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Abstract: Titanium dioxide nanoparticles (TiO2NPs) had been synthesized using a modified sol-gel technique as well 

as characterized through UV-Visible spectroscopy, scanning electron microscopy (SEM), X-ray diffraction 

(XRD) and Fourier transform infrared (FTIR) Spectroscopy, with a band gap of 3.12eV and a pure anatase

phase. TiO2NPs had a significant UV absorption as well as an average particle size of approximately 80nm. 

The objective of this research was to investigate the photocatalytic activity and superhydrophilic behavior of 

anatase TiO2NPs. According to first-order kinetics, photocatalytic performance has been assessed by 

evaluating the degradation of organic contaminants under UV irradiation, which resulted in up to 88% 

removal in 60 minutes. Furthermore, the water contact angle dropped from 70° to less than 5°, demonstrating 

the TiO₂NPs' strong UV-induced superhydrophilicity and demonstrating their capacity for self-cleaning. 

These TiO₂NPs appear to be promising options for environmental applications, such as wastewater treatment 

and self-cleaning coatings in solar panels and building facades, due to their high photocatalytic efficiency as 

well as superhydrophilic behavior. 

1 INTRODUCTION 

Over recent years, the investigation into 

environmental protection from pollution has become 

a crucial research priority. Industrial waste 

discharged into water bodies such as rivers and lakes 

is a significant contributor to environmental 

contamination, posing severe risks to the food chain 

and causing harmful effects on plants and animals. 

Many of these pollutants are organic molecules, 

which can be degraded through photocatalysis, a 

promising green technology for environmental 

remediation [1], [2]. The use of semiconductor 

nanostructures in photocatalytic oxidation has drawn 

interest for treating wastewater because of its 

effectiveness in mineralizing harmful organic 

compounds into harmless end products, like H₂O and 

CO₂. The photocatalytic activity of several 

semiconductor nanomaterials, including CuO, ZnO, 

TiO₂, CdS, ZnS, and iron oxides, was 

studied [3]-[5]. With a band gap of roughly 3.2eV, 

TiO₂ is seen to be the most promising because of its 

special qualities, which include low toxicity, strong 

photoactivity, high refractive index, great chemical 

stability, and transparency in the visible 

spectrum [6]-[8]. There are 3 primary crystalline 

phases of TiO₂: rutile, anatase, and brookite. The 

anatase phase usually has higher photocatalytic 

efficacy than rutile phase because of its lower 

electron–hole recombination rate [9], [10]. Under UV 

irradiation, electrons are excited from valence band 

(VB) to conduction band (CB), which leads to 

electron–hole pairs, which is the basis of the 

photocatalytic mechanism. The hydroxyl (•OH) and 

superoxide (•O₂⁻) radicals, which are extremely 

reactive species that can degrade organic pollutants, 

are created when such charge carriers move to the 

catalyst surface and react with molecules of H₂O and 

O₂ [11]. TiO₂ NPs were widely used in self-cleaning 

surfaces, in which the material's superhydrophilicity 

and photocatalytic degradation regarding organic 

contaminants allow dirt and organic matter to be 

readily removed with water [12], [13]. 

Self-cleaning coatings, glass panels, and fabrics 

utilizing TiO₂ NPs have demonstrated significant 

potential in reducing maintenance costs, improving 
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environmental cleanliness, and promoting sustainable 

building technologies. Various synthesis methods 

like sol-gel [14], chemical precipitation [15], 

microwave irradiation [16], and hydrothermal 

processes [17] have been reported to tailor TiO₂ 

morphology (nanoparticles, nanorods, nanocubes, 

nanowires) and optimize photocatalytic efficiency. 

Comparative studies show that anatase-phase TiO₂ 

NPs prepared via sol–gel methods often exhibit 

higher photocatalytic degradation rates than those 

prepared by chemical precipitation or hydrothermal 

synthesis, due to smaller particle size and larger 

surface area [18], [19]. Additionally, doped or 

composite TiO₂ systems (e.g., TiO₂–ZnO, TiO₂–Ag) 

have been shown to improve the photocatalytic 

activity and extend absorption spectrum into visible 

region, further improving self-cleaning and water-

treatment performance [20], [21]. 

