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Ternary oxide Zn,SnO, has emerged as a promising material due to its tunable work function, band gap energy, and electric
resistivity by simply varying the composition of the material. Zinc stannate nanoparticles were synthesized by green hydrothermal
growth technique at 200°C for the reaction time of 24 h using stannic chloride pentahydrate (SnCl,-5H,0) and zinc chloride (ZnCl,)
as precursors maintained at pH value of 8. X-ray diffraction analysis confirmed the phase purity and high crystalline nature of the
synthesized sample. The estimated crystallite size was about 12.3 nm corresponding to the most prominent plane (311) using Scherrer
equation. Morphology of the sample was characterized by SEM analysis, which confirmed the presence of small size nanoparticles.
The optical property of synthesized sample was studied by using UV-visible and PL spectroscopy analysis. The derived optical band
gap of 3.94 eV was found to be blue shifted as compared to bulk Zn,SnO, (3.6 eV), which should be attributed to the quantum size

effects. Room temperature photoluminescence spectrum showed emission bands at 397 nm and 468 nm.

1. Introduction

Ternary oxide zinc stannate (Zn,SnO,) has fascinated mas-
sive interest of research due to their exceptional electrical
and optical properties [1]. Zn,SnO, has larger band gap of
3.6 eV and higher electron mobility (10-15 cem?V71s™h) [1-5].
Ternary oxide materials are of superior property compared to
binary oxides owing to their freedom to tune the properties
such as work function, electrical conductivity, and band gap
energy by varying its composition [I, 3]. Zinc tin oxide
exists in two phases Zn,SnO; and Zn,SnO, where Zn,SnO,
is a metastable form having face centred cubic perovskite
structure which occurs at the temperature range of 300°C-
500°C. Above 600°C it transforms to stable Zn,SnO, with
cubic spinel structure [6-10].

The precursor materials of zinc stannate were abundant
and of low cost which point out this material for wide range
of applications. Owing to its feasible property, Zn,SnO, has
prospective applications such as photocatalysis, transparent
conducting oxides, sensors, and lithium ion batteries and in

case of dye sensitized solar cells (DSSC), Zn,SnO, provides
better control of carrier transport and collection which
recovers the long term chemical stability of DSSC [2, 3,10-12].
There are many techniques to synthesize Zn,SnO, thermal
evaporation, pulse laser deposition, spray pyrolysis, sputter-
ing technique, and so forth [2], which requires extremely
sophisticated laboratory and power consumption; thus in our
case we utilized hydrothermal technique. The materialization
of Zn,SnO, nanoparticles via hydrothermal process requires
main processing variables such as reaction temperature and
time, mineralizers enabling the formation reaction, and the
pH of the slurry reaction in the autoclave. The mineralizer
controls the nucleation sites at the specific pH which leads
to the formation of Zn,SnO, nanoparticles. Normally NaOH
was used as a mineralizer and it has some drawbacks, when
the concentration of NaOH is less the major phase forms will
be SnO,. In the meantime at higher pH value the formation
of ZnO phase occurs rather than the formation of Zn,SnO,
[13-15]. In the present work, hydrazine hydrate was used
in the hydrothermally synthesized Zn,SnO, nanoparticles.
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FIGURE 1: Schematic representation of hydrothermal synthesis of zinc stannate nanoparticles.

Hydrazine hydrate acts as a complex agent for effective con-
trol over the size of the nanoparticles with high crystallinity.
Zhu et al. reported ultrafine Zn,SnO, nanorods of 2-4 nm
diameter using hydrazine hydrate [16]. The characterization
studies like X-ray diffraction studies, UV-vis spectral analysis,
photoluminescence studies, and SEM analysis were carried
out to analyze the structural, optical, and morphological of
the synthesized Zn,SnO, nanoparticles.

2. Experimental Details

2.1. Preparation of Zn,SnO, Nanoparticles Using Hydrazine
Hydrate as a Mineralizer. All chemicals were used without
any further purification. The zinc chloride has been used
as a source of Zn, tin chloride pentahydrate was used as
a source of tin, and hydrazine hydrate was acting as an
oxidizing agent. All chemicals used were of analytical grade.
Ultrapure double distilled water was used for all dilution
and sample preparation. For the synthesis of Zn,SnO,
nanoparticles using hydrazine hydrate as a mineralizer,
hydrothermal technique was utilized. In a typical procedure,
the ratio of Zn:Sn:N,H,H,0 was 2:1:8. Zinc chloride, tin
chloride pentahydrate were dissolved into distilled water to
form transparent solution under magnetic stirring for 3 h.
Hydrazine hydrate was then added dropwise into the mixture
to form white slurry. The precursors were maintained at pH
value of 8. After stirring for 30 min, the final mixture was
transferred into a Teflon line stainless steel autoclave with
a filling capacity of 80%. The autoclave was maintained at
200°C for 24h and cooled naturally to room temperature.
To obtain powder samples, the resulting nanoparticles were
separated by centrifugation from the reaction solution and
washed repeatedly with deionized water and ethanol. Finally
the washed particles were dried at 80°C for 20h to get the
powdered sample. The obtained Zn,SnO, powder sample

