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ABSTRACT 
We deposited thin films of Tin Oxide (𝑆𝑛𝑂2) on microscopic glass substrates using chemical 

bath deposition technique at room temperature. Effect of tin ion concentration on the solid-state 

properties of the films were studied. The synthesis of the films was achieved with the use of tin 

chloride, ammonium hydroxide, EDTA and distilled water at room temperature. The deposited 

films were annealed at a constant temperature of 573K and subjected to optical,morphological 

and structural characterizations. The optical characterization was achieved with the use of 

StellarNet UV – VIS – NIR spectrometer. The micrographs of the films were photographed using 

Digital Microscope. The x – ray diffraction spectra of the deposited was obtained using Bruker 

D8 Advance X – Ray Diffractometer. The absorbance result obtained showed that tin oxide films 

are non-absorbing films with absorbance values ranging from 0.13 to 0.02. The absorbance of 

the films increases as molar concentration of tin ion precursor increases. Transmittance results 

show that these deposited films are highly transmittive mostly in near infrared region with a 

range of 96.20% to 73.45%. The transmittance decreases as molar concentration oftin ion 

precursor increases. Our result also shows that SnO2 is non-reflective with reflectance ranging 

between 2.14% to 13.15%. Crystallite size of the film obtained from the x – ray diffraction 

spectra range from 26.25 nm to 45.50 nm. 

Keywords: Tin Oxide, Chemical Bath Deposition, Optical Properties, Structural Properties  

Micrograph, Band Gap. 

 

1. INTRODUCTION 

Tin oxide (SnO2) semiconducting film has been intensively used in the field of microelectronics 

and stable gas sensors, specifically in recognition of volatile organic compound (VOC). The film 

is highly transparent, chemically inert, and mechanically hard. Application of the tin oxide films 

are not limited to the research laboratory but are used commercially in environmental 

monitoring, industrial electronic sensor, and liquid crystal displays etc. (Mishra, 2009).Owing to 

its low resistivity and high transmittance, tin oxide thin films are used as a window layer in solar 

cells (Goetzberger and Helbing, 2000). The gas sensing properties of tin oxide thin films have 

been performed for different gases like CO, NOx, H2S, H2, CH4 and CNG etc. (Niranjan and 

Mulla, 2003). Tin oxide thin films are transparent conductive oxide (TCOs) films which are 

transparent to visible light and have a relative low resistivity for electric current. Tin Oxide 

(SnO2) is an n-type semiconductor with wide energy band gap (3.7 eV). The undoped SnO2 has 

low electrical resistance and high optical transparency in the visible range of the electromagnetic 

spectrum. These properties make tin oxide suitable for many applications (Manifacieret al., 

1977).Tin oxide films have, besides a high transparency and a low electrical resistivity, various 

other beneficial properties, such as high reflectivity for infrared light, high mechanical hardness, 

and good environmental stability. This results in a variety of applications for tin oxide films 

which include; heating elements in aircraft windows. A thin tin oxide coating is applied on the 

window. By applying a potential over the tin oxide coating, it becomes heated and any ice or fog 
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on the window will evaporate. Antistatic coatings on instrument panels. Transparent electrodes 

in electroluminescent lamps and displays (Gazdaget al., 1981). 

Tin oxide films are used as gas sensors. If a tin oxide surface is exposed to air, oxygen 

absorbs onto it as O2- or O-. When reducing gases, such as H2, CO, CH4, or C2H5OH, are 

introduced, the absorbed oxygen species are removed through the oxidation of such reducing 

gases and the captured electrons are restored to the conduction band (Berger et al., 1996). This 

results in a decrease of the resistance of the material, which can be recorded easily. Tin oxide 

films have found application in solar cells because of its transparent and conductive properties, 

fluorine doped tin oxide layers are often used as top electrode in e.g. amorphous silicon solar 

cells. (Brown et al., 1997). They are also used as protective and wear-resistant coating on glass 

containers (Nakagawaet al., 1997). Most of the glass bottles produced nowadays are coated with 

a 10-100 nm thin layer of tin oxide. The bottles have equal or higher strength as non-coated 

bottles but can weigh 20% less, and can be recycled more often. Tin oxide films have been used 

as infrared reflectors for glass windows. The insulating properties of a glass window can be 

improved by applying a fluorine doped tin oxide coating. The coating reflects infrared radiation 

emitted by objects in a room (around 10 µm), almost doubling the insulating property of the 

window (Gerhardinger and McCurdy, 1996). 

Several methods have been adopted in the preparation of SnO2by many researchers. 

Marikkannanet al., (2015) prepared SnO2 by sol – gel process using solvents such as ethanol, 

methanol and isopropanol. Abdullah et al., (2018) prepared tin oxide by thermal oxidation. 

