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In the present work, nanoparticles of tin oxide (SnO2) annealed at temperatures of 400 °C, 500 °C, and 

600 °C were prepared via solid-state reaction method. Structural and optical properties of prepared SnO2 

nanoparticles were analyzed by X-ray diffractometer (XRD), scanning electron microscope (SEM), ele-

mental study was performed by energy-dispersive X-ray spectroscopy (EDAX), Fourier transform infrared 

spectroscopy (FTIR), dynamic light scattering (DLS) and ultraviolet-visible (UV-Vis) absorption character-

izing techniques. The X-ray diffraction pattern confirms the pure tetragonal rutile structure of tin oxide 

nanoparticles without any impurity phase. SEM images depict the formation of nanorods at all annealing 

temperatures of 400 °C, 500 °C, and 600 °C while EDAX analysis confirms the presence of Sn and O with-

out any impurities. UV-Vis absorption spectra show that the band gap of prepared tin oxide nanoparticles 

decreases initially from 3.44 eV at 400 °C to 3.03 eV at 500 °C and further increases to 3.39 eV at 600 °C. 

FTIR spectrum confirms the presence of O–Sn–O bond along with one unwanted absorption peak. 
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1. INTRODUCTION 
 

Tin oxide is one of the prominent transparent con-

ducting oxides (TCOs) with excellent optical, electrical, 

and magnetic properties. It is an n-type semiconductor 

with a wide band gap [1]. Generally, tin oxide is found in 

two states: Stannous oxide (romarchite, SnO) and Stan-

nic oxide (Cassiterite, SnO2), while the latter is more 

stable. The extraordinary optical, electrical, electrochem-

ical properties and high surface to volume ratio of tin 

oxide nanoparticles ensure their applications in gas sen-

sors [2, 3], antistatic coating [4], detection of combustible 

gases like H2S, CO, NOx and C2H5OH [5], dye-sensitized 

solar cells [6], optoelectronic devices [7], etc. Moreover, 

due to antimicrobial, antifungal, antiviral properties of 

tin oxide nanoparticles, it can be used for biomedical 

purposes, viz bone grafting, dental implants, in standard 

water filter and ultra-pure water filter [8]. 

Tin oxide nanoparticles can be synthesized by a 

number of the popular methods like sol-gel, high-energy 

ball milling, spray pyrolysis, hydrothermal, plasma pro-

cess, solid-state reaction method, direct strike precipita-

tion, aerosol flame deposition, solvothermal, polymeriz-

ing-complexing sol-gel method, polyol, oxidation, one 

step solid-state synthesis, molten salt, etc. [1, 9-12]. A 

literature survey confirms the formation of various 

shapes of tin oxide nanoparticles like a hollow sphere, 

spherical, nanotubes, nanotriangles, nanorods, worm-

holes, and many others [13]. Kim et al. [14] used ther-

mal evaporation method for the preparation of tin oxide 

nanoparticles, which have a size between 0.2 to 1.3 m. 

Simin et al. [15] synthesized tin oxide nanoparticles via 

co-precipitation method (low-cost chemical method), and 

they possessed a tetragonal structure with spherical 

morphology. Luhua Jiang et al. [16] prepared tin oxide 

nanoparticles by heating ethylene glycol solutions con-

taining SnCl2 under atmospheric pressure. R. Rahmi 

and F. Kurniawan [17] used a high-voltage electrolysis 

method to synthesize tin oxide nanoparticles and they 

reported the average size distribution of nanoparticles 

in the range of 25-150 nm. 

A tetragonal phase of tin oxides nanoparticles was 

prepared by M. Aziz et al. via sol-gel method using 

SnCl2.2H2O and polyethylene glycol at different calcina-

tion temperatures [18]. They found a relationship be-

tween the particle size, molecular weight of polyeth-

ylene glycol and temperature. The size of nanoparticles 

reduces if we decrease the calcination temperature 

while the molecular weight of polyethylene glycol in-

creases. Kundu et al. [19] also used the same technique 

(sol-gel) and observed that the synthesized tin oxide 

nanoparticles are crystalline, agglomerated, and non-

spherical while the annealed tin oxide nanoparticles are 

again crystalline. Ashok et al. [20] investigated the 

structural, morphological and optical properties of tin 

oxide nanopowders synthesized by the sol-gel technique. 

A.S. Ahmed et al. [21] prepared nanocrystalline tin ox-

ide powders through a wet chemical route using tin 

metal as a precursor at different temperatures 300 °C, 
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500 °C, and 700 °C. They concluded that the structural 

properties of tin oxide nanoparticles mainly depend on 

lattice strain. They also found that the band gap reduc-

es with an increase in sintering temperature. In the 

current work, we have investigated the structural, mor-

phological and optical properties of tin oxide nanoparti-

cles prepared by the solid-state reaction method at dif-

ferent annealing temperatures. This method has vari-

ous advantages when compared with other methods as 

it is easy to handle, eco-friendly, high yield powder can 

be achieved in single synthesis, etc. 
 