was grinded for 1h using agate mortar. Figure 1 shows the
schematic diagram of preparation of Zn,SnO, nanoparticles
via hydrothermal technique. The prepared sample was given
for its identification and characterization to different instru-
mentation techniques.

2.2. Characterization Methods. The resulting sample of
Zn,SnO, nanoparticles was characterized by X-ray diffrac-
tion analysis (XRD) (RigakuD/max2500) with Cu K, (A =

15418 A) radiation. The morphology and microstructure of
Zn,SnO, nanoparticles were studied by scanning electron
microscopy (SEM). The optical properties were analyzed
using UV spectral studies and photoluminescence (PL) anal-
ysis.

3. Result and Discussion

3.1. X-Ray Diffraction Analysis. The powder XRD analysis
was carried out using powder X-ray diffractometers with Cu

K, (A = 15418 A) radiation. The intensity versus 20 values
was recorded between the ranges 10-70°. The recorded XRD
spectrum of the synthesized sample zinc stannate (Zn,SnO,)
is shown in Figure 2.

There are eight prominent peaks found between the 10
and 70° range which signifies the formation of cubic spinel
structure phase of Zn,SnO, without any byproducts phases
such as SnO, and ZnO. The phase formation of Zn,SnO, was
good in agreement with JCPDS Powder Diffraction File num-
ber 74-2184. The estimated average crystallite size Zn,SnO, is
14.99 nm. The 20 values of the peaks and their corresponding
intensity and the hkl values were given in Table 1.

The average crystallite sizes for all the samples were
calculated from FWHM using Scherrer formula D =
KA/BcosO, where k = 0.9 (shape factor), A was the X-
ray wavelength (1.5406 A), and 8 was the full width half
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TABLE 1: The variations at different plane of Zn,SnO, nanoparticles.

Position 20 (degree) Intensity (a.u.) B (radians) hkl Relative intensity (a.u) Crystallite size (nm)
29.166 21.067 0.45 220 24.79 19.06
34.49 84.94 0.70 311 100 12.3
35.92 25.28 0.74 222 29.76 11.79
41.82 18.62 0.9 400 21.92 9.87
55.20 28.45 0.6 511 33.49 15.61
60.66 41.06 0.45 440 48.34 21.36
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FIGURE 2: XRD pattern of synthesized Zn,SnO, nanoparticles.

maximum (FWHM) of the diffraction line. The graph was
plotted between crystallite size and their corresponding 20
values of the diffraction peaks in Figure 3.

3.1.1. Williamson Hall Method. Crystal imperfections and
distortion which arises from strain induced broadening are
related by

Bs

e= o ey
The Williamson Hall method does not follow 1/ cos®
dependence as in the Scherrer formula but instead it varies
with tan 6. This allows a fundamental difference for a sep-
aration of reflection broadening. Thus both size and strain
enlargements are additive components of the total integral
breadth of the peak. The Bragg angle 0 dependency of both
size and strain broadening was dealt in the investigation of

W-H method [17, 18]:
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Rearranging the term gives

Bcost = % + 4e sin 6. (3)

FIGURE 3: The bar graph between 20 values and corresponding
crystallite sizes of synthesized Zn,SnO, nanoparticles.

Equation (3) represents the UDM (Uniform Deformation
Model), where the strain was assumed to be uniform in all
crystallographic directions, thus considering the isotropic
nature of crystal, where all the material properties are
independent of the direction along which they are measured.
The plot was drawn taking the term fcos0 along the
y-axis and 4sin 0 along x-axis for the chosen orientation
of the peaks of Zn,SnO, cubic spinel phase. The slope and
the intercept of the least square fitted line represent strain
and crystallite size, respectively [17, 18]. The Williamson
hall plot of least square fitted was shown in Figure 4. The
scattered points corresponding to each crystallographic plane
in the W-H plot can be attributed to the anisotropy of the
dislocation strain field in the elastic medium, as well as to the
contribution of planar defects [19]. The crystallite size and the
strain were found to be 15.65 nm and =0.0021, respectively.

