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ABSTRACT: In this paper, the effects of changes in Sol concentration on the structural and 

optical properties of SnO2 Nanoparticles are studied through the Sol-Gel method. SnO2 

Nanoparticles are produced from different SnO2 solution concentrations (0.1, 0.3 and 0.5 mol/L)  

at room temperature.  X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) analysis 

are used to investigate the effects of changes in Sol concentration on the crystalline and surface 

morphology of Nanoparticles. The XRD pattern shows that the particles are in the standard 

tetragonal phase of SnO2. The crystallites sizes are 11.7nm, 18.8nm, and 74.8nm, for 0.1 M, 0.3M 

and 0.5 M of concentration respectively. The average size of SnO2 particles decreases by  

a reduction in the Sol concentration. The band gap value is 4.07eV, 4.28eV and 4.36eV for 0.5M, 

0.3M and 0.1M of concentration respectively. The UV-Visible analysis shows that decreasing  

the Sol concentration will cause the absorption edge shift to the shorter wavelengths, because 

decreasing the Sol concentration will reduce the Nanoparticles size, and smaller Nanoparticles size 

absorb shorter wavelengths better and also increase the band gap. 
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INTRODUCTION 

Tin Oxide is an n-type wide direct band-gap 

semiconductor about (3.8-4.3eV) and indirect gap about 

(2.7-3.1eV) and transparency in the visible region is about 

80% [1-3] which shows that SnO2 can be efficiently used 

as a transparent conducting oxide. 

 

 

 

The tin dioxide, which is formed under stoichiometry 

condition have a few charge carriers, so its resistance is 

high and it's expected to be a good insulator. Also, SnO2 

under non-stoichiometry conditions has many charge 

carriers, good transparency and high conductivity [4]. 
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Research on tin dioxide is very interesting because 

chemical, physical and structure properties of SnO2 

together with optical transparency, make SnO2 

Nanoparticles suitable for many applications such as 

solid-state gas sensors [5-11], sensing and measurement 

advanced sensors for power generation applications [12], 

optical electronic devices [13,14], rechargeable Li 

batteries [15,16], solar cells [17,18], optical devices [19], 

heterojunction solar cells[20], transparent conducting 

electrodes [21,22], sensor array [23,24], organic light 

emissive devices [25], low emission glass [26] and 

Electrochromic glass [27]. 

The several interesting research works have been done 

on the optical, structural and other properties of SnO2 [28, 30] 

and many processes have been developed for the synthesis  

the SnO2 Nanostructures, e.g. surfactants mediate [31, 32] thermal 

evaporation of oxide powders [33], microwave heating 

method [34, 35], molten-salt synthesis, [36], carbothermal 

reduction [37], Solid-State Reaction Technique [38],  

RF sputtering [39] and a Sol–Gel method [40, 41]. 

The Sol-Gel process has several advantages because 

of its simplicity, easily control of the film composition, 

safety, low cost of the apparatus and raw materials [42]. 

The Sol concentrations are one of the interesting 

factors that affect the optical properties of Nanoparticles. 

This is effectively done in the previous works by different 

methods and different oxides [43- 45]. 

In this paper, the researcher selects a Sol-Gel method 

with different concentrations of precursor Sol in the 

production of the SnO2 Nanoparticles. After the production, 

the SnO2 Nanoparticles, the structural properties and 

surface morphologies of the SnO2 Nanoparticles are 

characterized by X-Ray Diffraction (XRD) and Scanning 

Electron Microscopy (SEM). The researchers use the  

UV-Visible spectrophotometer in the wavelength  

190-900nm to measure the optical properties and gets the 

transmittance and absorption spectra. 

 
EXPERIMENTAL SECTION 

The precursor Sol of SnO2 is prepared by the Sol-Gel 

technique as follows. The varying Sol concentration of 

SnO2 was prepared by adding 2.302, 6.907 and 11.511 g 

of SnCl2.2H2O (molar mass 225.63g/mol, purity 98%, 

Merck) to 100 ml of ethanol ((C2H5OH) molar mass 

46.07g/mol, purity 98%, Merck) for 0.01, 0.03 and 0.05 mol 

at room temperature respectively. 

At first, the solution was stirred for one hour using  

a magnetic stirrer (Hotplate Genway 1000 models) until a 

clear solution is obtained without turbidity. To obtain 

homogenous nanoparticles and a transparent Sol,  

the solution was then refluxed for 2 h at 80 ºC (PHYWE LEC 

03.04 models). In order to complete the process, the 

transparent Sol aging for 24 hours [46, 47]. Then the Sol 

placed in the oven at 100 ºC until the white Gel  

is obtained. Then the researchers continue to heat the Gel 

until the Gel became dry. The dry Gel is ground to obtain 

the soft and white powder. Finally, the powder is annealed  

at 500 ºC for 1 hour until SnO2 Nanoparticles is obtained. 

