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The development of eco-friendly nanomaterials has attracted growing interest as 
sustainable alternatives to conventional chemical synthesis. In this work, cerium 
oxide nanopa rticles (CeO₂n) were synthesized via a green co-precipitation route 
employing Laurus nobilis leaf extract as a  dual reducing and s tabilizing agent. The 
choice of L. nobilis is motivated by i ts rich content of bioactive phytochemicals, 
particularly polyphenols and flavonoids , which are expected to influence both 
nanoparticle s tabilization and functional activi ty. The as-synthesized nanoparticles 
were systematically characterized by X-ray diffraction (XRD), Fourier-transform 
infrared spectroscopy (FTIR), ul traviolet–visible (UV–Vis) spectroscopy, and field-
emission scanning electron microscopy (FESEM). XRD confi rmed the formation 
of crystalline CeO₂n with a cubic fluori te phase, while FESEM images revealed 
quasi-spherical and nanorod morphologies. UV–Vis spectra  showed a blue-shi fted 
absorption edge near 300 nm, indicative of quantum-size effects , with calculated 
band gaps  inversely related to particle size. The photocatalytic activi ty was 
assessed through the degradation of methyl orange under UV i rradiation, achieving 
degradation efficiencies  of 96.5%, 47.5%, and 77.3% for samples  synthesized with 5, 
10, and 15 mL of extract, respectively. The nanoparticles also demonstrated significant 
antioxidant potential, highlighting the synergis tic contribution of phytochemicals in 
enhancing biological activi ty. From a  chemical  engineering s tandpoint, this s tudy 
introduces  a  process-oriented approach by systematically investigating the effect of 
Laurus nobilis extract concentration on the s tructural , optical , and photocatalytic 
properties of CeO₂ nanoparticles. The results demonstrate a clear s tructure –
property–performance relationship, offering valuable insight for the optimization 
and scale-up of green nanoparticle synthesis. 
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1. Introduction 
Green synthesis has emerged as a promising 

and sustainable strategy for the production of 

nanoparticles owing to its non-toxic, eco-friendly, 

and cost-effective characteristics [1-6]. Unlike 

conventional chemical andphysical synthesis routes, 

which often require harsh reducing agents, toxic 

solvents, and high energy inputs, green synthesis 

utilizes biological systems such as microorganis ms 

and plant extracts, thereby reducing environmental 

impact while ensuring process safety [7]. Among 

biological resources, plant extracts are particularly  

advantageous because they are widely available, 

inexpensive, and rich in diverse phytochemicals 

including polyphenols, flavonoids, alkaloids, and 

terpenoids that serve as natural reducing and 

stabilizing agents. These bioactive compounds 

not only facilitate nanoparticle nucleation and 

growth but also modulate particle morphology, 

crystallinity, and functional properties. 

Cerium oxide nanoparticles (CeO₂ n) have 

attracted considerable attention due to their 

exceptional redox behavior, oxygen storage 

capacity, and mult i-enzyme mimet ic act ivities. 

These features underpin their wide-ranging 

applications in catalysis, fuel cells, UV filters, 
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sensors, and biomedical fields [8]. Moreover, 

CeO₂ n exh ibit  strong antioxidant, antibacterial, 

and drug delivery  potential, h ighlighting their 

versatility in  both environmental and healthcare 

sectors [9]. In part icular, the photocatalytic 

degradation of synthetic dyes, such as methyl 

orange, has emerged as an important application. 

Industrial dye effluents are characterized by  

intense coloration, high stability, and poor 

biodegradability, posing a significant challenge 

to conventional treatment methods such as 

electrolysis, coagulation, and filtrat ion [10]. By  

contrast, photocatalytic nanomaterials provide an  

efficient, eco-friendly, and cost-effective solution 

to wastewater remediation [11]. 

Within this context, Laurus nobilis (bay laurel), an 

aromat ic Mediterranean plant trad itionally valued  

for its culinary and medicinal uses, presents a unique 

opportunity for nanoparticle biosynthesis. The 

leaves of L. nobilis are enriched with polyphenols, 

flavonoids, tannins, and essential oils, which exh ibit  

antioxidant, antifungal, and card ioprotective 

properties [12]. Such phytochemicals not only 

enhance the stability o f nanoparticles but also 

synergistically contribute to their biolog ical and  

catalytic performance. While several studies have 

explored green synthesis of CeO₂ n using various 

plant extracts the use of L. nobilis has been scarcely 

investigated, particularly about the influence of 

extract concentration on nanoparticle structure, 

photocatalytic efficiency, and antioxidant activity. 

