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Abstract 

In this paper, tin dioxide nanoparticles were synthesized by a fast and simple co precipitation method. For SnO2 

preparation, we used ammonia, urea as precipitation agent and ethelene glycol as capping agent. The 

synthesized materials were characterized by Raman spectroscopy. The entire Raman spectrum of SnO2 

nanoparticles in offered and analyzed. In accumulation to the classical modes observed in the rutile structure, 

two other regions exposed Raman activity for nanoparticles. The Raman bands in the low frequency region are 

accredited to acoustic modes connected with the vibration of the individual nanoparticle as a whole. The high 

frequency region is activated by surface disorder. In Raman active mode, the oxygen atom vibrates while tin 

atom is at rest. The large peak occurred at 581 cm-1 is attributed to non degenerate A1g surface mode. In this 

mode oxygen atom vibrate in the plane perpendicular to c axis. The origin of this mode is associated to the low 

particle dimension of the material. The weak peak at ~1115 cm−1 may be due to overtones.  

Keywords: Nano particles, Raman Spectroscopy 

1. INTRODUCTION  

In recent time nanometric sized materials have enthralled a considerable amount of interest due 

to their exceptional chemical, electrical, mechanical and physical properties; these materials behave in 

a different way from bulk semiconductors. As particle size decreases the band structure of the 

semiconductor changes; the band gap increases and the edges of the bands splits into distinct energy 

levels. These so called quantum size effects occur [1-4]. 

SnO2 is a n type wide energy gap (3.6 eV) semiconductor has attracted many applications [5], 

therefore this product was used in many fields such as transparent conducting films, catalytic materials, 
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environmental monitoring, biochemical sensor, lithium rechargeable batteries, dye-  sensitized solar 

cells and ultra sensitive gas sensors [5]. In addition SnO2 as an alcohol sensor has great application in 

food industry and breath analysis that are important for human healthy [6]. This semiconductor has 

high sensitivity, short response recovery time and good selectivity that is demanded for ethanol 

detecting [7]. There are many chemical and physical methods to preparation this kind of semiconductor 

such as hydrothermal [8], solvothermal [9], homogeneous precipitation, sol gel [10], microwave 

method [11], carbothermal reduction, chemical vapor deposition and thermal evaporation [12] and 

chemical precipitation method [13]. 

In the present work the fabrication and characterization of crystalline SnO2 nanoparticles 

powder by chemical precipitation method was studied    

2. Experimental 

Materials 

The chemicals used stannous chloride dehydrates (SnCl2.2H2O), sodium hydroxide (NaOH), 

ammonia and ethylene glycol (C2H6O2). All the used chemicals are of analytical grade and were used 

as received without further purification. Distilled water was used during the entire experiment. 

2.1 Synthesis of nano SnO2 

In this method, an aqueous solution of stannous chloride dehydrates (SnCl2.2H2O) (0.1M) is prepared 

in 100 ml distilled water. As it will dissolve completely in distilled water within 30 minutes and yield 

a transparent solution. After complete dissolution, ammonia solution was added to the above solution 

by drop wise under stirring. After three hours of constant stirring, a milky white solution was 

obtained at pH 11. The precipitate was washed with water and methanol several times to remove the 

chloride ions; methanol was allowed to evaporate at room temperature to obtain tin hydroxide in 

white powder form. The resulting gels were filtered and dried at 80ºC for 24 hours in order to remove 

water molecules. Finally, tin oxide nanopowder was formed at 550ºC for 2h by calcination for better 

crystallinity.  

Various such SnO2 nanoparticles were synthesized by varying the concentration of ethylene 

glycol (0, 0.1, 0.15, 0.2, 0.5 ml). 

Micro Raman spectra were recorded for all samples with EG, with urea and without EG.   The 

surface morphology of the samples was observed by Raman spectroscope using CSPM AA3000, 

supply by Angstrom Company.  

3. Results and Discussions 

3.1 Raman Spectroscopy 

SnO2 has four raman ative modes (three non degenerate modes and doubly degenerate mode) [14]. Fig. 

shows Raman spectra of SnO2 nano particles with EG (fig a), without EG (fig b) and with urea (fig c). 

In Raman active mode, the oxygen atom vibrates while Sn atom is at rest. The broad peak occurred at 
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581 cm-1 is attributed to non degenerate A1g surface mode. In this mode oxygen atom vibrate in the 

plane perpendicular to c axis [15]. The origin of this mode is connected to the low particle dimension 

of the material. This mode is due to the surface existence of lattice softening takes place at the outer 

part of grain which is like a disorder skin around the lattice around each grain. 

The weak peak at ~1115 cm−1 may be due to overtones. Raman spectroscopy, propose formation by a 

nebular condensation process similar to chemical vapor deposition. 