After preparing the Nanoparticles, the structural 

properties and surface morphologies of the SnO2 

Nanoparticles are characterized by X-ray diffraction (X-pert 

seifert3003 model by the Philips company) and scanning 

electron microscopy (SEM: S4160 model by the Hitachi 

company). The researchers use the UV-visible spectrophotometer 

(UV-visible: Varian-Cary5000Scan model) in the 

wavelength 190-900 nm to measure the optical properties. 

 

RESULTS AND DISCUSSION 

The microstructure of the Nanoparticle 

The structure of the SnO2 Nanopowders is studied 

using X-ray diffraction. In order to do this, the 

researchers use 2  range 20–80◦ with radiation of CuKα 

in wavelength λ=1.5406 Å. 

Fig. 1 Shows the XRD patterns of the 0.1M, 0.3M, 

and 0.5 M SnO2 Nanopowders. According to the SnO2 

standard spectra, the peaks have been seen in (110), 

(101), (211), and (301) [48]. XRD patterns show that  

the SnO2 Nanoparticles are in the tetragonal phase. Also, 

it is observed that with increasing the Sol concentration, 

the intensity of the XRD pattern increases. The crystal size is 

calculated by a Scherer formula [49, 50]. 

k
D

cos



 

                                                                    (1) 

Where D is the average crystallite size,  is  

the applied X-ray wavelength, and k=0.89 which is  

a constant  is the diffraction angle in degree and β is  

the full width at half maximum (FWHM) of the diffraction 

peak observed in radians. 

Observation from XRD is shown in Tab. 1 and Fig. 2, 

the crystallites size of 0.1 M, 0.3M, and 0.5 M are 11.7 nm, 

18.8 nm, and 74.8 nm, respectively. It shows that 
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Fig. 1: Patterns of SnO2 Nanoparticles with 0.1M 

concentration (a), 0.3M (b) and 0.5M (c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Average size of Nanoparticles with different Sol 

concentration. 

 

the crystallites size is increased with increasing the Sol 

concentration. 

The surface morphology of powders, observed from 

SEM is shown in Fig. 3 for 0.1M, 0.3M and 0.5M of Sol 

concentration. The SEM is shown in Fig. 1 the average 

size of the grain is 18.1 nm, 33nm, and 43.2nm for 0.1M, 

0.3M, and 0.5M respectively. Those show that the grain 

size of the powders increase when the Sol concentration 

increases. The results of XRD and SEM are equivalent  

to the variation of the particle size. 

 

Optical properties of the nanoparticle 

FT-IR Analysis 

The FT-IR analysis determines the functional group  

of materials available in the Nanopowders. The analysis 

is recorded using an FTIR spectrometer in a range between 

380-4000 cm– 1. Fig. 4 shows the FT-IR spectra of SnO2 

Nanoparticles with 0.1 M of the Sol concentration.  

The bands have been assigned due to the absorption peaks 

of Sn–O, Sn–O–Sn, Sn–OH and C–O, bond vibrations.  

In which the strong absorption band at 3419.38 cm−1 and 

the band at 1633.16 cm−1 are due to the existence of OH 

on the adsorbed water and Sn–OH. A sharp peak  

is appeared at 2341.21 cm−1 due to carbon dioxide, which 

is incorporated from the atmospheric exposure.  

The absorption peak at 669.40 cm−1 is assigned to Sn–O 

and Sn–O–Sn vibrations of SnO2. 

 

UV-Visible Analysis 

In order to study the optical properties of 

Nanoparticles, the researchers dissolved 1 g of the 
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Table 1: The crystallites size of. XRD with different Sol concentration. 

Sol concentration (mol/L) crystallites size (nm) 

0.1 11.7 

0.3 18.8 

0.5 74.8 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 SEM image of SnO2 Nanoparticle fabrication with the (a) 0.1 M, (b) 0.3 M and (C) 0.5 M Sol concentration. 

 

Nanopowders in 50 ml of distilled water in ultrasonic  

for 2 minutes. In the following, the distilled water as a blank 

solution and the Nanopowders solution is put in a 

spectrophotometer (Uv-Visible). Then, the water absorption 

spectra of the distilled water have been omitted from  

the measurement. Finally, absorption spectra of Nanoparticles  

is measured. The researchers use the wavelength in the 

range of 190-900nm to dispatch photon for studying  

the transmittance and the absorption spectra. 

The optical properties measured by UV-Visible 

spectrophotometer (UV-Visible Varian: Cary 500 scans), 

Fig. 5 shows the optical transmittance spectra of tin 

dioxide Nanoparticle with different Sol concentrations 

(0.1 M, 0.3 M, and 0.5 M).  

SnO2 Nanoparticles have high transmittance in the 

wider wavelength. There are three regions in the 

transmission curve. In the first region (250 nm ≤ λ ≤ 900 nm), 

the transmittance increases smoothly. The second region 

(200 nm ≤ λ ≤ 250 nm) is the transmittance falls abruptly. 

