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Abstract 

Thin film of tin oxide Nanoparticles was deposited on glass slides by chemical 

bath method. The FESEM images show a homogenous distribution of the 

semiconductor with grain's dimensions of about 61.64nm. The films were 

examined also by X-ray, where it was show peaks at different values of 2 with 

different grain dimensions within the Nano scale. The transmittance , 

absorbance and reflectance were also measured, the film show high 

transmittance, low absorbance and reflectance in the visible light region. The 

energy gap was about 2.5eVand the optical conductivity was increase with 

incident photon energy. 
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شرائح   على  النانوية  القصدير  أكسيد  جسيمات  من  رقيقة  طبقة  ترسيب  تم  باستخدام الملخص:  زجاجية 

( الميداني  الانبعاث  ذي  الماسح  الإلكتروني  المجهر  تظُهر صور  الكيميائي.  الترسيب  (  FESEMطريقة 

حوالي   تبلغ  حبيبية  بأبعاد  الموصلات  لأشباه  متجانسًا  الأغشية    61.64توزيعًا  فحص  تم  كما  نانومتر. 

بأبعاد حبيبية مختلفة ضمن   2θة لزاوية  باستخدام حيود الأشعة السينية، حيث أظهرت قممًا عند قيم مختلف

عالية   نفاذية  الغشاء  أظهر  حيث  والانعكاس،  والامتصاص  النفاذية  قياس  تم  وقد  النانوي.  النطاق 

إلكترون فولت،   2.5وامتصاصًا وانعكاسًا منخفضين في منطقة الضوء المرئي. بلغت فجوة الطاقة حوالي  

 وتون الساقط. وزادت الموصلية البصرية مع زيادة طاقة الف

 الخصائص البنيوية الكلمات المفتاحية: 

Introduction 

Transparent Conducting Oxides (TCO) is a semiconductor compound with a 

large energy gap, such a ZnO, CdO  and  SnO2 , they have high transmittance in 

the visible spectrum (depending on the deposition technique conditions and film 

thickness) and has high conductivity (approximately 103 Ω·cm⁻¹)[1][2]. Among 

the most important of these oxides is SnO2 , it is a p-type semiconductor with 

energy gap about 3.6eV. tin oxide is a white substance with a molecular weight 

of 150.7 g/mol, a density of 6.95 g/cm³, a melting point of 1630 °C, and a 

boiling point of 1800–1900°C. The crystal structure of tin dioxide is tetragonal 

[4-7]. The concentration of free electrons in tin dioxide is on the order of 10¹⁶ 

cm⁻³[8]. tie oxide is a non-stoichiometric compound due to the presence of 

oxygen gaps, it is characterized by its ability to remove impurities from many 
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materials such as (phosphorus, chlorine, tungsten, thallium, indium, 

bromine)[9]. As a result of the properties mentioned above, tin oxide contributed 

in perovskite solar cells[10], touch screen[11], smart windows[12], and gas 

sensors[13]. Researchers used various techniques to prepare tin oxide, including 

sol-gel method [14], hydrothermal method[15], electrochemical reduction 

method[16], Co-precipitation Method[17]. 

In this work, tin oxide SnO2 thin film have been prepared using chemical bath 

deposition method  with different thickness and preparation temperatures. The 

prepared tin oxide nanoparticles then subjected to different techniques to 

investigated the particles dimensions , optical and structural properties of the 

films. 

Experimental method  

Tin oxide was prepared from a mixture including , solution involved dissolving 

0.4 g of tin chloride in 25 mL of distilled water and  solution prepared by 

dissolving 0.2 g of potassium hydroxide in 25 mL of distilled water. After 

combining the two solutions, they were mixed using a magnetic stirrer for two 

hours at 70°C. the solution heated to 85oC then the glass substrates  immersed 

vertically in the solution , parallel to the walls of the beaker for 30min, with 

continuous stirring at the lowest speed of the magnetic stirrer. The following 

equations describe the reaction[18-20]. 

