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Abstract: In this work, SnO2 nanoparticles were prepared by hydrothermal method using 

SnCl4.5H2O and NaOH at 180 °C for different hydrothermal times. The effect of hydrothermal time 

on the crystal structure, morphology, chemical bonding, and photocatalytic properties of SnO2 

nanoparticles was studied. Structural and morphological characteristics of SnO2 nanoparticles were 

investigated by X-ray diffraction and electron scanning microscopy analyses. Chemical bonding and 

absorption properties of the prepared materials were analyzed by Fourier transform infrared 

spectroscopy and UV-Vis absorption spectroscopy. Photocatalytic properties of SnO2 nanoparticles 

were evaluated by the degradation of methylene blue dye under visible-light irradiation. 
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1. Introduction  

Organic dyes are widely used in various industries, such as textiles, plastics, paper, cosmetics, 

leather, food, and pharmaceuticals. These dyes are highly toxic, causing serious human illnesses and 

affecting the global ecosystem. Therefore, developing suitable methods to treat these industrial wastes 

is necessary. In recent years, photocatalytic technology with metal oxide semiconductors has been 

developed as an effective method to address environmental pollution. In semiconductor metal oxides, 

tin oxide (SnO2) is considered an effective photocatalytic material [1–3]. SnO2 has many advantages 

such as abundant reserve, low cost, non-toxicity, good environmental compatibility, excellent 

photocatalytic activity, and high chemical stability [4–6]. Moreover, the bandgap of SnO2 could be 

varied from Eg = 2.5-3.4 eV, which is suitable to harvest a long range of visible wavelength from 

sunlight [7]. SnO2 nanostructures have a large specific surface area that provides high photocatalytic 

efficiency [8]. 

Various methods, such as hydrothermal method [8–11], microwave irradiation [12], and green 

synthesis [7,13], have been developed to synthesize SnO2 nanostructures. Hydrothermal method is 

widely used to manufacture highly active SnO2 photocatalyst nanomaterials [9, 10]. Complex SnO2 

nanoparticles and nanosheets synthesized through hydrothermal process demonstrated excellent 

photocatalytic activity for rhodamine 6G (R6G) dyes [9]. Meanwhile, flower-like SnO2 nanostructures 

synthesized through hydrothermal method showed superior photocatalytic performance in the 

decomposition of methyl orange (MO) dyes [14]. Moreover, novel hierarchical dahlia-like SnO2 

nanostructures prepared by hydrothermal method exhibited photocatalytic activity to rhodamine B 

(RhB) aqueous solution [10]. These reports show that SnO2 nanostructures can be efficiently synthesized 

by hydrothermal method. However, to the best of our knowledge, no study has investigated the effect 

of hydrothermal time on the structure, morphology, and photocatalytic properties of SnO2 

nanostructures. 

In this study, we report on the fabrication of SnO2 nanostructures by hydrothermal method and 

determine the effect of hydrothermal time on structure, morphology, and photocatalytic properties. 

2. Experimental   

2.1. Materials 

Tin (IV) chloride pentahydrate (98%), sodium hydroxide, and ethanol (absolute garde for analysis) 

were used as precursors for SnO2 synthesis by hydrothermal method. These chemicals were purchased 

from Merck and Sigma-Aldrich. All chemicals were used without further purification. 

2.2. Synthesis of SnO2 Nanoparticles 

SnO2 nanoparticles were synthesized by hydrothermal method. In typical synthesis, SnCl4.5H2O (0.1 

g) was dissolved in 30 ml of deionized water by magnetic stirring for 30 minutes. NaOH (0.2 g) was 

dissolved in 30 ml of deionized water under stirring for 30 minutes. The NaOH solution was slowly 

added to the SnCl4.5H2O solution until the pH reached 7. The mixture was poured into a Teflon 

autoclave, which was tightened and placed in an oven at room temperature. The hydrothermal 

temperature of the oven was increased to 180 °C. The hydrothermal duration was varied from 5 to 25 

hours. After the hydrothermal process, the oven was naturally cooled to room temperature. The 

precipitate in the Teflon autoclave was washed with deionized water and ethanol three times. The 

obtained product was dried at 80 °C for 24 hours. 
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2.3. Characterization 

The crystal structure and phase composition of the synthesized samples were characterized by X-

ray diffraction (XRD) analysis using X-ray diffractometry (XRD; Siemens D5000, Germany) with Cu-

Kα radiation (λ = 1.5406 Å). The morphological characteristics of the samples were evaluated by field-

emission scanning electron microscopy (S-4800 FE-SEM, Hitachi, Japan). Absorption properties were 

studied by UV-Vis absorption spectrophotometry (V-650 Jasco, USA) within the wavelength range of 

200–800 nm. Chemical bonds were analyzed by Fourier transform infrared spectroscopy (IRAffinity-

1s, Shimadzu) within 400–4000 cm-1. 

