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Titania (TiO2) is one of the most studied nano-materials due to its unique properties and applications 
across diverse areas, including photocatalysis, hydrogen production, energy conservation, self-cleaning 
coatings, and solar cells. This study uses a novel, environmentally friendly approach to generate TiO₂ 
thin-film nanoparticles in 5 min via one-step laser ablation of titanium powder into nanometer-scale 
structures in deionized water. This top-down approach allows it to improve nanoparticle properties by 
adjusting laser parameters, especially laser energy, which is very important for determining the size 
distribution, crystalline structure, and optical band-gap behavior of the particles. The X-ray diffraction 
patterns of TiO₂ thin film nanoparticles indicate the formation of the rutile phase. Increasing laser 
energy sharpens the diffraction peaks and reduces the full width at half maximum, indicating improved 
crystallinity and increased crystallite size. The FESEM image confirms that all the samples have 
spherical to quasi-spherical nanoparticles with noticeable agglomeration. The nanoparticles exhibit 
consistent morphology, and the majority of nanoparticles fall within the 20–70 nm range. The UV-Vis 
absorption spectra of the samples are measured at different laser energies. It exhibits absorption bands 
at 295, 298, 297, and 296 nm for 50, 100, 150, and 250 mJ, respectively. From these bands of 
absorption, the absorption increased with increasing laser energy. Results indicate that as the laser 
energy increases, the nanoparticles' size increases significantly. The particle size and shape are 
influenced by laser energy. 
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1. INTRODUCTION 
 
Titania (TiO2) is a significant nano-material that has attracted substantial interest owing to its 
distinctive properties [1]. Titanium dioxide nanoparticles (TiO₂ NPs) have garnered significant interest 
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due to their diverse uses in photocatalysis, hydrogen production, energy conservation, self-cleaning 
coatings, and solar cells [2]. TiO₂ occurs in three primary crystalline polymorphs: anatase (tetragonal, 
metastable), rutile (tetragonal, thermodynamically stable), and brookite (orthorhombic, metastable)[1–
3].TiO2 NPs are excellent semiconductor materials for solar cells because they are chemically very 
stable, non-toxic, economical, and highly effective photocatalysts for breaking down organic pollutants 
[4]. Additionally, TiO2 nanoparticles are commonly employed as photoanode materials owing to their 
excellent light absorption, particularly in the ultraviolet range, advantageous chemical solubility, 
exceptional photo-corrosion resistance, and cost-effectiveness [5]. TiO2 is widely used as a 
photocatalyst because its energy band gap is less than 3.5 eV [6–8]. 
 
There are many ways to synthesize Titania and Titania-based nano-materials, including the sol-gel 
method [9], solvothermal method [9], hydrothermal method [10], chemical vapor deposition (CVD) 
[11], direct oxidation [12], electrodeposition [13], sonochemistry [14], and microwaves [14]. These 
methods are primarily used to produce TiO2 nanostructured materials. One of the most widely used 
methods for producing TiO2 NPs is laser ablation in liquids, which makes it easier to grow and modify 
[15]. Laser ablation is a novel method for producing TiO₂ nanoparticles that is safe and 
environmentally friendly[16]. It converts bulk titanium metal into oxide nanoparticles via high-energy 
interactions between laser light and water  [17]. Laser ablation in liquid media refers to the use of 
different kinds of lasers to ablate a solid target in a liquid solvent. The production of TiO2 
nanoparticles is significantly influenced by important laser parameters, such as energy, pulse length, 
and wavelength. Higher energy levels promote the rutile phase and speed up crystallization, 
particularly when deionized water is used. Avoiding clumping is crucial when utilizing these 
nanoparticles in solutions. [15–17].  

Many studies provide insight into methods for generating TiO₂ nanoparticles. For example, A. Singh et 
al. [18] used pulsed laser ablation to produce TiO₂ nanoparticles in water and wrote about how the 
intensity of the laser affected the TiO₂ nanoparticles that are produced. The produced TiO2 
nanoparticles showed an increase in yield with increasing laser power. Huang et al. [19] investigated 
TiO2 nanoparticles synthesized via the PLAL approach on a titanium target, elucidating the 
mechanisms governing particle size and shape modulation across multiple pulses. Amir R. 
Sadrolhossini et al.[20] recently employed laser ablation techniques to synthesize titanium oxide 
nanoparticles in an aqueous solution containing carbon. Recently, Salman et al.[21] synthesized TiO2 
nanoparticles using pulsed laser ablation of a titanium target submerged in double-distilled deionized 
water, utilizing a 532 nm wavelength Nd:YAG laser with an energy output of 500 mJ. The synthesized 
TiO2 nanoparticles exhibited a straight optical transition with a band gap of 3.65 eV.  