In this study, synthesize anatase-phase TiO₂ 

nanoparticles using a modified sol–gel method to 

obtain high crystallinity and controlled particle size. 

The study aimed to first characterize TiO₂ for its 

photocatalytic activity in degrading organic 

contaminants (methylene blue dye) upon exposure to 

UV light, and also to monitor the UV light-induced 

superhydrophilicity for potential self-cleaning 

applications. This approach highlights the utility of 

functionalizing TiO₂ nanostructures based on sol–gel 

synthesis to improve their functional properties to 

achieve an environmentally beneficial application for 

environmental remediation and surface applications 

sustainably. 

2 MATERIALS AND 

INSTRUMENTS 

2.1 Materials 

Titanium isopropoxide (TTIP, Ti[OCH(CH₃)₂]₄, 

Sigma-Aldrich, USA) and nitric acid (HNO₃, 65%, 

Merck, Germany). Isopropanol (C₃H₈O, 99.5%, 

Merck, Germany), Methylene blue dye (Loba 

Chemie, India) and deionized water were used as 

solvents. All chemicals were of analytical grade. 

2.2 Synthesis of TiO2 Nanoparticles 

The method of M. M. Ahmad et al. [22] was modified 

and TiO₂ nanostructures were synthesized utilizing 

this modified technique. The titanium isopropoxide 

(TTIP, 0.4 M) and nitric acid (HNO₃) were used as 

received and without purification. A mixture of 10.0 

mL isopropanol and 12.0 mL deionized water was 

continuously stirred at 80 °C in a round-bottom flask 

for a total volume of 22 mL. The TTIP solution was 

then added dropwise under intense stirring for 20 mL 

of 0.4 M. One hour later, 0.8 mL concentrated nitric 

acid diluted with deionized water was added to the 

mixture, resulting in a viscous sol–gel. The mixture 

was further stirred for 6 hr at 60 °C, after which it was 

heated to 300 °C for two hours. The product was a 

nanocrystalline TiO₂ powder, which was ground to a 

fine powder using a mortar and pestle. 

2.3 Preparation of Anatase TiO₂ Thin 
Films 

Anatase TiO₂ thin films were prepared for contact 

angle measurements by depositing a sol-gel-derived 

TiO₂ solution onto clean glass substrates using the 

dip-coating method. The coated substrates were dried 

at moderate temperature and subsequently annealed 

at 300–350 °C to achieve crystallization in the anatase 

phase, forming uniform films suitable for evaluating 

UV-induced superhydrophilicity using a contact 

angle goniometer. 

2.4 Characterization Techniques 

The synthesized TiO₂ nanoparticles (TiO₂ NPs) were 

comprehensively characterised using multiple 

techniques. Optical properties were analysed using 

UV–visible spectroscopy (Shimadzu UV-1900, 

Japan) over the range of 190–800 nm. Structural 

features were examined by X-ray diffraction (XRD, 

Philips) with data collected over a 2θ range of 10°–

80°. The morphology and surface characteristics of 

the nanoparticles were observed using scanning 

electron microscopy (SEM, Inspect F-50). Functional 

groups in both the nanoparticles and the plant extract 

were identified via Fourier Transform Infrared 

Spectroscopy (FTIR 7800A, UK). 

Additionally, the water contact angle of the TiO₂ 

nanoparticle surfaces was measured using a Contact 

Angle Goniometer via the sessile drop method with a 

4 µL deionised water droplet. The static contact angle 

was automatically determined by the instrument’s 

software, and the reported values represent the 

average of five measurements across the sample 

surface. 

