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Abstract-The present investigation reports the characterization of nanocrystalline tin oxide synthesized by 

microwave assisted solvothermal method using urea as catalyst and ethylene glycol as solvent. The prepared 

sample is annealed at different temperatures from 300
0
 C to 700

0
 C for 1 hour for the formation of SnO2 

crystalline phase. The structural features have been studied using XRD, FTIR, TEM and SAED pattern. The 

phase and crystalline structure were confirmed with the help of X-ray diffraction and FTIR spectroscopy. The 

crystalline size was evaluated from XRD and found to range from 4 to 17 nm. Based on the recorded FTIR 

spectrum of SnO2, the IR band due to SnO2 vibrations was observed at 621 cm
-1

. The formation of small sized 

spherical nanoparticles of the diameter of about 14-45 nm was illustrated by transmission electron microscope 

results. The optical properties have been analysed by PL studies. The intercept of the energy axis in Tauc Plots 

gives the direct measurement of the band gap (Eg). The photoluminescence PL measurement for the tin oxide 

nanoparticles  annealed at 500
o
C indicated that there are two stable emission peaks centered at wavelengths   

568 nm and 374 nm by oxygen vacancies. 

 

Index Terms-tin oxide nanoparticles, XRD, TEM, Photoluminescence. 

1. INTRODUCTION 

Synthesis of nanomaterials, with 

controlled morphology, size, chemical 

composition, crystal structure and in large quantity, 

is a challenge in nanotechnological applications.  

The various geometrical morphologies of 

nanomaterials such as nano tubes [1,2], cages [3], 

cylindrical wires [4,5], rods [6], biaxial cables [7], 

ribbons or belts [8], and sheets [9] have been 

produced with the peculiar properties.  The 

experimental methods to synthesize nanoparticles 

such as chemical precipitation [10], microwave 

technique [11], combustion route [12], sol–gel [13], 

solvothermal [14], hydrothermal [15], 

sonochemical [16] and mechanochemical [17]   

have been reported with different sizes and shapes.   

Tin oxide (SnO2) with  a wide band gap of 

3.6 eV is observed as one of the potential materials 

for gas sensors, solar cells, transparent electrodes 

and field effect transistors [18–23]. The large direct 

bandgap and a high exciton binding energy 

(130meV) of SnO2 are favourable for room-

temperature UV applications. The research on 

optical studies on  wide band gap semiconducting 

materials have been done. But there have been only 

rare investigations of SnO2 optical properties. This 

is due to the even-parity symmetry of the 

conduction-band minimum and the valence-band 

maximum in SnO2, which bans the band-edge 

radiative transition.   

The carrier concentration of n-type tin 

oxide semiconductor is very high (up to 6 x 10
20

 

cm
-3

) [24].  Nowadays tin oxide is used in wide 

range of application such as lithium - ion batteries, 

[25,26], catalysts for oxidation of organics, and 

electrodes in solid state ionic devices, because of 

its peculiar properties such as chemically inert, 

mechanically hard and thermally heat resistant 

[27,28]. The success in many of its technological 

applications depends on the crystalline SnO2 with a 

uniform nanosize pore structure [29].  The progress 

in research towards tin oxide nanomaterials with 

high sensitivity, excellent selectivity, quick 

response and recovery behavior to gases have 

increased. 

2. MATERIALS AND METHODS 

Tin oxide powder was prepared by 

following the microwave assisted solvothermal 

method. Analytical grade tin II chloride 

(SnCl4·2H2O) was used as starting material for the 

synthesis of SnO2 nanopowder.  Urea and ethylene 

glycol were used as catalyst and as solvent 

respectively.  Initially at room temperature, tin(II) 

chloride and urea were dissolved in ethylene glycol 
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by constant stirring for 2 hours in a magnetic 

stirrer. The microwave power was set to 650 W and 

operated at the rate of 2 min 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 to remove the 

impurities, and then annealed at 500° C for 1 h in 

air atmosphere. The properties of the prepared 

samples are investigated using XRD, TEM-SAED, 

FTIR, UV-Vis, and PL studies. 

 

3. RESULTS AND DISCUSSION 

3.1. Phase Analysis 

 

Figure 1. XRD patterns of SnO2 samples annealed at different temperatures 

Figure 1 shows X-ray diffraction (XRD) 

patterns of SnO2  nanoparticles annealed at different 

temperatures from 300
0
C to 700

0
C respectively. 

The unannealed sample shows the amorphous 

structure. The peak orientations in the planes (110), 

(101), (200), (211), (220), (310), (112) and (301) 

clearly indicate the effective growth of the 

nanostructure. The present peaks in the spectra 

confirm the polycrystalline nature of the 

nanostructures, which were identified to create of 

tetragonal rutile crystal structure of SnO2 (JCPDS 

card No. 77-0451) and no other diffraction peak is 

noticed, which proves that the nanoparticles are 

SnO2 with a single phase. The crystalline nature of 

SnO2 nanoparticles is analysed by narrow XRD 

peaks. The intensity of XRD peak is  increased 
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when the calcination temperature is increased It 

signifies the progress of crystallinity. The small 

crystallite size  is understood by the broadening of 

the width of the prepared samples’ Bragg peaks in 

XRD spectrum. As the annealing temperature 

increases from 300
0
C to 700

0
C,  the intensity of the 

peaks gets increased, where as the FWHM gets 

reduced. The nanocrystalline powders can be 

formed due to the decrease in peak broadenings and 

sharpening of the intensities of the peaks with the 

increasing temperatures. 

