite sizes of the prepared nanoparti-
cle were determined by Debye-Scherrer’s equation and it
was found about 6 nm. The results of the XRD showed that
the average particle size of ZnTe particles increases with
increasing the concentration of ZnSO,. XRD and SAED
patterns confirmed the cubic crystalline structure of ZnTe.
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