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Abstract 

This study synthesizes selenium nanoparticles (Se NPs) 
using a green approach, utilizing Tectona grandis leaf 
extract in a hydrothermal method. The X-ray diffraction 
(XRD) analysis provided highly crystalline particles with a 
trigonal crystal structure, indicative of the well-defined 
nature of the synthesized Se NPs. Particle size analysis 
(PSA) results demonstrated a average particle size of 45 
nm, further supporting the nano-sized characteristics of 
the particles. Field emission scanning electron microscopy 
(FESEM) results exhibited a hexagonal close-packed 
structure, providing valuable insights into the morphology 
of the Se NPs. Optical band gap calculations using the 
Tauc plot method yielded a value of 1.85 eV, highlighting 
the semiconductor nature of the synthesized Se NPs. 
Rhodamine B exhibited the highest degradation efficiency 
among the dyes, reaching 96%. Furthermore, the stability 

of the Se NPs was evaluated through five consecutive 
cycles of photocatalytic degradation. Remarkably, the 
nanoparticles maintained stability, with only a marginal 
loss in degradation efficiency (after 5 cycles), affirming 
their potential as a stable and efficient nano photocatalyst 
for environmental remediation applications. This 
comprehensive investigation underscores the significance 
of green-synthesized Se NPs in advancing sustainable and 
effective photocatalytic processes. 

Keywords: Degradation of hazardess, green synthesis, 
environmental friendly approach, cationic dyes, hazardess 
textile dye 

1. Introduction 

The textile industry is instrumental in fulfilling the 
worldwide demand for clothing and fabric products. 
Nevertheless, the widespread utilization of synthetic dyes 
in textile processing has given rise to environmental 
apprehensions stemming from the release of colored 
wastewater. These effluents not only contribute to 
aesthetic pollution but also have the potential to induce 
eutrophication and generate byproducts that may pose 
hazards to the environment (Phugare et al., 2011). The 
water generated during azo dyeing operations, on the 
other hand, has a large molecular weight and a 
complicated structure, limiting its ability to breakdown 
(Chung et al., 2016). This characteristic gives rise to 
distinct ecological challenges. Such effluents elevate 
water turbidity and impede sunlight penetration into 
aquatic bodies, disrupting biodiversity development. 
Industrial dyes, designed to withstand harsh conditions 
such as sunlight, moisture, chemical degradation, and 
corrosion, possess properties that prevent their natural 
detachment or decomposition into non-toxic components. 
Traditional wastewater treatment methods such as 
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flocculation, coagulation, reverse osmosis, 
eletrocoagulation, ion exchange and sedimentation have 
proven ineffective in addressing the challenges posed by 
the chemical stability of synthetic textile dyes, prompting 
the exploration of advanced and sustainable approaches 
(Verma et al., 2012). However, the techniques mentioned 
above primarily involve extracting organic substances 
from aqueous solutions into a distinct phase, often raising 
concerns about the contamination of this secondary 
phase. Due to the need to replace adsorbents and process 
solid materials further, the overall cost of operations 
would increase. As an advanced oxidation process, 
photocatalysis shows considerable potential by utilizing 
light-induced reactions to degrade organic compounds 
(Alinsafi et al., 2005). This method distinguishes itself for 
its capability to completely mineralize targeted pollutants, 
providing a more comprehensive purification of water 
resources. In contrast to traditional techniques like 
adsorption on activated carbon or chemical coagulation, 
photocatalysis circumvents the transfer of dye molecules 
from one phase to another, reducing the likelihood of 
secondary pollution. The photocatalytic degradation 
process directly focuses on the degradation of dye 
molecules, causing the breakdown of complex structures 
into environmentally benign byproducts. The selection of 
catalyst material is crucial in influencing the effectiveness 
of photocatalytic reactions (Barnaby et al., 2011). 

