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Abstract:

Tin oxide nanoparticles have been successfully synthesizedswia'sel-gel process\by using methanol as
solvent. The as synthesized nanoparticles were charactgrized by means of powder, X-ray diffraction
(XRD), Scanning electron microscopy (SEM) and UV-Vis absorptionsspectroscopy. The X-ray study
reveals the crystalline nature of the nanoparticles under study and“SEM images confirms the
existence of very small, uniformly sphericalgand non-agglomerated nanoparticles for annealed
sample. The UV-Vis spectrum of the present nanaparticles has been obtained in the range 200-1100
nm and the optical band gap is found todeequal to 3.92 eV.
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Introduction:

Tin oxide is a propising functional material‘duénterits properties such as high degree of transparency
in the visible kégion, strong physi€al and chemical interaction with adsorbed species and low
operating temperature,[1-2]. Tin oXide (SnOy) is an n-type wide band semiconductor (Eq = 3.6 eV at
300 K) and commanly, used as‘an important functional material for optoelectronic devices,
transparént conductive ‘eleetrodes, solar'Cells, catalyst support and gas sensing material [3-4]. It is a
wellsknown fact that materials at the nanoscale behave differently than their bulk counterparts
because of large surface to volume ratio. The nanomaterials exhibit superior mechanical, thermal,
chemical, electrieal, and optical properties [5]. Tin oxide nanomaterials are widely used as sensing
elements in gas‘sensors [6]--SnO, nanoparticles are synthesized by various techniques such as sol-
gel, hydrothermal;  eesprecipitation, mechanochemical, combustion route, spray pyrolysis,
electrochemical depasttion laser ablation, microemulsions technique etc. [7-13]. Among all the
above mention techriiques the sol gel method is most suitable for the synthesis of nanomaterial due
to its comparatively low processing cost and better control over the particle size of the crystallite. It
was observed that the solvent used in the sol-gel process played very important role on the particle
size of nano-crystalline SnO; [14]. The aim of the present study is to synthesize and characterize tin
oxide nanoparticles by using ethanol as solvent via sol-gel method.

Experimental:
Tin oxide nanoparticles were successfully synthesized from Analytical Reagent grades of
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SnCl,4.5H,0 and ethanol. First of all a transparent sol solution was prepared by dissolving 3.50 gm.
of tin chloride pentahydrate in 100ml. ethanol under dynamic stirring. The aqueous ammonia
solution (4 ml.) was added to the above solution drop wise under stable stirring. The resulting gel
was filtered and washed with ethanol for purification and then dried for 4 hours over 60°C. The as
obtained powder was calcined at 400°C for 2 hours and finally the ash coloured tin oxide
nanoparticles were formed. The detailed characterization of the obtained sample was carried out
using XRD, SEM and UV-Visible spectroscopy. The XRD pattern was acquired by Cu K, radiation
(1.5406 A; 45 kV, 30 mA) and the surface morphology was observed by Scanning Electron
Microscope (SEM). The UV-Vis absorption spectrum of the particles under study was measured
using Perkin Elmer UV-Vis spectroscope in the range 200-900 nm.

Result and discussion:

The XRD pattern of as-synthesised (without annealing) and calcined tin, oxidle nanoparticles was
recorded and shown in Figure 1. The calcined tin oxide nanoparticles shows number of strang Bragg
reflections peaks at different angles, which can be indexedo (110), (101), (200),,(211), (220), (112),
(301), (202) and (321) planes.
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Figure 1. XRD pattern of tin oxide nanoparticles (a) As synthesized (without annealing)
(b) Calcined at 400°C.

All these diffraction peaks were perfectly indexed to the rutile SnO, structure (JCPDS File No.
41-1445, a=4.738A and c=3.178A). No additional characteristic peaks were observed, indicating
that the tin oxide nanoparticles under study are highly crystalline and pure. The particle size (D) of
the silver nanoparticles was calculated from the width of the XRD peaks using the Scherrer formula
[15].

D=0.94 /B Cos 6
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where D is the average crystallite domain size perpendicular to the reflecting planes, A is wavelength
(0.15418 A) of X-rays used, P is the broadening of diffraction line measured at half of its maximum
intensity (in radian), full width at half maximum, and 6 is the angle of diffraction. From the
calculation, the average particle size of the tin oxide nanoparticles under study was found to be 18.45
nm.
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Figure 3. SEM image of tin oxide nanoparticles calcined at 400°C
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It shows clustered and agglomerated nanoparticles. The figure 3 shows the SEM image of annealed
tin oxide nanoparticles and it confirms the existence of very small, uniformly distributed, spherical
and highly crystalline nanoparticles. Particle size and distribution of nanoparticles mainly depend
upon the relative rates of nucleation and growth processes, as well as the extent of agglomeration
[16].
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Figure 4. Tauc’s plot ((ahv)*VerSus,photon energy) of annealed SnO, NPs. The inset
shows the UV-Vis absorption'spectrum.

The UV-Vis spectrumyof the nanoparticle under study is shown in inset of figure 4. The optical band
gap of the’particles was determined By using the general relation [17]

ohv =B(hv — Eg)'

where r is thedindex and camytakes different values i.e. 2, 3, 1/2 and 1/3 depending on mechanism of
inter band transitions, B is a‘constant called band tailing parameter, v is the incident photon energy
and Eq is the optical band gap energy. The Tauc’s plot which is (ahv)? versus hv curve, is used to
found Eg . The value band gap (Eg) for the nanoparticles under study is found to be equal to 3.92 eV
which is much larger than its bulk counterpart (3.6 eV). This is in agreement with the fact that the
band gap energy of the materials increases with decrease in particle size.

Conclusion:

In the present communication tin oxide nanoparticles have been synthesized via sol-gel method by
using methanol as solvent. The obtained NPs were characterized by means of powder X-ray
diffraction, Scanning electron microscopy and UV-Vis absorption spectroscopy. The X-ray and SEM
study reveals that the as synthesized SnO, nanoparticles are crystalline, agglomerated and non-
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spherical while annealed SnO, NPs are again crystalline but uniformly distributed and spherical. The
average particle size of the annealed NPs is found to be 18.45nm. The UV-Vis spectra of the NPs
under have been obtained in the range 200-900 nm and the optical band gap is found to be equal to
3.92 eV and it is in agreement with the earlier reported results.
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