Fig a: Raman spectra of SnO2 nano particles with EG 

 

Fig b: Raman spectra of SnO2 nano particles without EG 

 

 

Fig c: Raman spectra of SnO2 nano particles with urea 
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Conclusions 

Disorder and nanoparticles size strongly affect the vibrational properties of the material. When the 

nanoparticles size is decreased, the bands associated with the classical modes of SnO2 shift and broaden 

according to the phonon dispersion curves. With a decrease in grain size bands appear in the high 

frequency region of the spectrum. We judge that the bands which emerge in the low frequency region 

of the Raman spectrum result from the spherical vibration of the nanoparticles as a whole. Even though 

it is not clear whether these vibrations are due to displacement of atoms at the particle surface, low 

frequency Raman scattering proves very helpful in providing the complete size distribution of very 

small nanoparticles.  

 

References 

[1] Alexander Birkel, Yong-Gun Lee,   Dominik Koll,   Xavier Van Meerbeek,   Stefan Frank,   Mi Jin 

Choi,  Yong Soo Kang,  Kookheon Char  and  Wolfgang Tremel, Highly efficient and stable dye-

sensitized solar cells based on SnO2nanocrystals prepared by microwave-assisted synthesis, Energy Environ. 

Sci. 5 (2012) 5392-5400; https://doi.org/10.1039/C1EE02115J 

[2] S. Das, V. Jayaraman, SnO2: A comprehensive review on structures and gas sensors, Progress in 

Materials Science Vol. 66 (Oct 2014) 112-255; https://doi.org/10.1016/j.pmatsci.2014.06.003 

[3] Marina N. Rumyantseva, Alexander M. Gaskov, N. Rosman, T. Pagnier, and Juan R. 

Morante,Raman Surface Vibration Modes in Nanocrystalline SnO2:  Correlation with Gas Sensor 

Performances, Chem. Mater. 17 (4) (2005) 893–901; https://doi.org/10.1021/cm0490470 

[4] Binaya Kumar Sahu, R. Juine, and A. Das, Room temperature ammonia sensor using 

SnO2 quantum dots: An approach toward optical eye, AIP Conference Proceedings 2115, 030135 

(2019); https://doi.org/10.1063/1.5112974 

[5] C. Ararat Ibarguen, A. Mosquera, R. Parra, M. S. Castro, J. E. Rodr´ıguez-Paez, Synthesis of SnO2 

nanoparticles through the controlled precipitation route, Materials Chemistry and Physics 101 (2007) 

433–440 

3000

3500

4000

4500

5000

200 400 600 800 1000 1200

In
te

n
si

ty
 (

 a
.u

.)

Raman Shift (cm-1)

http://www.jetir.org/
https://pubs.rsc.org/en/results?searchtext=Author%3AAlexander%20Birkel
https://pubs.rsc.org/en/results?searchtext=Author%3AYong-Gun%20Lee
https://pubs.rsc.org/en/results?searchtext=Author%3ADominik%20Koll
https://pubs.rsc.org/en/results?searchtext=Author%3AXavier%20Van%20Meerbeek
https://pubs.rsc.org/en/results?searchtext=Author%3AStefan%20Frank
https://pubs.rsc.org/en/results?searchtext=Author%3AMi%20Jin%20Choi
https://pubs.rsc.org/en/results?searchtext=Author%3AMi%20Jin%20Choi
https://pubs.rsc.org/en/results?searchtext=Author%3AYong%20Soo%20Kang
https://pubs.rsc.org/en/results?searchtext=Author%3AKookheon%20Char
https://pubs.rsc.org/en/results?searchtext=Author%3AWolfgang%20Tremel
https://doi.org/10.1039/C1EE02115J
https://www.sciencedirect.com/science/article/abs/pii/S0079642514000565#!
https://www.sciencedirect.com/science/article/abs/pii/S0079642514000565#!
https://www.sciencedirect.com/science/journal/00796425
https://www.sciencedirect.com/science/journal/00796425
https://www.sciencedirect.com/science/journal/00796425/66/supp/C
https://doi.org/10.1016/j.pmatsci.2014.06.003
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Marina+N.++Rumyantseva
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Alexander+M.++Gaskov
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=N.++Rosman
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=T.++Pagnier
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Juan+R.++Morante
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Juan+R.++Morante
https://doi.org/10.1021/cm0490470
https://aip.scitation.org/author/Sahu%2C+Binaya+Kumar
https://aip.scitation.org/author/Juine%2C+R
https://aip.scitation.org/author/Das%2C+A
https://doi.org/10.1063/1.5112974


© 2021 JETIR November 2021, Volume 8, Issue 11                                            www.jetir.org (ISSN-2349-5162) 

JETIR2111314 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d101 
 

[6] Tomoki Maekawa, Jun Tamaki, Norio Miura, Noboru Yamazoe, Shigenori Matsushima, 

Development of SnO2-based ethanol gas sensor, Sensors and Actuators B: Chemical Vol. 9 Issue 

1 (1992) 63-69; https://doi.org/10.1016/0925-4005(92)80195-4 

[7] F Gao, X P Ren, W J Wan, Y P Zhao, Y H Li and H Y Zhao, The alcohol-sensing behaviour of 

