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A comparative study of size, morphology, surface area and optical properties of tin oxide (SnO2) nanoparticles has been 
reported in this article. SnO2 nanoparticles have been successfully synthesized by using different solvents such as water, 
water-butanol and water-ethylene glycol via hydrothermal method. X-ray powder diffraction (XRD), Scanning electron 
microscopy (SEM), Transmission electron microscopy (TEM), Energy dispersive X-ray spectra (EDX), UV–vis absorption 
and Photoluminescence (PL) spectra were used to characterize the calcined SnO2 samples. XRD analysis revealed that all 
relevant Bragg reflection for tetragonal rutile structure of SnO2 nanoparticles. The non-uniform, uniform, and well dispersed 
spherical nanoparticles like morphologies of the calcined water, water-butanol and water-ethylene glycol mediated SnO2 
samples in the SEM and TEM images. The band gap energies were calculated to be 3.73, 3.78 and 3.81eV from the UV-vis 
absorbance spectra. PL emission spectra show that the SnO2 nanoparticles generate a visible light emission that acts as a 
luminescent centre.  
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1. Introduction 
 
In recent years, there has been a tremendous increase 

in research activity in the field of nanosized materials. 
This is because interesting variations in the properties of 
materials in nanosized configuration as compared to their 
bulk counterparts, and hence their novel application 
potential. The size, shape and crystal structure of 
nanosized materials are important parameters that have 
control their chemical, optical and electrical properties. 
Metal oxide semiconductors are extensively used in the 
production of commercial gas sensors. SnO2 sensors have 
been dominated among these due to their high sensitivity, 
quick response, resistance to corrosion, etc. [1-3].Tin 
oxide is an n type semiconductor with excellent optical 
and electrical properties, partly due to its wide band gap 
(Eg = 3.6 eV at 300K). Nanosized SnO2 has been 
extensively investigated in various areas, such as 
transparent conductive electrodes and transistors [4-7], Li-
ion batteries [8,9], dye-sensitize solar cells [10], and 
chemical gas sensors [11-12]. Till now many methods 
have been developed to synthesize SnO2 nanocrystallites, 
including sol- gel [13], chemical vapor deposition [14], 
annealing precursors powders [15,16], thermal evaporation 
[17] and microwave heating [18]. Among the other 
methods, the hydrothermal approach is a better alternative 
with the advantages of high purity, controlled 
stoichiometric, microstructure, morphology, homogenity, 
high crystallinity, narrow particle size distribution and low 
environmental pollution. The hydrothermal processing is 
alternative to calcinations for the crystallization of SnO2 
under mild temperatures. Poly (ethylene glycol) 
(abbreviated as PEG), is known to be able to provide an 
inexpensive, thermally stable and non-toxic reaction 
medium [19].  

Starting from tin chlorides (SnCl4 or SnCl2) is 
generally preferred because they are easy to performs and 
the cost is very low, but the chlorine ions are very difficult 
to remove and the residual chlorine ions often affect the 
surface and electrical properties, introducing a random n-
type doping in the material [20], modifying the sensitivity 
of sensors [21], causing agglomeration among particles 
[22] and leading to higher sintering temperatures [23]. In 
the chemical methods reported in the literature the most 
common precursor used was SnCl4·5H2O with the 
oxidation state IV of tin in solution leading to the 
formation of SnO2 nanocrystals [24-27]. 

The main purpose of the present research is to study 
the influence of water, water-butanol and water-ethylene 
glycol solvents on the size, morphology, surface area and 
optical properties of the SnO2 nanoparticles were 
investigated. 

 
 
2. Experimental  
 
All chemical reagents were commercial with AR 

purity, and used directly without purification.SnCl4.5H2O 
(4.532 g) was dissolved in 10 ml of water. Then 3g of 
sodium hydroxide pellet was dissolved in 10 ml of 
distilled water. These solutions were added drop-wisely to 
the well-stirred solution until forming a transparent 
solution. A total of 25 ml of PEG-400 was put into the 
above solution with stirring for about 10 min. Then, the 
above solution with was loaded into a 75 ml Teflon-lined 
stainless autoclave. The autoclave was sealed and 
maintained at 150 ºC for 4 h, followed by cooling it to 
room temperature. The white precipitate was obtained and 
was washed several times with distilled water and absolute 
ethanol. Then dried in vacuum at 60 ºC for 4 h and then 
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obtained ash colored samples was calcined at 450 ºC for   
2 h. Finally, white colored  SnO2 powders were obtained. 
The same procedure was followed for the white, pale 
yellow colored SnO2 powders using solvent such as water-
butanol and water-ethylene glycol. 

A similar mechanisms was reported by Hongling Zhu 
et al, in tin oxide nanoparticles via  hydrothermal method 
[28]. As we can expect like this formation mechanism 
might applicable to our current synthetic procedure water 
instead of using water-butanol and water-ethylene glycol.    

