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ABSTRACT

Published: 30-06-2020

Metal oxide nanoparticles have potential applications in a wide range of fields like medicine and environmental
science. Tin oxide (SnOz) has been applied as a semiconductor nanomaterial in electronics. Tin oxide is a widely used and
intensively studied n-type semiconductor. The research on tin oxide semiconductors has been growing due to the wide range
of applications, especially as photo sensors, catalysts and antistatic coating. The electrical conductivity and luminescence
properties of SnO2 are mainly decided by the oxygen vacancy present in it. This work was intended to synthesize Tin oxide
(Sn02) nanoparticles via a one-step hydrothermal method and study the effect of annealing temperature on its properties. As
prepared samples were annealed at two different temperatures and the samples were characterized by Powder X-Ray
Diffraction (PXRD), Ultraviolet Diffusion Reflectance Spectroscopy (UV-DRS) and Photo Luminescence (PL). The
dependence of structural and optical properties with temperature was discussed.
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1. INTRODUCTION

Nanoparticle plays a significant role in research
and development of the device, systems and structures in
numerous areas. Tin oxide is one of the most important
materials due to its high degree of transparency in the
visible spectrum, strong physical and chemical
interaction with adsorbed species, low operating
temperature, and strong thermal stability in the air up to
500 °C. Tin oxide (SnO) is classified as a II-VI
composite semiconductor, based on its group Il and VI
periodic table components with 3.60 eV and 3.75 eV
direct and indirect energy band gaps (Jain and Kumar,
2004). SnO; nanoparticle preparation can be achieved
using various techniques, including co-precipitation
(Arularasu et al. 2018) sol-gel (Gu et al. 2004),
solvothermal decomposition (Davar et al. 2010),
microwave hydrothermal synthesis (Ponzoni et al. 2015),
and precipitation (Gaber et al. 2014) techniques.
However, issues related to the complexity of the
synthetic process include the creation of a pure by-
product, reagent toxicity and longer reaction times,
which have made industrial SnO, nanoparticle generation
highly challenging to achieve (Tran et al. 2017).

It is essential to have inexpensive methods for
obtaining nanoparticles with no special atmosphere and

high temperature. The hydrothermal method is a suitable
chemical method in nanoparticle synthesis because it
does not require high pressure and high temperature, and
impurities are removed by filtration and washing. Tin is
present in two oxidation states; therefore, two types of
oxides are possible: Stannous oxide (SnO-romarchite)
and Stannic oxide (SnO.- cassiterite) (Vila and Rodiguez
— Paez, 2009). SnO; is an n-type semiconductor and is
more stable than SnO. Itis widely used in optoelectronic
devices (He et al. 2006), electrodes for Lithium-ion
batteries (He et al. 2005), solar cells (Ge et al. 2006),
transistors, and gas sensors to detect combustible gases
such as H,S, CO, Liquid petroleum, NO; and C,HsOH
(Hwang and Choi, 2009).

The surface-to-volume ratio (S/V) of SnO;
nanoparticles is high compared to the bulk tin oxide,
which results in increased sensitivity and adsorption. The
electrical conductivity and luminescence properties of
SnO; are mainly decided by the oxygen vacancy present
in SnO; lattice (Gu and Wang, 2004), and they are also
affected by surface to volume (S/V) ratio. In this report,
the particle size and lattice parameters were analyzed
using XRD for SnO; nanoparticles; bandgap and
photoluminescence were measured using UV and PL
studies for unannealed SnO, and SnO; annealed at100 °C
and 600 °C.
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2. EXPERIMENTAL PROCEDURE

The materials used for the preparation of SnO,
nanoparticles were dihydrated Stannous chloride
(SnCl2.2H;0), urea (CH4N20) and Sodium hydroxide
(NaOH) pellets. The calculated amount of stannous
chloride was dissolved in 100 ml of pure distilled water
as the starting solution. The calculated amount of urea
solution was also prepared separately by dissolving urea
in 100 ml of distilled water. Then, the solutions were
mixed and stirred well for about 15 minutes, during
which NaOH solution was added drop-by-drop such that
it attains a suitable pH value. The resultant solution is
then stirred for 15 minutes using magnetic stirrer. The
light milky colored solution obtained was then changed
to Borosil pot and placed in a microwave oven. The oven
was operated for 30 minutes at medium temperature.

After cooling, the product obtained was then
washed with distilled water and benzene. Then, it was
filtered using Wattman filter paper and dried at room
temperature. Parts of the prepared samples were then
annealed at 100 °C and 600 °C for two hours in the heating
furnace.

The structural behavior of as-prepared and
annealed SnO. was characterized by XRD analysis with
X-ray wavelength of 1.5406 A° and scanning range of 3
to 80 degrees. The mean crystallite size (D) of the
nanoparticles were estimated using the Debye-Scherrer
formula,

D =091/ cosd

where, A, B, and 0 are the X-ray wavelength (1.5406A°),
full-width half-maximum (FWHM) of diffraction peak
and diffraction angle, respectively. Bradley-Joy and
Nelson - Rilay graphs were also drawn for the samples to
get the corrected value of the lattice parameters.

