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ABSTRACT 
Tin oxide (SnO2) is an interesting material having novel structural and optical properties. To investigate the above 
properties, the sol-gel route is selected to prepare SnO2 nanoparticles. Detailed investigation of the structure such as; 
phase analysis and crystallinity was accomplished by the X-ray diffraction (XRD) method. It has been observed that 
the as-synthesized tin oxide has a tetragonal rutile structure. The synthesized SnO2 samples have an average crystallite 
size from 20 nm to 26 nm as ascertained from the XRD study. Morphology study by field emission scanning electron 
microscopy (FESEM) shows the evolution of monodispersed nanocrystallites of SnO2. The photocatalytic property of 
SnO2 nanoparticles was studied in degrading a cationic dye such as; methylene blue with the application of UV-Vis 
light. The dye degradation rate before & after illumination of UV-Visible light at (λ = 664 nm) was calculated which 
follows pseudo-first-order kinetics. The parameters such as catalyst dosage and pH have influences on the degradation 
rate which has been studied systematically. A degradation of 84.23 % has been obtained by tin oxide nanoparticles 
after 120 min of UV irradiation. This will eventually help in treating the industrial wastes mixed with water bodies 
targeting water pollution. 
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INTRODUCTION 
Nanomaterials of metal oxides show interesting properties which find many applications in diversified areas 
of science and technology like memory drives, LEDs, sensors, solar cells, LASERs, paint, sunscreens, 
antibacterial coatings, and wastewater treatment.1-8 These nanomaterials with novel morphology and size 
below 100 nm have created renewed interest among scientists and engineers due to their stimulating 
characteristics and enchanting applications in the above fields.9-15 As an efficient class of materials, 
semiconducting metal oxides like ZnO and SnO2 with controlled size and morphology have presented 
themselves with superiority with footprints in different areas of science and technology.16-24 With a selective 
synthesis method and precursor concentration, one can tune the structure of these materials leading to a 
large variation in their optical, electrical, and magnetic properties. These nanomaterials also show good 
photodegradation properties in the mineralization of harmful contaminants. So, they are always treated with 
great applause as these have a great role in environmental clean-up. Tin oxide (SnO2) is involved hugely in 
this research area due to its exceptional physical and chemical properties with excellent optical, electronic, 
and chemical stability. SnO2 nanoparticles demonstrate elevated surface-to-volume ratio, superior quantum 
size effect & a good fraction of similar surface sites which elevate their applicability.25-28 SnO2 being a 
semiconductor of n-type nature has a broad and room temperature energy band gap of 3.6 eV. Tin oxide 
possesses very good electro-optical attributes such as; minimum resistivity, high optical transparency, and 
improved specific capacity (theoretical).29,30 Furthermore, the high electron mobility feature of tin oxide 
makes it a good transporter of photo-excited electrons.31-33 Again, SnO2 has been considered a capable 
material and it possesses interesting attributes such as; photoluminescence and photocatalysis which are 
related to the surface.34-36 Tin oxide nanoparticles having a size less than 10 nm have a special quality of 
demonstrating increased photodegradation rate of the organic dyes which is possible due to the high surface 
area amplifying the reactions involved in the photocatalytic process and raising the competency of 
separation between the electron-hole pairs.37-39 Several low-cost methods of synthesis are widely reported 
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by which nano tin oxide of different size and shapes and sizes can be prepared for possible use in the making 
of catalysts, solar cells, flat panel displays, gas sensors, etc.40,41 A variety of notable and efficient processes 
were used to synthesize SnO2 nanoparticles with improved command over particle size/shape and physical 
properties comprises co-precipitation, sol-gel method, hydrothermal method, polymeric, organo-metallic 
precursor synthesis, sonication, microwave, and surfactant-mediated method.42-50 Out of the above-
described methods, nanoparticles with good crystallinity at a lower operating temperature can be prepared 
by sol-gel synthesis.51 Among other reported procedures deployed for preparing SnO2 nanoparticles, the 
sol-gel process provides numerous benefits such as; lower operating temperature, better homogeneity of 
product, and preparation of nanosized particles with accurate composition. In the current work, the method 
of sol-gel was used to prepare tin oxide nanopowder and we carried out the experiment to study its structure 
and optical properties. Photo-degradation of cationic dye (methylene blue) has also been studied by taking 
SnO2 nanoparticles as the photocatalyst.  

