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Abstract 

The increasing growth of the textile industry in Indonesia also contributes to environmental pollution due to 
textile dye pollutants. This research aims to synthesize tin dioxide (SnO₂) semiconductor doped with cobalt 
(Co) using the sol-gel method to improve its photocatalytic performance in degrading Rhodamine B dye. 
The synthesis involves varying Co doping concentrations (0.4 mmol, 0.6 mmol, and 0.8 mmol) with the 
addition of 1 mL of diethanolamine (DEA) as an additive. Characterization using UV-DRS spectroscopy 
shows a decrease in the band gap energy of SnO₂ from 3.455 eV to 1.910 eV after being doped with Co2+ 
ions at an optimum doping concentration of 0.8 mmol. SEM analysis confirmed the spherical morphology 
and uniform distribution of the synthesized nanoparticles. Photocatalytic tests showed that Co-doped SnO₂ 
(0.8 mmol) achieved 65.43% degradation of Rhodamine B in 90 minutes under UV light, compared to 24% 
for undoped SnO₂ in 120 minutes. These findings demonstrate that Co doping significantly improves the 

photocatalytic efficiency of SnO₂, offering a potential semiconductor-based solution to reduce textile dye 
pollutants and reduce environmental pollution. 
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Introduction 

The growth of the textile industry in Indonesia has made textile factories one of the 

sectors that contribute greatly to improving the national economy (Hisbiyah & Komala, 

2019). However, this rapid development also causes an increase in textile dye waste 

which has a serious impact on water and environmental pollution (Herlambang, 2006). 

Based on data from the Ministry of Environment and Forestry, textile waste contributed 

2.4% of total waste in 2019, increasing to 6.99% in 2021, 8.2% in 2022 

(Nationalgeographic.co.id), and reaching 12% in 2023 (Kumparan.com). This increase 

shows the need for effective methods to reduce the environmental impact of textile dye 

waste (Asiah, et al., 2017). 

Various methods have been used to treat textile waste, such as adsorption and 

activated sludge methods. However, both of these methods have weaknesses, namely 

that adsorption can cause a buildup of organic waste in the adsorbent (Utubira et al., 

2010), while activated sludge takes a long time and consumes large amounts of energy 
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(Jannah & Muhimmatin, 2019). To overcome these limitations, semiconductor 

photocatalysis with the help of UV light has been proven to be an efficient method for 

decomposing dyes into compounds that are safer for the environment (Sanjaya et al., 

2023), The photocatalyst process was chosen as an effective method for processing dye 

waste because this process is environmentally friendly. Photocatalysts do not produce 

dangerous deposits and are able to convert organic pollutants into CO2 and H2O (Rahman 

& Rita Sulistyowati, 2023). 

Semiconductors are materials that can conduct electricity within a certain range. 

The electrical and optical properties of semiconductors have a major influence on the 

performance of devices such as solar cells, photo electrocatalysts and photocatalysts 

(Wang et al., 2021). The advantages of semiconductors include their ability to be 

processed by deposition at low temperatures, produce smooth layers, and allow the 

creation of large areas on glass, as well as the flexibility of plastic substrates which are 

affected by the lack of long-range order (Kim et al., 2018). Several semiconductor 

materials, such as TiO₂, ZnO, and SnO₂, are widely used in the photodegradation of 

organic pollutants (Yang et al., 2012). Among oxide semiconductors, tin dioxide (SnO₂) 

is one of the materials frequently used for photocatalytic applications (Mounkachi et al., 

2016).  

SnO₂ is an n-type oxide semiconductor with a band gap of 3.6 eV which has good 

electrical conductivity (Köse et al., 2015). This material has several advantages, including 

excellent optical properties, non-toxicity, wide band gap, and efficiency in photocatalytic 

activity (Sudha & Sivakumar, 2015). With its wide optical band gap and transparency to 

visible wavelengths, SnO₂ is well suited for various applications such as solar cells, gas 

sensors, batteries, transistors, transparent electrodes, and catalysts (Patel et al., 2021). 