2. EXPERIMENTAL 
 

2.1 Materials and Method 
 

Tin oxides (SnO2) nanoparticles were prepared by a 

traditional solid-state reaction method. It is the sim-

plest among all synthesis routes and requires less time 

for the formation of nanoparticles. Initially, we took 

commercially available powders of SnCl2.2H2O (4.52 g, 

20 mMol) and NaOH (0.16 g, 40 mMol) and grinded 

both in a mortar pestle for 15 min and then mixed with 

NaCl (10.00 g) in a molar ratio of 1:2, respectively. All 

used chemicals were of AR grade. After that, we again 

crushed this mixture in a mortar pestle for another 

30 min. The final mixture was oxidized and grown into 

tin oxide at different annealing temperatures 400 °C, 

500 °C, and 600 °C in a furnace for 2 h. This experi-

mental procedure results in the high-yield synthesis of 

tin oxide nanoparticles. Rod-shaped tin oxide nanopar-

ticles were seen in SEM images with 98 % pure phase 

of tin oxide nanoparticles. 

 

2.2 Characterizations 
 

The purity of the sample, phase identification, and 

crystalline structure were studied in 2 scanning range 

of 20 to 90 by Rigaku Benchtop Powder X-ray diffrac-

tometer (monochromatic Cu-Kα radiation, 

  0.15408 nm). Surface morphology and elemental 

analysis were analyzed by scanning electron micro-

scope (SEM, model Zeiss EVOMA 10) and energy-

dispersive X-ray spectroscopy (EDAX, model Oxford 

INCA 250). Dynamic light scattering (DLS) for particle 

size analysis was done by Malvern instruments nano 

series Zetasizer Nano-S. The optical properties and 

band gap studies were performed by the UV-2401 PC, 

UV-Vis spectrophotometer Shimadzu Corporation, Ja-

pan. Fourier transform infrared spectroscopy (FTIR) 

was used for the analysis of bond nature in all samples 

in the wave number range 4000-400 cm – 1 by FTIR 

spectrometer, Perkin Elmer, spectrum two model. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Structural Analysis 
 

Fig. 1 shows the X-ray diffraction (XRD) pattern of 

prepared tin oxide nanoparticles at different annealing 

temperatures 400 °C, 500 °C and 600 °C, respectively. 

The main diffraction peaks were observed at 27.3°, 

31.70°, 34.1°, 45.5°, 51.9°, 56.5°, 66.2°, 75.3°, and 84.0° 

angles for (110), (200), (101), (210), (211), (002), (301), 

(202), and (410) planes, respectively. The XRD pattern 

obtained for tin oxide nanoparticles matches with the 

JCPDS card no. 41-1445 [22]. XRD study confirms the 

polycrystalline nature and tetragonal rutile structure for 

all prepared tin oxide nanoparticles. Highest intensity 

peaks were observed at (200) plane for prepared tin ox-

ide nanoparticles, which were annealed at temperatures 

400 °C, 500 °C, and 600 °C, respectively, and no shift in 

peaks was observed. The average particle size (D, nm) 

for all samples prepared at different temperatures was 

calculated by Debye-Scherrer formula given by [23]: 
 

 
0.9

cos
D



 
 , (1) 

 

where D is the size of a particle;  is the wavelength of 

light used, which is equal to 0.15408 nm;  is a full 

width half maximum (FWHM) of the corresponding 

peak and θ is a diffracting angle. The average particle 

size was found to be of the order of 34.28 nm, 36.68 nm 

and 40.82 nm at 400 °C, 500 °C, and 600 °C, respective-

ly. The average lattice parameters for prepared sam-

ples were found to be a  b  4.7458 and c  3.1843. It 

was observed that with the rise in annealing tempera-

ture the size of the nanoparticles increases due to the 

diffusion of atoms from the grain boundary to the grain 

[24] which is more at the higher annealing tempera-

ture. Actually, at low annealing temperatures, the na-

noparticles were regularly shaped, the granularity was 

uniform and slight agglomeration was seen, while at 

high annealing temperatures dense agglomerations 

were observed along with the irregular particle shape 

[25]. The stress vs strain ratio was also calculated for 

these nanoparticles prepared at different annealing 

temperatures and it was found to be 0.00136, 0.00740 

and 0.00108, respectively. 
 