This research thus introduces a novel perspective 

by linking  the phytochemical richness of L. nobilis 

with the tailored physicochemical and functional 

properties of CeO₂ n. 

Accordingly, the present study reports the 

green co-precipitation synthesis of CeO₂ n using 

L. nobilis leaf ext ract and evaluates their 

structural, morphological, and  functional 

characteristics. Special emphasis is placed on the 

effect of extract concentration on particle size, 

crystallinity, band gap, and photocatalytic 

degradation efficiency. Beyond demonstrating the 

feasibility of plant-mediated CeO₂ n synthesis. 

From a chemical engineering perspective, the 

novelty of this study lies in the systematic 

evaluation of plant-ext ract concentration as a key  

process parameter in the green co-precipitation  

synthesis of CeO₂ n. Rather than merely  

demonstrating a green synthesis  route, this work 

establishes a clear correlat ion between extract  

dosage, nanoparticle structural evolution,  optical  

properties,  and  functional 

performance. To the best of our knowledge, this  

is the first report employing Laurus nobilis leaf 

extract for the controlled synthesis of CeO₂ n, 

while simultaneously assessing their photocatalytic 

and antioxidant activities. The findings provide 

practical insight into process optimization and 

highlight the potential of phytochemical-assisted 

synthesis for scalable and sustainable nanomaterial 

production. 

 

2. Material and Methods 
Cerium(III) nitrate hexahydrate 

(Ce(NO₃ )₃ ·6H₂ O) and sodium hydroxide 

(NaOH), 2,2-d iphenyl-1-picry lhydrazyl (DPPH), 

supplied by Merck, were used as precursors with a 

purity level of 99.99%. Laurus nobilis leaves were 

utilized for the preparation of the plant extract, 

which served as both a reducing and stabilizing 

agent in the synthesis process. All experimental 

procedures were conducted using double-distilled  

water to ensure high purity. 

 
2.1 Extraction method 

The extraction process was carried out as 

follows: Fresh leaves of the Laurus nobilis were 

prepared in the city of Arak, Iran. Fresh Laurus 

nobilis leaves were thoroughly washed with tap 

water followed  by double-distilled water to remove 

surface contaminants. The cleaned leaves were then 

sun-dried for several days to eliminate moisture. 

Once dried, the leaves were ground into a fine, 

homogeneous powder using a mechanical grinder. 

To prepare  the ext ract, 20 g  of the powdered  leaves 

were mixed  with 100 mL of deionized water and 

heated to boiling under constant stirring. The 

mixture was then filtered  using Whatman filter 

paper to separate the solid residue from the liquid  

extract. The resulting aqueous extract  was stored at 

4°C in a sterile container for subsequent use. 

 
2.2. Synthesis of cerium oxide nanoparticles 

(CeO2n) 

The synthesis of cerium oxide nanoparticles  

was performed v ia a co-precipitation method 

using Laurus nobilis extract. Initially, 0.5 M cerium 

(III) n itrate hexahydrate was dissolved in 100 

mL of deionized water under continuous stirring 

to ensure complete dissolution. Subsequently, 

varying volumes of the prepared Laurus nobilis 

extract (5 mL, 10 mL, and 15 mL) were added to 

the solution, followed by stirring for 30 minutes to 

facilitate the reduction and stabilization of cerium 
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Fig. 1. Schematic representation of the extraction process, green synthesis of cerium oxide nanoparticles using Laurus nobilis 

extract. 

 

ions. The pH of the mixture was adjusted to 10 

using a sodium hydroxide solution to promote 

nanoparticle format ion. After the reaction, the 

resulting suspension was centrifuged at 4000 

rpm for 20 minutes to separate the nanoparticles 

from the supernatant. The precipitate was washed 

three times with  deionized water to  remove any  

unreacted species or impurities. The washed 

precipitate was then dried in an oven at 120°C for 

6 hours to evaporate residual moisture. Finally, the 

dried  material was calcined  at  600°C for 4 hours in  

a muffle furnace to enhance crystallinity, yielding  

a light-yellow powder composed of cerium oxide 

nanoparticles. Figure 1. Schematic representation 

of the ext raction process, green synthesis of cerium 

oxide nanoparticles using Laurus nobilis extract, 

and characterization steps including XRD, FTIR, 

FESEM, and UV-Vis analyses. 

