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Abstract:

Antimony doped tin oxide (ATO) nanoparticles have_deenysynthesized wsing simple” sol—gel
technique. One part of the sample was conventionally heated in oven at 150°C aneéhanothér part of the
same sample has been treated with microwave radiation at a power,0f 100 Wfor'3 min. The as
obtained samples were characterized by means of powder X-ray diffraction/(XRD), Scanning
electron microscopy (SEM) and I-V measutements. The XRD and SEM studies confirm the
tetragonal crystallite structure of both the samples, of ATO nanoparticles under study, but the
microwave assisted ATO nanoparticlestare observed with more “well=defined edges, corners, and
sharper surface features. The electrical measurements were performed using Keithley electrometer
and it was found that the electrical conductivity,of microwave treated ATO nanoparticles is less as
compared to its conventionally annealed counterpart.
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Introduction:

Tin oXide(SnO,), being an n-type wide band semiconductor (Eq = 3.6 eV at 300 K), is widely used
as an impartant functional material for optoelectronic devices, transparent conductive electrodes, far-
infrared detectors, solar cells’and catalyst support [1-5]. The tin oxide nanostructures have been
synthesized by‘using different'chemical techniques such as sol-gel, precipitation, hydrothermal, gel-
combustion, spray. pyrolysis and electrochemical deposition etc. [6-9]. SnO, nanomaterials show
unusual electrical and optical properties and can be modulated by doping. In view of that, by the
addition of various dopant ions such as Sb**, In®* etc, SnO, can be adjusted for multiple applications
[10]. Antimony is one of the most common n-type dopant for SnO, and the addition of Sb modifies
the band structure of SnO, [11]. Most of the chemical reactions are carried at prominent
temperatures. The energy used to heat up the medium can be conventional thermal heating [12], laser
irradiation [13], ultrasonic [14] and microwave radiation [15] etc. But the microwave radiation has
been accepted as a promising method for rapid heating than the conventional heating through
conduction and convection. Fundamentally, microwaves heat things differently than conventional
means. This method can reduce the synthesis time. The adoption of the microwave method offers
chances to generate new material structures that cannot be obtained from conventional methods [16].
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The aim of the present study is to synthesize and characterize ATO nanoparticles which were heated
with different treatments i.e. one part of the samples was conventionally heated in oven and another
part of the same samples has been treated with microwave radiation.

Experimental:

Antimony doped tin oxide nanoparticles with composition x Sh-(1-x) SnO, where x=0.16 mol %,
were successfully synthesized from AR Grade powder of SnCl;.5H,0 and SbCls. In a typical
procedure an appropriate amount of SbCl; was dissolved in 5 ml. of HCI and,a transparent solution
was obtained. This solution was added very slowly (dropwise) g to aqueous tin chloride
pentahydrate solution which is already obtained by dissolving appropriate amgunt of tin chloride
pentahydrate in 50 ml. DI water under vigorous string. The resultingygel was filtered and washed
with DI water and ethanol for purification. The obtained sample was. divided’in to two parts. One
part of the sample was conventionally heated in simple ovemat 150°C ‘and other part of the same
sample has been treated with microwave radiations. Thegmicrowave-assisted Synthesis was carried
out in a domestic microwave oven (2.45 GHz) with ifradiation power of 100 W for'3 min. The
XRD pattern was acquired by Cu K, radiation (1.5406 A; 45 kVs30 mA) using X’Pert PRO
Diffractometer and the surface morphology of the as-synthesized ATO nanoparticles was observed
by Scanning Electron Microscope (SEM) (Zeiss Scanning electron \microscope) and |-V
measurement was done by using Keithley eleCtrometer (model-617).

Results and discussion:

The XRD pattern of as synthesized (without annealing and“microwave exposure), conventional and
microwave assisted ATO nanoparticles was recorded and shown in  Figure 1. The XRD pattern of
as synthesized ATO nanopartieles showed the existenee of hydroxyl group. The number of strong
Bragg reflections peaks in‘the XRD pattern of ‘conventional and microwave assisted ATO
nanoparticles can be indexed to (110), (201), (200)/ (211), (220), (002), (310), (301) and (202)
planes. The peaks’can be clearly indexed“t@ the tetragonal rutile structure of SnO2 with lattice
constants of a=4.738A and c=3.178A (JCPDS File No. 41-1445). No other characteristic peaks were
observed, indicating that the product has high crystallinity and purity. The XRD pattern clearly
shows that the both“comventional \and microwave assisted ATO nanoparticles are crystalline in
nature4The average particle size of the nanoparticles was calculated from the width of the XRD
peaks, using,the Scherrer formula [17].

D=0.94 /B Cos 0
where D is the average” crystallite domain size perpendicular to the reflecting planes, A is is

wavelength (0.15418 &) of X-rays used, B is the broadening of diffraction line measured at half of its
maximum intensity (in radian), full width at half maximum (FWHM), and 0 is the diffraction angle.
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Figure 1. XRD pattern of antimony doped tin oxide nanoparticles (a) As synthesized
(without annealing and microwa , (b) After exposure t0 microwave

for 3 minutes (c) conventiona 150°C in simplehéating oven

From this formula the average particle si anoparticles obtained from conventional
annealing and microwave assisted technique V found to be"19.58 nm and 15.78nm respectively.
This shows that the microwave treatment red the average particle size and increases the
homogeneity of the materials."Bhis is due to the enhanced surface enrichment because of thermal
agitation of liquid moleculesti vave field [18].71t is also observed that microwave assisted
ATO nanoparticles have improve ructure. Thus, Microwave treatment is emerged as a
rapid synthesis apgroach that has'the capabi ontrol the particle shape and size (19).
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Figure 2. SEM images of conventionally annealed ATO nanoparticles
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Figure 2 shows the SEM images of conventionally annealed ATO nanoparticles. It shows the
existence of small, uniformly and crystalline nanoparticles. The SEM image also showed that
conventionally annealed ATO nanoparticles are agglomerated. Figure 3 shows the SEM images of
microwave treated ATO nanoparticles. This image confirms the existence of very small, uniformly
spherical, well dispersed without clustering and highly crystalline nanoparticles. On comparing the
images of both the samples (fig. 2 & 3) it is observed that microwave treated ATO nanoparticles
have well defined edges and sharp surface features while conventionally annealed ATO
nanoparticles are mainly spheroidal in shape.
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Figure 4. I-V Characteristic of both samples of ATO nanoparticles under study.
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The silver paste electrodes were deposited on both faces of the pallets and then I-V characteristic was
recorded as shown in figure 4. The electrical conductivity of the microwave treated ATO
nanoparticles is found to be equal to 2.23x10® Q*cm™ and for conventionally annealed ATO
nanoparticles this value is found to be 1.37x107 Q™ cm™ Therefore, the electrical study shows the
decrease in conductivity profile for microwave treated ATO nanoparticles. This difference in
electrical conductivity may be due to the different particle size and surface morphology of both the
samples.

Conclusion:

Conventionally annealed and microwave assisted/treated antimonyg# doped tin oxide (ATO)
nanoparticles have been synthesized using simple sol—gel techniquel The XRDystudy confirm the
tetragonal crystallite structure of both the samples of ATO nanoparticles undersstudy. and the
microwave assisted ATO nanoparticles have improved crystalline structure4'SEM images, confirm
that the microwave assisted ATO nanoparticles are with meré'well-defined edges and sharper surface
features. The electrical study shows the decrease in conductivity for microwave AKO nafnoparticles.
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