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Abstract: Pure and Ti doped tin oxide nanoparticles were hmgited employing a sol-gel method. The
samples have been characterized by X-ray diffradfiRD), Photo Luminescence (PL) and Fourier tramaf
infrared spectroscopy (FT-IR). The X-ray diffractioeveals that all samples are pure rutile-typ&ragenal
phase and the average particle sizes was obsevvearyt from 10.6 nm to 7.8 nm as the Ti contenasw
increased. Photo Luminescence shows, strong UV logated at 372 nm.
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Introduction:

Tin oxide (Sn®), is a wide band gap n-type semiconductgy ¥E3.6 - 3.8 eV) and one of the most
widely used semiconducting oxides due to its chalrémd mechanical stabilities. It is one of theeptial
materials for gas sensors, optoelectronic deviodsn@gative electrodes for lithium batteries [1-Récently,
transition-metal doped tin dioxide has gained mattention due to the possibility of exhibiting room
temperature ferromagnetism. Many methods have deeeloped to synthesize Sp@anoparticles, including
homogeneous precipitation [5], hydrothermal ro@le $olid state reaction [7], and sol-gel route [Bhe main
purpose of the present research work is to syrghEsioped Sn@nanoparticles by sol gel because very few
reports are available in this material.

Experimental details:

Tin oxide materials were prepared by the sol-geho .All the reactants used were of analyticatigra
without further purification. The preparatory méaés were Tin tetrachloride (Sn3H,0O, Sigma Aldrich) and
25% ammonia solution (N¥DH, sigma Aldrich). Calculated amount of Sp6H,O solution was prepared by
using deionised water and magnetically stirre@it30 min. Then ammonia solution (25%) was addéal time
mixture under the controlled supply until the PHtloé solution becomes 8 and constant stirring.rAftbours
of stirring, the sol was aged at room temperatoresfdays. The resulting gel was washed with ethand
deionised water for several times to remove the@doglucts Cland impurities. The product was separated by
using the high speed centrifuge at 10000 rpm fom2®. the precipitate was then dried in a hot aeroat
100°C for 10 h. The dried precipitate was calciimedir at 450°C for 2 h in muffle furnace. The fation of
SnQ nanoparticles in colloidal medium may occur asofol.
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x(SnCly) + y(NH,OH) — x(Sn)™* + 4x(CI)~ + y(NH,)" + yEOH)I
v(NH,)™ + 4x(Cl)” — a(NH C1)
x(Sn) "% — y@OH)I~ — b(Sn(0H),)

heating

b(Sn(0OH),) c(Sno,) + d(H,0)

For preparing (SiTix)O,, calculated amount of Titanium tetra chloride (T)Gbas used to the above
sol solution. Titanium doping ratio was the molatio of Ti to Ti+Sn, namely x. The crystalline stture of the
samples were analyzed by X-ray diffraction (XRD)ngsa Xpert-Pro diffractometer and using the @K
wavelength of 1.5406 A. The Fourier transform irdchspectra (FT-IR) of the samples were recordauyus
SHIMADZU-FTIR spectrometer.

Results and Discussion:
XRD:

Figure 1(a and b) shows the XRD paterrn of Sadl (Sp.gsTig 05O, nanoparticles. XRD peaks ab2
=26.6°,33.9°,38°,51.8°,57.9°,65.2°,71.3°&78.7° wassigned to diffraction from the (1 1 0), (1 0(®)0 0), (2
11),(002),(301),(202)and (32 1). Thigrdction peak of the samples corresponds to rptilese of Sn
(JCPDS card No:41-1445) with lattice constants=df=a.743A and ¢=0.3198A. The peak broadening aghl hi
background may arise due to the very narrow sigeilution of the so formed nanopatrticle.
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Figure1: XRD patterns of Snonanoparticles (a) and (&Ti.09 O, nanopatrticles (b)

The average crystalline size of the crystallites walculated using the Debye-Scherrer’'s forntuta
ki /B co® where d is the mean crystalline size, K is a gsiape dependent constant (0A9) the wavelength
of the incident beant), is a Bragg's reflection angle afids the full width half maximum. The average sinel a
lattice parameters of the synthesized particlegwbkown in Table.1

Table 1: Lattice Parameters and particle size of synthesized nanoparticles

s Grain Lattice Lattice constant
FWHM -Spacing . Volume
Sample hkl size
P @eg) | A | qmy | B | a® | c®
110 1 3.35422
sSnG 101 0.6 > 64477 10.6 71.69 4.7436 3.1859
. 110 2 3.35616
(Sry.esTi0.0902 101 1 > 63783 7.8 71.66 4.7540 3.1707

Small changes in the line positions, intensity Bnohdening are observed between the samples SnO
and (Sp.esTig.050,. Substitution of SH ions (ionic radius=0.71 A) by the smallef*'Tions (ionic radius=0.68
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A) slightly decrease the inter-atomic spacing dretefore expansion in lattice parameters is obsenith Ti
doping. Atomic scattering factor for Ti (Z=22 )abnost half the value for Sn (Z=50) therefore, anlgstitution
of Sn by Ti may lead to change in the structuréofacf SnQ lattice, which will reflect in the change in XRD
peak intensity ratios on Ti doping.

FTIR:

FT-IR spectra of SnOand (SpgsTioes)O. nanoparticles were shown in Figure 2(a and b). Data
collected are in agreement with XRD results. Theavapeaks at 660 crhconfirm the formation of crystalline
SnQ, phase and it was observed due to Sn-O vibratibe.Spectra exhibit also a common broad band around
3420 cm' due to the OH-stretching vibrations of free andlrogen bonded hydroxyl groups. Importantly,
XRD and FT-IR analyses suggest that no signifiganiation in the phase composition.

804
55

504 70 4

45
60 -
40

354
50 o

% Transmittance

304

% Transmittance

25 404

20+ 2850
30 3420 oy
O-H

15 T T T T T T T
) T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (1/cm) Wavenumber (1/cm)

(a (b)
Figure2: FTIR pattern of Sn@nanoparticles (a) and (§4Ti0.05 O, nanopatrticles (b)

Photo Luminescence:

PL spectrum of pure SnO2 nanoparticles with anteatavavelength at 260 nm is shown in figure 3.
The emission band is composed of a strong UV banrdtéd at 372 nm. The UVemission band must be
explained by a near-band-edge transition of widedbgap SnO2 nanoparticles, namely the free excitons
recombination through an exciton-exciton collisiprocess. The visible emission of SnO2 nanopartides
related to the defect levels within the band gafs02, associated with an oxygen vacancies orktimia
terstitials that formed during the synthesis prec&®r Ti doped SnO2 nanoparticles the changetémsity of
UV band was observed.

In summary, the SnOnanoparticles doped with Ti were synthesized swfalyg by the Sol-gel
method. Based on XRD and FTIR studies, well criig@lTi doped Sn@ nanoparticles were formed with
average particle size of 6.2 nm. Such a samplsagilfor to make spintronic devices.
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Figure3: PL spectrum c¢SnGC,
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