The synthesis of SnO₂ materials uses several methods, including magnetron 

sputtering (Ning et al., 2009), chemical coprecipitation (Liu et al., 2012), hydrothermal 

(Akhir et al., 2019), and sol-gel (Patel et al., 2021). Among various synthesis methods, 

the sol-gel method has the advantage namely good product homogeneity, easy to control 

composition, using relatively low temperatures, large coating area, low equipment costs, 

and having good optical properties (Ilican et al., 2008), simple, and low levels of energy 

and material consumption (Saini et al., 2007). Based on research by Patel et al. (2021), 
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optical analysis shows that SnO₂ nanoparticles have a band gap of 3.64 eV (Patel et al., 

2021). A smaller band gap can increase effectiveness in the photodegradation process 

because it is easier for electrons to move from the valence band to the conduction band. 

To reduce the band gap value, SnO₂ is modified with metal doping, one of which is the 

addition of cobalt to SnO₂ nanoparticles (Taringan et al., 2017). 

Cobalt (Co) is an effective doping because Co ions can donate electrons to the 

conduction band of SnO₂, which causes a decrease in the band gap value of SnO₂ 

nanoparticles (Lu et al., 2024). Research by Pirmoradi et al. (2011) showed that Co 

doping on SnO₂ synthesized using the sol-gel method could reduce the band gap value 

from 3.19 eV to 2.97 eV (Pirmoradi et al., 2011). Meanwhile, research by Mariammal et 

al. (2011) showed that SnO₂ which was not doped with Co had a band gap of 3.6 eV, 

while SnO₂ which was doped with Co had a band gap of 3.04 eV (Mariammal et al., 2011). 

These results indicate that Co-doped SnO₂ is effective for photocatalyst applications 

(Vindhya & Kavitha 2023). In this research, the photocatalyst application uses rhodamine 

B dye degradation, which is one of the dyes often used in the textile industry. 

Based on this, this research was carried out by synthesizing Co²⁺ doped SnO₂ 

nanoparticles using the sol-gel method to optimize their use as a photocatalyst in the 

degradation process of Rhodamine B dye. 

 

Method 

Tools and Materials 

The tools used in this research include chemical glasses, measuring cups, 

measuring flasks, volumetric pipettes, evaporating cups, watch glasses, measuring 

pipettes, desiccators, mortar and pestle, analytical balance, magnetic stirrer, stirrer bar, 

furnace, UV spectrophotometry -Diffuse Reflectance (UV-DRS), Scanning Electron 

Microscope (SEM), as well as tools for testing SnO₂ photocatalysts doped Co used a UV-

Vis Spectrophotometer (Thermo Scientific Genesys 30) and two 15 Watt UV lamps. The 

materials used in this research include SnCl₂·2H₂O(Merck), CoCl₂·6H₂O(Merck), 

methanol (p.a), Diethanolamine (DEA) (p.a), rhodamine B, and distilled water. 
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Synthesis of SnO2 Material 

SnCl₂·H₂O (1 mmol) was dissolved in 50 mL methanol (p.a.), then covered with 

plastic wrap and homogenized using a magnetic stirrer for around 1 hour 30 minutes. The 

solution was then sonicated for 30 minutes at 45 W to obtain a homogeneous solution 

and left for 24 hours to stabilize the sol. The samples were dried in an oven at 110°C for 

about 1 hour. The gel obtained was calcined in a furnace at 600°C for around 3 hours to 

produce SnO₂. The samples were stored in a desiccator, after cooling, the samples were 

crushed using a mortar and pestle for characterization (Ningsih et al., 2020). 

Synthesis of Co-Doped SnO2 with DEA Additive 

SnCl₂·H₂O (1 mmol) and CoCl₂·6H₂O with varying concentrations of 0.4 mmol, 0.6 

mmol, and 0.8 mmol were dissolved in 50 mL of methanol (p.a.). The solution was 

covered with plastic wrap and homogenized using a magnetic stirrer for 40 minutes. Then 

1 mL of Diethanolamine (DEA) (p.a.) was added to each solution and stirred for about 1 

hour 30 minutes. The solution was sonicated for 30 minutes at 45 W to ensure 

homogeneity and left for 24 hours to stabilize the sol. The samples were then dried in an 

oven at 110°C for about 1 hour. The gel obtained was calcined in a furnace at a 

temperature of 600°C for about 3 hours to produce Co-doped SnO₂. The samples were 

stored in a desiccator, after cooling, the samples were crushed using a mortar and pestle 

for characterization (Kasuma et al., 2020). 