In the tertiary region (190 nm ≤ λ ≤ 200 nm) the 

transmittances have an upsurge. The spectra show 

Nanoparticle have high transmittance in the visible 

region. It is observed that average transmittance in the 

visible region is between 65%_ 80% at different 

concentrations, and maximum transmittance in this region 

is 87.5% for 0.1M at 700 nm. It is observed that  

the transmittance in the visible region decreases with 

increasing the Sol concentration. 

The absorption spectra are shown in Fig. 6.  It shows 

the Nanoparticle have low absorption in the first region, 

have an upsurge in the second region, and in the tertiary 

region absorption fall abruptly. The transmittance spectrum  

is characterized by a sharp fall at wavelengths shorter than 

250 nm, corresponding to the energy threshold for band-

edge absorption of SnO2. The edge of absorption goes  

to the shorter wavelength when the concentration of the Sol 

decreases because with decreasing the Sol concentration 

the particle size gets smaller, and the smaller particles 

will better absorb the shorter wavelengths. 

From the transmittance spectra, the optical band gap 

energy of the Nanostructure material values can be 

calculated by Tauc’s relation [51]: 

1

n( h ) A(h Eg)                                                       (2) 

hv is incident photon energy, α is the absorption 

coefficient, A is a constant and Eg is the band gap of the 

material and the exponent n depends on the type of the 

transition. For direct and allowed transition N=1/2, 

indirect transition N=2 and for direct forbidden N=3/2 [52, 53]. 

For calculating the direct band gap value (hv)2 versus hv 

is plotted and it is shown in the inset of Fig. 7  

by extrapolating the straight portion of the graph on  

hv axis at α=0, so the band gap value is calculated. 
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Fig. 4: The FT-IR spectra of SnO2 Nanoparticle with 0.1 M of 

Sol concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The UV-visible Transmittance spectra of SnO2 

Nanoparticle for 0.1 M, 0.3 M and 0.5 M of concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The UV-visible absorption spectra of SnO2 Nanoparticle 

with 0.1 M, 0.3 M and 0.5 M of Sol concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Diagram of the SnO2 Nanoparticle band gap for 

different Sol concentration (0.1M, 0.3 M and 0.5 M). 

 

The band gap value is 4.07ev, 4.28ev and 4.36ev  

for 0.5M, 0.3M and 0.1M of concentration respectively. 

The band gap value of the Nanoparticle is decreased  

by increasing Sol concentration. The decrease in the band 

gap by increasing the concentration is related to the 

increase of particle size. 

 

CONCLUSIONS 

SnO2 Nanoparticle prepared by the Sol-Gel method, 

with different Sol concentration (0.1M, 0.3M, and 0.5M). 

XRD diffraction shows that Nanoparticles are in 

tetragonal phase, and the intensity of the particles 

increased by increasing the Sol concentration. 

Observations from XRD show that the crystallites size of 

0.1 M, 0.3M, and 0.5 M are 11.7 nm, 18.8nm, and 74.8 nm, 

respectively. The average size of SnO2 particles  

decreases by reduction of the Sol concentration. The band 

gap value is 4.07ev for 0.5M of concentration, 4.28ev for 

0.3M of concentration and 4.36ev for 0.1M of 

concentration.  SEM images show that the average grain 

size is about 20-50nm, for different Sol concentration and 

the particle size increases when the Sol concentration 

increases. The optical transmittance spectra show a high 

transmittance in the visible region and transmittance 

decreases by increasing the concentration. The UV-

Visible analysis shows that decreasing the Sol 

concentration will cause the absorption edge to shift  

to the shorter wavelengths because decreasing the Sol 

concentration will reduce the Nanoparticles size and 

smaller Nanoparticles size absorb shorter wavelengths 

better and also increase the band gap. 

 

 

Received : Jan. 14, 2017  ;  Accepted : Aug. 14, 2017 

4000.0         3000            2000           1500             1000          500 

Wavenumber (cm-1) 

130 

 
110 

 
90 

 
70 

 
50 

 
30 

 
10 

T
ra

n
sm

it
ta

n
ce

 (
%

) 

200         300         400         500        600        700         800         900 

Wavenumber (cm-1) 

130 

 
110 

 
90 

 
70 

 
50 

 
30 

 
10 

T
ra

n
sm

it
ta

n
ce

 (
%

) 

200         300         400         500        600        700         800         900 

Wavenumber (cm-1) 

100 

 

 

 

75 

 

 
 

50 

 

 

 

25 

 

 
 

0.0 

T
ra

n
sm

it
ta

n
ce

 (
%

) 

3.7     3.8     3.9      4.0      4.1     4.2      4.3     4.4     4.5      4.6     4.7 

hv(ev) 

500 

 

 

400 

 

 
300 

 

 

200 

 

 
100 

 

 

0 

(d
h

v
)2

(e
v

2
/c

m
2
) 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Iran. J. Chem. Chem. Eng. Razeghizadeh A.R. et al. Vol. 37, No. 2, 2018 

 

30                                                                                                                                                                    Research Article 

REFERENCES 

[1] Vincent. C.A.,The Nature of Semi Conductivity  

in Polycrystalline Tin Oxide, Journal of The 

Electrochemical Society, 119: 515-518 (1972). 

