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Figure 1.2. Sketch of the conventional cells of (a) rutile and (b) anatase [25]. 

1.3.2 Anatase 

Anatase is another metastable naturally mineral form of TiO2 in addition to rutile, which is 

first named by René Just Haüy in 1801. Pure anatase is colorless or white. Generally, compared to 

rutile, anatase is stable only at low temperature. The hardness of anatase is 5.5 ~ 6.5, and the 

density is 3.8 ~ 4.0 g/cm3. Due to its low surface energy, anatase is usually the first phase formed 

in the TiO2 fabrication sample. However, at high temperature, anatase would transform to rutile 

[26]. 

Figure 1.2 shows the crystal structure of anatase. Anatase also has tetragonal crystal system. 

The unit cell parameters of rutile are a = b = 3.7852 Å, while c = 9.5139 Å [27]. According to the 

figure, O anions are cubic closest packing, while Ti cations are in the octahedral voids. The 

coordination number of Ti is 6, and O is 3. The [TiO6] octahedra relate to each other by sharing 
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Figure 1.5. Structural formular of (a) RhB and (b) MB. 
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Dye pollution is one of the most disturbing industrial water pollution problems. The dyes not 

only affect the stability of the water biological chain, but also do harm to human health. Figure 1.6 

shows the organic water pollutant emissions of east European countries [61]. Millions of tons of 

organic wastewater are discharged every day, and a large part of it is the pollution caused by dyes. 

This makes day degradation one of the urgent problems to be solved. 

 
Figure 1.6. The organic water pollutant emissions by eastern European countries [61]. 

1.5.2 General dye degradation mechanisms 

In order to solve the dye issues, several techniques, including biological and physicochemical 

methods, have been applied for the degradation. However, biological method has certain 

limitations and cannot treat wastewater containing high concentration of dyes [62], while chemical 

technology may cause secondary pollution. The advanced oxidation processes are considered as 

one of the promising methods for dye degradation [63]. After first proposed by Honda and 

Fujishima in 1972 [64], photocatalytic degradation of dyes have attracted the attention of many 

researchers. Until now, the research on the degradation of dyes by photocatalysis has become more 

and more mature. There are three types of mechanisms for the photodegradation of dyes [65-67]: 

1. Dye sensitization 

2. Indirect dye degradation by oxidation or reduction 

3. Direct photolysis of dye 

The mechanism of dye sensitization is shown in Figure 1.7(a) [63]. Dyes can absorb the 

electrons whose energy are equal to or greater than the bandgap of material, which makes the 

electrons excite from the valence band to the conduction band, forming a pair of electrons and 
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Chapter 2 

TiO2 Fabricated by Submerged Photosynthesis of Crystallites and Solution 

Plasma Synthesis 
2.1 General Int roduction 

Exploration of solar-driven functional materials is currently a hot topic in many fields like 

solar energy utilization, photocatalysis, synthetic chemistry, optoelectronics, and environmental 

science. Among various photosensitive materials, titanium dioxide (TiO2) has been widely used 

owing to its nontoxicity and low cost. However, pristine white TiO2 photocatalysts have absorption 

only in ultraviolet (UV) regime due to their wide bandgap (anatase: ~3.2 eV, rutile: ~3.0 eV), 

which greatly limits their application under solar irradiation. Doping of foreign atoms is a 

commonly used method to introduce sub-bands into TiO2 to enhance light absorption at a broader 

range of wavelength [1-3]. Without introducing impurities, self-structured modification is 

becoming a new strategy in tuning optical and electrical properties of TiO2 [4]. Hydrogenated black 

TiO2 with structural disordered surface, reported by Chen et al., exhibits good solar absorption 

ability [5]. However, the current mainstream fabricating methods for obtaining black TiO2 are 

multi-step and require severe experimental conditions, such as high-temperature annealing and 

oxygen-free atmospheric condition [6]. 

