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Abstract: Tin oxide, a wide band gap semiconductor material, is having wide range of
applications. Tin oxide nanoparticles and vanadium-tin oxide mixed nanocomposites were
synthesized by sol gel method using tin chloride and ammonium metavanadate as starting
materials. Ammonia solution was added dropwise in the 0.3 M of tin chloride solution to
synthesize tin oxide nanoparticles. 0.1 M (and 0.2 M) of ammonium metavanadate solution
and 0.3 M tin chloride solutions were mixed together and the ammonia solution was added
dropwise in the solution to prepare vanadium-tin oxide mixed nanocomposites. The
synthesized SnO, nanoparticles and V-SnO, nanocomposites were annealed at 400°C and
characterized by X-ray diffraction, scanning electron microscopic, energy dispersive X-ray
and UV-Vis spectroscopic studies. The crystallite size of the synthesized nanoparticles and
nanocomposites was derived from X-ray diffraction peaks using Debye-Scherrer formula.
Surface morphology of tin oxide nanoparticles and vanadium-tin oxide nanocomposites was
analyzed by scanning electron microscopic study.
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Introduction

In the recent years, nanocomposites occupy a major part of research. Nanocomposites are multiphase
materials, formed by mixing two or more materials’. Hence they exhibit different nanostructures and properties
suitable for application in various fields>. Among the various nanocrystalline materials tin oxide plays a major
role in sensor application due to its wide band gap energy of 3.6 eV *“. It is an n-type semiconductor material
and finds application in the fields like solar cells, liquid crystal displays, optoelectronic devices® and gas
sensing applications®. Generally the band gap increases, when the size of the particle decreases less than a
significant size, since decrease in particle size increases the surface-volume ratio where excitons are
created’.Vanadium oxide is a transition metal oxide which has several oxidation states like V3" to V°* &,
Vanadium oxide exists in the VO, VO, VO; V,0; and V,0s phases and is useful for several applicationsg,
mainly V,Os as a catalyst ®. There are various synthesis methods available to prepare nanocomposites. They are
sol gel®™, solvothermal®, microwave™, co-precipitation'? and hydrothermal methods™. In the present work, the
sol gel method was employed to prepare the pure tin oxide nanoparticles and vanadium- tin oxide
nanocomposites. This method is simple, cost effective and the yield is relatively more. Sol-gel method is an
effective method to prepare materials for gas sensor applications due to its low temperature treatment™.
Preparation of Au/V-SnO, nanocomposites™, V-SnO, nanoparticles™, nanocrystalline Au:Ag:SnO, films®and
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synthesis and characterization of indium-tin oxide nanoparticles'® were reported. Wang et al.** used ammonium
hydroxide as the stabilizing agent and prepared V-SnO, (vanadium-tin oxide) nanocomposites. In the present
work SnO, nanoparticles and vanadium tin oxide nanocomposites were synthesized and characterized by X-ray
diffraction, scanning electron microscopy, energy dispersive X-rays and UV —Vis spectroscopy techniques.

Experimental
Preparation of SnO, nanoparticles and V-SnO, nanocomposites:

Chemicals used in this work were purchased from Merck with 99.9% purity of Analytical Reagent. Tin
chloride (SnCl,.2H,0) and ammonium metavanadate (NH;VVO3) were the precursors used to prepare SnO,
nanoparticles and V-SnO, nanocomposites. Tin oxide nanoparticles and vanadium-tin oxide nanocomposites
were synthesized using sol-gel method. 0.3 M of SnCl,.2H,0 solution was prepared using ethanol. The solution
was stirred adding ammonia solution drop wise to make the solution with pH 8. The product was centrifuged
and then dried in oven at 60°C™. VV-SnO, nanocomposites were prepared from two different molar ratios of the
solution. Tin chloride and ammonium metavanadate precursors were used to prepare nanocomposites by sol gel
method following the process used to prepare the pure SnO, nanoparticles discussed above. The colour of pure
SnO, nanopowder is ash when vanadium is added, the colour of V-SnO, nanopowders becomes olive green.
The obtained product was calcined at 400°C for two hours and characterized for their structural, optical and
surface morphological properties. X-ray diffraction pattern (XRD) of the samples were recorded using X-ray
diffractometer (X’Pert PAN Analytical) with CuKa radiation (7»=1.5405A). Morphological studies were carried
out using scanning electron microscope attached with EDAX-COXEM TM 200. Optical properties were studied
using UV-Vis Spectrophotometer (Shimadzu 2450).

