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1. Introduction 

Environmental pollution caused by persistent 
organic dyes, such as Rhodamine B (RhB), poses a 
serious challenge due to their toxicity, stability, and 
resistance to biodegradation [1-3]. Photocatalysis 
using semiconductor materials has become an 
effective strategy to mineralize such pollutants [4,5].  

Among semiconductors, titanium dioxide (TiO2) 
remains a benchmark photocatalyst due to its 
chemical stability, low cost, and strong oxidizing 
power [6,7]. However, conventional synthesis routes 
often require chemical precursors or surfactants, 
leading to impurities. Pulsed Laser Ablation in Liquid 
(PLAL) provides a clean physical method to generate 
surfactant-free nanoparticles with tunable size and 
high purity [8-10]. 

Beyond eliminating precursor-related 
contaminants, PLAL offers controllable synthesis 
parameters, such as laser fluence, pulse duration, 
wavelength, and the surrounding liquid medium that 
directly influence nucleation behavior, crystallite 
size, defect density, and surface chemistry, enabling 
fine tuning of the physicochemical and electronic 
properties of TiO2. Recent developments in TiO2-
based materials have focused on bandgap 
engineering, defect state control, and surface 
modification to enhance photocatalytic performance 
[11-15]. 

This study reports the synthesis of TiO2 
nanoparticles via PLAL and their photocatalytic 
degradation efficiency toward Rhodamine B under 
UV light. 

  
2. Methods 

A high-purity TiO2 target (99.9%) was placed at 
the bottom of a beaker containing 10 mL of deionized 
(DI) water. Ablation was performed using a Q-
switched Nd:YAG laser operating at a fundamental 
wavelength of 1064 nm, with a pulse duration of 7 ns, 
repetition rate of 10 Hz, and pulsed energy of 80 mJ 
per pulse. The laser beam was directed via mirrors 
and focused onto the target surface using a focal lens 
onto the submerged metal target. The ablation 
process was carried out for 30 minutes under 
continuous stirring to ensure homogeneous 
dispersion of the ablated nanoparticles in the liquid 
medium. The obtained colloid samples were then 
characterized using UV-Vis and TEM. 

The absorption coefficient (α) was determined as: 
 

𝛼 =  
2.303 𝐴

𝑑
,    (1) 

where 𝐴 is the absorbance and 𝑑 = 1 cm is the optical 
path length. The optical bandgap was obtained from 
the Tauc relation: 

  
(𝛼ℎ𝑣)2 = 𝐴(ℎ𝑣 − 𝐸𝑔)   (2) 

by plotting (𝛼ℎ𝑣)2 vs ℎ𝑣 and extrapolating the 
linear region to intercept the photon-energy axis. 

A 50 mL RhB solution (10 ppm) was mixed with 
10 mL TiO2 colloid and stirrer in the dark for 60 min 
to achieve adsorption equilibrium. Irradiation was 
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Colloidal TiO2 nanoparticles were synthesized via pulsed laser ablation in 
liquid (PLAL) method using a Q-switched Nd:YAG laser operating at 1064 nm. 
The optical and structural properties were analyzed using UV-Vis 
spectroscopy, X-ray diffraction (XRD), and transmission electron microscopy 
(TEM). XRD confirmed an anatase-dominant nanocrystalline phase. The 
optical bandgap obtained from the Tauc plot was 3.65 eV. Photocatalytic 
activity was evaluated through the degradation of Rhodamine B (10 ppm) 
under UV lamp (254 nm) irradiation. The TiO2 photocatalyst achieved more 
than 75% degradation within 150 minutes, whereas the control (photolysis 
without catalyst) showed less than 5% degradation. These results 
demonstrate that PLAL enables a clean physical route to produce high-purity 
anatase TiO2 nanoparticles with efficient photocatalytic performance. 
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carried out under a 24 W UV lamp (λ = 254 nm) for 
150 min. UVC light was used to directly excite TiO2 
and evaluate its intrinsic photocatalytic activity. 
Samples were collected every 30 min and directly 
analyzed at λmax = 554 nm using a UV-Vis 
spectrophotometer. Degradation efficiency was 
calculated as: 

𝜂(%) =  
𝐴0−𝐴𝑡

𝐴0
 × 100   (3) 

where 𝐴0 and 𝐴𝑡 are the absorbance values at time 0 
and t, respectively. 

 
3. Results and Discussion 
3.1. Morphological Analysis 

The PLAL process produced an off-white colloidal 
TiO2 suspension. TEM images Fig. 1a show mostly 
near-spherical nanoparticles. The particle size 
distribution Fig. 1b indicates that the sample is not 
monodisperse, with particles distributed across 
several diameter intervals. Approximately 36% of the 
particles fall in the 10-15 nm range, representing the 
dominant size population.  

 

 

(a) 

 

(b) 

Fig. 1: (a) TEM images of TiO2 nanoparticles (b) Particle 
size distribution histogram obtained from TEM images. 