The obtained samples were characterized by X-ray 
powder diffraction (XRD). XRD pattern was collected on 
a schimadzu model; XRD 6000 with CuKα radiation            
(λ= 1.547 Å), at scanning rate of 0.04 s-1 was applied to 
record the pattern in the range 20–70º. The specific surface 
area of SnO2 samples can be roughly calculated by using  
S= 6* 104 /ρ*D formula. Where  ρ = density, D = Average 
grain size. Scanning electron microscope (SEM) analysis 
was carried out for the sample on a JEOL- JSM - 67001 
SEM. Transmission electron microscopy (TEM) was 
carried out on CM-20 TEM using accelerating voltage 100 
kV. Energy dispersive X-ray spectrum analysis (EDS) 
were carried out for the sample on a Philips model CM-20 
TEM. UV-Vis absorption spectra of the samples were 
recorded at room temperature by using Varian cary5E 
spectrophotometer. The photoluminescence (PL) spectra 
were recorded by Fluoromax-4 spectrofluorometer with a 
Xe lamp excitation light source.  

 
 
3. Results and discussion 
 
Fig 1(a-c) (water, water-butanol and water-ethylene 

glycol) shows the XRD patterns of the SnO2 nanoparticles 
calcined at 450 ºC. All the samples are crystalline and the 
diffraction peaks can be indexed as the tetragonal rutile 
structure, which is consistent with the reported data 

(JCPDS file no.77-0450). No other phase can be detected. 
The diffraction peaks are markedly broad, which indicates 
that the crystallite sizes of samples are small. The average 
crystallite size is about 6 nm at water-ethylene glycol 
medium, which is the smallest to the other solvents such as 
water, water-butanol. Using Debye-scherrer’s equation           
(D = 0.89λ/βcosθ), the average crystallite sizes of SnO2 
nanoparticles could be determined. The average crystallite 
size, particle size, surface morphology, surface area and 
band gap of calcined SnO2 nanoparticles are tabulated in 
Table1. 

 Assuming the particles to be a sphericity, the specific 
surface area of SnO2 samples could be roughly calculated 
to be 95.37, 107.29 and 143.06 m2g-1 by using S = 6* 104 
/ρ*D formula.  
 

  
Fig. 1 XRD patterns of the SnO2 nanoparticles calcined 
at 450ºC solvent mediated (a) water, (b) water-butanol, 

and (c)water-ethylene glycol. 

 
 Table 1 Different properties of as-synthesized SnO2 nanoparticles. 

 
SnO2samples Crystallite size 

(nm) 
Particle size (nm) morphology Surface area 

(m2/g) 
Band gap 
(eV) 

Water 9 ~ 9-9.5 Non-uniform 
spherical 

95.37 3.73 

Water-butanol  
7 

~ 7-8 Uniform 
spherical 

107.29 3.78 

Water-ethylene 
glycol 

6  ~ 6-6.5 Uniform 
spherical 

143.06 3.81 

 
The surface morphology of the samples obtained 

using water; water-butanol and water-ethylene glycol as 
examined by SEM is shown in Fig. 2 (a-c). Non-uniform 
spherical-like morphologies were observed for the figure 
2a (water).  

The uniform spherical morphologies were observed 
for the Fig. 2b (water-butanol).The uniform spherical like 
morphology was also observed for the Fig. 2c (water-
ethylene glycol).  

 



Hydrothermal synthesis of solvents assisted SNO2 nanoparticles and their optical properties                                  1061 
 

 

 

 
 

Fig. 2. SEM image s of  SnO2  nanoparticles  solvent 
mediated (a) water (b) water-butanol and (c) water- 

ethylene glycol. 
 
 

Fig. 3 shows TEM image of the SnO2 nanoparticles 
calcined at 450 ºC. The non-uniform spherical-like 
morphology of aggregated water mediated SnO2 
nanoparticles with particle size range from ~9-9.5nm. 
However, the uniform spherical-like morphology  with 
particle size ranges from ~ 7-8nm, which is weakly, 
aggregated.  The well dispersed fine spherical like 
morphologies were observed for the sample with average 
particle size ~ 6-6.5 nm, which is consistent with the SEM 
(Fig. 2c) and XRD analysis (Fig..1c). The different particle 
size reveals the key role of individual solvent in 
controlling the abrupt nucleation and crystal orientation. 
Smaller nanoparticles were observed in water-ethylene 
glycol mediated SnO2 sample. Because water-ethylene 
glycol might form a protective layer around the particle 
surface via the interaction of its OH group with the surface 
of precipitate, preventing the particle agglomeration. The 
size of primary nanoparticles can be determined from 
dark-field imaging by this study. Use of dark-field image 
for determining the particle is preferred over X-ray line 
broadening [29].  