 

SnCl2+2KoH → Sn(OH)2+2kCl  

After preparing thin films of tin hydroxide (SnOH), these films were heated at 

100°C in a furnace in the presence of air to obtain films of tin oxide (SnO2). 

Results and discussion  

Tin oxide SnO2 thin film was prepared using chemical bath deposition. The 

films prepared at 85oC for 30 min immersing period. The film surface was 

imaged using FESEM, where the image show  the formation of Nano particles 

with average diameter  61.64nm figure (1).  

 

 

 

 

 

 

 

 

 

 

 

Figure (1) show the FESEM image of SnO2 thin film surface 



 

265 
 

X ray spectrum of SnO2 thin films show several peaks at 26.84, 28.47, 33.29, 

38.18 and 51.23 figure (2), these peaks were belong to SnO2 semiconductor 

[21]. The grain size have been calculated using Scherrer equation and It was 

within Nano scale limits table (1) . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) x ray of tine oxide nanoparticles 

 

Table (1) grains dimensions of tin oxide SnO2  

2θo FWHM D nm hkl 
26.84 0.150 40.79 110 
28.47 0.161 38.05 101 
33.29 0.091 68.09 111 
38.18 0.245 25.64 200 
51.23 0.033 198.43 211 

The  optical properties of SnO2 nanoparticles are shown in figure (3) , where the 

film show high transmittance in the visible light region  and decrease in the 

shorter wavelengths. The absorbance and reflectance show exhibited a different 

behavior, showing less absorption and reflectivity in the visible light region 

figure (3).  
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Figure (3) transmittance , absorbance and reflectance of SnO2 thin films 

Figure (4) Show the change in optical constants with wavelength, where the 

refractive index decreases with wavelength, reaching its lowest values within the 

visible light region, with the lowest value recorded between 870nm to  900nm. 

The extinction coefficient decreases with wave length and the lowest value was 

recorded at approximately 900nm. 

 

 

 

 

 

 

 

 

 

 

Figure (4) optical constants of SnO2 nanoparticles 

 

The energy gap of the tin oxide nanoparticles was calculated and found it to be 

approximately 2.5eV figure (5). the optical conductivity increases with photon 

energy, which was calculated using the following equation : 

𝜎 =
𝛼𝑛𝑐

4𝜋
 

Where : 

α absorption coefficient  

n refractive index  

 

 

 

 

 

 

 

 

 

 

 

Figure (5) energy gap and optical conductivity of tin oxide SnO2 nanoparticles  

 

Conclusions: 

Nanoparticles of tin oxide show high transmittance, low absorbance and 

reflectance in the visible light region. The FESEM show a different grains 
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dimensions with average grain size of about 61.64nm . X-ray spectrum analysis 

show several peaks belong to SnO2 at 26.84, 28.47, 33.29, 38.18 and 51.23. The 

energy gap of SnO2 film was about 2.5eV. The optical conductivity increases 

with wavelength.  

 

References  

1. Chavan, G. T., Kim, Y., Khokhar, M. Q., Hussain, S. Q., Cho, E. C., Yi, 

J., ... & Jeon, C. W. (2023). A brief review of transparent conducting oxides 

(TCO): the influence of different deposition techniques on the efficiency of solar 

cells. Nanomaterials, 13(7), 1226. 

2. Minami, T. (2005). Transparent conducting oxide semiconductors for 

transparent electrodes. Semiconductor science and technology, 20(4), S35. 

3. Liu, P., & Sivakov, V. (2023). Tin/Tin oxide nanostructures: Formation, 

application, and atomic and electronic structure 

peculiarities. Nanomaterials, 13(17), 2391. 

4. Shahzad, N., Ali, N., Shahid, A., Khan, S., & Alrobei, H. (2021). 

synthesis of tin oxide nanoparticles in order to study its properties. Digest 

Journal of Nanomaterials & Biostructures (DJNB), 16(1). 

5. Kharbanda, J., & Priya, R. (2022). Synthesis and applications of tin oxide 

nanoparticles: An overview. Materials Today: Proceedings, 68, 916-921. 