2.4. Photocatalytic measurements 

The photocatalytic activity of the samples was evaluated by methylene blue (MB) degradation under 

visible-light irradiation using a standard 60 W filament lamp at a distance of 10 cm. The initial 

concentration of MB was 1 µg/ml. About 30 mg of the SnO2 photocatalyst was added to 50 ml of the 

MB solution. Before light irradiation, the suspension was magnetically stirred in the dark for 60 minutes 

to reach the adsorption–desorption equilibrium. Every 20 minutes during irradiation, 5 ml of the 

suspension was collected and centrifuged to measure the remaining MB concentration in the solution. 

The concentration of the MB solution was determined by measuring the maximum absorbance change 

through UV-Vis spectrophotometer (V-650 Jasco, USA).  

3. Results and Discussion  

The X-ray diffraction patterns of SnO2 nanoparticles fabricated with different hydrothermal times 

are shown in Figure 1. Diffraction peaks with 2θ values of 27.08°, 34.25°, 38.51°, 52.08°, 54.86°, 

61.78°, 65.63°, 71.48°, and 78.65° correspond to the crystal planes (110), (101), (200), (211), (220), 

(310), (301), (202), and (321), respectively. Based on the standard X-ray diffraction JCPDS No. 41-

1445 [13,15–17], the synthesized SnO2 nanoparticles have a rutile tetragonal crystal structure. As the 

hydrothermal time increased, the intensity of the diffraction peaks increased due to improvement in the 

crystalline structure. Diffraction peaks corresponding to other phases were not observed, indicating the 

high purity of the synthesized samples. 

 

Figure 1. XRD patterns of SnO2 nanoparticles fabricated using various hydrothermal times. 
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The crystal size of the SnO2 nanoparticles was calculated using the Scherrer formula [16,17]: 𝐷 =
0.9 𝜆 (𝛽 cos 𝜃)⁄ , where λ is the X-ray wavelength (1.5406 Å), θ is the Bragg diffraction angle, and β is 

the full-width half-maximum (FWHM). Table 1 shows the crystal sizes of the SnO2 nanoparticles 

fabricated. The crystal sizes were 3.52, 4.95, and 4.78 nm for particles synthesized by hydrothermal 

method for 5, 15, and 25 hours, respectively. After 25 hours of hydrothermal process, the particle size 

of the synthesized samples increased slightly to about 3.52–4.78 nm.  

Table 1. Dependence of SnO2 particle size on hydrothermal time.  

Samples Planes 
2θ 

(degree) 
FWHM 

(degree) 

Peak 

Height 
Crystal size 

(nm) 

Average crystal 

size (nm) 

SnO2 (5 h)  

 

(110) 26.83 2.35 44.93 3.63 

3.52 (101) 34.09 2.17 39.77 4.00 

(211) 52.21 3.15 32.88 2.92 

SnO2 (15 h) 

(110) 27.11 1.77 42.89 4.82 

4.95 (101) 34.37 1.54 42.14 5.64 

(211) 52.33 2.10 43.07 4.40 

SnO2 (25 h) 

 

(110) 27.05 1.93 67.36 4.42 

4.78 (101) 34.28 1.63 58.94 5.33 

(211) 52.16 2.02 51.68 4.58 

 

Figure 2 shows the FESEM images of SnO2 nanoparticles fabricated using different hydrothermal 

times. SnO2 nanoparticles were spherical and had relatively uniform particle size and narrow particle 

size distribution of about 4–10 nm. SnO2 nanoparticles exhibited minor tendency of agglomeration; 

when the hydrothermal time was increased, SnO2 nanoparticles tended to separate. Other morphologies 

such as nanorods and nanoflowers were not observed. The morphology of SnO2 nanoparticles did not 

change, and the particle size increased slightly with increasing hydrothermal time. This result agrees 

with the XRD data, thereby confirming that the morphology and size of the nanomaterials were slightly 

affected by hydrothermal time. 

The FT-IR infrared spectra of the three as-prepared samples are shown in Figure 3. The FT-IR 

spectra showed a similar band range in the three samples: the peak at 666 cm−1 represents the asymmetric 

stretching vibrations of Sn-O-Sn in SnO2 [7,13,17], the peak at 1464 cm−1 represents the stretching 

vibrations of Sn-O [13,17], and the peak at 3179 cm−1 represents the stretching vibration of O-H 

[7,13,17–19]. This result demonstrated the formation of tin oxide in the samples. The intensity of the 

absorption band depends on hydrothermal time. The amount of SnO2 nanoparticles formed in the sample 

fabricated with hydrothermal times of 15 and 25 hours was higher than that in the sample obtained by 

hydrothermal process for 5 hours. Hence, SnO2 nanoparticles were successfully fabricated by 

hydrothermal method. 