Several nanomaterials such as ZnO, TiO2, La2O3, CdS, NiO, 
MnO2, and MgO have recently been assessed for their 
catalytic activity on the degradation of textile dyes in 
recent years (Dotto et al., 2019). Selenium (Se) is one of 
the most important critical elements for every biological 
species since it is essential for the biological production of 
necessary selenoenzymes (Naushad et al., 2019). 
Selenium nanoparticles (SeNPs) are fewer toxic and more 
biocompatible than their counterparts, selenium, 
selenate, and selenite. SeNPs have significantly less 
severe, temporary, and sub-chronic toxicity than selenite. 
SeNPs have many biological functions and clinical actions, 
such as antioxidant, antiprotozoal, anticancer, and 
antibacterial qualities (Sahinkaya et al., 2019). 
Furthermore, their improved semiconducting, photo 
conducting, photoelectrical, and catalytic capabilities 
attract substantial attention in optics and electronics—
these qualities position SeNPs as suitable candidates for 
various industrial and medicinal applications. Se NPs are 
synthesized through diverse chemical, physical, and 
biological methods (Aragaw et al., 2023). In this study, 
with a primary focus on the practical application of 
degrading textile dyes, it becomes crucial to precisely 
adjust the morphology optical band gap and ensure the 
biocompatibility of Selenium nanoparticles (Se NPs). As a 
result, our objective is to produce Se NPs employing 
Tectona grandis (Teak) leaf extract as both a reducing and 
stabilizing agent, employing the hydrothermal method. 
Teak plants, belonging to the Verbenaceae family, are a 
source of anthocyanin pigments that can serve as natural 
dyes (Viswanathan et al., 2018). Teak leaves contain a 
variety of bioactive phytochemicals, including 
anthraquinones, deoxy lapachol, naphthoquinone, 

phenolic acids, tannic acids, flavonoids, saponins, rutin, 
and ellagic acids. These widely present phytochemicals 
can potentially enhance the surface properties of 
nanoparticles. Moreover, these leaves exhibit unique 
features such as anti-erythrogenic, antithetic, anti-
ulcerogenic, anti-viral, anti-diuretic, antimicrobial, and 
anti-inflammatory activities and can treat low blood sugar 
levels. Hydrothermal methods involve high-temperature 
and high-pressure aqueous environments, providing a 
unique platform for the controlled growth and 
development of nanoparticles. In the context of selenium 
nanoparticles (Se NPs) synthesized for photocatalytic 
applications, hydrothermal is crucial in tailoring the 
resulting nanomaterials' size, morphology, and crystalline 
structure. The controlled reaction conditions within the 
hydrothermal environment allow for precise modulation 
of parameters including time of reaction, temperature 
and pressure control influencing the nucleation and 
growth kinetics of the nanoparticles.  

Furthermore, in this investigation, the Selenium 
nanoparticles (Se NPs) prepared through a novel green 
synthesis approach are subjected to characterization using 
X-ray Diffraction (XRD), Fourier Transform Infrared 
spectroscopy (FTIR), Field Emission Scanning Electron 
Microscope (FESEM), Dynamic Light Scattering (DLS), 
Energy Dispersive X-ray analysis (EDX), and UV-Vis 
spectroscopy. The purpose of these investigations is to 
investigate the physicochemical characteristics of the 
produced Se NPs. Furthermore, the Se NPs are tested for 
efficiency against various cationic and anionic dyes in 
order to determine their practical applicability in 
degrading textile colors. 

