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Abstract: The proposed project work is to synthesis SnO, nanoparticles by microwave assisted hydrothermal method. We
have used two solvents to synthesis SnO, nanoparticles and comparing the structural and optical characteristics. The
prepared samples are annealed with 250,500 and 750 for one hour. The structural parameters are studied using XRD
spectrum. The optical characterizations are performed using FTIR spectroscopy and UV-Vis spectroscopy. The band gap
values of the samples are calculated using tauc plot.
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I.  Introduction

Metal oxides play a very important role in many areas of chemistry and materials science due to its ability to adopt
vast number of structural geometries with an electronic structure that can display metallic, semiconductor or insulator
properties [1]. Semiconductor nanoparticles have been a topic of great interest because of their excellent electrical, optical
and magnetic properties. Due to cluster size reduction, the quantum confinement of charge carriers inside nanoparticles
results in a blue shift of the band gap [2]. SnO, is one of the n-type semiconductor oxide with wide band gap of 3.6 eV [3].
The simultaneous occurrence of transparency and conductivity of SnO, is a unique fea- ture among the group-1V elements of
the periodic table [4]. SnO2 has high electron mobility as well as large third-order nonlinear optical susceptibilities in the
form of thin film [5]. Due to wide band gap, SnO, possesses high carrier density, oxygen vacancy and excellent optical and
electri- cal properties [6]. SnO, is widely used in extensive range of applications like gas sensors, heat reflecting mirrors,
varistors, transparent electrodes for solar cells, glass melting electrodes, optoelectronic devices, and photo electrode
materials in high performance dye-sensitized solar cells (DSSC) [7-9], lithium rechargeable batteries, electro chromic
windows [10], and catalysis [11, 12]. Therefore, the synthesis of fine SnO, nanoparticles is very important for their basic
research and applications. In this work, microwave-assisted chemical route method is uti- lized for the synthesis of SnO,
[13-17]. Due to uniform heating of the solutions, this method has significant advantages for its very short processing time,
good control over particle size [18] and uniform nucleation of nanocrystals to achieve a narrow size distribution of SnO,.

Il. Experimental
2.1 synthesis of tin oxide:

The SnO, nanoparticles are synthesized using microwave assisted hydrothermal method. This method have many
advantages. With microwave heating, the energy can be applied directly to the sample rather than conductively, via the
vessel. Heating can be started or stopped instantly, or the power level can be adjusted to match the required. Microwave
dielectric heating is a non-quantum mechanical effect and its leads to volumetric heating of the samples.The SnO,
nanoparticles are synthesized using microwave assisted hydrothermal method.[19] The precursors used for the synthesis of
SnO, were analytical grade Tin (I1) chloride, urea as a catalyst and water as solvent. Initially at room temperature, Tin (I1)
chloride and urea were dissolved in ethylene glycol by constant stirring for 90 min in a magnetic stirrer. The microwave
power was set of 650 watt and operated at the rate of 2 minutes per cycle and cooled between the intervals until the
precipitate was formed. The resulting precipitate was washed with double distilled water and dried. Again, the dried
powders were washed with acetone and annealed at 250 °C, 500 °C and 750 °C for 1 hr in air atmosphere to remove
unwanted organic substances present if any.The SnO, nanoparticles are synthesized using microwave assisted hydrothermal
method. The precursors used for the synthesis of SnO, were analytical grade Tin (I1) chloride, urea as a catalyst and ethylene
glycol as solvent. Initially at room temperature, Tin (1) chloride and urea were dissolved in ethylene glycol by constant
stirring for 90 min in a magnetic stirrer. The microwave power was set of 650 watt and operated at the rate of 2 minutes per
cycle and cooled between the intervals until the precipitate was formed. The resulting precipitate was washed with double
distilled water and dried. Again, the dried powders were washed with acetone and annealed at 250 °C, 500 °C and 750 °C for
1 hr in air atmosphere to remove unwanted organic substances present if any.
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I11. Characterization Techniques

3.1 Powder X-ray diffraction Pattern
3.1.1 XRD Spectrum Analysis of SnO, Nanoparticles Synthesized Using water as Solvent
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Fig. 3.1 XRD patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using water as solvent.

Fig. 3.1 shows the XRD patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using water
solvent. The average crystallite size (D) is calculated using Scherrer’s formula presented in equation (1)

0.94
-~ 1
£ coséo @
Where 4, g and 6 are the wavelength of X-ray used, full width at half maximum and Bragg’s angle respectively.