Shamalaet al., (2004) synthesized tin oxide thin film by spray pyrolysis and electron beam 

evaporation. Chemical bath method has been employed to deposited SnO2 by Sagaderan and 

Podder, 2015; Yusuf et al., 2013; Ebrahimiaset al., 2011; Igbinovia and Ilenikhena, 2010 and 

Nwodoet al., 2010. Most of the literature reported for the preparation of SnO2 films using 

chemical method were done at high temperature with less time of deposition or long time with 

less temperature. 

This paper presents the fabrication of tin oxide thin film using chemical bath technique in 

the presence of a complexing agent (EDTA), at room temperature with longer deposition time. 

Concentration of tin ion precursor was varied for the optimization of film growth. 

Characterization of the as deposited films was carried out to determine their optical, 

morphological and structural properties. 

2. Materials and Methods 

Tin oxide (SnO2) films were deposited by the reaction of solution containing tin (II) chloride 

(SnCl2), ammonium hydroxide (NH4OH), EDTA and distilled water all in one beaker. The 

deposition of SnO2 films at various concentration of tin ion precursor were carried out using 100 

ml glass beaker. Five samples of SnO2 films were prepared at different Sn ion concentration of 

0.04 mole, 0.08 mole, 0.12 mole, 0.16 mole and 0.20 mole respectively. The substrates were 

labeled Sn: 0.04 M, Sn: 0.08 M, Sn: 0.12 M, Sn: 0.16 M and Sn: 0.20 M for easy identification. 

Sample Sn: 0.04 M contained 10 ml of 0.04 mole of stannous chloride and 5 ml of 0.05 mole of 

EDTA. The mixture was stirred for 3 minutes to form a homogenous mixture. 5 ml of 

ammonium hydroxide solution was added to the mixture containing stannous chloride and EDTA 

which was stirred for another 5 minutes, distilled water of 60 ml was used to top-up the solution. 

Before vertical insertion of the substrate, the final mixture was stirred for 5 minutes to have a 

homogenous mixture and the room temperature of 303K was maintained. The setup was allowed 

to stay for 24 hours. The remaining four samples were prepared in the same manner with 

variation in concentration of stannous chloride as shown in Table 1. At the end of the dip time, 
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the substrates were removed, rinsed in distilled water and dried in an open air at room 

temperature of 302 K. An average pH value of 1.40 was obtained for the baths using a pH meter 

of accuracy ± 0.1. The samples were annealed at temperature of 573 K for 4 hours before 

characterization. This process removed hydroxide ions formed during the deposition of tin oxide 

thin films and to obtain films with good crystallinity. Table1 shows the detailed values of the 

molarity and volume of each reagent used. 

Table 1: Bath Constituents of Chemically Deposited Tin Oxide Films at Various 

Concentration of Tin Ion Precursor 

Reaction 

bath 

SnCl2 36.5% 

NH4OH 

Vol (ml) 

EDTA  H20  

Vol (ml) 

pH Dip 

Time 

(hrs) 
Vol (ml) mol Vol 

(ml) 

Mol 

Sn:0.04 M 10.00 0.04 5.00 5.00 0.05 60 11.4 24 

Sn:0.08 M 10.00 0.08 5.00 5.00 0.05 60 11.4 24 

Sn:0.12 M 10.00 0.12 5.00 5.00 0.05 60 11.2 24 

Sn:0.16 M 10.00 0.16 5.00 5.00 0.05 60 11.3 24 

Sn:0.20 M 10.00 0.20 5.00 5.00 0.05 60 11.4 24 

Optical characterization of the thin films was achieved using StellarNet UV – VIS – NIR 

spectrometer (Blue – Wave Miniature; Model: UVNb). From the absorbance values obtained, 

other parameters which include: transmittance, reflectance, optical band gap and average 

thickness of the films were evaluated using theory. The micrographs of the films were 

photographed using Digital Microscope of magnification of 100X. X–ray diffraction spectrum of 

the film was obtained using Bruker D8 Advance X – ray diffractometer with Cu K – α 

wavelength of 1.54  Å

3. Results and Discussion 

3.1 Optical Analysis 

Figure 1 shows the graph of absorbance plotted against wavelength. The absorbance of the films 

deposited increases as the concentration of Sn2+ ion precursor increases. The result is in line with 

Lambert – Beer law. The result shows that the deposited SnO2 thin films have low absorbance in 

UV, VIS and NIR region. A maximum absorbance value of 0.13 at 300 nm was obtained for film 

deposited with 0.20 M of the Sn2+ ion precursor, while minimum absorbance value of 0.02 at 

1100 nm was obtained for film deposited with 0.04 M of Sn2+ ion precursor. Film deposited with 