 
 

Fig. 1 – XRD patterns for dispersed SnO2 nanoparticles in 

ethanol 

 

3.2 SEM and EDAX Analyses 
 

Fig. 2 shows the SEM images of tin oxide nanopar-

ticles prepared by the solid-state reaction method an-

nealed at temperatures 400 °C, 500 °C, and 600 °C, 

respectively. Fig. 2a shows clear visible nanoparticles 

having a spherical morphology along with a rod struc-

ture at 400 °C. Fig. 2b depicts the distributed spherical 

morphology of large size due to the agglomeration of 

particles, and some fine nanorods are also visible at 

500 °C. Fig. 2c shows uniform spherical morphology 

along with the nanorods at 600 °C. It was also observed 

that with the rise of annealing temperature, particular-

ly at 600 °C, grain size modified due to the overlapping 
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of grain boundaries. The analysis done by Image J 

software showed (on an average) the rod length and the 

area of tin oxide of 15.5 nm and 0.47 nm, respectively. 

The distribution and agglomeration enhanced with the 

annealing temperature. Thus, it is in good agreement 

with the above-mentioned analysis. Calculation done 

by Image J software is shown in Table 1. 
 

 
 

 
 

 
 

Fig. 2 – SEM images for dispersed SnO2 nanoparticles in eth-

anol at (a) 400 °C, (b) 500 °C, and (c) 600 °C 
 

Fig. 3 shows the EDAX spectra for tin oxide nano-

particles annealed at temperatures 400 °C, 500 °C, and 

600 °C. The elemental analysis supports the presence 

of Sn and O and the absence of any kind of impurities 

in prepared powder samples. Thus, the purity of the 

samples can be examined with the supportive data re-

ceived by EDAX spectral analysis of all the prepared 

samples annealed at different temperatures. The atom-

ic percentage of Sn and O in prepared tin oxide nano-

particles is shown in Table 2. 

 
 

 
 

 
 

Fig. 3 – EDAX for dispersed SnO2 nanoparticles in ethanol 
 

Table 1 – Surface morphological parameters calculated by 

Image J software for dispersed SnO2 nanoparticles in ethanol 
 

Label Area Mean Min.  Max. Angle Circ. AR Round Solidity Length 

400 C 0.63 124 68 213 64 0 0 0 0 21 

500 C 0.47 147 74 199 56 0 0 0 0 15 

600 C 0.31 126 78 248 23 0 0 0 0 10 

 0.47         15.3 

 

Table 2 – Atomic percentage for dispersed SnO2 nanoparticles 

in ethanol 
 

Elements 
Atomic percentage at 

400 C 500 C 600 C 

Sn 14.60 69.81 21.01 

O 85.40 30.19 78.99 
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3.3 UV-Visible Spectroscopy 
 

Fig. 4 shows the UV-Vis absorption spectra for tin 

oxide nanoparticles prepared by the solid-state reaction 

method at different annealing temperatures 400 °C, 

500 °C, and 600 °C, respectively. The analyses of ab-

sorption spectra are one of the important tools with the 

help of which we can calculate the band gap of the pre-

pared samples. It was observed from Fig. 4 that the 

nanoparticles annealed at 500 °C show high absorption 

and absorption decreases at 600 °C. In the visible re-

gion, high absorption occurs and no absorption is found 

in the UV region. The band gap for prepared nanopar-

ticles was calculated by using the relation [10]: 
 

    
2 n

gh h E    , (2) 

 

where A is a constant, h is the Planck constant, ν is the 

frequency, Eg is the band gap,  is the absorption coef-

ficient and the exponent n denotes the type of transi-

tion, n  1/2 for allowed direct, n  2 for allowed indi-

rect, n  3/2 for forbidden direct and n  3 for forbidden 

indirect transitions, respectively. Fig. 5 shows a graph 

between (αhν)2 and hν, the extrapolation of the curve 

along the x-axis gives Eg  3.44 eV at 400 °C, 

Eg  3.03 eV at 500 °C, Eg  3.39 eV at 600 °C. It has 

been observed that with the rise of annealing tempera-

ture from 400 °C to 500 °C the band gap (Eg) decreases 

mainly due to two reasons. First, due to the decrease in 

carrier concentration and second, owing to the presence 

of empty states of the electronic states near the conduc-

tion band of the tin oxide lattice. Such variation in the 

optical band gap of degenerate semiconductors may be 

easily explained by the B-M effect [26]. As annealing 

temperature increases from 500 °C to 600 °C the ab-

sorption peak is shifted towards lower wavelengths due 

to which the band gap increases because of the quan-

tum confinement effect [20]. 
 