Around 22% are within 15-20 nm, followed by 
roughly 18% in the 20-30 nm interval. A smaller 
fraction of particles (≈12%) lies in the 30-40 nm 
range, and less than 5% exceeds 40 nm. The presence 
of a tail toward larger particle sizes reflects a degree 
of polydispersity. 

The smaller nanoparticles (<20 nm) are expected 
to govern the excellent photocatalytic behavior due to 
their high surface-to-volume ratio, whereas the larger 
particles may contribute to a slight reduction in 
effective active surface area [16]. Additionally, larger 
nanoparticles tend to possess fewer surface defects 
and lower charge-carrier separation efficiency, which 
could reduce overall photocatalytic reactivity 
compared to the dominant smaller size population 
[17]. 

 
3.2. Structural Analysis 

The XRD pattern of TiO2 shown in Fig.2 exhibits a 
dominant broad peak centered around 2θ ≈ 70°, 
which is indexed to the (220) plane of anatase TiO2 
according to JCPDS No. 21-1272. The presence of this 
peak indicates that the sample tends toward an 
anatase crystalline structure, even though other 
anatase reflections are not clearly resolved due to 
peak broadening and noise. 

The broad and low-intensity features observed in 
the 25-40° region suggest a nanocrystalline domain 
size, consistent with the TEM-determined particle 
size of ~15 nm. Such broadening is typical for TiO2 
nanoparticles with crystalline sizes below 20 nm, 
where reduced domain dimensions reduce peak 
intensity and increase background scattering. 
Although the overall pattern does not display sharp 
and well-defined anatase peaks, the emergence of the 
peak at 70° provides sufficient evidence that anatase 
is the prevailing phase in the sample. 

 
Fig. 2: XRD pattern of TiO2 nanoparticles 

 
3.3. Optical Properties 

The UV-Vis absorption spectrum Fig. 3a shows a 
clear absorption edge in the near-UV region. Using Eq. 
(1) and Eq. (2), the Tauc plot Fig. 3b yields an optical 
bandgap of 3.65 eV, which is slightly higher than that 
of bulk anatase TiO2. This blue shift can be attributed 
to the small crystallite size and reduced long range 
order of the laser generated nanoparticles. 
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Nanoparticles synthesized via PLAL typically 
contain fewer bulk defect states that introduce mid-
gap levels, leading to a wider apparent bandgap. The 
slightly elevated baseline indicates light scattering by 
suspended nanoparticles, common in colloidal 
systems [18]. Scattering broadens the absorption 
edge and can overestimate the apparent bandgap, but 
its impact remains minor as the main absorption lies 
in the UV region. 

 

(a)   

(b) 
Fig. 3: (a) UV-Vis absorbance spectrum of TiO2 

nanoparticles. (b) Tauc plot for bandgap estimation 

 
3.4. Photocatalytic Performance 

Fig. 4a shows the progressive reduction of the RhB 
absorption peak at 554 nm during UV irradiation for 
150 min, indicating photocatalytic degradation. The 
control (without TiO2) showed less than 5% 
degradation, confirming minimal photolysis under 
UV light. In contrast, TiO2 achieved over 75% 
degradation within the same duration. The 
degradation mechanism follows the typical 
photoactivation pathway of TiO2 under UV light, 
which can be described as: 

𝑇𝑖𝑂2 + ℎ𝑣 →  𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ ,   (4) 

The photogenerated electrons and holes 
subsequently participate in a series of redox reactions 
that generate reactive oxygen species (ROS) such as 
•OH and •O₂⁻. These ROS oxidize RhB through 
successive N-deethylation and chromophore 
cleavage, ultimately leading to molecular breakdown. 
Although the TiO2 produced via PLAL is 
nanocrystalline with broadened features, the rapid 

plasma liquid quenching process introduces a high 
density of surface hydroxyl groups, under-
coordinated Ti sites, and oxygen-related surface 
defects. These surface features promote dye 
adsorption and enhance ROS formation, contributing 
to the observed photocatalytic efficiency. The 
structural disorder may also induce partial 
recombination losses, which is consistent with the 
modest reaction rate. 

(a)

(b) 

Fig. 4: (a) UV-Vis absorbance spectra of Rhodamine B 
degradation under UV irradiation. (b) Photocatalytic 

degradation of RhB under UV irradiation compared to the 
RhB control 

 
This degradation efficiency is within the typical 

performance range reported for UV-activated TiO2 
nanoparticles, although direct comparison across 
studies may vary due to differences in irradiation 
power and experimental configuration. 

 
4. Conclusions 

Colloidal TiO2 nanoparticles were successfully 
synthesized by PLAL, producing nanocrystalline 
anatase as confirmed by XRD. The optical bandgap 
obtained from the Tauc plot was 3.65 eV, consistent 
with the small crystallite size and reduced long-range 
order characteristic of laser generated nanoparticles. 
The TiO2 colloid demonstrated efficient 
photocatalytic degradation of Rhodamine B(>75%) 
within 150 min under UV irradiation, while direct 
photolysis accounted for <5%. These findings 
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highlight PLAL as a clean and effective method for 
producing high purity TiO2 nanomaterials with 
promising photocatalytic performance. 
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