The XRD patterns of 250 °C annealed sample havefour peaks and the peaks are also not clear. The intensities of
the peaks are very small but the peaks are broad. The particle size and the FWHM values and the corresponding hkl values
are tabulated in the Table 1. The peaks are matched with the JCPDS card number 72 — 1147. The major peaks are in the
position of 26.91°, 33.91°,52.29°, 65.04°CAll the peaks have been indexed to tetragonal crystal structure of SnO». It belongs
to P4,/mnm space group. The increase in full width half maximum and decrease in intensity of the peak denote the not as
much of crystallinity of SnO, nanoparticles. [20-26] The average particle size of the samples are found as 4.566nm.

The XRD patterns of 500 °C annealed sample have seven peaks and the peaks are clear. The intensities of the
peaks are increased while compared with the 250 °C annealed sample this indicates that the crystallinity of the sample gets
increased.The particle size and the FWHM values and the corresponding hkl values are tabulated in the Table 2. The peaks
are matched with the JCPDS card number 72 — 1147. The major peaks are in the position of 26.60°, 34.10°, 3811°, 51.70°,
54.87°, 62.05°, 78.72°.All the peaks have been indexed to tetragonal crystal structure of SnO». It belongs to P4,/mnm space
group. The decrease in full width half maximum and increase in intensity of the peak denote the good crystallinity of SnO,
nanoparticles. The average particle size of the samples are found as12.181nm.The value of the average particle size
increased due to the increase in annealing temperature.

The XRD patterns of 750 °C annealed sample have eleven peaks and the peaks are clear. The intensities of the
peaks are increased while compared with the 250 °C and 500 °C annealed samples and this indicates that the crystallinity of
the sample gets increased. The particle size and the FWHM values and the corresponding hkl values are tabulated in the
Table 3. The peaks are matched with the JCPDS card number 72 — 1147. The major peaks are in the position of 26.76°,
33.97°, 38.14° 51.82°, 54.81°, 57.98° 61.99°, 64.76°, 66.16°, 71.38°, 78.88°. All the peaks have been indexed to tetragonal
crystal structure of SnO,. It belongs to P4,/mnm space group. The decrease in full width half maximum and increase in
intensity of the peak denote the good crystallinity of SnO, nanoparticles. The average particle size of the samples are found
as 19.497nm. The value of the average particle size increased due to the increase in annealing temperature.

Table 1. Structural Parameters Of SNO, Nanoparticles Annealed With 250 °C Using Water Solvent.
S.No | Peak Position | hklvalue | D spacing | FWHM | Particle Size(nm)
1 26.9169 110 3.34967 2.0188 4.02905
2 33.9169 101 2.63648 1.8303 4.51834
3 52.2923 211 1.76471 1.7634 4.99689
4 65.0422 112 1.43417 1.9864 4.72219
Tabe 2. Structural parameters of SnO2 nanoparticlesannealed with 500 °C using water solvent
S.No Peak Position hkl value D spacing FWHM Particle Size(nm)
1 26.6059 110 3.34022 0.6468 12.5675
2 34.1003 101 2.63382 0.6199 13.3475
3 38.1119 200 2.36183 0.7469 11.2049
4 51.7014 211 1.76464 0.6022 11.663
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5 54.8733 220 1.67549 0.6433 13.8538
6 62.0568 310 1.49682 0.7991 11.5504
7 78.7250 321 1.41340 0.9231 11.0808

Tabe 3. Structural parameters of SnO2nanoparticles annealed with 750 °C using water solvent

S.No Peak Position hkl value D spacing FWHM Particle Size(nm)
1 26.7614 110 3.33557 0.4354 18.6626
2 33.9760 101 2.63634 0.3963 20.8712
3 38.1430 111 2.36242 0.3945 21.216
4 51.8258 211 1.75875 0.4650 18.9116
5 54.8111 220 1.67086 0.4606 19.3437
6 57.9831 002 1.58985 0.5495 16.4563
7 61.9946 310 1.49717 0.5587 16.5152
8 64.7623 112 1.43785 0.4320 21.6796
9 66.1617 301 1.41430 0.4304 21.9316
10 71.3860 202 1.32045 0.4647 20.9554
11 78.8804 321 1.21398 0.5710 17.9341

3.1.2 XRD Spectrum Analysis of SnO, Nanoparticles Synthesized Using EG as Solvent
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Fig. 3.2 XRD patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using water as solvent

Fig. 3.2 shows the XRD patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using water
solvent. The average crystallite size (D) is calculated using Scherrer’s formula presented in equation (1)

~ 094
[cosé

Where A, # and 0 are the wavelength of X-ray used, full width at half maximum and Bragg’s angle respectively.