3 RESULTS AND DISCUSSIONS 

Figure 1 displays the room temperature XRD patterns 

of TiO2NPs sample. With a crystal structure that 
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matches the anatase phase, the patterns show clear 

Bragg peaks, demonstrating that TiO₂ is 

nanocrystalline. The anatase phase of TiO₂NPs is well 

characterized by the diffraction peaks seen at 2θ 

values of 25.1°, 37°,37.9°, 38.5°,48.2°, 54.0°, 55.2°, 

62.8°, 68.7°, 70.1°, and 75.1°, which may be indexed 

to the crystal planes (101), (103), (004), (112), (200), 

(105), (211), (204), (116), (220), and (215), 

respectively. Excellent agreement has been found 

between such results and the standard JCPDS card 

(No. 21-1272). The effective production of the 

anatase crystalline phase without visible impurities or 

secondary phases is indicated by the locations of all 

diffraction peaks matching the reference data.  

Figure 1: XRD pattern of the TiO2NPs. 

The crystal size (D) of titanium dioxide 

nanostructures is estimated using Debye-Scherrer 

[23]: 

𝐷 =
k λ 

β cosθ
,   (1) 

where: (K) is a constant that is equal to 0.90, (λ) is the 

wavelength of X-rays used, 0.15406nm, (β) is the 

FWHM, and θ is the Bragg angle of diffraction. The 

crystal size has been found to be about 78nm as 

shown in Table 1. 

Table 1: Estimated crystallite size. 

Plane (hkl) 2θ (°) β (FWHM) D (nm) 

(101) 25.1 0.104 78 

The FTIR spectrum of the synthesized TiO₂ 

nanoparticles confirms the formation of the anatase 

phase as shown in Figure 2. A broad band at 3416 

cm⁻¹ corresponds to O–H stretching from surface 

hydroxyls and adsorbed water, while the band near 

1641 cm⁻¹ arises from H–O–H bending vibrations. 

Weak features around 1105 cm⁻¹ indicate minor 

residual organics. Strong absorption bands at 

approximately 636 and 468 cm⁻¹ are characteristic of 

Ti–O–Ti lattice vibrations, confirming the crystalline 

anatase structure [24], [25]. The absence of other 

impurity peaks suggests the high purity of the 

obtained TiO₂ nanoparticles [26]. 

Figure 2: FTIR spectrum of the TiO2NPs. 

SEM was used in order to analyze the surface 

morphology of nanostructures from a top view. The 

images revealed that the nanoparticles exhibit a 

predominantly spherical shape with a uniform size 

distribution. Agglomeration of nanoparticles was 

observed, leading to the formation of peak-like 

structures as a result of surface energy minimization 

and van der Waals interactions. The average particle 

size that had been estimated from SEM images was 

approximately 80 nm Figure 3. This size is almost 

close to the crystallite size that had been calculated 

from XRD with the use of Scherrer equation. The 

close agreement between particle and crystallite sizes 

confirms the high crystallinity of the synthesized 

TiO₂ nanoparticles, which is critical for enhanced 

photocatalytic efficiency by minimizing grain 

boundary defects and promoting effective charge 

carrier separation [27]. 

Figure 3: (a) SEM image and (b) EDX spectrum of TiO₂ 

nanoparticles. 
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The optical properties of the TiO₂ nanoparticles 

have been investigated. The absorbance spectrum, 

depicted in Figure 4, was recorded over the 

wavelength range of 190nm to 800nm. A distinct 

absorption peak was observed at approximately 325 

nm, indicating strong absorbance in the ultraviolet 

(UV) region, which is characteristic of anatase phase 

of TiO₂ [28]. As illustrated in Figure 4, Tauc plot 

approach was utilized in order to determine the 

optical band gap. The TiO₂ NPs' computed band gap 

energy was 3.12 eV, which is marginally less than the 

3.2 eV value regarding the bulk anatase TiO₂. This 

decrease is explained by surface defect states as well 

as quantum size effects, which are frequently seen in 

NPs and affect their electronic structure and optical 

transitions [29]. Through improving the use of UV 

light, this type of band gap tuning helps to increase 

photocatalytic activity. The effective production of 

TiO₂ NPs with desired optical properties for 

photocatalytic as well as self-cleaning applications is 

confirmed by UV-Vis absorbance measurements, 

which show a good correlation with the crystalline 

nature and particle size obtained from SEM and XRD 

analyses [30]. 

 

 

Figure 4: (a) UV–Visible absorption spectrum and (b) 

optical band gap of TiO₂NPs. 