 

2.3. Characterization of samples 

The chemical bonds and crystalline structure of 

the synthesized nanoparticles were analyzed using 

advanced analytical techniques. Fourier-transform 

infrared spectroscopy (FTIR) was performed using 

a Takram Pulse N1-541 spectrometer (Teksan Co.) 

to investigate the functional groups and bonding 

characteristics. X-ray diffract ion (XRD) analysis 

was conducted on a D8-Advance diffractometer 

(Bruker), employing CuKα radiation, to determine 

the crystallinity, phase purity, and structural 

properties of the nanoparticles. The morphological 

features of the samples were examined using field  

emission scanning electron microscopy (FESEM) 

with a MIRA3 system (Tescan), provid ing 

high-resolution imaging of particle size and 

shape. Additionally, the optical properties of 

the nanoparticles were evaluated using UV-Vis  

spectroscopy with a Shimadzu  1800 UV-visible 

double-beam spectrophotometer (model 165-

PC), enabling precise measurement of absorption 

spectra and band gap energy. 

 

2.4. Photocatalytic process 

This study investigates the photocatalytic 

performance of CeO₂ n. elucidating the 

mechanisms underpinning its activity upon 

ultraviolet (UV) irrad iation. Specifically, exposure 

to UV light results in the absorption of hγ energy 

by the CeO₂ n photocatalyst, promoting electrons 

from the valence band to the conduction band, 

thereby 
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generating electron-hole pairs. Subsequent to this 

excitation, two distinct recombination pathways are 

posited for these photogenerated charge carriers. 

%degradation  At 
Ao100 (1) 

The init ial pathway involves direct electron-hole 

recombination, resulting in  energy dissipation 

and a return of the electron to the conduction 

band. Alternatively, electrons from the conduction 

band may migrate to the surface of the CeO₂ n  

material, where they interact with adsorbed oxygen 

molecules present in the surrounding atmosphere. 

This surface reaction facilitates the reduction of 

molecular oxygen, leading to the format ion of 

superoxide anion radicals (O₂ ⁻•), a key reactive 

oxygen species often implicated in the degradation 

of organic pollutants in photocatalytic applications. 

The relative prevalence of these two recombination  

pathways is expected to significantly influence  

the overall photocatalytic efficiency of the 

CeO₂ n material. Figure 2 shows the mechanism 

of photocatalytic activity of CeO₂ n. 

To examine the photocatalytic effect, methyl 

orange was selected as the pollutant of interest. 

This compound is commonly utilized  in the text ile 

industry, and its presence in wastewater can lead 

to significant health risks. These issues encompass 

respiratory and gastrointestinal complications, and 

inhalation may also lead to irritation of the skin and 

Aₒ and Aₜ represent the absorbance of the dye 

before it starts to degrade and the absorbance 

of the dye at a specific time “t” after degradation 

has occurred, respectively. This equation allows 

for a precise determination of the extent to which  

the photocatalyst has successfully broken down  

the methyl orange molecule over a given period, 

providing a crucial metric for evaluating the 

photocatalytic performance. 

 

2.5. Antioxidant activity 

For measurement of antioxidant activity various 

concentrations of CeO2n (2.5, 7.5, 12.5 and 

17.5 μg/mL) were added to 10 mL of a 0.1 mM 

2,2-diphenyl-1-p icrylhydrazyl (DPPH) solution 

and kept in complete darkness for at  least 40 min at  

room temperature. Absorbance was recorded using 

ethanol as black at 517 nm wavelength. Ascorbic 

acid was used as the standard in all perfo rming 

experiments. The antioxidant activity of green 

synthesized CeO2n was evaluated by  DPPH radical 

scavenging assay using the following formula: 

% Inhibition = 

eyes[13]. The degradation rate of the photocatalyst 

is determined using the following formula [13, 14]. 