UV-Vis absorption spectroscopy is a powerful non-destructive tool for investigating the optical 

properties of nanostructures. Figure 4a shows the UV-Vis absorption spectra of SnO2 samples prepared 

with different hydrothermal times. The absorption spectra of SnO2 nanoparticles were recorded within 

the wavelength range of 250–850 nm. The results indicated a characteristic absorption peak at 300 nm, 

which could be attributed to SnO2 nanoparticles [16,18,20]. 
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Figure 2. FESEM images of SnO2 nanoparticles obtained at different hydrothermal times. 

 

Figure 3. FT-IR spectra of SnO2 nanoparticles fabricated with different hydrothermal times. 

 

Figure 4. (a) UV-Vis spectra and (b) Tauc’s plots of SnO2 nanoparticles fabricated  

with different hydrothermal times. 
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The band gap energy of the samples was calculated from the UV-Vis absorption spectra by using 

the TAUC model [3]. The model relates the absorption coefficient of the energy of the incident photon 

by the following equation [13,16]: 

𝛼(𝜈)ℎ𝜈 = 𝐾(ℎ𝜈 − 𝐸𝑔)𝑛 

where 𝛼(𝜈) is the absorption coefficient that can be defined according to Beer–Lambert’s law,  ℎ𝜈 

is the incident photon energy, 𝐸𝑔 is the band gap energy, and 𝐾 is the constant. The value of n is related 

to the optical properties of the semiconductor [13,17]. The exponent 𝑛 of the equation depends on the 

type of transition and has the values of 1/2, 2, 3/2, and 3 for direct allowed, indirect allowed, direct 

prohibited, and indirect prohibited transitions, respectively [13,17]. In the case of SnO2 nanoparticles, 

the value of n is 1/2 for direct allowed transition [13,16,17]. Figure 4b shows the plot of (𝛼ℎ𝜈)2 versus 

(ℎ𝜈) for the samples fabricated with hydrothermal times of 5, 15, and 25 hours. Hence, the band gap 

energy of the SnO2 semiconductor can be obtained from the plot (𝛼ℎ𝜈)2as a function of optical energy 

(E) by extrapolating the linear parts of the graph intersecting the photon energy axis [16,17]. The 

𝐸𝑔values of the samples were 2.78, 2.88, and 3.30 eV, respectively. The band gap increased with 

increasing hydrothermal time. The increase in band gap energy can be due to the decrease in the 

defective energy levels produced in the band gap of SnO2 as the hydrothermal time increases. 

The photocatalytic activity of SnO2 nanoparticles was examined by MB dye degradation. Figure 5 

shows photocatalytic decomposition based on the absorption spectra of MB in visible light over a period  

 

 

Figure 5. Time-dependent photodegradation absorption spectra of MB dye in the presence of SnO2 

nanoparticles prepared with various hydrothermal times. 
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of 0 to 120 minutes. The absorption peak of MB at 665 nm [12] was demonstrated in all samples, 

and the intensity of this absorption peak decreased slightly over time until the final illumination time of 

120 min. The light decrease could be because SnO2 nanomaterials negligibly absorb visible light. 

The photocatalytic performance of SnO2 samples is presented in Figure 6 for detailed study of 

photocatalytic activity. The concentrations of MB decreased by 6%, 14%, and 17% in samples prepared 

with hydrothermal times of 5, 15, and 25 hours after 120 minutes of light irradiation. The sample 

prepared by 25 h of hydrothermal method exhibited the highest photocatalytic capacity. 

 

Figure 6. Photocatalytic performance of SnO2 nanoparticles prepared with various hydrothermal times. 

The photocatalytic mechanism of SnO2 nanoparticles is explained as follows: before the 

photocatalytic decomposition, MB molecules are absorbed on the surface of SnO2 nanoparticles [13]. 

This absorption is due to the charge difference between the negatively charged SnO2 nanoparticles and 

the positively charged MB molecules [13]. The photocatalytic degradation of MB begins when the SnO2 

catalyst is exposed to visible light. Electrons in the valence band are excited and jump on the conduction 

band of SnO2 and create hole–electron pairs [9,10,13,16]. The holes in the valence band react with water 

molecules (H2O) to form hydroxyl radical (OH−), and conduction band electrons react with dissolved 

oxygen in the water to form superoxide radical (O2*) [9,10,13,16]. The two radicals are strongly 

oxidized, allowing them to react with MB molecules and leading to the efficient decomposition of MB 

and production of water (H2O) and carbon dioxide (CO2) [4,9,13]. 

4. Conclusion  

In this study, SnO2 nanoparticles were successfully fabricated by hydrothermal method at different 

synthesis times. The crystal structure and morphology of SnO2 slightly changed when the hydrothermal 

time was increased. The crystallinity of SnO2 nanoparticles also notably increased. The photocatalytic 

properties of SnO2 nanoparticles increased with increasing hydrothermal time due to the change in the 

band gap and crystallization of SnO2. 
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