[2] Chopra K.L., Major S., Pandya D.K., Transparent 

Conductors—A Status Review, Thin Solid Films, 

102(1): 1-46 (1983). 

[3] Chen Z., Lai J.K.L., Shek C.H., Chen H., Synthesis 

and Structural Characterization of Rutile SnO2 

Nanocrystals. Journal of Materials Research, 

18(06): 1289-1292 (2003). 

[4] Popova L.I., Michailov M.G., Gueorguiev V.K., 

Shopov A., Structure and Morphology of Thin SnO2 

Films, Thin Solid Films, 186: 107-112 (1990). 

[5] Cirera A., Vila A., Dieguez A., Cabot A., Cornet A., 

Morante J.R., Microwave Processing for the Low 

Cost, Mass Production of Undoped and in Situ 

Catalytic Doped Nanosized SnO2 Gas Sensor Powders, 

Sensors and Actuators B: Chemical, 64: 65-69 (2000). 

[6] Heilig A., Barsan N., Weimar U., Göpel W., 

Selectivity Enhancement of SnO2 Gas Sensors: 

Simultaneous Monitoring of Resistances and 

Temperatures, Sensors and Actuators B: Chemical 

58: 302-309 (1999). 

[7] Korotcenkov G., Cho B.K., Brinzari V., Gulina L.B., 

Tolstoy V.P, Catalytically Active Filters Deposited 

by SILD Method for Inhibiting Sensitivity to Ozone 

of SnO2-Based Conductometric Gas Sensors, 

Ferroelectrics, 459: 46-51 (2014). 

[8] b Kadir R., Li Z., Sadek A.Z., Abdul Rani R., 

Zoolfakar A.S., Field M.R., Ou J.Z., Chrimes A.F., 

Kalantar-Zadeh K., Electrospun Granular Hollow 

SnO2 Nanofibers Hydrogen Gas Sensors Operating 

at Low Temperatures, The Journal of Physical 

Chemistry C, 118: 3129-3139 (2014). 

[9] Su H.C., Zhang M., Bosze W., Myung N.V., Tin 

Dioxide Functionalized Single-Walled Carbon Nanotube 

(SnO2/SWNT)-Based Ammonia Gas Sensors and 

Their Sensing Mechanism, Journal of The 

Electrochemical Society, 161: B283-B290 (2014). 

[10] Filipovic L., Selberherr S., Mutinati G.C., Brunet E., 

Steinhauer, S., Köck, A., Teva, J., Kraft, J., Siegert, J., 

Schrank, F. and Gspan, C., Modeling and Analysis 

of Spray Pyrolysis Deposited SnO2 Films for Gas 

Sensors, In Transactions on Engineering 

Technologies,       : 295-310 (2014). 

[11] Pavelko R.G., Yuasa M., Kida T., Shimanoe K., 

Yamazoe N., Impurity Level in SnO2 Materials and 

Its Impact on Gas Sensing Properties, Sensors and 

Actuators B: Chemical, 210:719-725 (2015). 

[12] Ohodnicki P.R., Natesakhawat S., Baltrus J.P., 

Howard B., Brown T.D., Characterization of 

Optical, Chemical, and Structural Changes Upon 

Reduction of Sol–Gel Deposited SnO2 Thin Films 

for Optical Gas Sensing at High Temperatures,  

Thin Solid Films, 520: 6243-6249 (2012). 

[13] Presley R.E., Munsee C.L., Park C.H., Hong D., 

Wager J.F., Keszler D.A, Tin Oxide Transparent 

Thin-Film Transistors, Journal of Physics D: 

Applied Physics, 37: 2810 (2004). 

[14] Novinrooz A., Sarabadani P., Garousi J., 

Characterization of Pure and Antimony Doped SnO2 

Thin Films Prepared by the Sol-Gel Technique, 

Iranian Journal of Chemistry and Chemical 

Engineering (IJCCE), 25(2): 31-38.(2006) 

[15] Sun Y.H., Dong P.P., Lang X., Chen H.Y., Nan J.M., 

Comparative Study of Electrochemical Performance 

of SnO2 Anodes with Different Nanostructures for 

Lithium-Ion Batteries, Journal of Nanoscience and 

Nanotechnology 15: 5880-5888 (2015). 

[16] Peng Z., Shi Z., Liu M, Mesoporous Sn–TiO2 

Composite Electrodes for Lithium Batteries, 

Chemical Communications, 21: 2125-2126 (2000). 

[17] Kim H.H., Park C., Choi W., Cho S., Moon B.,  

Son D.I., Low-Temperature-Fabricated ZnO, AZO, 

and SnO2 Nanoparticle-Based Dye-Sensitized Solar 

Cells, Journal of the Korean Physical Society, 65: 

1315-1319 (2014). 