Photocatalyst Effectiveness Test on Co-Doped SnO2 Nanoparticles 

0.1 gram of rhodamine B was dissolved in 100 mL of distilled water in a 100 mL 

volumetric flask, then 10 mL of the rhodamine B stock solution was transferred into a 

1000 mL volumetric flask. 0.1 gram of photocatalyst (at optimum doping and additive 

conditions) was added to 100 mL of rhodamine B solution. Before being exposed to 

ultraviolet light, the solution was stirred in a dark room for 30 minutes to achieve 

adsorption and desorption balance. The photolysis irradiation time was set at 0 minutes, 

30 minutes, 60 minutes, 90 minutes, 120 minutes, and 150 minutes. 5 mL of solution was 

taken at each interval and centrifuged for 10 minutes to remove particles. The absorbance 

of the supernatant solution was measured using a UV-Vis spectrophotometer at a 

wavelength of 554 nm (Toloman et al., 2020). 

Results and Analysis 
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UV-DRS Spectrophotometer Characterization of SnO2 and Co-Doped SnO2 

In this research, modification of Co-doped SnO2 was carried out. The bandgap 

value was determined using UV-DRS spectroscopy in the wavelength range 185-1100 

nm. The aim of this research is to reduce the bandgap value by varying the cobalt (Co) 

doping concentration, thereby increasing the potential of the material for photocatalytic 

applications (Mariammal et al., 2011). Co-doped SnO2 nanoparticles were synthesized 

using various Co doping concentrations, namely 0.4 mmol, 0.6 mmol, and 0.8 mmol, with 

the addition of 1 mL of diethanolamine as an additive. The bandgap value is calculated 

using the Kubelka-Munk equation (Sanjaya, 2018).  

Eg=hc/λ 

Where Eg is the gap energy (eV)  

The results of band gap measurements with variations in Co doping concentrations 

can be seen in Table 1. 

Table 1. Band gap Energy with Effect of Co Doping Concentration 

Sample Band gap Value (Eg) 

SnO2 3,455 eV 

1 mmol SnO2 + 0,4 mmol Co + DEA 1 mL 2,134 eV 

1 mmol SnO2 + 0,6 mmol Co + DEA 1mL 2,006 eV 

1 mmol SnO2 + 0,8 mmol Co + DEA 1 mL 1,910 eV 

 

The data shows a decrease in the bandgap energy in SnO2, the lowest bandgap 

value is achieved at a concentration of 0.8 mmol Co (1.910 eV), which is the maximum 

bandgap obtained from variations in doping concentration. The doping concentration is 

lower than that of the SnO₂ precursor, aiming to increase conductivity without altering the 

material properties of SnO₂ nanoparticles. This decrease is caused by the interaction 

between DEA as an additive and the semiconductor matrix, which results in a smaller 

particle size and a decrease in the energy band gap value (Ningsih, 2013). Apart from 

that, according to Ningsih, et al., 2021, impairment bandgap caused by the interaction 

between the electron band and the delocalization of electrons in the transition ion 
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resulting in metal ion substitution (Ningsih et al., 2021), in this case is by adding Co2+ ions 

as doping of SnO₂ nanoparticles. Reduced value bandgap causes the distance between 

the valence band and the conduction band to get closer and the excitation of electrons 

becomes faster so that less photon energy is needed to excite electrons from the valence 

band to the conduction band (Ningsih et al., 2021). This shows that value bandgap The 

lower one has the potential for photocatalytic applications in the degradation of rhodamine 

B dye. 

Scanning Electron Microscope (SEM) Characterization of SnO2 and Co-Doped SnO2 

Scanning Electron Microscope (SEM) was used to observe differences in 

morphology, particle distribution and particle size in SnO2 and Co-SnO2. In this research, 

characterization using SEM was carried out on SnO2 with the addition of 0,8 mmol Co 

doping and compared with SnO2 without additional doping. SEM observations were 

carried out with a magnification of 20,000x. Results of characterization analysis using 

SEM for SnO2 and Co-SnO2 can be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

The characterization results in Figure 1 show SEM photos  of SnO2 nanoparticles 

and Co (0,8 mmol)-SnO2. Surface morphology of SnO2 nanoparticles and Co-SnO2 visible 

in SEM 20,000x magnification shaped spherical. This is in accordance with previous 

research conducted by Mariammal, et al, in 2011, which obtained similar morphological 

results for SnO2 nanoparticles and Co doped SnO2 that is, shape sperichal (Mariammal 

et al., 2011).  