2. Experimental details 

2.1. Materials and methods 

Sodium selenate (Na2SeO3) (99.9 % purity) is a precursor 
material to synthesize Se NPs. The leaves of Tectona 
grandis were gathered from nearby fields in 
Tiruchengode, Tamilnadu, India. This study utilized 
ethanol (99.9 % purity) and Double distilled (DD) water as 
solvents. All chemicals employed in this study are 
purchased from Loba Chemie (India). Tectona grandis 
leaves were gathered and cleaned with deionized water to 
remove the attached debris. Subsequently, the washed 
leaves were air-dried in the shade for 4 days and then 
finely powdered using a household mixer. Employing a 
magnetic stirrer, 5 grams of the powdered leaves were 
macerated in 100 mL of DD water with continuous stirring 
at 70°C for 8 hours. The resulting leaf extract was allowed 
to cool to room temperature. The filtration process 
utilized Whatman No.1 filter paper, and a suction pump 
aided in separating the extracts (Boroumand et al., 2019). 
The obtained Tectona grandis leaf extract solution was 
the reducing agent for synthesizing Selenium 
nanoparticles. The plant extract prepared was heated to 
60°C with continuous stirring. Subsequently, a 
stoichiometric weight of 0.1 M Sodium selenate (Na2SeO3) 
was introduced to the solution, and stirred continuously 
for 30 minutes. After achieving homogenous dissolution, 
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the solution was moved to a Teflon-lined autoclave fitted 
in a stainless steel container. For 9 hours, this 
configuration was placed in a hot air oven set to 180°C. 
The solution was collected and centrifuged at 4000 rpm 
after cooling to ambient temperature. The settled 
sediment underwent several washes with ethanol and 
water to eliminate precursor compounds. For 10 hours, 
the slurry was dried in a hot-air oven set at 60°C. The 
obtained dried powder was then annealed for 1 hour at 
300°C. The Selenium nanoparticles created in this 
procedure were dubbed "Se NPs." Figure 1 displays a 
simplified graphical representation of Se Nps synthesis 
(Tugarova et al., 2018). 

 

Figure 1. Green synthesis methodology of Se NPs 

2.2. Characterization techniques 

The synthesized Selenium nanoparticles (Se NPs) were 
subjected to comprehensive characterization using 
various analytical techniques to explicate their 
physicochemical properties. X-ray Diffraction analysis 
(XRD; X'Pert PRO; PANalytical, Almelo, the Netherlands) 
with Cu anode at 40 kV and 30 mA was used to examine 
the crystalline structure of the Se NPs. The experiment 
was conducted in the 2θ range, from 20-80º, with a step 
size of 0.0170. was utilized to examine the crystalline 
structure of the Se NPs. This offers information on the 
nanoparticles' crystal size, shape, and orientation. To 
identify significant functional groups on the surface of the 
Se NPs, Fourier Transform Infrared Spectroscopy (FTIR) 
(Spectrum100; PerkinElmer, USA) was used. The FTIR was 
performed by employing KBr as background. This helps 
understand the chemical composition and potential 
biomolecules in the nanoparticles. The hydrodynamic size 
and distribution of Se NPs in solution were identified using 
the Dynamic light scattering technique (DLS) and a particle 
size analyzer (PSA) (Nanophox, Sympatec, Germany).  

Field emission Scanning electron microscopy (FESEM) is 
used to analyze the shape, size distribution, and indepth 
morphology of nanoparticles. Additionally, energy 
dispersive spectroscopy (EDAX) (X Flash 7, Bruker) was 
used to analyze the chemical and elemental composition 
of the Se NPs. UV-Vis spectroscopy (Cary 8454, Agilent 
Technologies, Singapore) was used to examine the optical 
properties of the Se NPs. The absorption spectra reveal 

information about the band gap and electronic 
transitions, offering insights into the potential applications 
of the nanoparticles. The photocatalytic experiment was 
evaluated with various cationic and anionic dyes, and the 
decrease in absorbance was assessed using UV-Vis 
spectroscopy. 