In this research, titanium powder is pressed into a pellet, then bombarded with a laser underwater with 
different laser energy to produce titanium nanoparticles. After that, they are deposited on a glass 
substrate using spin coating for testing. Particle size distribution, crystallinity, and optical band-gap 
properties are all significantly influenced by laser energy (fluence). The present study assessed the 
impact of laser energy on the physical properties of synthesized TiO2 thin film nanoparticles. 
 
2. EXPERIMENTAL 
2.1 Preparation of TiO2 Thin Film Nanoparticles 
 
The powder of Titanium Dioxide (TiO₂, ≥99.5% purity) is pressed into pellets with a diameter of 1 cm 
and a thickness of 0.4 cm using a hydraulic piston-type press (SPECAC) at 5 tons for 10 minutes. 
Titanium is immersed in deionised water (DDDW) (2 mL) in a glass beaker. Nd: YAG laser (Huafei 
Tongda Technology—DIAMOND-288 pattern EPLS) is used to prepare TiO2 thin film nanoparticle, 
providing pulses of 1064nm wavelength with different energy per pulse of (50, 100, 150, 250) mJ, 
pulse width of 10ns, repetition rate of 10Hz and effective beam diameter of 5mm, number of pulses of 
800 pulse is used for laser ablation. The laser ablation process in deionised water is continuous for 5 
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minutes. During laser irradiation of the TiO₂ pellets, the plume of plasma is clearly visible to the naked 
eye. This is because of the ablation procedure. Spin coating is used to deposit thin films of TiO2 
nanoparticles prepared with different energy per pulse (50, 100, 150, 250 mJ) on a glass substrate. The 
structural type, grain size and morphology of the thin films are examined using UV-vis spectroscopy, 
X-ray diffraction and atomic force microscopy. A schematic diagram of Experimental Methods is 
shown in Figure 1. 
 

 
                                      Figure 1 Schematic diagram of experimental method. 

2.2 Characterization 

The morphology and structure of the TiO2 NPs thin films are evaluated by the Field Emission -
Scanning Electron Microscopy (FE-SEM) and X-ray diffraction (XRD). In the present work, an X-ray 
diffractometer type (Miniflex II), with a Cu-Kα X-ray tube (λ = 1.54056 Ǻ) is used. And using FESEM 
(model: ZEISS LIGMA Series). A UV/Visible spectrophotometer type SP-8001 is used to study the 
optical properties of TiO2 thin films NPs in the wavelength range 300-1100 nm.  
 
3. RESULTS AND DISCUSSION 
3.1 XRD analysis 
 
XRD patterns of TiO2 thin films nanoparticles synthesized via laser ablation in deionized water at 
different laser energies are obtained, and the films are then deposited onto the glass substrate 
separately. Figure.2 shows the XRD pattern of the TiO2 NPs Thin film prepared  at laser energies of 50, 
100, 150, and 250 mJ. All diffraction patterns exhibit characteristic peaks corresponding to the rutile 
phase (Tetragonal crystal structure) of TiO₂, in good agreement with the standard JCPDS card No. 96-
900-4143. There are no peaks for anatase or brookite; this indicates that the laser ablation conditions 
promoted the transformation to rutile even in deionized water. The dominate peak at 2Ө = 27.4306o, 
35.959o, 39.197o, 41.25o, 44.07o, 54.44o, 56.903o, 61.997o, 64.01o, 69.6o) which corresponds to the 
Braggs reflection plane of (110), (101), (200), (111), (210), (211), (220), (002), (310), (112). The 
crystallite Sizes (nm) are calculated using the Scherrer equation [22] based on the most intense peak 
(110) of the rutile phase, as shown in Table 1 below.  
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Table 1. Illustrates the structural parameters 2θ, FWHM, and crystallite size of TiO₂ thin film 
nanoparticles at different laser energies. 

 
Laser energy 2ϴ FWHM Crystallite Size (nm) 

50 mJ 27.497o 0.83214 9.8 
100 mJ 27.447o 0.48477 16.9 
150 mJ 27.478o 0.46423 17.6 
250 mJ 27.497o 0.28025 29.2 

 
 

 
Figure 2 XRD spectra of the TiO2thin films NPs prepared at different laser energies. 