From the XRD patterns of the samples it is observed that the peak are very clear and intensities are increasing
with temperature this reveals that the crystallinity and the average particle size of the samples are increasing with annealing
temperature. The particle size and the FWHM values and the corresponding hkl values are tabulated in the Tables 4, 5 and 6.
The major peaks are in the position of 26.62°, 33.70°, 38.10°, 51.89°, 54.77°, 57.97°, 62.05°, 64.77°, 66.05°, 71.32°, 78.76%t
(250°C).The major peaks are in the position of 26.69°, 33.97°, 38.08°, 51.98°, 54.81°, 57.92°, 62.08°, 64.82°, 66.09°, 71.19°,
78.81° at (500°C). The major peaks are in the position of 26.74° 33.90°, 38.18° 51.97°, 54.77° 61.97°, 61.77°, 64.87°,
66.05°, 71.20°, 78.92° at (750°C).All the peaks are indexed with the JCPDS card number 72 — 1147.  From the XRD pattern
it revealed that the samples are in tetragonal crystal structure and it belongs to P4,/mnm space group. The average particle
size of the samples are found as 14.449nm, 16.89nm, 19.03nm.

@

Tabe 4. Structural Parameters Of SNO, Nanoparticles Annealed With 250 °C Using EG Solvent

S.No Peak Position hkl value D spacing FWHM Particle Size(nm)
1 26.6281 110 3.35051 0.5469 14.8637
2 33.7052 101 2.64834 0.5939 13.917
3 38.1030 200 2.36978 0.4781 17.5041
4 51.8969 211 1.76268 0.6624 13.2797
5 54,7756 220 1.67352 0.5695 15.642
6 57.9742 002 1.59424 0.7859 11.5056
7 62.0542 310 1.49865 0.6088 15.1609
8 64.7712 112 1.43882 0.6134 15.2692
9 66.0506 301 141721 0.6177 15.2719
10 71.3282 202 1.32258 0.7482 13.0103
11 78.7649 321 1.21661 0.7570 13.516
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Tabe 5. Structural Parameters Of SNO, Nanoparticlesannealed With 500 °C Using EG Solvent

S.No Peak Position hkl value D spacing FWHM Particle Size(nm)
1 26.29 110 3.34059 0.50476 16.1089
2 33.97 101 2.63975 0.5369 15.4038
3 38.08 200 2.36511 0.4817 17.3704
4 51.98 211 1.76250 0.5416 16.2479
5 54.81 220 1.67389 0.5350 16.6524
6 57.92 002 1.59303 0.5240 17.2518
7 62.08 310 1.49578 0.5822 15.8549
8 64.82 112 1.43781 0.3923 23.8803
9 66.09 301 1.41468 0.4472 21.0955
10 71.19 202 1.32202 0.7147 13.6091
11 78.81 321 1.21345 0.8245 12.4131

Tabe 6. Structural Parameters Of SNO, Nanoparticles Annealed With 750 °C Using Eg Solvent
S.No Peak Position hkl value D spacing FWHM Particle Size(nm)
1 26.7481 110 3.33808 0.4086 19.8972
2 33.9049 101 2.63964 0.4002 20.6614
3 38.1830 200 2.36561 0.4106 20.3855
4 51.9768 211 1.76073 0.4612 19.0775
5 54.7756 220 1.67292 0.4309 20.6718
6 61.9724 310 1.59085 0.5543 16.6424
7 61.7725 310 1.49797 0.5443 16.9224
8 64.8711 112 1.43778 0.4116 22.763
9 66.0506 301 1.41414 0.4658 20.2513
10 71.2083 202 1.32153 0.6197 15.6943
11 78.9249 321 1.21468 0.6259 16.3658

3.2 Optical Characterization
3.2.1 FTIR Analysis
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Fig. 3.3 FTIR patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using water as solvent