 Absorbance o f Control  Absorbance o f Sample 
100 

Absorbance o f Control 
(2) 

 

 

 

 
Fig. 2. Mechanism of CeO2n photocatalytic activity. 
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3. Result and discussion 
3.1. XRD analysis 

X-ray diffraction (XRD) analysis was employed 

to characterize the crystalline properties of CeO2n 

synthesized  at  three  distinct  concentrations, 

the Debye-Scherrer equation [16]. 

 

D  
  K  

 cos







(3) 

allowing for the determination of crystal structure, 

crystallite size, and phase purity within  the 2θ  range 

of 10° to 80°. As depicted in Figure 3, the XRD 

patterns for the three samples exhib ited distinct 

diffraction peaks, with characteristic reflections 

observed at 2θ values of 28.6°, 33.2°, 47.6°, 58.7°, 

69.6°, 77.2°, and 79°, which were indexed to the (1 

1 1), (0 0 2), (0 2 2), (1 1 3), (2 2 2), (0 0 4), and 

(1 3 3) planes of cerium oxide, respectively. These 

observed diffraction patterns are consistent with 

the cubic fluorite structure of CeO2n, exhib iting a 

high degree of similarity with the reference data 

provided by the JCPDS card number 8436-089-

01, thus confirming the successful synthesis of 

crystalline CeO2. Furthermore, analysis of the XRD 

data revealed an inverse relationship between the 

concentration of the extract used during synthesis 

and the resulting crystallite size, as evidenced by the 

decrease in particle size observed with increasing 

extract quantity, an observation that is congruent 

with  findings reported in p rior investigations [15]. 

The size of the nanocrystals was measured using 

Where D is the crystal size, K and λ (Cuk_α) 

are 0.9 and 1.54060 nm, respectively, and β is the 

peak width at half maximum (FW HM) [17]. The 

results of the Debye-Scherrer equation indicate 

that the size of the cerium oxide nanocrystals at a 

5 mL extract concentration is 21.11 nanometers,  

at a 10 mL concentration is 16.1 nanometers, and 

at a 15 mL concentration is 15.53 nanometers.  

The observed inverse relationship between extract  

concentration and nanocrystal size suggests that 

the extract  plays a significant role in controlling 

nanocrystal growth. As the concentration of the 

extract increases, it likely introduces more bind ing 

or capping agents to the developing nanocrystals, 

hindering further aggregation and ult imately  

resulting in smaller part icle sizes. This effect may  

be attributed to enhanced surface stabilizat ion 

or increased nucleation rates influenced by the 

extract’s components. Numerous research groups 

have demonstrated the feasibility of employ ing 

plant-derived ext racts as reducing and capping 

agents  in  the  biosynthesis  of  cerium  oxide 

 

 

 
Fig. 3. X-ray diffraction pattern of CeO2n for three samples with different concentrations of laurus nobilis extract. 
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Wavenumber(cm-1) 

Fig. 4. FTIR diagram of CeO2n at three different  concentrations. 

 

nanoparticles (CeO2n), presenting a greener and 

more sustainable alternative to conventional 

chemical methods. Panahi-Kalamuei, Mokhtar, et  

al. also attained these outcomes [18]. Arumugam, 

Ayyakannu, and colleagues focus on the synthesis 

of CeO2n utilizing the leaf ext ract of Gloriosa 

superba L [19]. Aseyd Nezhad, et al. concentrate on 

the generation of CeO2n via Origanum majorana 

L. leaf ext ract [20]. Extracts from the procera 

flower [21], aloe vera [22], Acorus calamus [23], 

Azadirachta indica [24], banana peel [25], and  

Citrus nobilis Lour. Peel [26] serve as examples 

utilized in the production of CeO2n. 