 
 

Fig. 4 – UV-Vis absorbance spectra for dispersed SnO2 nano-

particles in ethanol 

 

3.4 FTIR Spectrum 
 

Fig. 6 depicts the FTIR spectrum for tin oxide na-

noparticles annealed at different temperatures 400 °C, 

500 °C, and 600 °C in the wavenumber region 4000-

400 cm – 1. The strong absorption peaks available at 

2975.52 cm – 1 and 1350.15 cm – 1 attribute to symmetric 

and asymmetric stretching vibrations of –CH2 and –

CH3 groups [24]. The strong absorption peak at 

1628.50 cm – 1 attributes to the H–O–H bond from wa-

ter molecules present in the atmosphere. Some sharper 

absorption peaks are also visible in the spectrum at 

623.11 cm – 1 and 573.01 cm – 1 [27]. The absorption 

peak at 623.11 cm – 1 corresponds to the stretching vi-

bration of the O–Sn–O bond and there is one unwanted 

peak at 573.01 cm – 1 which may have originated due to 

crystal lattice defects or disorder because of the lattice 

dislocation [28-30]. 
 

 
 

Fig. 5 – Tauc plot for dispersed SnO2 nanoparticles in ethanol 
 

 
 

Fig. 6 – FTIR spectrum for dispersed SnO2 nanoparticles in 

ethanol 

 

3.5 Dynamic Light Scattering (DLS) Analysis 
 

Fig. 7 and Fig. 8 depict the hydrodynamic diameter 

and correlation coefficient of the dispersed tin oxide 

nanoparticles in ethanol by dynamic light scattering 

(DLS) which is found to be in supportive results similar 

to XRD in terms of particle size (in the range of 30 nm). 

The correlation coefficient shows that the absorption 

wavelength is similar to all the samples annealed at 

temperatures 400 °C, 500 °C, and 600 °C. Thus, its poly-

dispersity percentage is 61.7 % and its polydispersity 

index is 0.38 when dispersed in ethanol for analysis 

i.e., all three samples of tin oxide have almost the same 

particle sizes. 
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Fig. 7 – The hydrodynamic diameter of the dispersed SnO2 

nanoparticles in ethanol by DLS 
 

 
 

Fig. 8 – The correlation coefficient of the dispersed SnO2 na-

noparticles in ethanol by DLS 

 

4. CONCLUSIONS 
 

Tin oxide nanoparticles were prepared by the solid-

state reaction method. XRD patterns support the poly-

crystalline nature and tetragonal rutile structure of the-

se nanoparticles. The calculated average particle size 

was observed to be in ascending order along with the 

increase in temperature and it varied from 34.28 nm to 

40.82 nm for different annealing temperatures 400 C, 

500 °C to 600 °C, and it has been found that the crystal-

linity of prepared samples enhanced. SEM images con-

firm the formation of a rod-like structure along with the 

spherical morphology of nanoparticles. The formation of 

unadulterated tin oxide nanopowder was validated by 

EDAX analysis. The energy band gap of tin oxide nano-

particles decreases with increase in temperature from 

400 °C to 500 °C due to a decrease in carrier concentra-

tion and due to the presence of unfilled electronic states 

near the conduction band of the tin oxide lattice while 

the band gap increases with an increase in temperature 

from 500 °C to 600 °C due to quantum confinement ef-

fect. Besides, the band gap (Eg) of tin oxide nanoparticles 

depends on lattice strain. Thus, we conclude that the 

optical properties of the tin oxide nanoparticles can be 

modulated by varying the annealing temperature. FTIR 

spectrum confirms the formation of tin oxide nanoparti-

cles. Therefore, the solid-state reaction method offers a 

simple route for the preparation of spherical shape tin 

oxide nanoparticles along with its nanorods. It was ob-

served that the nanoparticles annealed at 500 °C have 

good optical properties which makes them suitable for 

gas sensor applications. 
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У роботі наночастинки оксиду олова (SnO2), відпалені при температурах 400, 500 та 600 °C, були 

підготовлені методом твердотільної реакції. Структурні та оптичні властивості підготовлених наноча-

стинок SnO2 аналізували за допомогою рентгенівського дифрактометра (XRD) та скануючого елект-

ронного мікроскопа (SEM). Елементне дослідження було виконано енергетично-дисперсійною рентге-

нівською спектроскопією (EDAX), інфрачервоною спектроскопією з використанням перетворення Фур'є 

(FTIR), методами динамічного розсіювання світла (DLS) та поглинання світла в ультрафіолетовому та 

видимому діапазонах (UV-Vis). Рентгенівська дифрактограма підтверджує чисту тетрагональну стру-

ктуру рутилу наночастинок SnO2 без будь-якої домішкової фази. SEM зображення відображають утво-

рення нанострижнів при всіх температурах відпалу 400, 500 і 600 °C, тоді як EDAX аналіз підтвер-

джує наявність Sn і O без будь-яких домішок. UV-Vis спектри показують, що ширина забороненої зони 

підготовлених наночастинок SnO2 спочатку зменшується з 3,44 еВ при температурі 400 °С до 3,03 еВ 

при 500 °С, а потім збільшується до 3,39 еВ при температурі 600 °С. Спектр FTIR підтверджує наяв-

ність зв'язку O–Sn–O разом з одним небажаним піком поглинання. 
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