No need for complicated operations, plasma electrolysis in solution with a metal electrode as 

the raw material was used in nanomaterial synthesis of metals, semi-metals, and metal oxides, 

which was also named as solution plasma process (SPP) [7-11]. The nanomaterial formation in 

these synthetic systems was based on a melting/evaporation-quenching mechanism, in which the 

concentrated current flow sharply increased the local temperature of current spots on the electrode 

by Joule heating, thus resulting in the local melting of the metal electrode. The molten electrode 

fraction was quenched in the liquid phase and transformed into the target nano/micro particles [12, 

13]. The SPP method has been applied for the synthesis and activation of TiO2 nanoparticles. 

Several groups synthesized defected black TiO2 particles in a direct current (DC) excited plasma 

in solution with a titanium cathode [12, 13] or using two symmetric titanium electrodes with a 

bipolar-pulsed power supply [14-16]. In those studies, black TiO2 particles were formed from Ti 

electrodes based on a top-down synthetic strategy. A recent study conducted by Yu et al. showed 

that the SPP method could be used for the incorporation of hydrogen dopant into pre-synthesized 
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Figure 2.7. Image of dark yellow supernatant of SPP synthesis of b-TiO2 in water-ethanol 

electrolyte. 
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Figure 2.8. XRF element analysis of supernatant of SPP synthesis in alcohol-water mixed solution. 
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Figure 2.9. Optical images of Ti electrodes after SPP in different electrolytes (scale bar: 5 mm). 
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Pre-oxidized TiO2 is necessary for the formation of b-TiO2, as reported by Yu et al. [17]. In 

step 2, the black TiO2-x layer on the electrode melts by Joule heating from DC discharge, and the 

molten TiOx are sputtered and quenched by electrolytes with lower temperature. The b-TiO2 

particles are formed by the aggregation of TiOx clusters. 

2.3.2 Basic Characterization of TiO2 fabricated by EC-SPSC method 

Figure 2.12 shows the SEM and XRD characterization of TiO2 fabricated by EC-SPSC method. 

After the synthesis method, fine-grained oxides are formed on the surface of the Ti plate. Several 

cracks appear on the surface. According to the EDS mapping of O in Figure 2.12(b) and (c), the 

oxygen content of cracks is low, while Ti content is high, suggesting that these parts do not form 

Ti oxides. As shown in Figure 2.12(d), XRD patterns shows mainly Ti peaks instead of TiO2 peaks. 

This result indicates that Ti substrate would affect the characterization results of TiO2. Compared 

to the SEM of Ti cathode just after the plasma, EC-SPSC is workable for the fabrication of TiO2. 

The elemental ratio of Ti/O is unpredictable, indicating that the repeatability of this method is bad. 

In addition, the TiO2 product by EC-SPSC method is not homogeneous. These two problems 

hinder the further research. 
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Figure 2.12. Basic characterization of EC-SPSC fabricated TiO2. 
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2.4 Conclusion 

In this work, we use a one-step SPP method to fabricate b-TiO2, whose solar absorption 

property is superior. In addition, EC-SPSC method is used for the attempting of TiO2 fabrication. 

A two-step mechanism for the formation of b-TiO2 is proposed as follows:  

(1) The formation of black TiO2-x layer caused by the Ti electrode surface pre-oxidation.  

(2) The electrode surface melted by Joule heating in plasma, then sputtered molten TiOx 

clusters quenched by electrolyte and aggregated to form b-TiO2 particles. 

In these steps, the pre-oxidized TiO2-x layer is found to be necessary for the b-TiO2 formation 

by SPP method. The b-TiO2 is proved to be effective on the generation of water vapor under solar 

light irradiation [37]. As a result, it is easily upscaled and used in clean, facile production of solar 

harvesting materials. 

As for TiO2 fabrication by EC-SPSC method, although it has been proved that TiO2 can be 

fabricated by this method, the low-repeatability and bad-homogeneity prevent the further research. 

