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Abstract: Water pollution has become more and more important today. A new method was 

found to handle this problem which is the Anatase thin film between silica layers. This paper 

illustrates the principle of the photocatalytic splitting of water and the fabrication of TiO2 

films in Self-assembling method, making a comparison with the other methods. Also, this 

paper explains the reasons for using SiO2 as a base and the superhydrophilicity in TiO2–SiO2 

nano-composite thin films in atomic force microscopy(AFM) and transmission electron 

microscopy(TEM). Research is being done on the improvement of catalytic efficiency and 

transmittance in such film. In this paper, it is found that the addition of silica to titanium 

dioxide leads to a very low contact Angle with water, which is of great help in maintaining 

good hydrophilicity. In addition, the methods to improve the hydrophilicity and transmittance 

of titanium dioxide by increasing the surface roughness coefficient and introducing holes in 

the hydrophilic film are also discussed.  
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1. Introduction 

Water pollution is a critical environmental issue that has garnered increasing attention in recent 

decades. A way to purify water is now needed in urgent to solve water pollution more efficiently. So 

here comes up with this concept: Semiconductor photocatalyst. By constructing heterojunctions, such 

as p-n, Z-type, and S-type heterojunctions, photogenerated carriers (electrons and holes) can be 

effectively separated and photocatalytic efficiency can be improved. These heterojunctions show 

excellent performance in reducing recombination losses and extending the optical response range. 

However, in terms of environmental purification, how to control the intermediates and end products 

generated during the photocatalysis process to make them safer and harmless still needs further 

research. The article is studied in photonic crystal heterostructure with anatase thin film between 

silica layers by way of integrating previous manufacturing processes to develop new devices to 

achieve better performance. During the study, a green and harmless water treatment method is 

provided. Compared with traditional physical or chemical methods, photocatalysis can completely 

mineralize organic pollutants into carbon dioxide and water, avoiding secondary pollution. Also, this 

paper provides a reference for the scholars who later study semiconductor photocatalysis. 
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2. Structure of different TiO2 

Fujishima and Honda made a groundbreaking discovery of the photocatalytic splitting of water on 

TiO2 electrodes in 1972, heralding the dawn of a new age in heterogeneous photocatalysis [1]. So far, 

three crystal structures of titanium dioxide have been discovered in the nature: Anatase, rutile, and 

brookite, These three substances have different structures, which leads to them having different 

properties, especially in photocatalysis. [2]. The anatase of TiO2 shows a higher photocatalytic 

activity [3]. The structures of rutile and anatase are characterized by chains of TiO2 octahedra, which 

differ in terms of the distortion of individual octahedra and the arrangement of these chains [1]. (See 

Fig.1) 

 

Figure 1: Structure of rutile and anatase TiO2. [1] 

3. Principle of photocatalysis to transform energy 

The principle of photocatalysis is the redox capabilities of photocatalysts in light irradiation. This 

process uses light energy to excite compound semiconductors, such as TiO2, and to harness the 

generated electrons and holes to facilitate oxidation-reduction reactions. When light shines on 

nanomaterials with an energy level greater than the semiconductor's bandgap energy, electrons jump 

from valence band to conduction band, creating holes in  valence band. This makes electron-hole 

pairs. Nanomaterials, due to their high number of dangling bonds, can easily trap these electrons or 

holes, preventing their recombination and enhancing their time to exert power. Then, the electrons 

and holes would move to the surface of the particle and exhibit strong redox potentials. 

Semiconductor photocatalysis, which is a sustainable technology, has been widely applied to solve 

various environmental problems more than water and air purification. It has proved the efficiency in 

destroying microorganisms like bacteria, kill cancer cells, controlling odors, photosplitting water to 

generate hydrogen gas, fixing nitrogen, and mitigating oil spills [4]. 

During a photocatalyzed reaction, five main steps are included: i) Semiconductors absorb light 

from outside, ii) Electrons and hole pairs are generated in the materials, iii) Electrons and holes move 

through the material and combine with each other to annihilate, iv) The reaction product detaches 

from the surface of the material, and v) A redox reaction took place on the semiconductor (see Fig. 