Crystalline size ―D‖ was obtained by the 

measurement of the broadening of diffraction lines 

and by applying the Debye-Scherrer formula [30] 

D= 0.9 λ / ( β cosθ ) 

where λ is the wavelength of Cu Kα radiations 

(1.5418 A° ), β is the full-width at half-maximum 

of the peaks corresponding to the plane, and θ is the 

angle obtained from 2θ value corresponding to a 

maximum intensity peak in XRD pattern. The 

crystalline size of the obtained SnO2 particles was 

varying from 4 to 17nm for the annealing 

temperature from 300
0
C to 700

0
C. Table 1 shows 

the various structural parameters of our prepared 

SnO2 samples. 

 

Table 1.  Particle size, lattice parameter and cell volume of SnO2  nanoparticles 

at different sintering temperatures 

 

Sintering 

Temperature  
o
C 

Crystallite 

Size  

(nm) 

Lattice Parameters (A
o
) 

c/a 
Cell Volume 

(A
3
) 

a=b c 

300 04.25 4.7417 3.2226 0.6796 72.456 

400 11.37 4.7361 3.1860 0.6727 71.465 

500 12.57 4.7354 3.1855 0.6727 71.431 

600 12.87 4.7321 3.1828 0.6726 71.272 

700 17.00 4.7346 3.1838 0.6725 71.369 

 

3.2. Functional group analysis 

The size of the peaks in the FTIR 

spectrum  directly indicates the amount of material 

present and also represents the defect or surface 

vacancies in the crystalline structure of the surface 

layer.   FT-IR spectrum of SnO2 nanoparticles 

treated at 500
o
C and 600

o
C  is shown in Figure 2.  

  

 

Figure 2. FT-IR spectrum of SnO2 nanoparticles 

annealed at 500
o
C and 600

o
C 

The intense and broad bands at 3420 cm
−1

 

and 1611 cm
−1

 have been assigned as the O–H 

vibration in absorbed water on the sample surface 

[31]. Usually, the FTIR samples are kept and 

ground in air. The nanostructured materials are 

having the high surface area. Due to this important 

property of the nanoparticles, the surface area  

results in rapid adsorption of water from the 

atmosphere. The broad bands between 400 and 800 

cm
−1

 are credited to the framework vibrations of the 

O–Sn–O bond in SnO2 [32]. The peak appeared at 

621 cm
−1

 relates to the O–Sn–O bridge functional 

groups of SnO2. This proves the existence of SnO2 

which is in crystalline phase. This is in accord with 

the results of the XRD analysis. 

 
3.3. TEM study 

The direct observation of TEM also 

verifies the existence of the tin oxide nanocrystals 

in our sample. Figure 3 and Figure 4 show the 

SAED pattern and TEM image of the SnO2 

nanoparticles annealed at 500
o
C. The darker 

regions of Figure 4.9 (b) represent the tin oxide 

nanocrystals. Moreover, we can view the 

appearance of some lattice fringes in the darker 

regions. SnO2 grains have agglomerated spherical 
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morphology with a particle size of 14-45 nm 

estimated by TEM micrographs. The electron 

diffraction rings formed by the tin oxide 

nanocrystals are shown in the corresponding SAED 

pattern. The ring pattern is indexed to the 

tetragonal rutile phase of tin oxide [33] according 

to JCPDS file number of 77-0451. The highly 

crystalline nature of our sample is indicated by the 

intense white dots appeared in continuous ring 

pattern of the selected-area-electron-diffraction 

(SAED) pattern (Figure 3). The lattice spacing 

between the fringes in SAED pattern is matched 

with the lattice spacing values of the (110), (101), 

(200) and (211) planes observed in the XRD 

pattern and is shown in Table 2. 