2.3. Photocatalytic experiment methadology 

The photocatalytic dye degradation performance of 
prepared Se NPs was analyzed with various textile dyes 
used in the textile industry, such as Alizarin red (AR), 
Crystal violet (CV), Reactive Black (RB), and Rhodamine B 
(RhB). The experiments were performed under sunlight 
irradiation to mimic real-world conditions (Dwivedi et 
al., 2011). A 15-ppm dye solution was prepared for each 
dye by dissolving 15 mg/L of dye in 1 L of DD water. The 
dye solution was initially irradiated to evaluate the 
degradation without a catalyst. To achieve catalyst-dye 
equilibrium, the synthesized Se NPs at a concentration of 
5 ppm was used as the catalyst, and the mixture was 
agitated in a dark environment. Then, the solutions were 
irradiated under mid-day sunlight to attain maximum 
light intensity. The total duration of the experiment was 
set to 90 minutes, during which absorbance readings 
were recorded at 10-minute intervals. The absorbance 
measurements were taken at the maximum intensities 
observed for each dye, ensuring accurate monitoring of 
the photocatalytic degradation process. The 
photocatalytic degradation efficiency of prepared Se NPs 
was evaluated through the following equation (Reza et 
al., 2017). 

( )
 

= −  
 0

    % 1 100
C

Degradationefficiency
C

 

3. Results and discussion 

3.1. X-ray Diffraction 

As depicted in Figure 2, the XRD pattern of prepared Se 
NPs has sharp peaks at the 2θ positions 23.5, 29.7, 41.4, 
43.7, and 45.5. The observed peak position correlates with 
the crystalline planes (100), (101), (110), (102) and (111) 
respectively. The estimated lattice parameters a=4.362 Å 
and c=4.951 Å resemble to the trigonal crystal structure of 
Se NPs that corresponds with the JCPDS card No: 06-0362 
[31,32]. The sharp peaks observed for prepared Se NPs 
suggest the high crystallinity of the nanoparticles. Further, 
the following Debye Scherrer equation was employed to 
evaluate the average crystalline size for prepared Se NPs 
(Bhatia et al., 2017). 

( )


 
=   

 

K
D cryallite size

cos  

Where, the diffraction angle is 𝜃, the full width at half 
maximum is 𝛽, the wavelength of the X-ray radiation is 𝜆, 
and the grain size is 𝐷. The constant K is assumed to be 
0.94. As shown in Table 1, the average crystalline size of 
prepared Se Nps is 30.02 nm. The lattice parameters and 
microstrain percentage calculated from XRD data are also 
shown in Table 1. 
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Table 1. Structural parameters obtained from XRD data of prepared Se NPs 

NPs 2 θ Position hkl values Crystallite size (nm) Average crystalline size (nm) 
Lattice parameters 

(Å) 
Micro strain 

(%) 

Se 

NPs 

23.5 (100) 15.7 

30.02 
a=4.362Å & c= 4.951 

Å 

0.420317 

29.7 (101) 32.3 0.408375 

41.4 (110) 33.1 0.370231 

43.7 (102) 33.9 0.359178 

45.5 (111) 35.1 0.29578 

 

 

Figure 2. XRD pattern of prepared Se NPs 

3.2. Fourier transform infrared spectroscopy 

The prepared selenium nanoparticles (Se NPs) FTIR 
spectrum exhibits distinctive peaks that provide insights 
into the chemical composition and functional groups 
present in the nanoparticles, as seen in Figure 3. Notably, 
a broad and prominent peak in the region around 3300 
cm⁻¹ is observed, corresponding to the stretching 
vibrations of hydroxyl groups (OH) (El-Sayed et al., 2020). 
This observation suggests the adsorption of water 
molecules, either by the samples or the KBr used as a 
background. Peaks in the 2800-3000 cm⁻¹ region indicate 
C-H stretching vibrations (Fardsadegh et al., 2019). These 
vibrations are characteristic of organic compounds with 
aliphatic hydrocarbon chains. Aliphatic C-H bonds suggest 
the involvement of compounds such as alkanes or alkenes 
in the green synthesis process. Furthermore, the FTIR 
spectrum displays several distinctive peaks linked to 
phytochemicals extracted from the leaf extract of Tectona 
grandis. Carbonyl (C=O) stretching vibrations are indicated 
by peaks in the 1600–1700 cm⁻³ range, which may 
indicate the presence of ketones, aldehydes, or acids with 
carboxylic groups. Furthermore, peaks in the 1400-1500 
cm-1 range correlates to the bending vibrations of methyl 
and methylene groups, common in organic molecules. The 
identified peaks in the FTIR spectrum affirm the 
involvement of phytochemicals from Tectona grandis leaf 
extract in the reduction and stabilization of selenium 
nanoparticles (Tripathi et al., 2020). 