 
The full width at half maximum (FWHM) decreased and the diffraction peaks became sharper as the 
laser energy increased, indicating increased crystallinity and crystallite development. The plasma 
density and energy above the target surface increase with increasing laser energy, resulting in higher 
temperatures and instantaneous pressures within the plasma. These high-energy conditions provide the 
discharged atoms and ions with sufficient kinetic energy to facilitate atomic rearrangement during 
condensation in the liquid [20]. Consequently, crystal imperfections are diminished, enhancing the 
likelihood of orderly crystal nucleation and growth. Moreover, enhanced crystal ordering and larger 
crystallites are achieved through laser-induced remelting and subsequent recrystallisation of the 
resultant nanoparticles. The rutile phase exhibits greater stability at higher energies, resulting in shorter 
diffraction peaks and less lattice strain [23]. 
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3.2 Field Emission- Scanning Electron Microscopy (FE-SEM) 
 
Figure 3  presents the FE-SEM images of TiO₂ thin film nanoparticles synthesised via pulsed laser 
ablation at  different laser energies a) 8 mJ, b) 120 mJ, and c) 160 mJ in deionised water.  The images 
show that the synthesised nanoparticles display a uniform distribution and a spherical/quasi-spherical 
morphology, showcasing a novel shape that differs from the nanoparticle configurations generated by 
the PLAL technique in previous studies, where most particles are interconnected, resulting in 
nanoparticle clusters (Figure 3 a-c). All samples had a symmetrical morphology, with nanoparticle size 
increasing with increasing laser intensity. The morphological parameters derived from FE-SEM 
analysis of each examined region are displayed in Table 2. 
 
 

  
b) 100 mJ a) 50 mJ 

  
d) 250 mJ c) 150 mJ 

 
Figure 3 FE-SEM image of TiO2thin films NPs synthesized via pulsed laser ablation at different laser 

energies. 
 

Table 2. Illustrates the morphological parameters derived from FE-SEM analysis. 
 

Laser energies Average particle size (nm) Morphological 
50 20-25 Clear clustering, wide size distribution 
100 25-50 Denser packing and stronger agglomeration 
150 35-60 Uneven distribution, medium clustering 
250 50-70 Particles are slightly more distinguishable 

with strong agglomeration 
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3.3 UV–Visible spectroscopy  
 
The UV-vis spectrum of TiO2 NPs synthesized via laser ablation in deionized water at different laser 
energies (50, 100, 150, and 250) eV is obtained. Figure 4a shows the UV-Vis optical absorption 
spectrum of the samples for different laser energies. It is an exhibit absorption band at 295, 298, 297, 
and 296 nm for 50, 100, 150, and 250 eV, respectively. From these bands of absorption, noticed that 
the absorption increased as the laser energy increased.  To measure the optical band-gap of samples, 
Tauc's relationship is used as follows [24-26]: 
 (𝛼𝛼ℎ𝜐𝜐) = 𝐵𝐵 (ℎ𝜐𝜐 − 𝐸𝐸𝐸𝐸)𝑟𝑟                                                                                                                                                                                       (1) 
where α refers to the coefficient of absorption; h is the Planck constant; ℎυ is the incident photon 
energy; B is a constant and it known as the Tauc's parameter; Eg represents for the energy band-gap; 
and 𝑟𝑟 refers to a coefficient which depends on the type of electronic transition; it can take two values 
1/2 or 2 depending on the transition whether direct transition or indirect transition. By drawing (αhυ)2 
against hυ, the linear line obtained refers to the energy band-gap of TiO2 NPs samples after 
intersecting with the hυ axis. Figure 4b shows that the transitions are direct and the band-gaps are 3, 
3.7, 3.5, and 3.65 eV, corresponding to the samples that are laser ablated by 50, 100, 150, and 250 eV, 
respectively.  
 
The wide values of band-gap energies of TiO2 NPs, consistent with the rutile structure, are due to 
confinement effects. When the particle size is very small, the band-gap is high. The optical properties 
and wide band-gap energies of TiO2 NPs enable many applications, such as Photocatalysis, Materials 
Science, Sensors, Optics and Coatings [27-29]. 
 
 

 
 

a b 
 

Figure 4 a) UV–visible absorption spectra, b) Optical band-gaps of TiO2 NOs synthesized via laser 
ablation at different laser energies (50, 100, 150, and 250) mJ. 

 
4. CONCLUSIONS 
 
In summary, we successfully synthesised TiO₂ thin-film nanoparticles with unique crystal 
characteristics using pulsed laser ablation of an immersed TiO₂ pellet in deionised water (PLAL). This 
method makes the process easier, more flexible, more successful, and more cost-effective. The X-ray 
diffraction (XRD) patterns of TiO₂ thin film nanoparticles indicate the growth of the rutile phase. 
Increased laser energy improves the clarity of the diffraction peaks and reduces the full width at half 
maximum (FWHM), indicating enhanced crystallinity and larger crystallite size. The FESEM image 
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indicates that all samples include spherical to quasi-spherical nanoparticles, exhibiting noticeable 
agglomeration. The nanoparticles exhibit uniform shape, with the majority measuring 20-70 nm. At 
different laser energies, the samples' UV-Vis absorption spectra were obtained. Absorption bands 
indicated the absorption increased with increasing laser energy. The absorption band is observed at 
295, 298, 297, and 296 nm for energy levels of 50, 100, 150, and 250 mJ, respectively. 
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