EXPERIMENTAL 
Sol-gel method is an efficient and simple method of preparation of nanoparticles which was used in our 
experiment for SnO2 nanoparticle synthesis. The chemical reagents were taken such as Tin (II) chloride 
dihydrate (SnCl2), isopropyl alcohol, sodium hydroxide (NaOH), and methylene blue. These chemicals 
were of high purity (99.99 %) and purchased from M/s Merck. Precursor materials like SnCl4.5H2O and 
isopropyl alcohol were considered with different concentrations. In SnCl4.5H2O solution, isopropyl alcohol 
(50 mL) was mixed. The final solution was allowed to stir for 2 h in a stirrer. Through this process, we 
obtained a homogenous solution. To attain the pH of the solution around 9-11, it was mixed with 0.1 M 
NaOH solution drop by drop manner from a burette. We allowed the solution to settle down for 2 to 3 h 
before which it was stirred for 30 minutes more in the same stirrer. Acetone and distilled water were used 
to wash the precipitates and let for drying at 80° C. The dried sample was collected in powdered form. 
Different weights of SnCl4.5H2O i.e. 1 gm, 1.5/2.0/2.5 gm were taken and the above process was followed 
to synthesize samples named as S1, S2, S3, and S4 respectively. XRD method was used for the 
identification of phase and crystal structure analysis of thin films and nanoparticles. X-ray diffraction 
measurement (M/s Panalytical) was used to study the structural properties of SnO2 nanopowders with a 
radiation source comprised of Cu Kα (1.5406 Å). Debye-Scherer formula (as given below) was utilized to 
ascertain the average grain size (d). 

D=kλ/β cosθ 
 

SnO2 morphology was investigated by FESEM (Zeiss Supra). The photocatalytic activity was studied by 
degrading harmful contaminants like methylene blue taking tin oxide nanoparticles as photocatalysts under 
UV-Vis light irradiation. In the first step, an amount of 5 milligrams of sample S1 was put in the container 
with 100 mL of dye (10 mgL−1) and subjected to stirring conditions for 1 h. From this above solution, 2 mL 
of the reactant was pipetted out and we used a spectrometer to record the absorbance. Next to it, the same 
dye solution with catalysts was illuminated with the source of light, and for every 10 min interval, we 
collected some fixed quantity of the sample (3 mL) and used a centrifuge for the above purpose. We 
measured absorbance every 10 min and the alternation in the color of the contaminant was recorded by a 
spectrophotometer. Our earlier study reports the detailed experiment.20 

 

RESULTS AND DISCUSSION 
XRD measurement reveals some interesting results on the crystal structure of the synthesized tin oxide 
samples that have been analyzed and discussed. The diffraction patterns obtained for all the synthesized 
products with variable concentrations have been represented in Fig.-1. It has been observed that tin oxide 
has been formed with a tetragonal rutile structure as confirmed by the diffraction peaks observed in Fig.-1. 
This matches well with the standard diffraction database (JCPDS Card No 14-1445).20,28 XRD peaks were 
observed at different 2θ values of 26.76° (110), 33.88° (101), 38.05° (200), 51.76° (211), and 54.85° (220) 
corresponding to the corresponding crystal planes respectively. The long-range of crystallinity of the SnO2 
nanoparticles is understood from the high intense and narrow diffraction peaks as depicted in Fig.-1. We 
have estimated the values of average grain size and other unit cell parameters of the tin oxide samples which 
have been given in Table-1. Calculation of average grain sizes of nano SnO2 shows the value from 20 nm 
to 26 nm and also the lattice parameters remain slightly different for SnO2 prepared with different 
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concentrations. It is not possible for our part to observe the existence of tin oxide in the monoclinic phase 
or high-temperature cubic phases in the XRD pattern. 
 

 
 

Fig.-1: XRD Spectra of Synthesized SnO2 Nanoparticles with Various Concentrations 
 

The estimated values of a = 4.737 Å and c = 3.186 Å indicate that these values are close to consistent with 
the values obtained for the standard.28 The unit cell volume has also been calculated and summarized in 
Table-1. It shows that these values are close to the volume of the cubic system which is found to be 71.497 
Å3 after calculation using the formula (V= a2 x c). From the obtained data, the density value was calculated 
and found to be higher than the standard value indicating the prepared powder to be dense. It also intends 
that the unit cells of the material are closely packed with each other. Lattice microstrain was also estimated 
and given in Table-1. The FESEM image showing the surface morphology of the sample (S4) has been 
displayed in Fig.-2. Spherical-shaped nanoparticles of tin oxide are formed as noticed from the FESEM 
image. These nanoparticles are uniformly distributed with an average size of 20-40 nm and are also found 
to be agglomerated. 

