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 Abstract 

This study reports on the successful formation of TiO2-Fe3O4 thin films using spin coating 

fabrication method for solar cell applications with mangosteen peel extract as a dye 

sensitizer. The thin films were characterized by X-ray diffraction (XRD), scanning 

electron microscope-energy dispersive x-ray (SEM-EDX), ultraviolet-visible (UV-Vis), 

and solar cell simulator. The X-ray diffraction pattern showed the presence of TiO2 phase 

with anatase structure and Fe3O4 with cubic structure, where the crystallite size of each is 

52.39 nm and 19.27 nm, respectively. The TiO2-Fe3O4 nanocomposite has a spherical and 

agglomerated shape. Interestingly, the TiO2-Fe3O4 thin film mangosteen peel extract as a 

dye sensitizer showed an efficiency of 0.00573%. This result opens a new material 

candidate for DSSC applications. 
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1. Introduction 

Nowadays, renewable energy has become a popular research topic due to the rapidly increasing 

demand for energy, especially electricity. So far, energy sources come from non-renewable fossil fuels 

such as petroleum, natural gas, and coal [1]. The use of fossil fuels has also had very significant negative 

impacts, including climate change, acid rain, air pollution, and temperature changes [2]. Therefore, it 

encourages researchers to look for other alternative energy sources [3], such as solar thermal energy 

[4]. Solar heat can be converted into electrical energy using the photovoltaic principle, such as the Dye-

Sensitized Solar Cell (DSSC) device [5], [6]. The manufacturing process is simple, with a dye sensitizer 

component that can capture light and produce electrons [7]. DSSC components, such as photoanode, 

counter electrode, dye, and electrolyte, result in electron transfer so that it can convert solar thermal 

energy into electrical energy [8], [9]. Titanium dioxide (TiO2) is a material often used in DSSC. TiO2 

was chosen because it has many advantages, including an affordable price [10], and high thermal 

stability [11]. However, electron transfer in TiO2 nanoparticles is a process that only contains electron 

transfer and recombination, resulting in less dye absorption and impacting the DSSC efficiency value 

[12], [13]. Furthermore, to increase the photoanode's efficiency, this study employed a special 

treatment: combining materials, or a composite. In this case, TiO2 will be composited with Fe3O4 

nanoparticles. Fe3O4 nanoparticles have unique characteristics, including being biodegradable [14], 

dielectric [15], and having a large surface area and good dispersion power [16], which has led to the 

application of these nanoparticles in the fields of renewable energy [17], photocatalysts [18]. 

The Fe3+ ion in Fe3O4 can increase light absorption from the ultraviolet to visible light range [19]. 

The hydrothermal preparation of Fe3O4/TiO2 has been successfully carried out by Hatefi et al [20]. Chou 

et al. (2016) also successfully prepared a TiO2/Fe3O4 composite for the manufacture of DSSC 

photoanodes, achieving an efficiency of 3.45%. [16]. The pores will make the dye perfectly absorbed 

[21]. The greater the amount of dye absorbed, the better the performance of the DSSC [22]. In addition 

to increasing efficiency through electron transfer, selecting appropriate dyes is also necessary. 

Ruthenium is a dye sensitizer commonly used in the manufacture of DSSCs [23]. However, during its 

http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


M. Solikhah et al., Fabrication of Dye-Sensitized Solar Cell … 
 

131 

manufacture, ruthenium is quite expensive and difficult to synthesize. Natural dyes contained in fruits 

are suspected to be an alternative material for making dyes, this is because fruits contain carotene, 

flavonoids, and anthocyanins [24]. In this study, dye was produced from mangosteen peel extract. 

Mangosteen peel is believed to be able to be used as a dye because it contains flavonoids, carotenes, 

and anthocyanins [25], where previous researchers have reported that in 100 grams of mangosteen peel, 

there are 59.3 mg of anthocyanins [26]. Plants with anthocyanin extracts exhibit a wide range of light 

absorption due to their conjugated double-bond arrangement. Therefore, the use of mangosteen peel 

extract can increase the efficiency of DSSC. 

 

2. Methods 

The initial step for fabricating TiO2-Fe3O4 was to make Fe3O4 nanoparticles using the method 

following our previous research [27]. Next, the synthesis of TiO2-Fe3O4 nanocomposites was carried 

out by mixing TiO2 powder with Fe3O4 (ratio of 1:2) by grinding in a mortar for 10 minutes, followed 

by the addition of deionized water, Triton X-100, and acetic acid. The next step was the fabrication of 

TiO2-Fe3O4 paste on FTO, which was carried out with a spin coater for 30 minutes. Then, the resulting 

FTO was heated to 500 oC. At the same time, mangosteen peel was extracted and used as a dye 

sensitizer. The mangosteen peel was cleaned, cut into small pieces, and dried using an oven for 120 

minutes. Next, the mangosteen peel was ground using a blender and filtered with a mesh. Mangosteen 

peel powder was dissolved using deionized water at a ratio of 1:10 (w/v) followed by stirring for 60 

minutes at a temperature of 100 oC. The resulting solution was then filtered using filter paper to obtain 

mangosteen peel extract. 