[18] Zhu Z., Bai Y., Liu X., Chueh C.C., Yang S.,  

Jen A.K.Y., Enhanced Efficiency and Stability of 

Inverted Perovskite Solar Cells Using Highly 

Crystalline SnO2 Nanocrystals as the Robust 

Electron‐Transporting Layer, Advanced Materials, 

28(30): 6478-6484 (2016). 

[19] UZum Felde U., Haase M., Weller H., 

Electrochromism of Highly Doped Nanocrystalline 

SnO2: Sb. The Journal of Physical Chemistry B, 

104(40): 9388-9395 (2000). 

[20] Vequizo J.J.M., Ichimura M., Fabrication of 

Electrodeposited SnS/SnO2 Heterojunction Solar 

Cells, Japanese Journal of Applied Physics, 

51(10S): 10NC38 (2012). 

www.SID.ir

http://jes.ecsdl.org/content/119/4/515.short
http://jes.ecsdl.org/content/119/4/515.short
http://www.sciencedirect.com/science/article/pii/0040609083902560
http://www.sciencedirect.com/science/article/pii/0040609083902560
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7984793&fileId=S0884291400064025
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7984793&fileId=S0884291400064025
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7984793&fileId=S0884291400064025
http://www.sciencedirect.com/science/article/pii/0040609090905047
http://www.sciencedirect.com/science/article/pii/0040609090905047
http://www.sciencedirect.com/science/article/pii/S0925400599004852
http://www.sciencedirect.com/science/article/pii/S0925400599004852
http://www.sciencedirect.com/science/article/pii/S0925400599004852
http://www.sciencedirect.com/science/article/pii/S092540059900091X
http://www.sciencedirect.com/science/article/pii/S092540059900091X
http://www.sciencedirect.com/science/article/pii/S092540059900091X
http://www.tandfonline.com/doi/abs/10.1080/00150193.2013.837765
http://www.tandfonline.com/doi/abs/10.1080/00150193.2013.837765
http://www.tandfonline.com/doi/abs/10.1080/00150193.2013.837765
http://pubs.acs.org/doi/abs/10.1021/jp411552z
http://pubs.acs.org/doi/abs/10.1021/jp411552z
http://pubs.acs.org/doi/abs/10.1021/jp411552z
http://jes.ecsdl.org/content/161/14/B283.short
http://jes.ecsdl.org/content/161/14/B283.short
http://jes.ecsdl.org/content/161/14/B283.short
http://jes.ecsdl.org/content/161/14/B283.short
https://link.springer.com/chapter/10.1007/978-94-017-8832-8_22
https://link.springer.com/chapter/10.1007/978-94-017-8832-8_22
https://link.springer.com/chapter/10.1007/978-94-017-8832-8_22
http://www.sciencedirect.com/science/article/pii/S0925400515000544
http://www.sciencedirect.com/science/article/pii/S0925400515000544
http://www.sciencedirect.com/science/article/pii/S0040609012005974
http://www.sciencedirect.com/science/article/pii/S0040609012005974
http://www.sciencedirect.com/science/article/pii/S0040609012005974
http://www.sciencedirect.com/science/article/pii/S0040609012005974
http://iopscience.iop.org/article/10.1088/0022-3727/37/20/006/meta
http://iopscience.iop.org/article/10.1088/0022-3727/37/20/006/meta
http://www.ijcce.ac.ir/article_8077.html
http://www.ijcce.ac.ir/article_8077.html
http://www.ingentaconnect.com/content/asp/jnn/2015/00000015/00000008/art00058
http://www.ingentaconnect.com/content/asp/jnn/2015/00000015/00000008/art00058
http://www.ingentaconnect.com/content/asp/jnn/2015/00000015/00000008/art00058
http://pubs.rsc.org/en/content/articlehtml/2000/cc/b007687m
http://pubs.rsc.org/en/content/articlehtml/2000/cc/b007687m
https://link.springer.com/article/10.3938/jkps.65.1315
https://link.springer.com/article/10.3938/jkps.65.1315
https://link.springer.com/article/10.3938/jkps.65.1315
http://onlinelibrary.wiley.com/doi/10.1002/adma.201600619/full
http://onlinelibrary.wiley.com/doi/10.1002/adma.201600619/full
http://onlinelibrary.wiley.com/doi/10.1002/adma.201600619/full
http://onlinelibrary.wiley.com/doi/10.1002/adma.201600619/full
http://pubs.acs.org/doi/abs/10.1021/jp0010031
http://pubs.acs.org/doi/abs/10.1021/jp0010031
http://iopscience.iop.org/article/10.1143/JJAP.51.10NC38/meta
http://iopscience.iop.org/article/10.1143/JJAP.51.10NC38/meta
http://iopscience.iop.org/article/10.1143/JJAP.51.10NC38/meta
www.sid.ir


Arc
hive

 of
 S

ID

Iran. J. Chem. Chem. Eng. Effects of Sol Concentration on the Structural and ... Vol. 37, No. 2, 2018 

 

Research Article                                                                                                                                                                    31 

[21] Jeong J.A., Kim H.K., Characteristics of Inkjet-

Printed Nano Indium Tin Oxide Particles for 

Transparent Conducting Electrodes. Current Applied 

Physics, 10(4): e105-e108 (2010). 