As a result, we do not recommend using the EC-SPSC method for the fabrication of TiO2 

nanoparticles. 
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Chapter 3 

Mesoporous Single Crystal Titanium Oxide Microparticles for Enhanced 

Visible Light Photodegradation 
3.1 General Introduction 

Titanium dioxide (TiO2) has played a very important role in the photodegradation of dyes due 

to its unique properties, such as better stability, non-toxicity, and better photocatalytic performance 

due to its bandgap (~ 3 eV) [1]. Commercially available TiO2 products, for example, P25-TiO2 

(hereinafter called P25), a well-known material which is the composite of rutile and anatase, have 

been widely used in the field of photocatalytic degradation of organic pollutants [2-4]. In spite of 

high photoactivity of P25 under ultraviolet condition, its efficiency is limited under visible light 

irradiation [5]. 

On this account, researchers have been working on the improvement of the photodegradation 

efficiency of TiO2 materials under visible light. For example, impurity doping is an effective way 

to extend usable light wavelength range of titanium dioxide [6-9]. Park et al. [6] used graft 

polymerization method to fabricate N-doped TiO2, which has enhanced methyl orange degradation 

activity under visible light. Choi et al. [7] doped metal ion into TiO2 to increase its visible light 

photoactivity. Introducing defects can also help to improve visible light activity. Dong et al. [8] 

successfully synthesized black TiO2 through facile anodization technique, with a high 

photocatalytic activity under visible light. In addition to the methods above, pores and high specific 

surface area would contribute to the higher performance of TiO2. Naik et al. [9] fabricated super 

porous TiO2 photocatalyst (with over 100 m2/g specific surface area) by sol-gel method and shows 

better adsorption and photodegradation ability of amaranth dyes. 

Compared to the above methods, lattice defect introduction can not only take the advantage 

of doping effects, but also avoid introducing impurities [10-14]. Zhu et al. [10] used solution 

plasma synthesis method to fabricate black TiO2 with Ti (III) component and prove its high activity 

for solar-thermal water evaporation. Xin et al. [11] successfully introduced Ti (III) into TiO2 with 

significantly improved performance. Xu et al. [12] also fabricated TiO2 microspheres with Ti (III) 

defects and proves the higher photodegradation efficiency, almost three times under visible light 

irradiation. In addition, single crystal has unique optical application, which makes TiO2 work 

better under visible light. Zheng et al. [13] successfully fabricated mesoporous single crystal TiO2 
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by using silica-templated hydrothermal method which works well for the photodegradation of 

methyl orange. Cheng et al. [14] also used KTiOPO4 to fabricate single crystal TiO2, which 

enhanced photoelectrochemical performance and shows a high conversion for benzene to phenol. 

In addition to the methods above, Ti metal can also be used for fabrication. Generally, H2O2 will 

play an important role in the direct oxidation of Ti metal, while several additives (e.g., HF, NaF 

or NaCl) will be used to control the product [15, 16]. The direct oxidation of Ti metal by H2O2 

solution can also avoid impurity-introducing and create Ti (III). 

Herein, we developed a facile one-step method to fabricate mesoporous single-crystalline 

ellipsoidal TiO2 microparticles (e-TiO2 MPs), which only requires common materials of Ti, an 

additive of NH4F with hydrogen peroxide, and a simple process at elevated temperature. 

Additionally, the product is mesoporous structure with both Ti (III) and Ti (IV) components, which 

can make it have unique properties. The photocatalytic degradation of Rhodamine B and 

Methylene blue solution were conducted under visible light condition to compare the 

photocatalytic performance of the as-synthesized e-TiO2 MPs with commercial P25. The possible 

mechanisms of the photocatalytic performance enhancement from the view of microstructure and 

their optical properties are also discussed.  