2).During such reaction, Electron and hole polymerization and annihilation will have a bad effect on 

the performance of the device because this produces unwanted energy, it does not help the redox 

reaction. The movement of electrons and holes within the device to promote material conduction is 

the most important reason to promote the redox reaction [5]. 
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Figure 2: Schematic diagram of semiconductor photocatalysis.[5] 

However, we are now lacking an appropriate catalyst. Many oxides consist in metal cations of d0 

and d10 configurations, metal sulfide and nitride photocatalysts have been reported in the latest decade 

[6]. and we are now paying attention to TiO2. The biggest disadvantage of photocatalyst application 

is the high recombination rate of electrons and holes that will reduce the efficiency of the quantum 

and decrease the activity of photocatalytic. One way to overcome this problem is to use multiphase 

TiO2 because it shows higher photocatalytic activity than single-phase because of more and more 

charge transfer generated between different TiO2 polymorphs (have different levels of bandgaps), 

result in the improvement of the efficiency in separation of charge carriers and then prevent the 

recombination of electrons and holes [2]. 

Fujishima's research group found that when TiO2 film is in exposure to ultraviolet (UV) light, the 

contact Angle of water gradually decreases to almost zero [5-6]. We call this phenomenon 

superhydrophilicity. Then, the thin film composed only of TiO2 shows the contact Angle of the water 

becomes almost zero under the exposure of UV [7]. Superhydrophilic surfaces with water contact 

angles (WCAs) lower than 5° are very useful in antifogging, self-cleaning and drug delivery systems. 

Superhydrophilicity is of great importance in the self-cleaning of TiO2 and photocatalytic films. If 

the film is composed only of TiO2, when stopping the light irradiation, the moisture angle of water 

on the surface of the TiO2 film would gradually increase and return back to the original state. The 

latest research found that the composite film prepared by TiO2 and SiO2 mixed sol on the surface of 

the ceramic tile has superhydrophilicity under the exposure of light induction, and the 

superhydrophilicity is also maintained well [7-8]. 

4. Experimental procedures by self-assembly 

There are three classical methods for preparing titanium dioxide films: sputtering, chemical vapor 

deposition(CVD), and pulsed laser deposition(PLD) [9-11]. However, these methods mostly need the 

equipment which is specialized and complicated processing and causing the limitation of their 

widespread utilization. Now the sol-gel method to build film is more efficient for the fabrication of 

TiO2 thin film because it is a more simple way to create the high purity films. The precursor solutions 

are made of polymer and sol, then use annealing and spin coating to build the films. Many technologic 

applications are in low temperature of processing because of the feature that preventing the film from 

reacting with the substrate [12]. However the sol-gel method needs high temperature for over ~400 ℃ 

in the case of precursor solutions of metal-organic solutions to remove the crystallization and organic 

impurities. [13]. Also, the film is prepared in lower refractive index because of the low density of the 

TiO2 film structure made in such method [14]. 

Ethyl orthosilicate (TEOS) and butyl titanate were used as materials for the synthesis of precursor 

solution, and taking action in two-step hydrolysis method [15]. The steps were as follows: according 

to the molar ratio of TEOS: C2H5OH: H2O: HCI= 1:4:2:0.03, mixing solution, heated up to 70℃, 

reflux for 2h, and then homace-tylacetone: Butyl titanate, anhydrous ethanol =1:1:4 solution mixed 

Proceedings of  the 5th International  Conference on Materials  Chemistry and Environmental  Engineering 
DOI:  10.54254/2755-2721/123/2025.19575 

61 



 

 

and stirred, and then added anhydrous ethanol (the same volume of the mixed solution), H2O and HCI 

solution, wherein: "TEOS+ butyl titanate) : HaO:HCI= 1:2:0.3, the molar percentage of SiO2 is: 5, 

10, 15, 20, 33 and 50. After placing the solution at room temperature for 24h, it can be used for 

coating. TiO2/SiO composite film is using clean ordinary glass slide as the substrate from the above 

sol precursor by diffuse stain lifting method, and the speed of pulling is 2mm. Then drying at 100℃ 

for 5min, putting wet film into the Muffle furnace, kept at 500℃ for 1h, removed the Muffle furnace, 

and cooled to room temperature to obtain TiO2/SiO [8]. TiO2 films can be prepared in such method 

described in reference [10]. 

Using dipcoating can deposite the thin films of TiO2 and TiO2–SiO2 on the substrates. But adhesion 

of TiO2 film show worse on the substrate .The reason is that the stress is accumulated in the interface, 

also coating two times result in the separation of the thin film and the substrate. One wayt to make 

stronger adhersion is a high temperature. So the silica is introduced in as a material to bind gaps. Fig. 

3 is the image of transmission electron microscope about cross-section at the intersection of titanium 

dioxide and silica thin films which are created by the dip coating method and then heating to 100℃ 

for 1 h. And in the inset of Fig. 3, TiO2 exist as the form of anatase by the way of technique that 

selected area diffraction,also it can be seen that in (110) plane of Debye-Scherrer ring in anatase TiO2 

[16]. 