0.04 M of Sn2+ ion precursor has absorbance values of 0.08 to 0.04 in UV region, 0.04 to 0.02 in 

VIS region and 0.02 throughout the NIR region. Film deposited with 0.08 M of Sn2+ ion 

precursor has absorbance values of 0.1 to 0.04 in UV region, 0.04 throughout VIS and NIR 

region. Films deposited with 0.12 M of Sn2+ ion precursor has absorbance values of 0.1 to 0.07 

in UV region, 0.07 to 0.05 in VIS region and 0.04 throughout NIR region. Film deposited with 

0.16 M of Sn2+ ion precursor has absorbance values of 0.12 to 0.07 in UV region, 0.07 

throughout VIS and NIR region. Film deposited with 0.20 M of Sn2+ ion precursor has 

absorbance values of 0.13 to 0.10 in UV region, 0.1 to 0.09 in VIS region and 0.08 throughout 

NIR region. This result is in line with the result obtained by (Ajayi and Agunbiade, 2015; 

Marikkannanet al., 2015). 
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Figure 1: Plot of Absorbance against Wavelength (nm) for Tin Oxide Thin Films 

 

 
Figure 2: Plot of Transmittance against Wavelength (nm) for Tin Oxide Thin Films 

 

Figure 2 shows the graph of transmittance plotted against wavelength. The transmittance of the 

films deposited decreases as the concentration of Sn2+ ion precursor increases. The result shows 

that the deposited SnO2 thin films have high transmittance in UV, VIS and NIR region. A 

maximum transmittance value of 96.16% at 1100 nm was obtained for film deposited with 0.04 

M of the Sn2+ ion precursor while minimum transmittance value of 73.45% at 300 nm was 

obtained for film deposited with 0.20 M of Sn2+ ion precursor. Film deposited with 0.04 M of 

Sn2+ ion precursor has transmittance values of 82.41 % to 92.04 % in UV region, 92.04 % to 

94.84 % in VIS region and 94.84 %to 96.16 % in NIR region. Film deposited with 0.08 M of 

Sn2+ ion precursor has transmittance values of 79.45 % to 91.20 % in UV region, 91.20 % 

throughout VIS and 91.20 % to 92.25 %NIR region. Films deposited with 0.12 M of Sn2+ ion 

precursor has transmittance values of 79.73 % to 84.76 % in UV region, 84.80 % to 89.33 % in 

VIS region and 89.33 % to 90.36 %within NIR region. Film deposited with 0.16 M of Sn2+ ion 

precursor has transmittance values of 74.47 % to 84.53 % in UV region, 84.72 % to 85.11 % in 

VIS region and 85.11 % to 85.70 % in NIR region. Film deposited with 0.20 M of Sn2+ ion 

precursor has transmittance values of 73.45 % to 79.98 % in UV region, 80.35 % to 82.22 % in 

VIS region and 82.22 % to 82.41 % NIR region. This result is in line with the result obtained by 

(Ajayi and Agunbiade, 2015; Marikkannanet al., 2015). 

Figure 3 shows the graph of reflectance plotted against wavelength. The reflectance of 

the deposited films increases as the concentration of Sn2+ ion precursor increases. The 

reflectance decreases slightly as wavelength increases. The result shows that deposited films of 
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SnO2 are of low reflectivity and depicts the excellent antireflection properties of the SnO2 layer 

with different concentrations. Film deposited with 0.04 M of Sn2+ ion precursor has reflectance 

values of 9.19 % to 4.36 % in UV region, 4.36 % to 2.86 % in VIS region and 2.86 % to 2.14 % 

in NIR region. Film deposited with 0.08 M of Sn2+ ion precursor has transmittance values of 

10.56 % to 4.80 % in UV region, 4.69 % 4.89 % in VIS and 4.80 % to 4.24 %NIR region. Films 

deposited with 0.12 M of Sn2+ ion precursor has transmittance values of 10.43 % to 8.06 %  in 

UV region, 8.04 % to 5.77 % in VIS region and 5.77 % to 5.24 % within NIR region. Film 

deposited with 0.16 M of Sn2+ ion precursor has transmittance values of 12.73 % to 8.17 % in 

UV region, 8.08 % to 7.89 % in VIS region and 7.89 % to 7.60 % in NIR region. Film deposited 

with 0.20 M of Sn2+ ion precursor has transmittance values of 13.15 % to 10.32 % in UV region, 

10.15 % to 9.28 % in VIS region and 9.28 % to 9.19 % NIR region

.  