SnO2 nanorods prepared by a facile solid state reaction, Conf. Ser.: Mater. Sci. Eng. 170 012002, 3rd 

International Conference on Advanced Materials Research and Applications (AMRA 2016) 18–21 

December 2016, Guangzhou, China; doi:10.1088/1757-899X/170/1/012002 

[8] Hui-Chi Chiu and Chen-Sheng Yeh, Hydrothermal Synthesis of SnO2 Nanoparticles and Their 

Gas-Sensing of Alcohol, J. Phys. Chem. C 2007, 111, 20, 7256–7259; 

https://doi.org/10.1021/jp0688355 

[9] Shi-Zhao Kang, Yikai Yang, Jin Mu, Solvothermal synthesis of SnO2 nanoparticles via oxidation 

of Sn2+ ions at the water–oil interface, Colloids and Surfaces A: Physicochemical and Engineering 

Aspects Vol.298 Issue 3 (2007) 280-283; https://doi.org/10.1016/j.colsurfa.2006.11.008 

[10] S.  Gnanam & V. Rajendran, Synthesis of tin oxide nanoparticles by sol gel process: effect of 

solvents on the optical properties, Journal of Sol Gel Science and Technology vol. 53 (2010) 555–559 

[11] T. Krishnakumar, R. Jayaprakash, M. Parthibavarman, A. R. Phani, V. N. Singh, B. R. Mehta, 

Microwave-assisted synthesis and investigation of SnO2 nanoparticles, Materials Letters Vol. 63 Issue 

11 (Apr 2009) 896-898; https://doi.org/10.1016/j.matlet.2009.01.032 

[12] Geun-Hyoung Lee, Cactus-Like SnO2 Nanostructures Grown by Thermal Evaporation 

Technique, Materials Transactions (2013) 1-4. 

[13] Xuchuan Jiang,   Yuliang Wang,   Thurston Herricks  and  Younan Xia, Ethylene glycol mediated 

synthesis of metal oxide nano wires, Journal of Materials Chemistry 14 (2004) 695-703; 

https://doi.org/10.1039/B313938G 

[14] Matthias Batzill, Ulrike Diebold, Surface studies of gas sensing metal oxides, Phys. Chem. Chem. 

Phys. 9 (2007) 2307–2318  

[15] Smritimala Sarmah & A. Kumar, Optical properties of SnO2 nanoparticles, Indian Journal of 

Physics Vol. 84 (2010)1211–1221 

 

 

 

 

http://www.jetir.org/
https://www.sciencedirect.com/science/article/abs/pii/0925400592801954#!
https://www.sciencedirect.com/science/article/abs/pii/0925400592801954#!
https://www.sciencedirect.com/science/article/abs/pii/0925400592801954#!
https://www.sciencedirect.com/science/article/abs/pii/0925400592801954#!
https://www.sciencedirect.com/science/article/abs/pii/0925400592801954#!
https://www.sciencedirect.com/science/journal/09254005
https://www.sciencedirect.com/science/journal/09254005/9/1
https://www.sciencedirect.com/science/journal/09254005/9/1
https://doi.org/10.1016/0925-4005(92)80195-4
https://iopscience.iop.org/issue/1757-899X/170/1
https://iopscience.iop.org/issue/1757-899X/170/1
https://iopscience.iop.org/issue/1757-899X/170/1
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hui-Chi++Chiu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Chen-Sheng++Yeh
https://doi.org/10.1021/jp0688355
https://www.sciencedirect.com/science/article/abs/pii/S0927775706008508#!
https://www.sciencedirect.com/science/article/abs/pii/S0927775706008508#!
https://www.sciencedirect.com/science/article/abs/pii/S0927775706008508#!
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/journal/09277757/298/3
https://doi.org/10.1016/j.colsurfa.2006.11.008
javascript:;
javascript:;
https://link.springer.com/journal/10971
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X09000585#!
https://www.sciencedirect.com/science/journal/0167577X
https://www.sciencedirect.com/science/journal/0167577X/63/11
https://www.sciencedirect.com/science/journal/0167577X/63/11
https://doi.org/10.1016/j.matlet.2009.01.032
https://pubs.rsc.org/en/results?searchtext=Author%3AXuchuan%20Jiang
https://pubs.rsc.org/en/results?searchtext=Author%3AYuliang%20Wang
https://pubs.rsc.org/en/results?searchtext=Author%3AThurston%20Herricks
https://pubs.rsc.org/en/results?searchtext=Author%3AYounan%20Xia
https://doi.org/10.1039/B313938G
javascript:;
javascript:;
https://link.springer.com/journal/12648
https://link.springer.com/journal/12648


© 2021 JETIR November 2021, Volume 8, Issue 11                                            www.jetir.org (ISSN-2349-5162) 

JETIR2111314 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d102 
 

 

http://www.jetir.org/