[22] Minami T., Substitution of Transparent Conducting 

Oxide Thin Films for Indium Tin Oxide Transparent 

Electrode Applications, Thin Solid Films, 516(7): 

1314-1321 (2008). 

[23] Maekawa T., Suzuki K., Takada T., Kobayashi T., 

Egashira M., Odor Identification Using a SnO 2-

Based Sensor Array, Sensors and Actuators B: 

Chemical, 80(1): 51-58 (2001). 

[24] Ray S.C., Karanjai M.K., DasGupta D., Tin  

Dioxide Based Transparent Semiconducting Films 

Deposited by the Dip-Coating Technique,  

Surface and Coatings Technology, 102(1):73-80 

(1998). 

[25] Liu Y.F., Feng J., Zhang Y.F., Cui H.F., Yin D.,  

Bi Y.G., Song J.F., Chen Q.D., Sun H.B., Improved 

Efficiency of Indium-Tin-Oxide-Free Organic Light-

Emitting Devices Using PEDOT: PSS/Graphene 

Oxide Composite Anode, Organic Electronics, 26: 

81-85 (2015). 

[26] Huang S., Wang Z., Xu J., Wang L., Lu D., Yuan T., 

Simulation of the Spectra and Determination of the 

Optical Constants of Online Low-Emission Glass 

from Visible to Mid-Infrared Region, Thin Solid 

Films, 517(9): 2963-2967 (2009). 

[27] Ozer N., Cronin J.P., Sol-Gel Electrochromic 

Materials and Devices, In Key Engineering 

Materials, 264, 337-342 (2004). 

[28] Joy K., Maneeshya L.V., Thomas J.K., Thomas P.V., 

Effect of Sol Concentration on the Structural, 

Morphological, Optical and Photoluminescence 

Properties of Zirconia Thin Films, Thin Solid Films, 

520(7): 2683-2688 (2012). 

[29] Sakhare R.D., Navale Y.H., Navale S.T. Patil V.B., 

Investigation of Structural, Morphological and 

Electrical Properties of Nanocomposite Based on 

SnO2 Nanoparticles Filled Polypyrrole Matrix, 

Journal of Materials Science: Materials in 

Electronics, 28(15): 1-10 (2017). 

[30] Aziz M., Abbas S.S., Baharom W.R.W., Size-

Controlled Synthesis of SnO2 Nanoparticles by  

Sol–Gel Method, Materials Letters, 91: 31-34 

(2013). 

[31] Liang C., Shimizu Y., Sasaki T., Koshizaki N., 

Synthesis of Ultrafine SnO2-x Nanocrystals by 

Pulsed Laser-Induced Reactive Quenching in Liquid 

Medium, The Journal of Physical Chemistry B, 

107(35): 9220-9225 (2003). 

[32] Dai Z.R., Gole J.L., Stout J.D., Wang Z.L.,  

Tin Oxide Nanowires, Nanoribbons, and Nanotubes, 

The Journal of Physical Chemistry B, 106(6): 1274-

1279 (2002). 

[33] Zhu J.J., Zhu J.M., Liao X.H., Fang J.L., Zhou M.G., 

Chen H.Y., Rapid Synthesis of Nanocrystalline 

SnO2 Powders by Microwave Heating Method, 

Materials Letters, 53(1): 12-19 (2002). 

[34] Pourfayaz F., Khodadadi A., Mortazavi Y., 

Mohajerzadeh S.S., CeO2 Doped SnO2 Sensor 

Selective to Ethanol in Presence of CO, LPG and 

CH4, Sensors and Actuators B: Chemical, 108(1): 

172-176 (2005). 

[35] Bhadra J., Sarkar D., Field Effect Transistor 

Fabricated from Polyaniline-Polyvinyl Alcohol 

Nanocomposite, Indian Journal of Physics, 84(6): 

693-697 (2010). 

[36] Devi S., Srivastva M., Solgel Synthesis and Structural 

Characterization of Silver-Silica Nanocomposites, Indian 

Journal of Physics, 84(11): 1561-1566 (2010). 

[37] Saikia P., Borthakur A., Saikia P.K., Structural, 

Optical and Electrical Properties of Tin Oxide Thin 

Film Deposited by APCVD Method, Indian Journal 

of Physics, 85(4): 551-558 (2011). 

[38] Novinrooz A., Sarabadani P., Rezainik Y., Synthesis 

and Processing of SnO2, CaSnO3 and Ca2SnO4 

Nanopowders by Solid-State Reaction Technique. 

Iranian Journal of Chemistry and Chemical 

Engineering (IJCCE), 28(2): 113-119 (2009). 

