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Abstract: An efficient synthesis of tin oxide (Sa0guantum dots with a narrow size distribution B was
achieved by simple wet chemical route without angfastant. The powder X-ray diffraction (XRD), fiel
emission scanning electron microscopy (FESEM), hégolution transmission electron microscopy (HRTEM
and diffuse reflectance spectroscopy (DRS) instniat®n techniques were employed to characteriee th
synthesized nanoparticles. The XRD reflectionscati the formation of tetragonal cassitenite pluisgnQ
nanocrystals and the average crystallite size wataireed as 2.5 nm. The surface morphology and the
crystalline nature were discussed based on the &MIRTEM images. The DRS spectral analysis exhgpit

a blue-shift from that of bulk form and its banggmergy was determined as 3.67 eV.
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I ntroduction

SnQ is a wide band gap n-type semiconductey € 364 eV, 330 K) with an exciton Bohr radius of
2.7 nnt having a wide range of applications like solidstgas sensdtstransparent conducting electrotiaad
rechargeable Li batteritdviany processes have been developed to synth®s@enanostructures, well known
synthesis procedures are chemical vapour depdsitiphysical vapour depositin spray pyrolysis
solvothermdl, hydrothermaland sol-géf methods. However, solution based wet chemicalhggié routes
have proved to be cost effective method withoutrisedof complicated instruments. In order to achievélsta
quantum dots, one requires a ligand that can staliie surface effectively. For example Liu ét bave used
ethylenediamine as a ligand to obtain $IDs of size 2.5-3.6 nm. However, surfactant fré&s@f the metal
oxide has also been achieved by utilizing orgavigenits during the synthesis process. Ethargthylene
glycol*? and water have been the most common solvents to be usethdosynthesis of SnAQDs. In the
present workSnQ, QDs were synthesized by solvothermal techniqud@yimg methanol as a solvent.

http://www.sphinxsai.com/framesphinxsaichemtech.htm
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Materialsand Methods

All the chemicals used were analytical grade witHatther purification. In this synthesis, 0.4 gtof
chloride (Merck) was dissolved in 50 ml of methanotier magnetic stirring for 2 h. After completssailution
of the SnC{ source, 1 ml of Nklsolution was added dropwise to the mother solutiod the final pH of the
solution was adjusted to 9. The temperature ofgbigtion was increased and maintained at®@or 3 hours.
During the process tin hydroxide precipitate wasnied. The precipitate was separated by centrifogaind
washed repeatedly with water and ethanol to rembeebyproducts. The tin oxide was obtained after th
calcination of the precipitate at 400°C for 2 hours

Characterization techniques

The synthesized Sn@anoparticles were characterized by a Thermo ARRXTX-ray diffractometer
with Cu K5 (4 = 1.5406 A) radiation and taken over th@range 20 — 8¢ at the scanning rate of 0.02per
second. Optical UV-Vis DRS spectrum was taken i rlinge 225-800 nm using Perkin Elmer lambda 900
UV-Visible spectrophotometer. The DRS spectrum weferenced to barium sulfate (Ba§OSurface
morphology of the material was obtained by fieldission scanning electron microscope F E | Quant@ FE
200. Crystalline nature of the nanoparticle was verifled high resolution transmission microscopy (JEM-
2100F operated at 200 kV). For HRTEM study the dampere dispersed well in ethanol and casted on a
copper-grid. Mean crystal grain size is determiaecbrding to the Debye-Scherrer’s equation,

D=KkA/pBcod

Where, D is the average crystallite size (nm), &hape factor which is 0.94,is the wave length of the X-ray
(A), p is the FWHM of diffraction peak (after eliminatirthe instrumental broadening effect) measured in
radians and is the diffraction angle.

Results and Discussion

The powder XRD pattern of the Spid the Figure 1 shows broad peaks indicating thallssizes of
the nanoparticles. The XRD peaks at 26.523°, 33,768.582 and 65.713° are corresponding to thetalrys
planes (1 1 0), (1 01), (21 1) and (3 0 1) tlsathie cassitenite structure of SNOCPDS 77-0452). The
obtained lattice constant a=4.759 A and c=3.20%cite the nanocrystal belongs to tetragonal systisimg
Debye—Scherrer’'s formula the average crystallie si the QDs was calculated as 2.5 nm.
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Figure 1. Powder X-ray diffraction pattern of synthesizeddgurct

The FESEM image in the Figure 2.a shows that theemah has zero dimensional particle nature. The
particle nature is also seen in the HRTEM imaggufé 2.b). The regular lattice fringes pattern appe the
HRTEM image (Figure 2.c), conform the nanopartidiase crystalline nature. The particles are aggiatad
due to physical bonding. The interplanar spacin@2$ nm, which matches well with the d-spacing1o0 1)
planes of cassitenite SpO
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Figure2.a. FESEM, 2.b. & 2.c. TEM image of Sp@QDs

The quantum confinement effect is expected forafite semiconducting nanoparticles and the
absorption edge will be shifted to a higher enempen the particle size decreases. In the Figure B\&Vis
DRS spectrum shows that the synthesized partielidsct most of the visible spectrum and absorpstarts
below 300 nm. Furthermore, the Kubelka—Munk funct(R) = (1 — R)2/2Ris used to determine the band gap
energy by analyzing the DRS results, where R igegbn intensity of the DRS spectrum . The plotFgR)
versus wavelength is shown in the Figure 3.b. Tdredlgap is defined by extrapolation of the risiagt pf the
plot to theX-axis. The band gap energy of the $IDs is obtained at 3.67 eV which is greater thatsdulk
form.
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Figure 3.a. DRS spectrum of the Sp@Ds., Figure 3.b. Plots 6f(R) versus wavelength

The possible reaction mechanism to synthesis, I3 can be depicted as:
SnChL+ 2CHOH - Sn(OH) |+ 2 CHCI

Sn(OH) - SnO + 2HO

2Sn0+Q -- 2SnQ

The maintained pH value and the methanol solventaitable for nanoparticles formation. The grovette of
the nanocrystals is dependent on the polarity efsibivent’. The radius (1.25 nm) of the obtained particle is
less than the exciton Bohr radius of Sr{@7 nm) that is favourable for strong quantumficement.The band
gap shift to the higher value and blue shift in RS spectrum conform the strong quantum confinémen
effect.
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Conclusion

SnQ, QDs were successfully synthesized by a cost @ffeetet chemical method without using any

capping agent at room temperature. The structwalface morphology, lattice parameters optical and
electronic properties studies are reveals thasyhéhesized particles are quantum dots.
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