 

3.2 Experimental section 

3.2.1 Synthesis of e-TiO2 MPs 

The e-TiO2 MPs were fabricated by a one-step method. The titanium plates (Nilaco 

Cooperation, Japan) were cut into the standard pieces (3.75 mm × 20 mm × 0.2 mm), and cleaned 

in acetone, ethanol, and distilled water under ultrasonication. Ti plates were then placed in a 

polymethyl methacrylate (PMMA) cuvette (3 ml) contained with 2 mL of hydrogen peroxide 

solution (30 wt%, H2O2, Kanto Chemical Co., inc.). 15 mg of NH4F (97%, Wako Pure Chemical 

Cooperation, Wako special grade) was then added into the cuvette. The reaction was controlled at 

80°C for 72 h. The precipitates were collected by centrifugation and cleaned with ethanol three 

times, then dried for 24 h at 50°C.  

3.2.2 Structural characterizations 

The as-synthesized e-TiO2 MPs were observed using a transmission electron microscope 

(TEM, JEOL JEM-2000FX) operated at 200 kV and a field emission scanning electron microscope 

(FESEM, JEOL JSM-7001F) operated at 15 kV. High-resolution transmission electron microscopy 
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MPs. These MPs remain on the surface even after ultrasonic cleaning, showing a strong connection 

to the titanium plate. This result suggests that e-TiO2 MPs were first generated on the surface of 

titanium plate, and then separated into the solution. The supersaturated Ti4+ ions could also be a 

Ti source for e-TiO2 sediment in the solution. In addition, the EDS analysis results show the same 

Ti: O atomic ratios (1: 1.7) of both e-TiO2 MPs in the solution and on the titanium plate surface.  

 
Figure 3.1. (a) SEM image of e-TiO2, (b) size distribution figure from (a). 

 
Figure 3.2. SEM image of (a) P25 and (b) Ti plate after fabrication. 

The results of XRD patterns for the e-TiO2 and P25 are compared in Figure 3.3. The diffraction 

peaks for e-TiO2 are only attributed to the anatase phase. The typical peaks located at 25° and 37° 

correspond to the (101) and (103) planes of anatase phase. While the commercial P25 have an 

anatase-rutile binary phase structure. P25 shows both rutile peaks (27°, 41°, 54° for the planes 

(110), (111) and (211)) and anatase peaks (25° for (101) and 37° for (103), similar to e-TiO2). 

Most of the time, if controlling the product as anatase, special methods are required for the 

selective production, such as using the sol-gel method by 3.3% molar concentration of glacial 
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located at 529 eV. For e-TiO2, there are two different peaks shown in the spectra. The peak at 531 

eV indicates the Ti-O-H bond, and the peak which located at 533 eV is the peak of TiO2-x [19-21]. 

Furthermore, two peaks at around 690 eV prove the existence of fluoride, which is shown in Figure 

3.5. The peak located at 684 eV represents the F 1s peak of F- [22], while the peak at 687 eV 

represents the F 1s peak of TiO2-xFx. [16]. Generally, to introduce Ti (III) in TiO2, TiO2 should be 

fabricated first, and then reduced by using other methods, which may require high temperature or 

other materials, for example, by using hydrogen reduction method under higher temperature (573 

K) [23], or by introducing Ti-O-Fe structure formed by ferric nitrate (Fe(NO3)3·9H2O) [20] 

However, the present synthesis of e-TiO2 and does not require high temperature or introduce other 

metal atoms, making this fabrication method more convenient. 

 
Figure 3.4. (a) XPS data of e-TiO2 and P25 in Ti 2p binding energy range (Top: e-TiO2, bottom: 

P25); (b) XPS data of e-TiO2 and P25 in O 1s binding energy range. (Top: e-TiO2, bottom: P25). 
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Figure 3.7. e-TiO2 perfect prolate spheroids. 

TEM images of e-TiO2 in Figure 3.8(a) shows a clear ellipsoidal shape for e-TiO2, whose 

aspect ratio is 14:5. As shown in Figure 3.8(b), the electron diffraction pattern of a single e-TiO2 

particle indicates that the whole e-TiO2 particle is a single crystal with uniform orientation. Both 

(101) and (103) planes noted on this diffraction pattern are consistent with the XRD results of 

anatase. The results of diffraction pattern also suggest that e-TiO2 growth towards (103) direction. 