[39] Park J., Lee I., Kim J., Physical and Optical 

Properties of SnO2/ZnO Film Prepared by an RF 

Magnetron Sputtering Method, Journal of Nanoscience 

and Nanotechnology, 16(3): 2983-2986 (2016) 

[40] Abbas S.S., Aboud H., Sol–Gel Grown SnO2 

Nanoparticles: Evaluation of Structure, Morphology, 

and Raman Spectra Journal of Electronic Materials,  

46(11): 1-7 (2017). 

[41] Diana T., Devi K.N., Sarma H.N., On the Optical 

Properties of SnO2 Thin Tilms Prepared by Sol-Gel 

Method, Indian Journal of Physics, 84(6): 687-691 

(2010). 

www.SID.ir

http://www.sciencedirect.com/science/article/pii/S1567173910001653
http://www.sciencedirect.com/science/article/pii/S1567173910001653
http://www.sciencedirect.com/science/article/pii/S1567173910001653
http://www.sciencedirect.com/science/article/pii/S0040609007004208
http://www.sciencedirect.com/science/article/pii/S0040609007004208
http://www.sciencedirect.com/science/article/pii/S0040609007004208
http://www.sciencedirect.com/science/article/pii/S0925400501008851
http://www.sciencedirect.com/science/article/pii/S0925400501008851
http://www.sciencedirect.com/science/article/pii/S0257897297005616
http://www.sciencedirect.com/science/article/pii/S0257897297005616
http://www.sciencedirect.com/science/article/pii/S0257897297005616
http://www.sciencedirect.com/science/article/pii/S1566119915300033
http://www.sciencedirect.com/science/article/pii/S1566119915300033
http://www.sciencedirect.com/science/article/pii/S1566119915300033
http://www.sciencedirect.com/science/article/pii/S1566119915300033
http://www.sciencedirect.com/science/article/pii/S0040609008014685
http://www.sciencedirect.com/science/article/pii/S0040609008014685
http://www.sciencedirect.com/science/article/pii/S0040609008014685
https://www.scientific.net/KEM.264-268.337
https://www.scientific.net/KEM.264-268.337
http://www.sciencedirect.com/science/article/pii/S0040609011020190
http://www.sciencedirect.com/science/article/pii/S0040609011020190
http://www.sciencedirect.com/science/article/pii/S0040609011020190
https://link.springer.com/article/10.1007/s10854-017-6900-z
https://link.springer.com/article/10.1007/s10854-017-6900-z
https://link.springer.com/article/10.1007/s10854-017-6900-z
http://www.sciencedirect.com/science/article/pii/S0167577X12013687
http://www.sciencedirect.com/science/article/pii/S0167577X12013687
http://www.sciencedirect.com/science/article/pii/S0167577X12013687
http://pubs.acs.org/doi/abs/10.1021/jp0347466
http://pubs.acs.org/doi/abs/10.1021/jp0347466
http://pubs.acs.org/doi/abs/10.1021/jp0347466
http://pubs.acs.org/doi/abs/10.1021/jp0347466
http://pubs.acs.org/doi/abs/10.1021/jp013214r
http://www.sciencedirect.com/science/article/pii/S0167577X01004451
http://www.sciencedirect.com/science/article/pii/S0167577X01004451
http://www.sciencedirect.com/science/article/pii/S0925400505000766
http://www.sciencedirect.com/science/article/pii/S0925400505000766
http://www.sciencedirect.com/science/article/pii/S0925400505000766
https://link.springer.com/article/10.1007/s12648-010-0073-4
https://link.springer.com/article/10.1007/s12648-010-0073-4
https://link.springer.com/article/10.1007/s12648-010-0073-4
http://www.springerlink.com/index/XV1430Q57266892Q.pdf
http://www.springerlink.com/index/XV1430Q57266892Q.pdf
http://www.springerlink.com/index/X648832V33650605.pdf
http://www.springerlink.com/index/X648832V33650605.pdf
http://www.springerlink.com/index/X648832V33650605.pdf
http://www.ijcce.ac.ir/article_13399.html
http://www.ijcce.ac.ir/article_13399.html
http://www.ijcce.ac.ir/article_13399.html
http://www.ingentaconnect.com/content/asp/jnn/2016/00000016/00000003/art00139
http://www.ingentaconnect.com/content/asp/jnn/2016/00000016/00000003/art00139
http://www.ingentaconnect.com/content/asp/jnn/2016/00000016/00000003/art00139
https://link.springer.com/article/10.1007/s11664-017-5663-x
https://link.springer.com/article/10.1007/s11664-017-5663-x
https://link.springer.com/article/10.1007/s11664-017-5663-x
https://link.springer.com/article/10.1007/s12648-010-0072-5
https://link.springer.com/article/10.1007/s12648-010-0072-5
https://link.springer.com/article/10.1007/s12648-010-0072-5
www.sid.ir


Arc
hive

 of
 S

ID

Iran. J. Chem. Chem. Eng. Razeghizadeh A.R. et al. Vol. 37, No. 2, 2018 

 

32                                                                                                                                                                    Research Article 

[42] Hench L.L., West J.K., The Sol-Gel Process, 

Chemical Reviews, 90(1); 33-72 (1990). 