3.2. UV-Vis Spectral Analysis. The spectroscopic properties
of any given sample can be understood by analyzing its
UV-vis spectra. The absorption spectra were recorded in
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FIGURE 5: UV-vis spectrum of zinc stannate Zn,SnO, nanoparticles.

the wavelength range of 200-800 nm on a Varian Cary 500
Spectrophotometer.

Figure 5 shows the absorption spectra of Zn,SnO,
nanoparticles synthesized by hydrothermal method. The
absorption edge is found to be centered around 240 nm for
Zn,SnO, samples, beyond which the sample is completely
transparent. The absorption band gap energy is determined
using the Tauc formula [20] given by (a«h)'/" = K(hv -
E,), where « is the absorption coefficient, hv is the photon
energy, K is a constant relative to the material, and n is
the nature of transition in a semiconductor material. A plot
of (ahv)? versus (hv) is used to evaluate the direct optical
band gap of the material. Figure 6 shows the Tauc plot for
both the synthesized samples. The band gap is determined by
extrapolating the linear portion of the curve. The band gap
was found to be 3.94 eV for samples synthesized Zn,SnO,
nanoparticles. The derived optical band gap of 3.94 eV was
found to be blue shifted as compared to bulk Zn,SnO,
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FIGURE 7: Photoluminescence spectrum of Zn,SnO, nanoparticles.

(3.6eV), which should be attributed to the quantum size
effects, thus extending its absorption into the visible region.

3.3. Photoluminescence Study. The room temperature PL
measurements were done on a Jobin Yvon Fluorolog-3-11
Spectrofluorometer with a 450 W Xenon Lamp as source.
Figure 7 shows the room temperature PL spectra recorded
for Zn,SnO, samples for a wavelength range of 250-500 nm.
The emission peaks were recorded at an excitation wavelength
of 265 nm. The spectra show strong emission band centered
around 397 nm, and two weak emission bands centred at
452 nm and 468 nm which may be attributed to the oxygen
vacancies. The band gap of the bulk zinc stannate is 3.6 eV;
therefore we expect the band edge emission in the UV region.
In our case, we perceive blue emission in the weak band
region of 452 nm and 468 nm because during annealing zinc
stannate, luminescence centres like oxygen vacancies and
crystal defect occur and it is not due to band-to-band tran-
sition. These luminescent centres give new energy levels in
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FIGURE 8: SEM micrographs of the Zn,SnO, nanoparticles.

the band gap of Zn,SnO, as reported in Fu et al. The photoex-
cited hole with an electron was recombined and occupied by
the new energy level which yields the blue emission [21].

3.4. Morphological Analysis. The images of surface morphol-
ogy were captured at a voltage of 15kV on a Hitachi SU6600
SEM instrument. Figure 8 shows the SEM image for Zn,SnO,
nanoparticles. Figure 8 displays the synthesized powder in
the form of polydisperse and roughly spherical particles with
their sizes ranging about ~25-30 nm. The SEM micrograph
magnification illustrates that the surface of the synthesized
Zn,SnO, nanoparticles is rough and porous as they are
comprised of numerous nanoparticles, these contact closely,
and therefore many porous holes can be observed. When
compared with the powder X-ray size the value is quite high
and this can be accredited to high agglomeration of particles.

4. Conclusion

In summary, using hydrazine hydrate as a mineralizer
zinc stannate was successfully synthesized via hydrothermal
method. The cubic spinel structure was confirmed using pow-
der X-ray diffraction analysis. Scherrer equation was utilized
to calculate the crystalline size of the Zn,SnO, nanoparticles
and it was instigated to be 14.99 nm. The crystalline size was
also calculated by using Williamson Hall method and the
value is 15.65 nm. The optical properties were investigated by
UV-visible and PL spectroscopy analysis. The optical band
gap was found to be 3.94 eV and blue shifted as compared to
bulk Zn,SnO, (3.6 eV), which is ascribed to the quantum size
effects. Photoluminescence spectrum showed emission bands
at 397 nm at room temperature. The two weak emissions in
the PL spectrum band centred at 452 nm and 468 nm which
may be accredited to the oxygen vacancies. The roughly
spherical particles were attained with the particle sizes rang-
ing about ~25-30 nm. Thus, the obtained Zn,SnO, nanopar-
ticles were suitable for applications such as sensors, optoelec-
tronic devices, and solar cells.
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