 

Figure 3. Functional groups present in Se NPs 

3.3. Particle size analysis 

The dynamic light scattering approach was utilized to 
evaluate the particle size of the synthesized selenium 
nanoparticles (Se NPs). As depicted in Figure 4, the 
average diameter of the nanoparticles is determined to be 
45.12 nm. Furthermore, the D10 value, representing the 
diameter below which 10% of the particles reside, is 
measured at 4 nm. This suggests the presence of a 
fraction of relatively small nanoparticles, each with a size 
less than 4 nm. Conversely, the D90 value, indicating the 
diameter below which 90% of the particles are found, is 
determined to be 150 nm. This underscores the 
prevalence of nano-sized particles in the sample, with the 
majority having a size of less than 150 nm. The 
phytochemicals found in Tectona grandis leaves, including 
polyphenols, flavonoids, and terpenoids, act as effective 
reducing agents, facilitating the formation of Se NPs with 
extremely small particles (Shedbalkar et al., 2016). 
Furthermore, an important factor affecting the 
characteristics and possible uses of the nanoparticles is 
the relationship between the synthesis technique and 
particle size. In this context, the hydrothermal process, 
renowned for its controlled and uniform growth 
conditions, contributes to achieving a relatively narrow 
size distribution (Sadiq et al., 2021).  
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Figure 4. Particle size distribution of Se NPs 

3.4. Field emission scanning electron microscope and 
energy-dispersive X-ray analysis 

The field emission scanning electron microscopy (FESEM) 
analysis provides valuable insights into the morphology of 
prepared Se NPs. As depicted in Figure 5, the FESEM 
images reveal distinct hexagonal closely packed 
structures, indicative of the well-organized arrangement 
of Se NPs. The Tectona grandis leaf extract, rich in 
phytochemicals, acts as a natural reducing agent, 
facilitating the reduction and stabilization of selenium ions 
to form nanoparticles. The hydrothermal conditions, 
characterized by elevated temperature and pressure, 
show a pivotal role in directing the growth and 
morphology of the Se NPs. The synergistic effects 
between selenium ions and the bioactive complexes in the 
leaf extract contribute to the observed hexagonal closely 
packed structures (Tripathi et al., 2020). The hexagonal, 
closely packed structures exhibit superior light absorption 
and scattering properties, allowing efficient utilization of 
incident photons during photocatalysis. Additionally, the 
intimate contact between Se NPs and the surrounding 
medium, facilitated by the specific morphology, promotes 
effective charge transfer processes crucial for 
photocatalytic reactions. 

 

Figure 5. FESEM image of prepared Se NPs (a, b, and c) and EDAX 

analysis (d) 

Additionally, the energy-dispersive X-ray (EDX) spectrum 
obtained during the FESEM analysis further corroborates 
the elemental composition of the prepared Se NPs. The 
peaks in the spectrum correspond to the energy level of 
selenium (Se), Carbon (C), and oxygen (O), confirming the 
presence of mentioned elements in the synthesized 
nanoparticles (Sadiq et al., 2021). The weight percentage 
and atomic percentage of the Selenium element 
demonstrate the successful creation of Se NPs using 
Tectona grandis leaf extract as the stabilization and 
reduction agent in a green synthesis approach. The 
incorporation of carbon can be attributed to the biological 
components in the Tectona grandis leaf extract, which 
may contribute to the stabilizing and capping of the Se 
NPs. 