(a) (b) 

Figure 1. (a) SEM image of SnO2 (b) SEM image of Co (0,8 mmol)-SnO2 
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SnO2 particle size and Co (0,8 mmol)-doped SnO2 can be measured using 

software imageJ. In Figure 2 it can be seen that the size distribution of SnO2 particles 

without doping and DEA additives have sizes ranging from 40-240 nm with an average 

particle size of 106.51 nm. Co (0,8 mmol)-doped SnO2 with the addition of 1 mL DEA has 

the particle size of Co-SnO2 ranges from 10-90 nm with an average particle size of 28.17 

nm. This is in accordance with the literature which states that the addition of additives 

plays a role in controlling the morphology of the product formed, resulting in a product 

with a high level of homogeneity and a large surface area due to the small particle size 

(Ningsih, 2016). In Masjedi-Arani's 2017 research, using diethanolamine (DEA) as an 

additive in the synthesis of SnO2 nanoparticles2 which is doped with Co metal produces 

shaped nanoparticles spherical with a small particle size with a wide particle distribution 

(Masjedi-Arani & Salavati-Niasari, 2017). 

Activity Photocatalysts SnO2 and Co-SnO2 with Rhodamine B 

In the research This activity test was conducted photocatalyst on SnO2 and Co-

SnO2 nanoparticles with rhodamine B which is contacted below UV light . Length value 

wave maximum rhodamine B and absorbance measured with use UV-Vis 

spectrophotometer in the range long 400-800 nm wave . Measurement results absorption 

maximum rhodamine B at length 554 nm wave with mark absorbance of 1,325 Abs. This 
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Figure 2. Particle Size distribution histogram of (a) SnO2 and (b) Co 
(0,8 mmol)-SnO2 
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is in accordance with reference Rhodamine B has a wavelength of maximum at 554 nm 

(Letifi et al., 2019). In the study This done degradation rhodamine B with SnO2 without 

addition of doping Co and DEA, and Co (0,8 mmol) -SnO2 with addition of 1 mL DEA for 

compare mark degradation and see effectiveness from second variation catalyst In the 

research This use variation time degradation 0 minutes , 30 minutes , 60 minutes , 90 

minutes , 120 minutes , and 150 minutes . In Figure 3, it can be seen seen results 

degradation rhodamine B with SnO2 and Co-SnO2 catalysts . 

Based on figure 3 (a) percent degradation rhodamine B with SnO2 without the 

addition of Co and DEA doping has been obtained optimum degradation value rhodamine 

B, namely by 24% with time degradation for 120 minutes . In figure 3 (b) the optimum 

value of percent degradation rhodamine B with Co (0,8 mmol)-doped SnO2 nanoparticles 

with addition of 1 mL DEA, namely by 65.43% with time degradation for 90 minutes . 

Increased photocatalytic activity of SnO₂ doped with ions Co2+ This is because Co doping 

can increase the crystallinity of SnO₂, so that the crystal structure becomes more orderly 

and efficient in supporting the photocatalytic process. Ion Co2+ creates an additional 

energy level within the SnO₂ energy band gap, which serves to reduce the recombination 

of electron-hole pairs formed when exposed to light, thereby allowing these pairs to more 

effectively participate in photocatalytic reactions (Toloman et al., 2020). 

 

Conclusion 

This research shows the results of the synthesis of Co-doped SnO₂ Nanoparticles using 

the sol-gel method can improve their photocatalytic performance in degrading Rhodamine 

B dye. This modification reduces the band gap energy of SnO₂ from 3.455 eV to 1.910 

eV at an optimum Co doping concentration of 0.8 mmol with the addition of 1 mL of DEA 

thereby increasing its photocatalytic properties. Under UV light irradiation, Co (0,8 mmol)-

doped SnO2 showed optimum photocatalytic activity, achieving 65.43% degradation of 

Rhodamine B at 90 minutes, compared to SnO₂ without doping it only reaches 24% at 

120 minutes. These results indicate that the addition of Co doping can increase the 

photocatalytic efficiency of SnO2 nanomaterials , thus providing a potential solution in 

processing textile dye waste and reducing the impact of environmental pollution. 
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