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Summary: In the present investigation, a lanthanum/iron oxide nanocomposite was prepared and 
employed for the removal of methyl orange dye. The nanocomposite was prepared via a co-
precipitation method. Lanthanum nitrate hexahydrate (La(NO3)3.6H2O) and iron nitrate hexahydrate 
(Fe(NO3)2.6H2O) were precursor salts. The prepared nanocomposite was characterized using XRD, 
SEM, FTIR, EDX and UV/Vis spectroscopy. The average particle size measured by Scherrer’s relation 
was in 15-20 nm range and particles showed the tendency of aggregates formation. The photocatalytic 
activity of the nanocomposite was evaluated against methyl orange (MO) dye (as a model organic 
pollutant) and up to 96% degradation of dye was achieved within 120 minutes of irradiation. The 
scavenging studies showed that •OH radical played a major role in MO dye degradation followed by 
h+ and e- species. The cytotoxicity of treated and untreated wastewater sample was evaluated by the 
Allium cepa assay. The root lengths and root count were recorded in the case of untreated, treated 
wastewater, positive control (methyl methanesulfonate) and negative control (distilled water) samples. 
The increase in root length and root count was observed to be 50% and 28.57% in the treated versus 
the untreated wastewater sample. The lanthanum/iron oxide nanocomposite also showed promising 
recyclability and reusability potential. The prepared lanthanum/iron oxide nanocomposite showed 
promising photocatalytic activity, which could have potential application for the remediation of dyes 
in the textile effluents. 
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Introduction 
 

Water pollution is one of the major factors 
relentlessly affecting the environment [1]. Industries 
such as leather, paper and textile are generating 
hundreds of tons of dyes per year. Industrial waste 
with excessive quantities of synthetic dyestuff, when 
directly discharged into water sources makes water 
substantially polluted [2-3]. The direct discharge of 
colored effluents into water bodies has adverse effects 
not only on human civilization but also obstructs the 
absorption of light essential for photochemical 
reactions in aquatic ecosystems [4]. Moreover, the 
toxicity of azo dyes even at a concentration of 
0.001mg/L is perilous to microbes, plants and human 
life [5]. Hence, it is essential to remove dyes from 
wastewater before released into water bodies.  
 

Removal of dyes is one of the major 
challenges as the majority of dyes are non-
biodegradable [6]. Different physical and chemical 
methods have been employed for the elimination of 
pollutants from wastewater. Due to the chemical 
stability of synthetic dyes, the conventional techniques 
are ineffective in completely mineralizing the dyes [7]. 
For wastewater treatment, researchers are focused on 

using nanomaterial-based photocatalysts for the 
degradation of pollutants. Photocatalysis processes are 
inexpensive, environment-friendly and proficient for 
mineralization of contaminants [8-9]. In a 
photocatalytic process, a photon of energy equal to or 
higher than the band gap energy of a semiconductor 
oxide catalyst is employed [10]. The absorption of 
photons creates light-induced charge pairs as the 
electron jumps from the valence band of the catalyst to 
the conduction band. These photogenerated charge 
carriers facilitate redox reactions to decompose 
pollutants and the recombination of these charge pairs 
must be reduced for better improved catalytic activity 
of photocatalysts [11].  
 

The nanoparticles like Cu, Co, Fe, Mn and V 
[12-15] due to mechanical, chemical, optical, and 
electronic properties [16-17] have gained much 
attention worldwide. However, to construct 
heterogeneous catalysts, lanthanides are considered 
ideal due to complex formation by using f orbitals with 
Lewis bases such as amines, aldehydes, alcohols and 
thiols [18]. Among nanostructured lanthanides, 
lanthanum oxide nanoparticles are very effective when 
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combined with metal oxides for the development of 
nanocomposite material [19]. Lanthanum quashes the 
recombination by trapping electrons to recombine 
with holes and improves the catalytic activity of 
photocatalysts [20]. Lanthanum-doped copper oxide 
nanoparticles were synthesized by the combustion 
technique for the degradation of methylene blue [21]. 
Lanthanum nanocomposites with different transition 
metal oxides were prepared for the photodegradation 
of methyl violet dye [22]. The La-doped CeO2 
nanoparticles were prepared to mineralize Rose 
Bengal dye [23]. 
 