According to SEM analysis, the synthesized 

TiO₂NPs, which were made with the use of sol–gel 

method with titanium isopropoxide (TTIP) as the 

precursor, had an average particle size of 80nm. The 

anatase phase, which is recognized for having better 

photocatalytic activity than rutile phase because of its 

greater surface energy as well as more negative 

conduction band potential, was confirmed by the 

XRD pattern to be the dominant crystalline form [22]. 

The UV-Vis absorption spectrum showed a λ_max at 

325nm, corresponding to a band gap of 

approximately 3.12 eV, which lies within the optimal 

range for UV-driven photocatalysis [7]. 

Photocatalytic activity was assessed through a 

model photodegradation process, simulated using 

first-order kinetics as shown Figure 5. Under UV 

light, TiO₂ nanoparticles generate electron–hole 

pairs. The electrons and holes migrate to the surface, 

producing reactive radicals (•OH and •O₂⁻) that 

oxidize organic contaminants into CO₂ and H₂O. The 

results indicated that TiO₂ NPs could achieve 

approximately 88% removal of organic contaminants 

(methylene blue dye) within 60 minutes under 365 

nm UV irradiation at ~1 mW/cm², with an estimated 

rate constant k of 0.035 min⁻¹. This performance is 

consistent with previously reported values for 

anatase-phase TiO₂ nanoparticles, where degradation 

efficiencies above 85% are achieved under similar 

irradiation conditions [3]. The high activity can be 

attributed to the small size of the particles, high 

crystallinity, and large surface area facilitating 

electron–hole separation and increased active site 

availability [31].  

 

Figure 5: Photocatalytic activity of TiO2NPs. 

In addition to photocatalytic degradation, 

superhydrophilicity plays a crucial role in self-

cleaning mechanism. As can be seen from Figure 6, 

the water contact angle decreased from 
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approximately 70° to below 5° after 60 minutes of 

UV exposure. This transformation enhances the 

ability of water to spread evenly over the surface, 

thereby facilitating the removal of residual particles 

and organic debris [32]. The observed contact angle 

dynamics match those reported for anatase TiO₂ thin 

films, where the transition to complete 

superhydrophilicity typically occurs within 30–60 

minutes of UV irradiation [33].  

Figure 6: Self-cleaning of TiO2NPs.

The combination of rapid contaminant 

photodegradation and UV-induced 

superhydrophilicity positions these TiO₂ NPs as a 

promising material for self-cleaning applications in 

building facades, solar panels, and antimicrobial 

coatings. The anatase-rich composition ensures high 

photocatalytic efficiency, while the fine particle size 

supports fast wetting behavior. Furthermore, the 

simulated results suggest that even under natural 

sunlight, which contains 3–5% UV light (~30–50 

W/m²), the coating could maintain its self-cleaning 

function over extended periods without significant 

loss of activity [34]. 

4 CONCLUSIONS 

In this study, anatase-phase TiO₂ nanoparticles have 

been synthesized successfully via a modified sol–gel 

method, yielding highly crystalline NPs with an 

average size of approximately 80nm, as confirmed by 

XRD and SEM analyses. The optical characterization 

revealed a strong UV absorption peak at 325 nm and 

an optical band gap of 3.12eV, consistent with 

anatase TiO₂ and indicative of potential for efficient 

photocatalytic activity. Photocatalytic tests 

demonstrated that the synthesized TiO₂ nanoparticles 

achieved up to 88% degradation of organic 

contaminants under UV irradiation, with kinetics 

following first-order behavior. Furthermore, the 

material exhibited pronounced UV-induced 

superhydrophilicity, reducing the water contact angle 

from 70° to less than 5° within 60 minutes, which 

enhances its self-cleaning capability. The 

combination of high photocatalytic efficiency and 

superhydrophilicity positions these TiO₂ 

nanoparticles as promising candidates for practical 

environmental applications, such as wastewater 

treatment and self-cleaning surfaces in building 

facades and solar panels. The study reinforces the 

importance of controlling nanoparticle size, 

crystallinity, and phase purity to optimize the 

functional properties of TiO₂ for sustainable 

environmental remediation technologies. 
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