Figure 3.8(c) and Figure 3.8(d) show the underfocus and overfocus TEM images, respectively, for 

the same area of an e-TiO2 particle. In the highlighted area of underfocus TEM image, several 

lighter spots can be seen, while in the same area of overfocus TEM image, the lighter spots become 

darken. These contrast difference between the two different-defocused pictures suggests the 

existence of nano-pores. In our one-step method, NH4F is considered to play a very important role 

[27] in the formation of bumpy surfaces and pores by the generation of coordination ion [TiF6]2-. 

Uneven surfaces of e-TiO2 shows that F- ions have successfully corroded TiO2 surface and 

introduced pores. 



 

50 
 

 
Figure 3.8. (a) TEM image of e-TiO2; (b) diffraction pattern of e-TiO2 single crystal, with (101) 

and (103) plane pointed out; (c) underfocus image of e-TiO2 (d) overfocus image of e-TiO2. 

To examine the e-TiO2 MPs more specifically, scanning transmission electron microscopy 

(STEM) is used for precision analysis. In the high-resolution TEM image of Figure 3.9(a), for an 

e-TiO2, there are several blurred areas which are observed. Based on the previous TEM analysis, 

these blurred areas are presumably nano pores with defects. In order to confirm this, Fast Fourier 

Transform (FFT) and Inverse Fast Fourier Transform (IFFT) methods are used for the 

characterization [28]. Figure 3.9(c) shows the FFT image of selected area in Figure 3.9(b). The 
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FFT diffractogram is very similar to the diffraction pattern of e-TiO2, also showing a regular 

arrangement, suggesting the fact that e-TiO2 is a single crystal. Figure 3.9(d) of the IFFT image 

masked by the spot pair (plane (103)) in Figure 3.9(c) depicts several lattice discrepancies could 

be seen with some alone, and others in pair. These dislocations or related lattice defects suggest 

that there exist mesopores in the e-TiO2 particle, as we discussed above, which are presumably 

generated by the movement of oxygen vacancies created by F- ions in the e-TiO2 particles [29]. 
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important role. This is because the pores increase the specific surface area of the e-TiO2 and 

increase the reaction area, making the degradation process faster. The anatase structure of the e-

TiO2 could also promote the photodegradability. As in the previous report, generally, anatase is 

more optically active than rutile [40]. Additionally, the single crystalline structure of e-TiO2 could 

also promote the photoactivity. The uniformity and regularity of the crystalline structure has been 

proved to improve the photodegradation efficiency of TiO2 [14]. Furthermore, trivalent Ti (III) 

and oxygen vacancies could cause the shift of the energy band gap and improve the photocatalytic 

performance. Hence, our mesoporous anatase e-TiO2 shows higher photocatalytic activity than 

P25. 

Table 3.2. The residual concentration of the dyes degraded by e-TiO2 and P25. 

 30 min dark stirring  1 h degradation under visible light 

RhB (by e-TiO2) 22% 1% 

RhB (by P25) 93% 37% 

MB (by e-TiO2) 38% 17% 

MB (by P25) 80% 18% 

 

For MB degradation, the e-TiO2 shows better adsorption in the initial 30 mins than P25. As 

shown in Table 2, MB is degraded to 38% by the e-TiO2. Compared to RhB, the photodegradation 

rate of MB by e-TiO2 decreased significantly. Photosensitization is one possible explanation for 

the selectively photodegradation of RhB instead of MB. RhB has been proved to be photosensitive 

during the TiO2 photodegradation [41, 42]. During the step, RhB could also be excited by visible 

light, which accelerates the self-decomposition, making the degradation rate of RhB higher. 