 

3. Results and Discussion 

The diffraction peak of the thin film is shown in Figure 1. The figure shows that there are two 

crystallinity phases, namely TiO2 and Fe3O4. This is evidenced by TiO2 crystals in the anastase phase 

at 2θ = 25.26o, 37.69o, 48.05o, 53.63o, 55.23o, 62.72o, 68.95o, 70.54o, 75.00o based on JCPDS card No.: 

21-1272 [28]. The Fe3O4 peaks are at 2θ = 35.46o, 53.95o, 62.73o, 75.32o, 76.28o, and 82.97o [29] [30]. 

The appearance of FTO peaks was detected at 2θ = 26.69o, 33.54o, 43.75o, 51.57o, 61.13o, 65.75o, and 

78.190 [31] [32]. The crystallite sizes for TiO2 and Fe3O4 were 52.39 nm and 19.27 nm, respectively. 

 

 
Figure 1. XRD Pattern of TiO2-Fe3O Thin Film. 

 

The SEM characterization results are shown in Figure 2 (a). The nanocomposite of thin layer has a 

spherical shape with agglomeration. The particle size distribution of the nanocomposite has an average 

size of 32.16 nm (Figure 2 (b)). The size obtained is smaller than in previous studies of TiO2/Fe3O4 

nanocomposites, approximately 30 nm [33]. The appearance of Ti, O, and Fe peaks confirms the 

presence of TiO2 and Fe3O4 nanoparticles on EDX (Figure 2 (c)). 
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Figure 2. (a) Morphology (b) Particle Size Distribution and (c) EDX of TiO2-Fe3O4 Thin Film.  

 

 

 
Figure 3. (a) UV-Vis Spectrum and (b) Band Gap Energy of TiO2-Fe3O4 Thin Film.  

 

The results of UV-Vis characterization (Figure 3 (a)) show that there are two absorbances, at 276 

and 400 nm, which indicate the absorption of Fe3O4 and TiO2 [34] [35]. The 400 nm absorption peak 

of TiO2 is in the blue-purple region, originating from the recombination charge of the defective ground 

state [36]. Band gap analysis using the Touch Plot method for a thin layer of TiO2-Fe3O4 nanocomposite 

is 3.26 eV (Figure 3 (b)). The value obtained is relatively larger than the value of TiO2 nanoparticles, 

which is around 3.2 eV [37]. This difference is caused by the compositing of Fe3O4 [38]. 

 

The efficiency of DSSC can be determined using the Equations 1-3 [39]: 

𝜂 =  
𝑃𝑚𝑎𝑥

𝑃𝑖𝑛
                                                                                                                                    (1) 
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𝐹𝐹 =
𝐼𝑚𝑎𝑥 × 𝑉𝑚𝑎𝑥 

𝐼𝑆𝐶 × 𝑉𝑂𝐶
                                                                                                                    (2) 

𝜂 =
𝐼𝑆𝐶 × 𝑉𝑂𝐶 × 𝐹𝐹

𝑃𝑖𝑛
                                                                                                                 (3) 

where Pmax and Pin are the maximum output power and input power. FF can be interpreted as Fill Factor, 

Open-Circuit Voltage (VOC), Imax and Vmax can be interpreted as photocurrent and photovoltage for 

maximum power output, Short-Circuit Photocurrent (ISC) [40]. The efficiency of the TiO2-Fe3O4 thin 

film is 0.00573%, as shown in Figure 4.  

 
Figure 4. The efficiency of the TiO2-Fe3O4 thin film.    

 

 

3 Conclusion 

TiO2-Fe3O4 thin film has been successfully deposited by the spin coating method. XRD 

characterization results show that the observed crystal phases are TiO2, Fe3O4, and FTO. The 

nanocomposite has spherical agglomerates with a particle size of 32.16 nm. The UV-Vis spectrum 

shows two absorption peaks at 276 and 400 nm, indicating the absorption of Fe3O4 and TiO2, with a 

band gap of 3.26 eV. In addition, the DSSC performance is characterized by an efficiency of 0.00573%. 

These results indicate that natural materials, such as Mangosteen Peel, also have the potential to serve 

as DSSC materials.   
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