 
3.2. Fourier transform infrared spectroscopy (FTIR) 

Figure 4 presents the Fourier Transform Infrared 

(FTIR) spectra of CeO2n at varying extract 

concentrations, analyzed within the 400-4000 cm-1 

range. Despite the different concentrations, the 

spectra exhibit largely consistent peak positions, 

suggesting that the extract quantity does not 

significantly alter the fundamental chemical bonds 

present. The band observed at 3430 cm-1 is related to 

the vibrations of the O-H groups [27]. The bands at 

1620 cm-1 and 11540 cm-1 are attributed to the C=O 

stretching of the amide group. The most prominent 

peak corresponds to the robust C-H vibrational 

bond detected at 1380 cm-1. In addition, a peak 

corresponding to the C-O alcohol group bond was 

observed at 1052 cm-1 [28, 29]. Notably, the FTIR 

spectrum of the Laurus nobilis extract exh ibits a 

characteristic peak at  1016 cm⁻¹ , which aligns with  

previously reported findings [30]. Furthermore, the 

absorption band observed at ca. 530 cm⁻¹ can be 

assigned to the Ce–O stretching vibration of fluorite 

CeO₂  lattice, which is consistent with the 

literature report [31]. In addition, Ce–O–C 

bonding, arising from the interaction between  

CeO2n and organic compounds from the p lant 

extract, is proven at  856 cm-1 In addition, although 

biomolecules from the Laurus nobilis extract  

initially bind to cerium ions and nanoparticle  

surfaces during synthesis, they do not remain  on 

the final product. The samples were calcined at 

600 °C, which leads to the complete thermal 

decomposition and removal of organic compounds 

[32]. Nevertheless, the transient binding of 

phytochemicals during the synthesis stage plays a 

crucial role in controlling particle nucleation, 

stabilization, and growth. As reported in previous 

studies, this temporary interaction can have a 

lasting effect on nanoparticle structure even after 

the organic species are eliminated by high-

temperature treatment [33]. These results suggest 

that the Laurus nobilis extract plays a crit ical role 

in capping and stabilizing the CeO₂ n during 

synthesis. The consistent peak positions across 

different extract concentrations indicate 
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0 
2 

 

CeO2n-10 

 

that the extract primarily influences nanoparticle 

formation without significantly altering their 

chemical composition. 

 

3.3. Field emission scanning electron microscope 

nanoparticles but also the resulting particle size and 

shape. The estimation of the average diameter of 

nanoparticles is conducted through the application 

of the log-normal distribution equation [34]. 

(FESEM) 
Figure 5 showcases the morphological 


  1   

   D 
 

D 


f D     exp  
    0  (4) 

characteristics  of  CeO n  at  three  different   D 2   2 2 

concentrations of 
2 

laurus nobilis extract, as seen  

through FESEM. The images show that the 

nanoparticles take on quasi-spherical shapes 

and form nanorods. The images demonstrate a 

heterogeneous particle size distribution within  

each sample, indicating that the Laurus nobilis 

 
  2 

 D  D exp  
 


1 

 

 

(5) 

extract influences not only the formation of the 
D   D 

exp  2  1 
2 (6) 

 

 
 

 

Fig. 5. FESEM images at  1 μm and 500 nm scales for three different CeO2n samples. Accompanying histograms are provided 

for each sample. 

ln2
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a 

CeO2n-15 

 

The parameters D (indicates the diameter of 

nanoparticle) and δ0 (is the standard deviation 

of ln D) were obtained from equations 3-5. 

Additionally, these equations were utilized for  

data calibration. The synthesis of CeO2n using 

Laurus nobilis extract demonstrated a clear 

dependence on the concentration of the extract.  

As the extract concentration increased from 5 mL 

to 15 mL, the mean diameter o f the nanoparticles 

decreased significantly from 94.1 nm to 67.4 nm. 

This reduction in  particle  size can  be attributed 

to several factors inherent to green synthesis 

processes. At higher extract concentrations, the 

abundance of bioactive compounds (such as 

polyphenols, flavonoids, and other phytochemicals) 

enhances the efficiency of nucleation by facilitating 

rapid reduction of metal ions. Additionally, the 

increased availability of capping agents stabilizes 

the nanoparticles, preventing their aggregation 

and thereby limiting their growth. This inverse 

relationship between ext ract concentration and 

nanoparticle size has been widely  observed in  green 

synthesis studies, underscoring the critical role of 

extract concentration in modulating nanoparticle 

morphology and dimensions [15]. 