 

Figure 6. UV-Vis analysis of prepared Se NPs a) Absorbance, b) 

Transmittance, c) Direct band gap, and d) Indirect band gap 

3.5. UV-Vis spectroscopy 

The absorbance characteristics of selenium nanoparticles 
(Se NPs) were thoroughly investigated through ultraviolet-
visible (UV-Vis) spectroscopy, providing crucial insights 
into their optical behavior, as seen in Figure 6. The 
absorption spectrum of Se NPs exhibited a distinct peak at 
273 nm, signifying the absorption of ultraviolet light by 
the nanoparticles. The absorption spectrum observed for 
prepared Se NPs correlates closely with the earlier reports 
(Zhang et al., 2005). The transmittance spectrum 
calculated from the absorption data is provided in Figure 
6(b). To gain insights into the band structure, the band 
gap of Se NPs was estimated by employing the Tauc plot 
equation (Shedbalkar et al., 2016). 

( ) ( ) = −
n

ghv B hv E
 

Where hv denotes photon energy, α denotes the 
absorption coefficient, C denotes the constant, and n, 
based on whether the transition is direct or indirect, is 
represented, the direct band gap is determined as the 
energy difference between the absorption edge and the 
extrapolated baseline, was found to be 1.85 eV. 
Simultaneously, the indirect band gap, calculated through 
the onset of the absorption curve, was measured at 1.96 
eV. These band gap values are crucial parameters 



6  BYEON et al. 

influencing the photocatalytic activity of Se NPs. The 
observed values align with the semiconductor nature of 
selenium, emphasizing its potential as an efficient 
photocatalyst in various applications, including 
environmental remediation and light-induced catalysis. 

3.6. Photocatalytic activity 

The prepared Se NPs' photocatalytic performance 
demonstrated significant AR, CV, RB, and RhB dyes' 
decolorization and decreased dye compounds' adsorption 
intensity, as shown in Figure 7. Over a consistent 90-
minute duration, Se NPs exhibited notable degradation 
efficiencies of 86.87%, 91.16%, 84.7%, and 94.93% for AR, 
CV, RB, and RhB dyes, respectively. The Se NPs displayed 
significant potential in degrading the employed model 
dyes, with a notably higher degradation efficiency 
observed for cationic dyes (CV & RhB) compared to 
anionic dyes (AR and RB). The negative surface charge of 
the produced NPs facilitates the adsorption of positively 
charged cationic dye molecules, resulting in improved 
degradation against cationic dyes. Furthermore, the 
degradation kinetics of Se NPs were assessed using the 
Pseudo First Order degradation kinetic model, expressed 
by the following equation (Tugarova et al., 2017). 

 
= 

 0

ln
C

kt
C

 

 

Figure 7. Photocatalytic activity of Se NPs towards a) AR, b) CV, 

c) RB, and d) RhB model dyes 

Where the initial and time-dependent concentrations of 
dye compounds are C and C0, k represents the kinetic 

rates constant, and t represents the time. The C/C0 curves 
for dye compounds and the corresponding linear fit curves 
are provided in Figure 8. The obtained kinetic degradation 
rate values shown in Table 2 indicate a gradual 
degradation of dye compounds in the presence of Se NPs, 
and the high R2 values signify an excellent linear fit of the 
first-order degradation model. These findings underscore 
the efficacy of Se NPs in the photocatalytic degradation of 
textile dyes. Additionally, the average degradation rate of 
cationic dyes is 1.38 times higher than that of anionic 
dyes, highlighting the selective efficiency of Se NPs in the 
degradation process. As indicated in Table 3, the 
synthesized Se nanoparticles' degradation efficiency is 
notably higher than previously green-synthesized 
nanomaterials. The prepared Se nanoparticles exhibit 
efficient performance even at lower catalyst 
concentrations. 

 

Figure 8. C/C0 curve fitted with pseudo-first-order degradation 

kinetic of Se NPs towards a) AR, b) CV, c) RB, and d) RhB model 

dyes 

3.7. Degradation mechanism 

The degradation of model dyes through prepared Se NPs 
could occur in various ways, such as photocatalytic 
degradation, surface charge adsorption, and facilitating 
the role of attached phytochemicals, as seen in Figure 9. 
Sunlight initially irradiates electrons from the valence 
region to the conduction region of Se NPs during 
photocatalytic degradation. A photon's energy level (hv) 
upon absorption is equal to or greater than the catalyst's 
band gap.  