The selected area electron diffraction (SAED) pattern 
of SnO2 nanoparticles prepared from the various solvents 
as shown in the inset of Fig. 3(a-c).All the ring patterns 
exhibit the lattice planes such as  (110), (101), (200), 
(211), (301) have the single crystalline nature of the 
tetragonal rutile structure of SnO2 nanoparticles, which is 
good agreement with the XRD patterns. 

Fig. 4 shows that the EDX pattern of the ethylene 
glycol assisted SnO2 nanoparticles at 450ºC. The sample 
was composed weighted percentage of Sn -85.50 % and O-
14.40 % which clearly indicates that the synthesized 
sample is tin oxide (SnO2) nanoparticles. 
 
 

 

 

 
 

 
Fig. 3.  TEM  images  of  SnO2  nanoparticles  solvent 
mediated (a) water (b) water-butanol and (c) water- 

ethylene glycol 
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Fig. 4. EDX spectrum of ethylene glycol mediated SnO2 
nanoparticles. 

 
 

UV–vis absorption spectrum which has been 
extensively studied is one of the most important methods 
to reveal the energy structures and optical properties of 
semiconductor nanostructures. Fig. 5 represents the UV 
absorption spectra of SnO2 nanoparticles, and absorbance 
edges were observed at 332, 328, and 325 nm for different 
solvent mediated like water, water-butanol and water-
ethylene glycol respectively (Fig. 5(a-c)). In all the cases, 
the blue shifts were observed. Considering the blue shift of 
the of the absorption onsets of the presents samples can be 
assigned to the direct transition of electron in the SnO2 
nanoparticles. The corresponding band gap energies can be 
calculated to be 3.73, 3.78 and 3.81 eV and are larger than 
the bulk SnO2 (Eg=3.6 eV) [30].  

The PL emission spectra of SnO2 samples such as 
water, water-butanol and water-ethylene glycol are shown 
in Fig. 6(a-c). The water mediated SnO2 sample presents 
are not an intense PL band in both UV and visible regions 
(Fig. 6a). However, the water-butanol and water-ethylene 
glycol mediated SnO2 samples shows an intense strong 
abide  PL band centered at ~ 400 nm together with a 
shoulder peak at 413,420,445,450,463,467,473 and 482 
nm in both cases (Fig. 6b and 6c).  
 

 
Fig. 5.  UV-Vis  absorption  spectra  of  the  SnO2 

nanoparticles solvent mediated (a)water (b) water- 
butanol, and (c) water-ethylene glycol. 

 
Fig. 6 Emission spectra of the SnO2 nanoparticles solvent 
mediated  (a)  water, (b)  water-butanol,  and  (c)  water- 

ethylene glycol. 
 
 

The UV emission in SnO2 samples is attributed to 
electron transition mediated by defect levels in the 
bandgap, such as oxygen vacancies [31-34]. The origin of 
the emission band at 445 nm is not clear. Gu et al.[32] put 
forward that this band might originate from the 
luminescent centres formed by such tin interstitials or 
dangling in SnO2 nanoparticles, but the detail was not 
discussed. Cheng et al. [35] proposed that this band may 
be related to crystal defects or defect levels associated 
with oxygen vacancies, or tin interstitials. Das et al. [36] 
pointed out that the visible emission band around 400–500 
nm for SnO2 nanoparticles can be assumed to be due to the 
formation of luminescent centre. The well known stronger 
and broader emission situted (except Fig. 6a Low intensity 
UV and visible emission signal) in the yellow-green part 
of the visible spectra is much lower, which suggests that 
the as-obtained SnO2 samples are high pure and crystalline 
with a rather low concentration of oxygen vacencies. 

 
 
4. Conclusions 
 
Hydrothermal synthesis of SnO2 nanoparticles have 

been successfully synthesized by using different solvents 
such as water, water-butanol and water-ethylene glycol. 
The XRD pattern revealed that the obtained products 
exhibit tetragonal rutile structure of SnO2.The particle 
sizes of the SnO2 nanoparticles calcined at 450ºC in water, 
water-butanol and water-ethylene glycol were 6, 7 and 9 
nm, respectively which is confirmed by XRD  results. On 
the other hand, the morphologies of the SnO2 
nanoparticles are dependent on the solvent. Therefore, 
solvent play an important role in the preparation of metal 
oxide nanoparticles. The band gap energies are calculated 
to be 3.73, 3.78 and 3.81eV from the UV-Vis absorbance 
spectra. PL emission spectra show that the SnO2 
nanoparticles generate a visible light emission that acts as 
a luminescent centre. Moreover, the small size SnO2 
nanoparticles would be promised in the applications of 
sensor, solar cell and optical electronic devises. 
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