Based on the aforementioned facts, the 
present research was designed to synthesize 
lanthanum/iron oxide nanocomposite by a simple, eco-
friendly and inexpensive co-precipitation method. The 
prepared nanocomposite was characterized and its 
photocatalytic activity was evaluated against MO dye 
under UV light irradiation. Based on photocatalytic 
data, the dye degradation mechanism was proposed 
along the identification of free active species 
responsible for dye degradation. The cytotoxicity of 
the treated and untreated dye samples was performed 
using Allium cepa assay. 
 
Experimental 
 
Chemicals and reagents 
 

Lanthanum nitrate hexahydrate 
(La(NO3)3·6H2O), iron nitrate hexahydrate 
(Fe(NO3)2·6H2O, sodium hydroxide and methanol 
were procured from Sigma Aldrich (Berlin, Germany). 
Methyl orange dye was purchased from Uni Chem. 
Chemical Reagents Co.; Ltd. Double-distilled water 
was used for the preparation of solutions. All the 
chemicals used during the experiment were of 
analytical research grade and were used as supplied. 

Synthesis of lanthanum/iron oxide nanocomposite 
 

The co-precipitation method was used for the 
synthesis of lanthanum/iron oxide nanocomposite. 
Lanthanum nitrate hexahydrate and iron nitrate 
hexahydrate were used as precursors of lanthanum and 
iron, respectively, and NaOH was used as a 
precipitant. The pre-weighed amount of lanthanum 
nitrate was dissolved in 250 mL of double-distilled 
water, whereas a 0.02 M aqueous solution of iron 
nitrate was prepared in 200 mL of water. Sodium 
hydroxide solution (0.2 M) was added dropwise to the 
suspension till the pH reached 11. The solution was 
agitated continuously at 70 oC for 7 hours until 
precipitates appeared. The collected precipitates were 
washed with acetone and ethanol and then dried in an 
oven at 85 oC. The dried residue was ground and 
calcined in a muffle furnace at 600 oC for 7 hours. Fig. 
1 represents the steps involved in the synthesis of a 
nanocomposite. 

 
Characterization of nanocomposite 
 

Lanthanum/iron oxide nanocomposite was 
characterized using various techniques. Structure and 
average nanoparticle size were determined by XRD 
analysis (JDX-3532 (JEOL, Tokyo, Japan) 
diffractometer with Cu-Kα (λ = 1.5046 Å) radiation. 
For functional group identification, FTIR 
spectrophotometer (Perkin Elmer, Überlingen, 
Germany) analysis in 500 to 4000 cm−1 range was 
employed. A scanning electron microscope (SEM) 
with a cube compact model, Emcraft Seoul, South 
Korea, was used to examine the surface morphology 
of the nanocomposite. For optical property study, 
UV/Vis spectrophotometer (C-7200S Buxton, UK) 
was employed.  

 

 
 

Fig. 1: Schematic presentation for the synthesis of lanthanum/iron oxide nanocomposite. 
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Photocatalytic procedure 
 

The photocatalytic activity of the 
nanocomposite was evaluated against MO dye under 
UV light irradiation.  For this, 0.5 g of catalyst was 
added to 500 mL of dye solution. The suspension was 
stirred for 30 minutes in the dark for adsorption-
desorption equilibrium to be established between the 
dye and the catalyst. Afterwards, this suspension was 
irradiated with UV light with continuous stirring and 
3 mL of samples from the suspension were collected 
at different intervals of time. The collected samples 
were centrifuged to remove the catalyst and 
absorbance was recorded at 464 nm using UV/Vis 
spectrophotometer (C-7200S Buxton, UK) and dye 
removal efficiency was estimated using the relation 
shown in Eq. 1. [24]. 
 
Dye removal efficiency (%) = Co-Ct/Co * 100 
 (1) 
 
where Co and Ct are the absorbance values before and 
after irradiation, respectively.  
 