Although there is no report to directly explain how photosensitization affects the degradation of 

MB by TiO2, based on the RhB process, if MB needs to undergo the same process, it needs to 

absorb light first. According to Figure 3.13, the absorption peak of RhB locates in the range of 

450-600 nm, while MB locates in the range of 550-700 nm. The wavelength of the visible light 

source is 400-600 nm, which can be well absorbed by RhB, but not by MB. This may be the reason 

why for e-TiO2, photodegradation efficiency of MB is worse than RhB. Also, the photodegradation 

by e-TiO2 did not perform well compared to P25. It has been reported that the ratio of anatase to 

rutile affects the photodegradation of MB due to the interaction between these two kinds of 
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crystallites. When the ratio of anatase and rutile is 4:1, the highest photodegradation efficiency 

could be obtained [43, 44]. Therefore, e-TiO2 MPs (anatase main) is not as effective as P25 (20% 

rutile) for the photodegradation of MB. In addition, according to Figure 3.14, e-TiO2 is considered 

as a one-time photocatalyst for both RhB and MB.  

 
Figure 3.12. Photodegradation and (b) photodegradation kinetic constant calculation of RhB and 

MB by e-TiO2 and P25. 

 
Figure 3.13. The UV-vis absorbance spectra for the photodegradation of (a) Rhodamine B and (b) 

Methylene blue. 
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Figure 3.15. Photodegradation mechanism of e-TiO2 for RhB. 

 

3.4 Conclusions 

In summary, we have successfully fabricated e-TiO2 with high visible light photodegradation 

activity. Compared to conventional methods, this method only requires raw Ti, H2O2, NH4F, at 

temperature of 80°C and atmospheric pressure. These requirements are easy to achieve compared 

to other methods using Ti plate as a raw material, making this method facile. The e-TiO2 itself also 

has many advantages compared to commercial P25. Because of the effects of fluoride ions and 

H2O2, e-TiO2 MPs are one kind of single crystal micromaterials, containing mesopores generated 

by oxygen vacancies and Ti (III) component. These modifications would lead to superior 

performances, such as high adsorption for dyes. Furthermore, e-TiO2 has been proved to have 

much better photodegradation efficiency. When degrade RhB under visible light, the 

photodegradation kinetic constant of e-TiO2 could be 4 times as much as P25. Therefore, the 

present work provides a facile route to fabricate single crystal TiO2 with mesoporous structure for 

high efficiency visible light dye photodegradation.  
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Chapter 4 

Facile Modification of TiO2 Nanoparticles with H2O2 + NH4F for Enhanced 

Visible Light Photodegradation of Rhodamine B and Methylene Blue 
4.1 General Introduction 

Using metal oxide nanomaterials is a common countermeasure for photodegrading dyes due 

to their supreme performances [1]. Titanium dioxide (TiO2) has stood out among metal oxide 

materials because of higher stability, non-toxicity, and UV-region bandgap (~ 3 eV) [2, 3]. P25-

TiO2 (hereinafter called P25), one commercial TiO2 product, has been widely used for the 

photodegradation of organic pollutants [4, 5]. P25 has been proved to be efficient by ultraviolet 

light degradation, while for visible light, the performance is limited [6]. 

For this reason, researchers have been working on the modification of TiO2 materials to 

improve its visible light performance. Doping other elements is an effective way to improve the 

visible light performance of TiO2 [7]. Iron, tungsten, and manganese are common elements used 

for the visible light photodegradation improvement of TiO2 for different cases [8-10]. Co-doping 

is also fruitful for the enhancement of visible light photodegradation efficiency [11-13].  

Apart from metals, non-metal materials, such as boron, nitrogen, carbon, iodine, and 

phosphorus, could also be used for TiO2 modification [14-19]. Fluoride has been proved to be 

effective on the modification of titania materials [20]. Although rutile-TiO2 and anatase-TiO2 have 

been determined to be metastable near room temperature [21, 22], fluorides could react with them, 

making modification possible [23, 24]. It has been proved that fluoride materials can modify TiO2 

particles and improve its visible light activity [25, 26]. In addition to the elements above, hydrogen 

peroxide (H2O2) is also effective for the sensitization of TiO2 and increase the visible light 

photodegradation efficiency [27]. In our previous study, it has been proved that H2O2 is effective 

on the fabrication of ellipsoidal TiO2, which has enhanced visible light photodegradation activity 

[28].  