Table 2. Obtained degradation and kinetic values for prepared Se NPs towards model dyes 

NPs Dyes Degradation 
efficiency (%) 

Without catalyst Kinetic rate (min-1) With catalyst Kinetic rate (min-1) R2 

Se Alizarin red 86.87 2.4 × 10-4 2.15 × 10-2 0.977 

Crystal violet 91.16 4.2 × 10-4 2.63 × 10-2 0.977 

Reactive black 84.7 4.4 × 10-4 2.02 × 10-2 0.989 

Rhodamine B 94.93 4.1 × 10-4 3.13 × 10-2 0.972 

 

This energy excites the semiconductor, creating a hole in 
the valence band (hVB

+) and generating an electron-hole 
pair (e−/h+). This involves the formation of simultaneous 
electron and hole generation within the catalyst material 

(equation 1). Due to photon absorption, the holes formed 
in the valence band react with water, forming potent OH˙ 
radicals (equation 2). These OH radicals forming on the 
irradiation semiconductor's surface behave as powerful 
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oxidizing agents. They can attack adsorbed organic 
molecules and those close to the catalytic surface. Organic 
pollutants are mineralized due to this non-selective 
oxidation, depending on their molecular structure and 
stability. Furthermore, OH radicals can kill germs, 
increasing the entire cleaning process. An electron from 
the conduction band simultaneously interacts with 
oxygen, generating an anionic superoxide radical. This 
superoxide ion participates in subsequent oxidation 
incidents and is critical in avoiding electron and hole 
recombination, preserving overall electron neutrality 
within the catalyst molecule. Protonation of the produced 
anionic superoxide radical (O2) results in the creation of a 
hydroperoxyl radical (HO2), which then changes into 
hydrogen peroxide (H2O2) (equation 3). H2O2 molecules 
can split into extremely reactive hydroxyl radicals (OH). 
These hydroxyl radicals, in turn, react with dye 
substances, triggering an oxidation process that degrades 
the colors' chemical structure. (equation 4).  

+ −+ → +  VB CBSeNPs hv h e  (1) 

+ ++ → +2 VBH O h H OH  (2) 

− −+ → .
2 2CBO e O  (3) 

−+ + → + +.
2 2 2   Dyemolecules OH O By products CO H O  (4) 

The second process that aids in the breakdown of dyes 
involves surface charge adsorption. The selective 
adsorption of cationic dyes such as Crystal violet and 
Rhodamine B is observed during degradation. This 
selectivity can be attributed to the electrostatic 
interaction (attraction) between catalyst surface having 
negative charge and the positively charged dye 

substances. Additionally, the attachment of 
phytochemicals of Tectona grandis leaf with synthesized 
Se NPs plays a crucial role in dye molecule adsorption. 
Phytochemicals contribute to dye adsorption through 
various mechanisms. One such mechanism involves 
electrostatic attraction between phytochemicals and dye 
molecules. 

Phytochemicals possess functional groups like hydroxyl, 
carboxyl, and amino, enabling interactions with dye 
molecules through hydrogen bonding and electrostatic 
forces. Another mechanism involves the formation of 
complexes between phytochemicals and dye molecules. 
This occurs when phytochemicals chelate with dye 
molecules, creating a ring-like structure around the dye 
molecule, facilitating its removal from the solution. 

3.8. Cyclic stability 

The cyclic stability assessment of Se nanoparticles (NPs) 
was conducted over five cycles to evaluate their 
performance in the degradation of AR, CV, RB, and RhB 
dyes. As illustrated in Figure 10, the degradation efficiency 
was monitored across consecutive cycles for each dye. 
The Se NPs demonstrated a steady and continuous 
degrading efficiency during the five cycles. Table 4 shows 
a slight drop in degradation efficiency across the dyes 
after the fifth cycle, ranging from 4% to 6.5%. This 
minimal loss in cyclic stability indicates the robustness and 
reliability of the prepared Se nanoparticles, highlighting 
their potential for repeated use on the degradation of 
textile dyes. The results suggest that the nanoparticles 
maintain their catalytic activity effectively over multiple 
cycles, further emphasizing their stability and suitability 
for practical applications (Tugarova et al., 2017). 

