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ABSTRACT 
Tin Oxide (SnO2) nanoparticles have been synthesized by chemical precipitation method. The samples 

were characterized by X-ray diffraction (XRD), UV-Vis absorption, Photoluminescence (PL) and Atomic force 

microscope (AFM). The XRD analysis confirmed that the prepared sample was SnO2 nanoparticles and the 

crystalline structure changed from tetragonal anatase to tetragonal rutile from pH 8. The crystallite size was in the 

range of 7-22 nm. The optical band gap of SnO2 nanoparticles varies from 3.1 to 3.6 eV with varying pH values. 

The PL spectra of all the samples exhibit emission in the visible region. AFM image showed the prepared SnO2 

nanoparticles at pH 9 has high growth rate and high aggregation compared with other pH values. 
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1. INTRODUCTION 

Nanometer-sized materials have recently attracted a considerable amount of attention due to their unique 

electrical, physical, chemical, and magnetic properties; these materials behave differently from bulk 

semiconductors. With decreasing particle size the band structure of the semiconductor changes; the band gap 

increases and the edges of the bands splits into discrete energy levels. These so-called quantum size effects occur. 

These quantum size effects have stimulated great interest in both basic and applied research. Tin oxide (SnO2) is 

one of the most intriguing material investigated today, because tin dioxide is a well-known n-type semiconductor 

with a wide band gap of 3.6-3.8 eV and for its potential application in transparent conductive electrode for solar 

cells and gas sensors devices. Transparent conducting electrodes, photochemical and photoconductive devices in 

liquid crystal display, gas discharge display, lithium-ion batteries, etc. Many processes developed to synthesis of 

SnO2 nanostructures, e.g., spray pyrolysis, hydrothermal methods, chemical vapor deposition, thermal evaporation 

of oxide powders and sol–gel method. In the present work the fabrication and characterization of crystalline SnO2 

nanoparticles by chemical precipitation method was studied. 

 

2. MATERIALS AND METHODS 

SnO2 nanopowders were prepared by means of dissolving (0.1 M) stannous chloride dehydrate 

(SnCl2.2H2O) in 50 ml distilled water with varying pH values 6-14. After complete dissolution, ammonia solution 

was added to the above solution by drop wise under stirring. The resulting gels were filtered and dried at 80ºC for 

10 hours in order to  remove water molecules. Finally, tin oxide nanopowders were formed at 600ºC for 2h.  

The obtained samples were characterized by X-ray powder diffraction (XRD) using X-pert Pro (XRD - 

6038), supplied by PAN analytical. The surface morphology of the samples was observed by Atomic force 

microscopy by using AFM-100 (A.P.E Research) Non-conducting mode. Optical absorption spectra of the samples 

were taken with Shimadzu UV-Vis Spectrometer. The room temperature photoluminescence (PL) spectra of SnO2 

were recorded with Shimadzu RF-5000. 

 

3. RESULTS AND DISCUSSION 

The XRD pattern of SnO2 nanoparticles recorded in range of 10-80 ̊ are shown in Fig. 1 for different pH 

values. The observed d-spacing and 2θ values are in good agreement with standard JCPDS CAS.NO. (88-0827). 

The peaks at 26.6°, 33.8°, 37.9°, 45.2°, 51.8°, 54.7°, 62.1° and  68.3°, 2θ values are associated with (110), (101), 

(200), (210), (211), (220), (221), and (301) planes. 

By varying the pH value from pH 6 - pH 14, the structure of SnO2 has changed from tetragonal anatase to 

rutile at the pH value of 9. This indicates that the incorporation of more Sn2+ ions on the nanoparticles during the 

synthesis process. The average crystalline size has been calculated using the Scherer’s formula. The calculated 

values of the crystallite size ranged between 7 to 22 nm. The optical adsorption spectra measured to investigate the 

optical properties of SnO2 nanoparticles in the wavelength range of 200-700 nm and they are shown in Fig. 2. 

From the absorption spectra, the value is high for as-prepared SnO2 nanoparticles at pH 9.  All other pH 

value of SnO2 nanoparticles have low absorbance compared with pH 9.  It is due to size of the particles, since the 

crystallite size is high at pH 9 when compared with other pH value. The optical band gap for SnO2 nanoparticles 
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as a function of pH variation is shown in Fig. 3. The nature of the plot suggests that direct inter band transition. 

Extrapolation of linear portion to the energy axis gives the band gap energy. 

The optical band gaps for the synthesis of SnO2 nanoparticles were calculated on the basis of optical 

spectral absorption using the following well know relation 

)()( 1

g

p EhvAhv   

 Where α is the absorption coefficient, Eg is the band gap of the material, hν is the photon energy, C is the 

constant, n=1/2 for a directly allowed transition. It was observed that Eg varies with varying pH values from 3.1 to 

3.6 eV. So the band gap values well matched with bulk SnO2 material. 

 The PL emission spectra were recorded for pure SnO2 nanoparticles. In all the samples near band 

edge emission peak observed around 400 nm. This is the emission peak of SnO2 nanoparticles. Usually the peak 

around 400 to 800 nm (visible region) indicates the defects in the material. This can be attributed to electron 

transition mediated by defect levels in band gap such as oxygen vacancies.  Generally, defect such as oxygen 

vacancies are known to be most common defects in oxides and usually act as radiative center in luminescence 

process. At the value of pH 9 the defects were found to be less, when compared with other pH values of the 

precursor solution (Fig. 4). Since the crystallite size is high at pH 9. 

Fig. 5 shows 2D and 3D AFM images of SnO2 thin film. The SnO2 thin film was deposited using spin 

coating method. From AFM image, we conclude that the prepared SnO2 nanoparticles at pH9 which has high 

growth rate and high aggregation due to incorporation of SnO2 nanoparticles. 

 

  
 

Figure.1.XRD paatern of the SnO2 nanoparticles Figure.2.Absorption spectrum of sno2 nanoparticles 

 

 

  
Figure.3.Band gap of SnO2 nanoparticles  Figure.4.Photoluminescence spectra of sno2 nanoparticles 
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Figure.5.2d & 3d afm image at ph 9 

 

4. CONCLUSION 

 By chemical precipitation method SnO2 nanoparticles were synthesized at 600 °C. The structural, 

morphological and optical properties of a SnO2 sample were investigated. The XRD pattern show that the structure 

changed at pH9 of the prepared sample is indexed to the tetragonal structure of SnO2, and the calculated particle 

size in the range 7-22 nm. The UV-Vis absorption and PL emission showed good absorption and emission at pH9 

due to good rutile structure of the SnO2 nanoparticles. Also the optical band gap varies (3.1 to 3.6) as pH value of 

solution varies. AFM image confirms that the incorporation of metal oxide particles were high in value of pH 9. 
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