 
3.4. UV-Vis analysis 

Figure 6 (a) presents the UV-Vis absorption 

spectra of the synthesized CeO2n across three 

samples, CeO
2
n-5, CeO

2
n-10, and CeO

2
n-15, with  

all exh ibiting a prominent absorption peak near 

300 nm, a blue shift compared to the documented 

CeO2n absorption peak at 341 nm [32]. The band 

gap energies, for varying extract concentrations, 

were calculated using the Tauc equation [35]: 

effects, which restrict the movement of electrons 

and enhance the energy required for electronic 

transitions. The observed variation in  band 

gap energy highlights the significant influence 

of Laurus nobilis extract concentration on the 

structural properties of the nanoparticles. Higher 

extract concentrations lead to smaller particle 

sizes, thereby  increasing the band gap energy. Th is 

finding underscores the critical role of synthesis 

conditions in tailoring the optical and electronic 

properties of CeO2n for specific applications, such 

as photocatalysis and optoelectronics. 

 
3.5. Assessment of photocatalytic effectiveness 

Photocatalytic degradation of methyl orange 

was investigated to evaluate the efficiency of 

CeO₂ n synthesized using varying concentrations 

of Laurus nobilis extract. A  15 ppm solution of 

methyl orange was prepared by dissolving 0.0015 

 

 

300 350 400 450 

Wav elenght(nm) 

 

h 
2 

 k h  E  (7) 

Here, the symbol α represents the extinction 

coefficient, E
g 

is the energy gap, the constant 

(k) represents different values depending on 

the specific (possible) transition, and hν is the 

energy of a photon. Figure 6b shows a plot of 

(αhν)1/2 versus photon energy (hν). The band 

gap values for CeO
2
n-5, CeO

2
n-10, and CeO

2
n-15 

were determined to be 1.5, 1.75, and 2.25 eV, 

respectively, demonstrating an inverse relationship 

between nanoparticle size and band gap energy, 

consistent with previously reported observations 

[34, 35]. Specifically, as the part icle  size decreases 

(from CeO₂ n-5 to CeO₂ n-15), the band gap 

energy increases due to quantum confinement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. (a) Ultraviolet-Visible (UV-Vis) spectrum of CeO2n 

synthesized using laurus nobilis extract. (b) Diagram 

illustrating the band gap of three samples of CeO2n. 
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g of the dye in 100 mL of deionized water. The 

solution was stirred in the dark for 30 minutes 

to ensure adsorption-desorption equilibrium 

between the dye and the nanoparticle surface, 

thereby enhancing the accuracy of subsequent 

photocatalytic measurements. The pH of the dye 

solution was adjusted to approximately pH = 7 and  

maintained constant throughout the photocatalytic 

experiments. For the photocatalytic experiments, 

0.0026 g of each CeO₂ n sample (CeO₂ n-5, 

CeO₂ n-10, and CeO₂ n-15) was dispersed in 50 mL 

of the methyl orange solution. The UV-Vis  

absorption spectra of the solutions were recorded at  

30-minute intervals under UV irradiat ion. As 

shown in Figure 7, the gradual decrease in the 

characteristic absorption peak of methyl orange at 

around 464 nm with increasing irrad iation time 

indicates the progressive breakdown of the azo  

chromophore, confirming effect ive photocatalytic 

degradation. The relative concentration of 

methyl orange (C/ 

deviations between absorbance trends and kinetic 

plots may arise from light scattering effects and 

intermediate degradation products formed during 

the reaction. The gradual decrease in  the absorption 

peak intensity over time confirmed the effective 

degradation of methyl orange by the CeO₂ n. 

The efficiency of photocatalytic degradation is 

influenced by several key factors, including pH 

levels, dye concentration, catalyst dosage, and the 

structural and morphological characteristics of 

the nanoparticle surface [36]. Among these, the 

role of Laurus nobilis extract concentration during 

synthesis was particularly  significant, as it d irectly  

affected the size, shape, and surface properties 

of the nanoparticles, thereby influencing their 

photocatalytic performance. The degradation 

efficiencies of the nanoparticles were calcu lated 

using Equation (8): 

 
𝐶𝑡 − 𝐶0 

C₀ ) was calculated using the ratio of absorbance 

at time t (Aₜ) to the initial absorbance (A₀ ), 

assuming 

𝜂 = 
𝐶0 

× 100 (8) 

a linear relat ionship between absorbance and 

concentration according to the Beer–Lambert law. 