Herein, we developed a facile modification method to increase the visible light 

photodegradation efficiency of TiO2, which only uses hydrogen peroxide (H2O2) and NH4F. We 

modified the commercial P25 and TiO2 samples fabricated from titanium isopropoxide (TTIP) by 

using H2O2 + NH4F. The samples before and after modification are tested for the characterization 

and property analysis. This modification method is able to increase the specific surface area of 
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Figure 4.3. XPS spectra of (a) P25 and PF; (b) TH and THF; (c) TN and TNF. 
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Figure 4.5. TEM images of TiO2 samples with SAED patterns. 

 
Figure 4.6. Overfocus (left) and underfocus (right) TEM images of TiO2 samples: (a) P25, (b) TH, 

(c) TN, (d) PF, (e) THF and (f) TNF. 

Scanning Transmission Electron Microscopy (STEM) is also used for the characterization of 

the six TiO2 samples. Figure 4.7 shows the HRTEM images of TH, TN, THF and TNF. In TH and 

THF, regular arrangements can be seen, suggesting that TH and THF are crystalline structure. In 

addition, the atomic arrangements have different orientation, indicating that TH and THF are 

polycrystalline. Fast Fourier Transform (FFT) and Inverse Fast Fourier Transform (IFFT) can be 

used for micro characterization in detail [35]. The bottom right partial enlarged view shows the 

mask filtered IFFT image for TH ((1 1 0) plane of rutile) and THF ((1 0 1) plane of anatase). These 

IFFT images depict several defects in these materials, which could clarify the reason why TH and 

THF work well in photodegradation, which will be discussed later. Furthermore, the interplanar 

spacing of both samples calculated by IFFT match the actual data (plane (1 1 0) of rutile: 3.2 Å, 

plane (1 0 1) of anatase: 3.5 Å). These results also revealed that TH is composed of rutile and THF 

is of anatase, respectively. Figure 5(b) and (d) show the detail of TN and TNF, while partial 
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enlarged perspectives are shown in the corresponding bottom right. TN and TNF are mainly 

amorphous, which is consistent with the XRD results. According to the partial enlarged view, TN 

still have some crystal structures, which are shown as bright spots in the FFT image, but the FFT 

image of TNF does not show any bright spots, indicating that TNF in the HRTEM region is 

amorphous.  

 
Figure 4.7. HRTEM images of (a) TH (b) TN (c) THF (d) TNF. 

4.3.2 The formation mechanism of TiO2 samples. 

TTIP is an effective material for the fabrication of TiO2 nanoparticles. 
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Figure 4.9. (a) Photodegradation curves of RhB by TiO2 samples; (b) Photodegradation kinetic 

constant calculation of RhB by TiO2 samples; (c) Photodegradation curves of MB by P25, PF, TH 

and THF; (d) Photodegradation kinetic constant calculation of MB by P25, PF, TH and THF. 

Figure 4.9(c) shows the photodegradation tests of MB, while Figure 4.9(d) shows their 

photodegradation kinetic constants. Only four samples are mentioned in these two figures. The 

absorbance data of P25 used as the control group is based on the previous report [28]. TN and TNF 

will be discussed later. The visible light photodegradation kinetic constants of MB by different 

TiO2 samples are shown in Table 2. Among these TiO2 samples, THF shows the highest efficiency 

for the MB photodegradation, which is 0.048 min-1. P25 also shows the high visible light 

photodegradation kinetic constant at 0.027 min-1. Compared these two samples, the 

photodegradation kinetic constant of PF and TH (both 0.006 min-1) are much lower, reducing the 

efficiency of visible light driven photodegradation. These results are highly possible to be caused 














