  

 
Figure 3: Plot of Reflectance against Wavelength (nm) for Tin Oxide Thin Films 

 

Figure 4 shows the plot of (𝛼ℎ𝑣)2against photon energy for the deposited films. From the graph, 

the  energy bandgap of the films were estimated by extrapolation of the photon energy axis 

where the (𝛼ℎ𝑣)2 is zero, i. e. (𝛼ℎ𝑣)2 = 0. Sn: 0.04 M has band gap energy of 2.50 eV, Sn: 0.08 

M has band gap of 2.86 eV,, Sn: 0.12 M has band gap of 3.10 𝑒𝑉. Sn: 0.16 M has band gap of 

3.50eV and Sn: 0.20 M has a band gap energy of 3.70 eV. Energy band gap of the film increases 

as concentration of the Sn atoms increases. The increase in band gap as concentration of Sn2+ 

increases is due of decrease in the optical thickness. This is as a result of quantum confinement 

effect. These results are close to band gap energies obtained by other researchers such as (Mishra 

et al., 2009) who obtained an energy band gap of 3.71 eV.  Igwe and Ugwu, (2010) obtained 

band gap range of 1.6 eV to 3.20 eV while (Saturiet al., 2012) obtained energy band gap range of 

2.85 eV to 3.39 eV. 
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Figure 4: Plot of Absorption Coefficient Sqaured against Photon Energy for Tin Oxide 

Thin Films 

 

 

Figure 5: Plot of Optical Thickness against Molar Concentration of Sn2+ ion precursor 

for the deposited Tin Oxide Thin Film  

 

Figure 5 gives the average optical thickness as a function of molar concentration of Sn2+ ion 

precursor. Optical thickness of the films decreases as molar concentration of Sn2+ ion precursor 

increases. Peak value of thickness was found to be 0.14 µm at concentration of 0.04 M, while the 

least value of optical thickness was found to be 0.02 µm at concentration of 0.20 M. This clearly 

shows that increase in the concentration of Sn2+ precursor decreases the average optical thickness 

of the films. The observed results can be explained on the basis of ion-ion condensation. 
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3.2 Microstructural Analysis 

Figures 6 shows the microscopic image of deposited thin films of tin oxide (SnO2). ImageJ for 

Microscopy Image Analysis (Abramoff et al., 2004) software was used to determine the average 

particle size of the films from the micrograph images. The average particle sizes werefound to be 

between 10.01 nm and 6.04 nm as show in Table 2. The particle count shown in the table, reveals 

the number of possible particles contained in the sample. 

Figure 6: Optical Microscopy Image of Deposition SnO2 Thin Films  

 

Table 2:ImageJ Analysis of Microscopic Image of Deposited SnO2 Thin Films  

Samples Particle Counts Average Particle Size (nm) 

Sn:0.04 M 5796 10.01 

Sn:0.08 M 12680 6.04 

Sn:0.12 M 8545 8 

Sn:0.16 M 8318 7.11 

Sn:0.20 M 9308 9.33 
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Figure 7: X – ray Pattern of Chemically Deposited SnO2 

The x – ray diffraction pattern obtained for the SnO2 thin film confirmed the formation of rutile 

tetragonal primitive structure, with lattice parameters 𝑎 = 𝑏 = 4.737 Åand 𝑐 = 3.186 Å. This 

result corresponds to the standard JCPDS card No. 041 – 1445. The result shows that the 

deposited SnO2has three major peaks at 51.80°, 26.59° and 33.42° corresponding to the miller 

indices of [211], [110] and [101] respectively. Other peaks observed were 37.40° and 62.03°. 

The diffraction peaks are slightly broadened which indicate that the crystal size of the sample is 

relatively small. Crystallite size of the film obtained from the x – ray diffraction spectra range 

from 26.25 nm to 45.50 nm. 

 

4. Conclusion 

We have successfully deposited thin film of Tin oxide unto microscopic glass substrates using 

chemical bath deposition technique at room temperature with longer time of deposition. The 

deposition of the films was achieved with the use of tin chloride, ammonium hydroxide, EDTA 

and distilled water at room temperature. Tin chloride served as precursor for Sn2+, ammonium 

hydroxide was used as a pH adjuster and source of oxygen and EDTA served as complexing 

agent for slow precipitation of the cations. The deposited films were subjected to optical and 

microstructural characterizations. The absorbance result obtained showed that tin oxide films are 

non-absorbing films with absorbance values ranging from 0.13 to 0.02. The absorbance of the 

films increases as molar concentration of the films increases but decrease with increase in 

wavelength. Transmittance results show that these deposited films are highly transmittive mostly 

in near infrared region. Transmittance increases as wavelength increases and ranges from 96.20 

% to 73.45 %. The transmittance decreases as molar concentration increases. Reflectance of the 

films is generally low with value ranging between 2.14 % to 13.15 %. This result shows that 

SnO2 is a non-reflective thin film material that could be used in an anti – reflective industries for 

antireflective coating. The optical band gap ranges from 3.70 eV to 2.50 eV. Crystallite size of 

the film obtained from the x – ray diffraction spectra range from 26.25 nm to 45.50 nm. 
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