Accordingly, the plots of C/C₀  and ln(C/C₀ ) 

versus irrad iation time (Figure 8) were directly  

derived from the absorption data shown in Figure  

7. Minor 

where C0 represents the initial dye concentration, 

and C
t 
represents the concentration of dye at a specific 

time t. The results revealed degradation efficiencies 

of 96.5%, 47.5%, and 77.3% for CeO₂ n-5, CeO₂ n-

10, and CeO₂ n-15, respectively. Notably, 

CeO₂ n-5 
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Fig. 7. Diagram of absorption by wavelength at  different times related to CeO2n with three concentrations of laurus nobilis 
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exhibited superior photocatalytic activity, achieving 

a significantly higher degradation rate compared to 

 
ln ( 

 

𝐶𝑡 
 
) = 𝑙𝑛 ( 

 

𝐴𝑡 
 
) = 𝑘𝑡 

𝐶0 𝐴0 (9) 
the other samples. With increasing Laurus nobilis 

extract concentration, the crystallite size of CeO₂  

nanoparticles decreases; however, photocatalytic 

performance does not follow a monotonic trend. 

The CeO₂ –15 sample exh ibits lower 

photocatalytic efficiency despite its smaller size. 

This behavior can be attributed to excessive 

extract-mediated growth, which leads to the 

formation of rod-like structures and partial 

aggregation, thereby reducing the number of 

effective surface-active sites. Furthermore, high  

extract concentration can disturb the optimal Ce³⁺/  

Ce⁴ ⁺ redox balance and enhance electron–hole 

recombination, which suppresses photocatalytic 

activity. Increased light scattering from elongated 

structures also lowers effective photon absorption 

[37]. These findings indicate the existence of an 

optimal extract concentration, as observed for 

CeO₂ –5, at  which charge separation and surface 

reactivity are maximized, resulting in superior 

photocatalytic performance [38]. Figure 7 illustrates 

the percentage of color degradation relative to  

the baseline state (pure methyl orange without a 

photocatalyst). CeO₂ n-5 demonstrated rapid 

color reduction during both the initial 60 minutes 

and the final 30 minutes of the experiment, 

underscoring its  superior photocatalytic efficiency. 

Furthermore, Figure 8 presents the correlation  

between ln(C/C0) and the duration o f UV 

irradiation, confirming pseudo-first-order kinetics  

for the degradation process, which is shown in  

equation 8. The linear relationship can be 

expressed through the following equation (9)[39]. 

In this regard, replacing optical absorbance 

(A) with concentration (Ct) denotes the dye 

concentration at a specific time interval, where k 

represents the velocity of reaction [40]. The higher 

the k, the faster the degradation rate increases 

linearly  [41]. These findings highlight the potential 

of CeO₂ n synthesized using Laurus nobilis 

extract as an effective and eco-friendly  

photocatalyst for wastewater treatment 

applications. 

3.6. Antioxidant Activity of Green Synthesized  

CeO
2
n 

The antioxidant potential of green-synthesized 

CeO₂ n was evaluated in vitro through the DPPH 

(stands for 2,2-diphenyl-1-p icrylhydrazyl) radical 

scavenging assay. DPPH is a stable free radical 

characterized  by a deep purple color and displays 

maximum absorbance at 517 nm. The antioxidant 

capacity is  assessed by monitoring the decrease 

in this characteristic absorbance, reflecting the 

scavenging of DPPH radicals. Antioxidant analysis 

for a 5 mL sample of Laurus nobilis extract at 

different concentrations is shown in Figure 8. 

Results demonstrated that the radical quenching 

activity of CeO₂ n  increased in a concentration-

dependent manner, achieving a maximal inhibit ion 

of 75.5% at 17.6 µg/mL (Fig. 9). In comparison, 

the standard antioxidant, ascorbic acid, exhib ited 

89.9% inhibit ion at the same concentration 

and was used as a control to benchmark the 

antioxidant efficacy. The observed scavenging 
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Fig. 9. DPPH radical scavenging action of CeO2n nanoparticles and ascorbic acid. 

 

 

Table  1. compares the CeO2n synthesis via different  extracts with our study and reports their results. 