FT-IR spectrum is recorded in solid phase using KBr pellet technique in the region 4000-400 cm ™. Fig. 3.3 shows
the FTIR spectra of SnO, samples synthesized using water as solvent. A high intense and broad band in the range of 3500 to
3200 cm is assigned to O-H stretching of water molecule absorbed on the surface of SnO,. [27-34]The major IR peaks
corresponding to Sn-O and O-Sn-O bond vibrations appear in the range of 700-400 cm™ in 500 °C annealed SnO,. The
strong peak appeared at 620 cm™ can be assigned to [35] Sn-O-Sn. The presence of vibration peaks attributed to Sn-O bond
vibration confirms the formation of SnO,.
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Fig. 3.4 FTIR patterns of 250 °C, 500 °C and 750 °C annealed SnO, samples synthesized using EG as solvent

Fig. 3.4 shows the FTIR spectra of SnO, samples synthesized using EG as solvent. A high intense and broad band
in the range of 3500 to 3200 cm™ is assigned to O-H stretching of water molecule absorbed on the surface of SnO,. The
major IR peaks corresponding to Sn-O and O-Sn-O bond vibrations appear in the range of 700-400 cm™ in 500 °C annealed
SnO,. The strong peak appeared at 620 cm™ can be assigned to Sn-O-Sn. There are some weak peaks that appeared in 2920
cmt and 1650 cm™ associated with the surface absorbed water molecules. The peaks appeared at 1360 cm™ is related to the
carbonyl group of the corboxylate ions which might remain absorbed on the surface.

3.2.2 UV-VIS Spectroscopy

Absorption spectroscopy is a powerful non destructive testing method for exploring the optical properties of
semiconductor nanoparticles. The absorbance may depend on some of the properties like band gap, oxygen deficiency,
nature of the surface and impurity centers. The spectrum shows a ultra violet cut off in the wavelength region of 200 — 230
nm. This may be related to the photo-excitation of electrons from valence band to conduction band.
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Fig.3.5 UV-VIS Absorption spectra of SnO, samples synthesized using water as solvent
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Fig.3.6 UV-VIS Absorption spectra of SnO, samples synthesized using EG as solvent
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The relationship between the absorption coefficient (o) and optical band gap can be expressed as

ahv:A(hv-Eg)%

Where A is a constant and h is Planck’s constant. The exponent n depends on the type of the transition. Fig.3.7
shows the Tauc plots of SnO, samples synthesized using water and EG as solvent and the band gap values are tabulated in
Table 2. [36] There is a band gap increase with increase in annealing temperature.
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Fig.3.7 Tauc plots of SnO, samples synthesized using water and EG as solvent.

Table. 7 Band Gap Energy Values For SNO, Nanoparticles

Annealing temperature Band gap energy of samples Water as Band gap energy of samples EG as
solvent (eV) solvent (eV)
250 °C 2.48 2.32
500 °C 2.79 2.59
750 °C 3.16 3.16

IVV. Conclusion

The SnO, nanoparticles are synthesized by microwave assisted hydrothermal method. We have used water solvent
and Ethelene glycol (EG) as solvents to synthesis SnO, nanoparticles.While using Water solvent, SnO, nanoparticles are in
yellowish orange and while using EG solvent the SnO, nanoparticles are in grey colour. The XRD pattern of the prepared
sample is indexed to the tetragonal structure of SnO,, and the calculated particle size in the range 4.566nm, 12.181nm and
19.497nm at 250,500 and 750°C respectively. From that result we can analysis that the particle sizes are increased when the
annealing temperature increased.At FTIR spectrumthe strong peak appeared at 620 cm™ reveals the formation of metal oxide
nanoparticles. The optical band gap of SnO,nanoparticle annealedat 250°C, 500°C and 750°C are 2.48, 2.79 and 3.16eV
respectively calculated from Tauc plot. Using EG as a solvent, Tin oxide was prepared and the particles are in grey colour.
After the annealing colour of the samples are changed into greyish white.

The XRD pattern of the prepared sample is indexed to the tetragonal structure of SnO,, and the calculated particle
size in the range 14.449nm, 16.89nm, 19.03nm at 250, 500 and 750°C respectively. From that result we can analysis that the
particle sizes are increased when the annealing temperature increased.At FTIR spectrumthe strong peak appeared at 620 cm™
reveals the formation of metal oxide nanoparticles. The optical band gap of SnO,nanoparticle annealed at 250°C, 500°C and
750°C are 2.32, 2.59 and 3.16eV'respectively calculated from Tauc plot.
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