Table 3. Comparative dye degradation analysis with earlier green synthesized NPs 

S. No 
Catalyst 

NPs 
Green synthesis 

agent 
Catalyst 

Conc. 
Dye employed 

Dye 
Conc. 

Irradiation 
source 

Irradiation 
time (min) 

Degradation 
efficiency (%) 

ref 

1 Se F. benghalensis 100 mg/L 
Methylene 

blue 
10 mg/L Visible light 40 57.63 [42] 

2 Fe3O4 Carica papaya 6 g/L 
remazol 

yellow RR 
50 mg/L Sunlight 360 77 [43] 

3 ZnO 
Artocarpus 

heterophyllus 
10 mg/L Rose Bengal 30 mg/L Visible light 60 80 [44] 

4 SnO2 M.oliefera 100 mg/L Rhodamine B 
1 × 10-5 

M 
Sunlight 90 86 [45] 

5 SnO2 chitosan 
~210 

mg/L 

Eriochrome 

Black T 
6 mg/L Visible light 270 77 [46] 

6 ZnO Syzygium Cumini 50 mg/L 
Methylene 

blue 
20 mg/L Sunlight 180 91.4 [47] 

7 ZnO Loquat seeds 12 mg/L 
Methylene 

blue 
5 mg/L UV light 200 ~65 [48] 

8 CuO C.paniculatus 10 mg/L 
Methylene 

blue 
10 mg/L Sunlight 120 ~90 [49] 

9 Se Tectona grandis 5 ppm 

Alizarin red 15 ppm Sunlight 90 86.87 

Present 

work 

Crystal violet 15 ppm Sunlight 90 91.16 

Reactive Black 15 ppm Sunlight 90 84.87 

Rhodamine B 15 ppm Sunlight 90 94.93 
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Table 4. Cyclic stability of prepared Se NPs 

NPs Dye Initial degradation (%) Degradation after 5th cycle (%) Efficiency loss (%) 

Se Alizarin red 86.87 81.07 5.8 

Crystal violet 91.16 86.95 4.21 

Reactive black 84.7 78.37 6.33 

Rhodamine B 94.93 90.85 4.08 

 

 

Figure 9. Degradation mechanism for prepared Se NPs 

 

Figure 10. Cyclic stability of Se NPs towards a) AR, b) CV, c) RB, 

and d) RhB model dyes 

4. Conclusion 

In conclusion, this study successfully demonstrated the 
green synthesis of selenium nanoparticles (Se NPs) 
through a hydrothermal method, utilizing Tectona grandis 
leaf extract. The photocatalytic dye degradation 
performance of the Se NPs was assessed for the efficienct 
degradation of various cationic and anionic dyes under 
sunlight irradiation. Notably, the Se NPs showed 
remarkable efficacy in degrading cationic dyes, with 
Rhodamine B achieving an exceptionally high degradation 
efficiency of 96%. This superior performance can be 
attributed to the electrostatic surface charge interactions 
between the nanoparticles and cationic dye molecules. 
Crucially, the Se NPs exhibited stability over multiple 
photocatalytic cycles, with only a minor loss in 
degradation efficiency after five cycles. This exceptional 

stability underscores the potential practical application of 
these nanoparticles in sustainable and long-term 
environmental remediation processes. The green-
synthesized Se NPs offer a promising avenue for 
developing efficient and eco-friendly nanomaterials for 
photocatalytic applications. The successful integration of a 
green synthesis approach and the notable photocatalytic 
performance and stability position these Se NPs as 
valuable candidates for future environmental remediation 
strategies. The results of this investigation add to the 
expanding corpus of information about environmentally 
friendly nanomaterials and their potential uses in solving 
environmental problems. 
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