 

Figure 3: transmission electron microscope about cross-section at the intersection of titanium dioxide 

and silica thin films which are created by the dip coating method and then heating to 100°C for 1 

h,and in (110) plane of Debye-Scherrer ring in anatase TiO2 (inset) [8] 

5. Results and discussion 

As shown in Fig. 4, atomic force microscopy(AFM) shows surface of TiO2 films in the nano-scale of 

different amounts of SiO2(0%,30%,50%,70%) and then heated to 100°C for 1 h. The AFM indicated 

that with increasing SiO2 content, the nano-composite film surface became curvier compared to the 

TiO2 films which were not dopped in silica. The crystal anatase TiO2 formed dendrites in glass with 

height of crystals of the TiO2–SiO2 glassy phase increasing as the temperature increasing in the report 

of Karthikeyan et,al [17]. Changing the amount of SiO2 can customize the surface structure and the 

physical and chemical properties [16]. 
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Figure 4: thin films of images in atomic force microscopy (a) 0% SiO2 +100% TiO2 (b) 30% SiO2 

+70% TiO2 (c) 50% SiO2 +50% TiO2 and (d) 70%SiO2+30% TiO2 heated to 100°C for 1 h on the 

glass substrate. [8] 

6. Improvements 

It is generally believed that nano-sized semiconductors differ in physical and chemical properties 

from bulk semiconductors, are primarily determined by the particle surface, So in this small scale, 

surface area is becoming more and more important. Therefore, controlling the diameter of the particle 

of the titanium dioxide material can significantly change its response to photocatalysis and one way 

is synthesizing nano-scale TiO2 particles. Moreover, in order to expand its applicability to various 

substrates, it is necessary to improve the adhesive force and hardness by introducing binder materials 

such as silica [16]. 

The contact Angle is found to rise and recover relatively early in dark places. It is best to raise the 

contact Angle slowly in a dark place and keep the contact Angle low for a long time, as it is not 

always exposed to ultraviolet light (such as sunlight) if considering actual use. Therefore, With the 

addition of silica, the contact angle of water becomes much lower, it also remained hydrophilic well 

in the dark. As for TiO2-SiO2 system materials, many studies have been carried out in the past in glass, 

humidity sensors, etc. For example, Kamiya and Sakka used IR-spectra to measure the amount of 

water about TiO2-SiO2 glasses which are made up of 0–15 wt % TiO2 and heated to 1173 K. Surface 

hydrophilicity was tested by Hosaka and Meguro, using metal alkoxide to produce the TiO2-SiO2 

pellet with 0–100 mol % SiO2 in 773 K [18-20]. 

It is generally believed that when ultraviolet light cast on TiO2 film, the redox reaction takes place 

to produce reactive oxygen species on the film. This is very conducive to the occurrence of hydrolysis 

reactions and produces the superhydrophilicity of the substance in the process. However, due to the 

wide band gap of TiO2, only energy greater than or equal to the amount of energy provided by 

ultraviolet light can excite the electrons in the device. This will be an obstacle in the applications of 

TiO2. One way to change the wettability of TiO2 film is to adjust its surface roughness. According to 

studies of Quéré and Wenzel, the roughness of surface coefficient becomes very large for porous 

films so the hydrophilic material is easily wetted [21]. Therefore, superhydrophilicity can be achieved 

by introducing holes in the hydrophilic film.  

For the practical application of superdroplet TiO2 films, it is of great importance in high 

transmittance. But TiO2 can reflect most incident light due to its large index of refraction. Introducing 

a SiO2 layer between the substrate and the TiO2 film can improve the transmission rate in J. J. Wang's 

research group [21]. 
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7. Conclusion 

In this paper, a self-assembly method is designed to prepare titanium dioxide film and place it in two 

layers of silica, and introduce the concept and principle of photocatalytic water purification from 

sewage treatment. In terms of the material itself, the advantages of superhydrophilicity, the 

advantages of sol-gel film preparation and the necessity of placing silica layer are described, and the 

contact Angle and transmittance also play a great role in the application of the film. The film prepared 

by sol-gel method used in this paper usually has pores and cracks, resulting in poor compactness. 

Such films may have insufficient durability and corrosion resistance in some applications (such as 

anti-corrosion coatings, protective films, etc.). In the process of drying and heat treatment, due to 

solvent volatilization, sol shrinkage and thermal stress, the surface of the film is easy to crack and 

non-uniform, which affects the performance of the film. Possible future research directions will focus 

on improving the visible light response performance, inhibiting the recombination of photogenerated 

carriers, and enhancing the stability and recycling ability of photocatalysts.  
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