[43] Dutta M., Mridha S., Basak D., Effect of Sol 

Concentration on the Properties of ZnO Thin Films 

Prepared by Sol–Gel Technique, Applied Surface 

Science, 254(9): 2743-2747 (2008). 

[44] Liu J., Zhao X., Duan L., Cao M., Guan M., Guo W.,  

Effect of Solution Concentration on the Structural, 

Optical and Conductive Properties of ZnO Thin 

Films Prepared by Sol–Gel Method, Journal of 

Materials Science: Materials in Electronics, 24(12): 

4932-4937 (2013). 

[45] Saravanakumar M., Agilan S., Muthukumarasamy N., 

Marusamy A., Prabaharan K., Ranjitha A., 

Maheshwari P.U., Influence of Source Concentration 

on Structural and Optical Properties of SnO2 Nanoparticles 

Prepared by Chemical Precipitation Method, Indian 

Journal of Physics, 88(8): 831-835 (2014). 

[46] Gu Z., Liang P., Liu X., Zhang W., Le Y., 

Characteristics of Sol-Gel SnO2 Films Treated  

by Ammonia, Journal of Sol-Gel Science and 

Technology, 18(2): 159-166 (2000). 

[47] Razeghizadeh A.R., Zalaghi L., Kazeminezhad I., 

Rafee V, Growth and Optical Properties 

Investigation of Pure and Al-doped SnO2 

Nanostructures by Sol-Gel Method, Iranian Journal 

of Chemistry and Chemical Engineering (IJCCE),  

36(5) : 1-8 (2017) 

[48] Joint Committee on Powder Diffraction Standards, 

Powder Diffraction File No.JCPDS-41-1445) (ICSD data). 

[49] Razeghizadeh A., Mahmoudi Ghalvandi M., 

Sohillian F., Rafee V., The Effect of Substrate on 

Structural and Electrical Properties of Cu3N Thin 

Film by DC Reactive Magnetron Sputtering, 

Physical Chemistry Research, 5(3): 497-504 (2017). 

[50] Razeghizadeh A., Elahi E., Rafee, V., Investigation 

of UV-Vis Absorbance of TiO2 Thin Films 

Sensitized with the Mulberry Pigment Cyanidin  

by Sol-Gel Method, Nashrieh Shimi va Mohandesi 

Shimi Iran, 35: 1-8 (2016). [in Persian] 

[51] Ghadami Jadval Ghadam A., Idrees M., 

Characterization of CaCO3 Nanoparticles Synthesized 

by Reverse Microemulsion Technique in Different 

Concentrations of Surfactants, Iranian Journal of 

Chemistry and Chemical Engineering (IJCCE), 

32(3): 27-35 (2013). 

[52] Pankove J., "Optical Properties of Semiconductors", 

(Dove Publication Inc., New York, 1971). 

[53] Themlin J.M., Sporken R., Darville J., Caudano R., 

Gilles J.M., Johnson R.L., Resonant-Photoemission 

Study of SnO2: Cationic Origin of the Defect Band-

Gap States, Physical Review B, 42(18): 11914-  

(1990). 

www.SID.ir

http://pubs.acs.org/doi/abs/10.1021/cr00099a003?journalCode=chreay
http://www.sciencedirect.com/science/article/pii/S016943320701450X
http://www.sciencedirect.com/science/article/pii/S016943320701450X
http://www.sciencedirect.com/science/article/pii/S016943320701450X
https://link.springer.com/article/10.1007/s10854-013-1500-z
https://link.springer.com/article/10.1007/s10854-013-1500-z
https://link.springer.com/article/10.1007/s10854-013-1500-z
https://link.springer.com/article/10.1007/s10854-013-1500-z
https://link.springer.com/article/10.1007/s12648-014-0499-1
https://link.springer.com/article/10.1007/s12648-014-0499-1
https://link.springer.com/article/10.1007/s12648-014-0499-1
http://www.springerlink.com/index/L650704541VL1034.pdf
http://www.springerlink.com/index/L650704541VL1034.pdf
http://www.ijcce.ac.ir/article_23801.html
http://www.ijcce.ac.ir/article_23801.html
http://www.ijcce.ac.ir/article_23801.html
http://physchemres.org/article_45112.html
http://physchemres.org/article_45112.html
http://physchemres.org/article_45112.html
http://nsmsi.ir/article_23071_en.html
http://nsmsi.ir/article_23071_en.html
http://nsmsi.ir/article_23071_en.html
http://nsmsi.ir/article_23071_en.html
http://www.ijcce.ac.ir/article_5739.html
http://www.ijcce.ac.ir/article_5739.html
http://www.ijcce.ac.ir/article_5739.html
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.42.11914
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.42.11914
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.42.11914
www.sid.ir