Results and discussion
Structural Studies:
Pure SnO, nanoparticles:

Fig.1 shows the XRD pattern of the SnO, nanoparticles prepared following sol-gel method. The XRD
peaks were indexed as (110), (101), (200), (211), (220), (112), (301), (202) and (321) planes™® by comparing
with the JCPDS file (card No: 41-1445) which shows the formation of SnO, nanoparticles of tetragonal system.
The lattice parameters calculated are a=4.73 A and ¢=3.16A using the equation 1/d = (4sin’0)/A*= (h’/k%)/a* +
I’/c?>. From the XRD peak, the SnO, average crystallite size of particles was calculated from Debye Scherer
formula, D= 0.9)/ (BcosO), where A is the wavelength of X-rays used (1.54052\), B is the Full Width Half
Maximum (FWHM) in radian and 6 is the angle of diffraction. The calculated average crystallite size from the
XRD peaks of (110), (101) and (211) for a pure SnO, nanoparticles was 16.5nm.
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Fig.1 XRD pattern of SnO, nanoparticles.
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Vanadium-tin oxide nanocomposites

Fig.2 shows the XRD pattern of vanadium- tin oxide nanocomposites synthesized from different molar
ratios of V/Sn [(0.1/0.3 and 0.2/0.3) M] and annealed at 400°C. XRD peaks (200)-,(010)- and (110)- of V-SnO,
confirm the formation of V,0Os phase which belongs to orthorhombic crystal structure by comparing the peaks
with the JCPDS file (No: 72-0598). When ammonium metavanadate is added to the SnCl, solution the intensity
of (110)* peak of SnO, decreases. On increasing more concentration of ammonium metavanadate in SnCl,
solution the intensity of (110)* peak is further decreased. Calculation shows that addition of ammonium
metavanadate in the solution [(0.1/0.3) M] decreases the intensity of (110) peak of SnO; (fig. 2) and reduces the
crystallite size of SnO, from 17.60nm to 5.72nm. Further increasing ammonium metavanadate concentration
[(0.2/0.3) M] in the solution decreases the intensity of (110)* XRD peak of SnO, (fig.2) and reduces the
crystallite size of SnO, from 17.6 nm to 4.35nm. It is reported that increase in vanadium concentration in the
solution decreases the crystallite size of the tin oxide in the VV-SnO, nanoparticles annealed at 500°C*2.
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Fig.2 XRD pattern of (a) 0.1/0.3 M and (b) 0.2/0.3 M of V-SnO, nanocomposites.

The XRD peaks of the synthesized SnO, material details are listed in the Table 1. The (0.2/0.3) M ratio
solution gives, a peak at an angle of 26=26.2° due to (101) plane which matches with the JCPDS file (No: 72-
0598). Low concentration of vanadium, gives observed V,0s phase and when concentration of vanadium is
increased. The XRD pattern exhibits the (401)* peak at 26=30.0° which is due toVO, phase of monoclinic
system. Thus increase in the concentration of vanadium results in the formation of mixed phases of V,0s and
VO, The average crystallite size of vanadium- tin oxide nanocomposites synthesized from (0.1/0.3) M and
(0.2/0.3) M solution calculated from (110), (101) and (211) XRD peaks using Debye Scherrer formula is
respectively 7.6nm and 6.6nm.

Table 1: hkl, FWHM, crystallite size(D), d-spacing values of SnO, XRD pattern

Sample hkl FWHM D (nm) d-spacing
(in radians)

SnO, (110) 0.4641 17.60 3.32
(101) 0.5164 16.09 2.63
(211) 0.5615 15.73 1.76
V-SnO, (110) 1.4271 5.72 3.32
(0.1/0.3 M) (101) 0.9655 8.61 2.63
(211) 1.0225 8.62 1.76
V-SnO, (110) 1.8760 4.35 3.33
(0.2/0.3 M) (101) 1.0177 8.17 2.61
(211) 1.2337 7.16 1.76

Morphology analysis

Fig.3 shows the SEM images of pure tin oxide nanoparticles annealed at 400°C. It shows agglomerated
spherical nanoparticles uniformly distributed on the surface.
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Fig.3 SEM image of pure SnO, nanoparticles 0.3 M (calcinated at 400°C).