Table-1: Crystallographic Parameters of Nanocrystalline SnO2 
Name of 
Sample 

Average 
grain Size 

(nm) 

Lattice 
Micro-
stain 

Lattice Parameter Density   
(gm/cm3) 

Volume (Å)3 

a (Å) c (Å) c/a 

S1 22 0.0012 4.321 3.187 1.355 6.472 71.047 
S2 24 0.0011 4.322 3.178 1.359 6.500 71.123 
S3 25 0.0017 4.331 3.174 1.156 6.492 71.214 
S4 26 0.0012 4.301 3.175 1.354 6.502 71.221 

 

 
 

Fig.-2: FESEM Image of SnO2 Nanoparticles (S4) 
 

The photocatalytic property of a material defines its ability to degrade harmful contaminants. The 
decomposition is carried out with the application of UV-Vis light and the corresponding absorbance 
spectrum indicates the degradation (%). The degradation of the contaminant in the solution is evident from 
the lowering of the absorbance peak intensity as recorded by a UV–Vis spectrophotometer. So, the same 
process was followed to check the degradation ability of tin oxide nanoparticles. The pH of most natural 
and industrial wastewater appears from 6 to 8. So, we maintained the above value for the dye solution (MB) 
in that range with SnO2 catalysts. A solution (10 mL) was prepared by taking 10−4 M of MB and we varied 
the concentration (1 to 5 mg/L) along with SnO2 photocatalysts. A magnetic stirrer was deployed to stir the 
mixture continuously for 30 min before exposing it to light. Adsorption-desorption equilibrium is thus 
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achieved between the photocatalyst surface and MB dye.12,20 The result shows that a dominant peak is seen 
at 664 nm in the absorbance spectrum of methylene blue dye solution whose intensity is observed to 
decrease with the increase in light irradiation time.12 This gives a hit of successful degradation of the dye 
under the influence of the tin oxide photocatalyst. 

 
Fig.-3: Degradation (%) of MB with Varying SnO2 Concentrations at Different Light Exposure Times 

 

 
Fig.-4: Variation in ln(Co/Ct) with Change in Light Exposure Time Showing First-Order Kinetics 

 

Figure-3 illustrates the change in degradation (%) with variation in light exposure time which tells that the 
increase in light irradiation time leads to an enhancement in dye degradation. It was observed that no 
degradation occurred for the dye solution in the dark with and without photocatalyst. About 84.23 % of 
degradation was achieved for the S4 sample as compared to the other three samples (Fig.-3). With the 
increase in the amount of catalyst, we observed an increment in the degradation (%) for all the prepared 
samples. There may exist two reasons for this enhanced photocatalytic activity. The first reason is the small 
crystallite size of nanoparticles of SnO2 having a high surface area. The second reason is the retardation in 
the recombination of electron-hole on the surface of SnO2.12,20,51,52 SnO2 with smaller grain size and variable 
morphology has resulted in increased photocatalytic efficiency due to the modification in the separation of 
charge carriers.50,51,53 In addition to that, the uniform morphology of SnO2 photocatalysts is another 
parameter that favors the transfer of both electrons and holes inside the crystal lattice. These carriers 
facilitate the degradation of dye solutions. The degradation of methylene blue by photocatalysts of nano tin 
oxide obeys the first-order kinetics as depicted in Fig.-4.12 The study further enumerates that photocatalysis 
is an effective method for the degradation of organic contaminants.54,55,56,57 

 

CONCLUSION 
We have carried out an investigation on the synthesis tin oxide nanoparticles and study on its structure and 
photocatalytic properties. A simple wet chemical method like the sol-gel route was adopted for the 
preparation of SnO2 nanomaterials with variable concentrations of the reactants. The polycrystalline nature 
of the samples with tetragonal rutile structure has been observed from XRD analysis. The XRD data is 
further analyzed to find out the nanoparticle size which was found in the range of 22-26 nm. The uniform 
distribution of spherical-shaped nanoparticles is observed from FESEM measurement. Methylene blue as 
a model dye was taken for degradation by using SnO2 nanocatalysts and the photodegradation efficiency 
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has been calculated. It has been observed that under UV-Vis light illumination, 84.23 % degradation is 
achieved in 120 min. This result will find the application of metal oxide nanoparticles like tin oxide in 
controlling environmental pollution.  
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