 

Figure 3.  SAED Pattern of SnO2 nanoparticles 

 

Figure 4. TEM image of SnO2 nanoparticles 

Table 2. Interplanar distance of  SnO2 

nanoparticles annealed at 500 °C 

 

Planes 

(hkl) 

d values 

from XRD 

(A
0
) 

d values 

from TEM 

(A
0
) 

(110) 3.3593 3.322 

(101) 2.6520 2.617 

(200) 2.3754 2.347 

(211) 1.7694 1.736 

3.4. Bandgap Analysis 

SnO2 nanoparticles annealed at 500℃ were 
subjected to optical absorption measurement. The 

variation of the optical absorbance with the 

wavelength of the SnO2 nanoparticles is shown in 

Figure 5. The optical absorption coefficient is 

calculated in the wavelength range of 300 – 800 

nm. It is observed from our UV-Vis measurements 

that the absorption band has been acquired at a 

shorter wavelength. Our prepared sample is good 

crystalline nanocrystal with less surface defects and 

it is homogeneously distributed. This is evaluated 

by the sharp rise of the spectrum at the absorption 

edge [34]. If the size of the nanoparticles is 

reduced, the surface to volume ratio becomes high. 

This produces the surface related defects in the 

nanocrystals. Due to the quantum confinement of 

the nanoparticles, the absorption spectrum gets 

broaden. Our UV-Vis absorption spectrum of SnO2 

nanoparticles shows the absorbance edge at 310 nm 

(Eg=4eV), which agrees well with the reported 

value of 312 nm [35]. The better crystallinity and 

lower defect density for the synthesized 

nanoparticles are also specified by the significant 

decrease in the transmittance for SnO2 

nanocrystallites near the band edge. 

 

 
 

Figure 5.  UV-VIS absorption spectrum 

of  SnO2 nanoparticles annealed at 500
o
C 

 

The optical band gap energy (Eg) is the 

important parameter of semiconductor 

nanoparticles. The optical absorption relates the 
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absorption coefficient α with the photon energy hν 

for the direct allowed transition as [36] 

𝛼ℎ𝜐 = 𝐴(Eg − ℎ𝜐)
1/2

 

in which hν is the photon energy, Eg is the apparent 

optical band gap, A is a constant characteristic of 

the semiconductor, and α is the absorption 

coefficient. The above equation is referred as tauc 

relation which is used to determine the energy 

value of direct band gap of the semiconductor. 

Figure 6 shows the graph of (αhν)
2
 versus photon 

energy hν for SnO2 nanoparticles annealed at the 

temperature 500
o
C. A plot of (αhν)

2
 versus hν 

shows intermediate linear region and  the 

extrapolation of the linear part is used to calculate 

the value of Eg from intersect with hν axis at α = 0. 

The intercept value on the energy axis has been 

found to be 4 eV for the sample.  This optical band 

gap is larger than the value of 3.62 eV for bulk 

SnO2 due to the quantum size effect [37]. 

 

 
 

Figure 6. Tauc plot for SnO2 nanoparticles 

annealed at 500
o
C. 

3.5. Photoluminescence Studies 

PL measurements have been carried out at 

room temperature to investigate the potential of the 

luminescent properties of SnO2 nanoparticles,  

Figure 7 demonstrates the emission spectrum of our 

prepared sample.  

 

Generally, the most common defects 

occurred in oxides are the  oxygen vacancies and 

they usually act as the radiative centers in 

luminescence method. The defect levels may be 

formed in the band gap of SnO2 nanocrystals due to 

the intrinsic defects such as oxygen defects. It 

causes the electrons to trap from the valence band 

to make a contribution to the luminescence. Our 

synthesized SnO2 nanoparticles exhibit a near-UV 

emission peak at 374 nm, by the contribution of 

oxygen vacancies and defects in the SnO2 

nanoparticles [38,39]. The direct recombination of 

a conduction electron in the Sn 4d band with a hole 

in the O 2p valence band may not produce the 

luminescence band observed at 568 nm. In our PL 

emission spectrum, the broad luminescence band 

between 500 and 600 nm may be produced by the 

defect levels in the band gap of SnO2 nanoparticles 

at room temperature which is already mentioned in 

the earlier reports [40–44]. 

 

Figure 7. PL emission spectrum of sample 

annealed at 500
o
C 

4. Conclusion  

In summary, we have successfully 

prepared SnO2 nanoparticles by microwave assisted 

solvothermal method. The as-synthesized SnO2 

nanoparticles were annealed at 300– 700 ˚C for 1 

hour in ambient conditions. We have made the 

following observations by performing several 

experiments on prepared samples. 

i) The XRD analysis indicated that the as 

synthesized and annealed SnO2 

nanoparticle samples demonstrate the 

single phase nature and there is no 

impurity phases.  The grain growth occurs 

as the increment in the annealing 

temperature. This shows the effective 

crystalline nature of the nanoparticles 

ii) It is confirmed from TEM images that the 

nanosize particles are in our investigated 

samples. We also observe that synthesized 

SnO2 nanoparticles are spherical in shape 

and crystalline nature is further confirmed 

by SAED images. 

iii) The optical band gap of the nanoparticles 

depends on quantum confinement.  

Oxygen vacancies play an important part 

in determining the optical properties of 

synthesized and annealed SnO2 

nanoparticles. Our sample annealed at 

500
o
C exhibit the strong emissions at 
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374nm and 568 nm, due to the 

contribution of oxygen vacancies and 

crystal defects. 
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