Fig.4a shows the size of the agglomeration of the nanocomposites prepared from (0.1/0.3) M ratio.
Fig.4b shows nearly spherical shaped agglomeration of V-SnO, nanocomposites prepared from (0.2/0.3)M
ratio. Thus, the SEM images show that increasing ammonium metavanadate concentration in the solution
effectively modifies the surface morphology of the synthesized V-SnO, nanocomposites.
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Fig..4b SEM image for (0.2/0.3) M of V-SnO, nanocomposites shows coral reef like structure (calcinated
at 400°C).

EDAX Analysis

Fig.5a,b show the energy dispersive X-ray analysis (EDAX) of V-SnO, nanocomposites prepared from
(0.1/0.3)M and (0.2/0.3)M solutions. It exhibits the clear peaks of tin, vanadium and oxygen elements, and no
additional peaks were present which shows that it is excluded from the impurities of starting precursors.
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Fig .5a Elemental analysis for 0.1/0.3 M of V- SnO, nanocomposites for ratio.

On increasing the vanadium concentration the percentage of tin present in the nanocomposites is
decreased. The atomic percentage of Sn is 51.99%, V is 3.71% an O is 44.29%. When vanadium concentration
is increased the percentage of Sn gets decreased to 48.45% and V is increased to 10.48% and O is decreased to
41.07% which is close to the stoichiometry compound.
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Fig.5b Elemental analysis for 0.2/0.3 M of V-SnO, nanocomposites.
Optical Properties

The band gap energy (Eg) of the nanoparticles was calculated using the formula, o hv = B( hv — Eg)",
where n takes the value of % and 2 for direct and indirect transition respectively, B is a constant called band
tailing parameter and hv is the incident photon energy. The Tauc’s plot drawn between (cthv)” and hv is used to
evaluate the Eg. Fig.6 shows the UV —Vis absorption spectrum of pure SnO, nanoparticles. The UV Visible
absorption spectrum indicates a blue shift from the bulk SnO, (340nm). The band gap value of SnO,
nanoparticles calculated using Tauc’s plot is~3.7eV which is larger than the bulk value of 3.6 eV. Fig.7 shows
the UV-Vis absorption spectrum of V-SnO, nanocomposites. The band gap energy of V-SnO, nanocomposite
calculated is 3.8 eV which is slightly larger than that of the pure SnO, nanoparticles. Further one can notice
from this work that the band gap increases with decrease in crystallite size.
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Fig.6 (a) UV —Vis absorption spectrum for 0.3 M of pure SnO, nanoparticles and (b) band gap of SnO,
nanoparticles.



A. Geetha et a//Int.). ChemTech Res.2014-2015,7(3),pp 1290-1296. 1295

0.0014
14 ——(0.2103) M
247 .2/0.
e ——(0.10.3) M 0.0012 |
1.0 492 (c) V-Sno,
0.0010
3
S 0.8+ «a g 00008 -
z ® £
c
g 0.6 % 0.0008 |
8 S
< % 0.0004
< i
0.4 =
(a) 0.0002
0.2+
0.0000 |
T T T T
200 300 400 500 600 700 ‘I‘ 1
Wavelength (nm) hv (V)

Fig.7 UV -Vis absorption spectrum of V-SnO, nanocomposites (a) 0.1/0.3 M and (b) 0.2/0.3 M solution
and (c) band gap of V-SnO, composites

Fig. 7a shows the absorption band at 247nm in V-SnO, nanocomposites is due to O—=>V charge transfer
transition and, the absorption band at 362nm is due to the VV-O-V bridge®’ and the band at 492 is assigned to O*
>V charge transfer in an octahedral vanadium®®, which indicates formation of mixed phases of vanadium.
The band gap energy of V-SnO, nanocomposites in 3.8 eV (Fig. 7c). Thus the V-SnO, appreciably modifies the
transmittance spectrum and the band gap energy value.

Conclusion

In this work, pure SnO; nanoparticles and V-SnO, hanocomposites were prepared using sol-gel method
and characterized by XRD, SEM and UV-Vis spectroscopic studies. On increasing vanadium content the
crystallite size and the intensity of SnO, peaks is decreased. The band gap of pure SnO, nanoparticles is 3.7 eV
which is increased to 3.8 eV for the prepared V-SnO, nanocomposites. Thus the addition of vanadium reduces
the crystallite size and increases the band gap energy value due to decrease of the size of nanoparticles.
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