6. Huang, Z., Zhu, J., Hu, Y., Zhu, Y., Zhu, G., Hu, L., ... & Huang, W. 

(2022). Tin oxide (SnO2) nanoparticles: facile fabrication, characterization, and 

application in UV photodetectors. Nanomaterials, 12(4), 632. 

7. Orlandi, M. O. (Ed.). (2019). Tin oxide materials: Synthesis, properties, 

and applications. Elsevier. 

8. Wang, T., & Radovanovic, P. V. (2011). Free electron concentration in 

colloidal indium tin oxide nanocrystals determined by their size and 

structure. The Journal of Physical Chemistry C, 115(2), 406-413. 

9. Ansari, S. G., Dar, M. A., Dhage, M. S., Kim, Y. S., Ansari, Z. A., Al-

Hajry, A., & Shin, H. S. (2009). A novel method for preparing stoichiometric 

SnO2 thin films at low temperature. Review of Scientific Instruments, 80(4). 

10. Wali, Q., Aamir, M., Khan, M. E., Jose, R., Fan, W., & Yang, S. (2024). 

Tin oxide as an electron transport layer in perovskite solar cells: Advances and 

challenges. Solar Energy, 270, 112382. 

11. Kikuchi, N., Kusano, E., Kishio, E., & Kinbara, A. (2002). Electrical and 

mechanical properties of SnO2: Nb films for touch screens. Vacuum, 66(3-4), 

365-371. 

12. Babua, B. K., Ghoshb, S., & Chakraborttya, S. (2020). Recent 

developments in smart window engineering: from antibacterial activity to self-

cleaning behavior. Energy Saving Coating Materials: Design, Process, 

Implementation and Recent Developments, 227. 



 

268 
 

13. Gaggiotti, G., Galdikas, A., Kačiulis, S., Mattogno, G., & Setkus, A. 

(1994). Surface chemistry of tin oxide based gas sensors. Journal of applied 

physics, 76(8), 4467-4471. 

14. Karaman, T., Can, M. M., Shawuti, S., & Kaneko, S. (2021). Synthesis 

and optical analyses of fluorine doped tin oxide (SnO2) nanoparticles. The 

European Physical Journal Applied Physics, 95(2), 20402. 

15. Hassan, Z. A., & Rasheed, R. T. (2021). Preparation of V2O5 and SnO2 

Nanoparticles and their application as pollutant removal. Journal of Applied 

Sciences and Nanotechnology, 1(4), 69-80. 

16. Omar, K. A. (2013). Tin oxide nanoparticles: synthesis, characterization 

and study their particle size at different current density. ARO-THE 

SCIENTIFIC JOURNAL OF KOYA UNIVERSITY, 1(1), 17-21. 

17. Nadaf, L. I., & Venkatesh, K. S. (2016). Synthesis and characterization of 

tin oxide nanoparticles by co-precipitation method. IOSR Journal of Applied 

Chemistry, 9(2), 1-4. 

18. Irad Mohmad, A., Aldabagh, A. A., Zaker, T. A., Uonis, M. M., & Polus, 

T. J. (2025). Effect of substrate temperature on the structural and optical 

properties of CdO thin films prepared using spray pyrolysis. Journal of Optics, 

1-6. 

 

19. Rasho, J. A., Al Soofy, A. J. J., & Uonis, M. M. (2025). Study the effect 

of chemical bath deposition conditions on the optical and structural properties of 

CaO thin films. Digest Journal of Nanomaterials & Biostructures 

(DJNB), 20(2). 

20. Al-Saqa, R. H., Jassim, I. K., & Uonis, M. M. (2023). Effect of KCl on 

the optical and structural properties of CaZnO 3 perovskite thin films. Ochrona 

przed Korozją, (8), 243-246. 

21. Mahmood, S. T., Khazaal, A. S., & Alwaan, L. H. (2020). Preparation of 

Polymer Nanocomposites and Their Application as 

Supercapacitors. International Journal of Nanoelectronics and Materials, 13(1). 

 

 

 