3. RESULT AND DISCUSSION
3.1 X-ray Diffraction Analysis

All the synthesized samples were characterized
for their crystal structure, particle size, and lattice
parameters. The XRD pattern of prepared SnO; has been
given in Fig. 1. It shows a crystalline phase with broad
diffraction peaks corresponding to a tetragonal structure.
All the peaks of the XRD belonging to the tetragonal
lattice of SnO, were coinciding with the tetragonal
structure of SnO, in JCPDS file (File No.: 88-0287). The
lattice parameters were calculated using unit cell
software (Method of TJB Holland & SAT Redform
1995).
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The spacing between diffracting planes (d) of
SnO; was calculated by Bragg’s equation,

2d sind =n\

The lattice parameters (a=b#c) for tetragonal
phase structure were determined by the equation,

1/d = (h?+ k?)/a? + I°/c?

The calculated values of a, b and ¢ and cell
volumes have been given in Table 1. The increase of
annealing temperature from 100 to 600 °C shows no
significant variation in the lattice parameters and cell
volume, due to the dehydroxylation of the material owing
to the presence of some hydroxyl group in the Tin oxide
crystallites annealed at 100 °C, which generated a non-
perfect rutile structure. The samples annealed at higher
temperatures showed the perfect rutile structure (Antonio
et al. 2003). The narrowness of the peaks towards the
increased annealing temperature indicated that SnO;
nanoparticles crystallize with the increase in temperature.
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Fig. 1: XRD patterns of SnO:: (a) un-annealed (b) annealed at
100 °C and (c) annealed at 600 °C.

The crystallite sizes of SnO; nanoparticles
measured using the Scherrer formula were 5.17, 6.32 and
6.43 nm for unannealed SnO,, annealed at 100 °C and
annealed at 600 °C, respectively. Fig. 2 is the Williamson-
Hall plot drawn between 4 sinf and  cos6. The intercept
of B cosO value at y-axis gives 0.9 A/D from which the
particle size D was calculated; the slope of the line
indicated the lattice strain (C.).
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Table 1. Cell parameters and Cell volume of SnO-

Sample a c Cll
Volume

SnOz-unannealed 4.76  3.17 71.97

SnOs-annealed at 100°C~ 4.77 3.17  72.12

SnOs-annealed at 600°C  4.76  3.19  72.29

From Tables 1 and 2, it was observed that the
strain value decreased and particle size increased as the
annealing temperature increased.

The diffuse reflectance spectra studies are more
important to estimate the optical bandgap of the
materials. The calculated band gaps for unannealed SnO,
nanoparticles and particles annealed at 100 °C and 600 °C
were found to be 3.744, 3.60 and 3.21 eV, respectively.
Our current study has shown that as the annealing
temperature increased, the bandgap energy decreased. It
was suggested that the decrease in bandgap could be due
to transitions between Sn?* ion d-shell electrons’ valance
and conduction bands (Choi et al. 1996). Given this, it is
difficult to eradicate the particle size effect on the
bandgap.
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Fig. 2: Williamson-Hall plot of SnO: annealed at
different temperatures.

Table 2. The Intercept and Slope of Williamson-Hall
plot for SnO..

Unannealed
SnO2
SnO3 -
annealed at
100 °C
SnO;2 -
annealed at
600 °C

Sample
Intercept 0.019 0.022 0.020
Slope (strain) 0.006 0.003 0.002
Particle size (nm) 5.17 6.32 6.43

3.2 UV-DRS Analysis

In order to study the effect of annealing on the
optical properties of SnO, nanoparticles, UV-diffuse
reflectance measurements were carried out. Fig. 3 shows
the recorded UV spectra of the prepared unannealed
samples and samples annealed at 100 °C and 600 °C.
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Fig. 3: Absorption and transmittance spectra of SnO:
annealed at different temperatures.

It is possible to change the band structure and
material attributes due to the reduction in the particle size
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with a reduction in the bandgap. Thus, smaller particle
sizes can be associated with overlap with s-electron and
p-electron conduction bands separating in higher energy
conditions. Higher calcination temperatures were
associated with lower bandgap values. It was suggested
that the temperature rise may cause an increase in the
absorption coefficient because of an increase of defected
states. Electron-hole pairs are produced through photon
absorption, generating a field that could change the
optical attributes and electronic structure of nanoparticle
products.

3.3 Photoluminescence Study

Besides the size quantization, surface effects are
also known to influence the optical properties of the
nanometer particles. It has been shown recently that the
photoluminescence emission of the nanocrystals is
sensitive to the presence of defects that might arise
because not all the dangling bonds on the particle surface
can be saturated by molecular legends (Yang et al. 1996).
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Fig. 4: Photoluminescence spectra of SnO. nanoparticles
annealed at different temperatures.

In the present study, photoluminescence
emission spectra were recorded in the wavelength range
of 300 to 600 nm for the excitation at 585 nm. Fig. 4
shows the recorded photoluminescence spectra of SnO,
nanoparticles annealed at various temperatures.

4. CONCLUSION

The results of this study have demonstrated the
effect of annealing on particle size. The nanoparticles
were synthesized without the requirement of any special
atmosphere and pressure. This study provides an
inexpensive and easy method to prepare and improve the
quality of SnO; nanoparticles. Lesser particle sizes were
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obtained at lower annealing temperatures. The optical
studies have shown that band gap variation can also be
achieved by varying the annealing temperature
corresponding to the particle size.
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