 

Method Plant extract 
Particle size 

 
Chemically 

 

Photocatalyst 

activity 

78.14% 

 

Anti-oxidant 

activity(
µ𝑔 

𝑚𝑙) 

 
Ref 

& 

Green synthesis 

Solanum nigrum leaf 20 
94.58% 

50 [42] 

Green synthesis Sapodilla fruit  peel 10 ± 1.5 90% -------- [43] 

Green synthesis 
abelmoschus 

esculentus 
30 -------- 9.36 &15.47 [44] 

15.35 

Green synthesis Laurus nobilis 16.1 

21.11 

96.5% 

47.5% 

77.3% 

This 

study 
 

 

 

activity is attributed to electron transfer from 

oxygen atoms on the nanoparticle surface to the 

nitrogen atoms of DPPH molecu les, resulting in  

the formation of more stable radical species. Prio r 

research confirms that various metal nanoparticles 

possess significant free radical scavenging abilities, 

primarily due to their high surface-to-volume 

ratios. For instance, zinc oxide nanoparticles have 

also demonstrated enhanced antioxidant action 

at elevated concentrations. Notably, recent studies 

highlight CeO₂ n as promising antioxidant agents. 

Specifically, CeO₂ n synthesized using Laurus 

nobilis extract have shown superior antioxidant 

performance, underscoring their potential utility  

in biomedical applications. 

 

Challenges in Photocatalytic Applications 

· Limited Visible Light Absorption 

CeO₂  has a wide band gap (~3.2 eV), which  

restricts its activity mostly to UV light. Enhancing 

visible light responsiveness remains a key  

hurdle[45]. 

· Charge Carrier Recombination 

Rapid recombination of photo-generated electrons 

and holes reduces photocatalytic efficiency. 

Strategies like doping or heterojunction format ion 

are often needed to mitigate this [46]. 

· Surface Area and Morphology Control 

Green synthesis methods can lead to inconsistent 

particle sizes and morphologies, affecting surface 

area and catalytic activity[47]. 

· Stability Under Reaction Conditions 

CeO₂  NPs may undergo structural changes or 

aggregation during photocatalytic reactions, 

reducing their long-term effectiveness[48]. 

 

Challenges in Antioxidant Applications 

· Reactive Oxygen Species (ROS) Regulation 

While CeO₂  can scavenge ROS due to its redo x 

cycling between Ce³⁺ and Ce⁴ ⁺, maintaining this 

balance in  biological environments is complex and 

can vary with pH and ionic strength. 

75.5 
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· Biocompatibility and Toxicity 

Although green synthesis enhances 

biocompatibility, the long-term effects of CeO₂  

NPs in biological systems remain under 

investigation. Dose-dependent cytotoxicity has 

been observed in several studies [49]. 

· Reproducibility and Scalability 

Plant-mediated  synthesis  can  be  difficult  

to standardize due to variations in extract  

composition, affecting reproducibility and 

scalability for industrial or clinical use. 

· Interaction with Biomolecules 

CeO₂  NPs may interact unpredictably with 

proteins, enzymes, or cellu lar membranes, 

potentially altering their antioxidant behavior or 

triggering immune responses. 

Conclusion 
In this study, the effect of Laurus nobilis extract 

concentration on (CeO₂ n) was investigated. This 

is the first time that L. nobilis extract has been 

used to produce green nanoparticles, and its 

antioxidant and photocatalytic properties have 

been evaluated. The findings of this study 

demonstrate that Laurus nobilis extract provides a 

cost-effective, rapid, and eco-friendly method for 

synthesizing cerium oxide nanoparticles 

(CeO₂ n). The biomolecules present in the extract  

play a crit ical role in both capping and stabilizing  

the nanoparticles during synthesis. XRD analysis 

confirmed the crystalline structure of CeO₂ n, 

consistent with the cubic fluorite phase (JCPDS 

card number 8436-089-01), while FESEM 

revealed quasi-spherical and nanorod 

morphologies. UV-Vis spectroscopy indicated an 

absorption peak near 300 nm, with band gap 

energies inversely related to nanoparticle size. 

Photocatalytic degradation of methyl orange 

yielded efficiencies of 96.5%, 47.5%, and 77.3% 

for CeO₂ n-5, CeO₂ n-10, and CeO₂ n-15, 

respectively. These results highlight the significant  

impact of extract concentration on nanoparticle 

properties and photocatalytic performance. The 

incorporation of plant ext ract in the synthesis of 

CeO₂ n significantly enhanced their antioxidant 

activity. This suggests that bio-mediated synthesis 

methods can improve the free radical scavenging 

efficiency of CeO₂ n for potential b iomedical 

uses. 
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