Cytotoxicity study using Allium cepa   
 

Textile wastewater samples were collected in 
pre-cleaned gallons from Haaris Dyes and Chemicals, 
Faisalabad. The samples were filtered to remove 
particulates and stored at 4 °C before use. Healthy 
onion (Allium cepa) bulbs of similar size and weight 
were selected and pre-cleaned by removing loose outer 
scales and dried roots. The bulbs were placed in 
distilled water for 24 hours to stimulate root growth. 
The bulbs were then transferred to separate beakers 
containing untreated (before treatment) and treated 
wastewater samples (treated at conditions used for dye 
solution treatment). A positive and negative control 
group was maintained in distilled water and methyl 
methanesulfonate (10 mg/L) solution. The exposure 
lasted for 48 hours at room temperature under dark 
conditions to prevent interference from light-induced 
reactions. After exposure, the root lengths of five 
randomly selected bulbs from each group were 
measured using a scale. The average root length was 
calculated to assess the cytotoxic effects of 
wastewater. The number of roots was also counted for 
the bulbs exposed to untreated (before treatment) and 
treated (after treatment) wastewater, along with 
control groups. The root length and root number data 
were averaged and reported as ±SD of five replicates 
for each treatment. 
 

Recyclability analysis 
 

The recycling and reusability of La/iron 
oxide nanocomposite for MO dye was studied, which 

is useful for practical applications. Five successive 
cycles were run to assess the recycling and reusability 
of La/iron oxide nanocomposite for MO dye. For this, 
0.5 g of catalyst was added to 500 mL of dye solution, 
stirred in the dark for 30 min and irradiated under UV 
light for 120 minutes. For dye residual concentration 
analysis and to recover the catalyst, samples were 
centrifuged, absorbance was recorded and dye 
degradation was estimated using Eq. 1. After each 
cycle, La/iron oxide nanocomposite was collected, 
dried at 50 °C and subjected to the next cycle.  
 

Scavenging studies 
 

The scavenging studies were performed. The 
dye degradation run was conducted in the presence of 
scavengers, i.e., 2-propanol (•OH scavenger), EDTA 
(h⁺ scavenger), AgNO3 (e⁻ scavenger) and without any 
scavenger, which was used as a control. The impact of 
each scavenger on photocatalytic efficiency was 
analyzed to determine the MO dye degradation in the 
presence of the scavenger in comparison to the control 
(without the scavenger). 
 

Results and Discussion 
 

X-ray diffraction analysis (XRD) 
 

The crystallographic and structural 
determination of the La/iron oxide nanocomposite was 
performed using a powder X-ray diffractometer. The 
XRD was performed at room temperature in an angle 
range of 20o to 70o and response is represented in Fig. 
2. The appearance of diffraction peaks in the XRD 
pattern indicated the crystal structure of 
lanthanum/iron oxide. These findings are in agreement 
with the ICCD card No. 00-002-0688 for lanthanum 
oxide [25], while the ICCD card No.19-0629) for iron 
oxide [26], respectively. The peaks observed at 2θ = 
26o (002), 28o (100) and 30o (101) indicated a 
hexagonal phase [27]. The synergistic effect of 
lanthanum and iron oxides in the nanocomposite is 
evidenced by the peaks at 2θ values of 40o (102) and 
48o (110) [28].  The appearance of peaks at 2θ = 51o 
(101) and 55o (111) [29] confirmed the formation of 
binary nanocomposite. The sharpness of peaks 
specified that the synthesized lanthanum/iron oxide 
nanocomposite was a crystalline material. The average 
crystallite size of the nanocomposite was calculated by 
the Debye-Scherrer relation shown in Eq. 2. 
 

D = 0.89/βCosθ     (2) 
 

where D is the average crystallite size, K is a constant, 
wavelength (λ) 1.5406 is in A, while full-width half 
maxima (FWHM) β is in radians [30]. The average 
crystallite size of nanoparticles of the composite was 
in 15-20 nm range. 
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Fig. 2: X-ray diffraction pattern of La/iron oxide nanocomposite. 
 
Surface Morphological Analysis 
 

The surface morphology of the La/iron oxide 
nanocomposite was examined by scanning electron 
microscopy analysis and the responses thus observed 
are depicted in Fig. 3. The SEM analysis revealed the 
formation of aggregates in the binary nanocomposite. 
The SEM image of the La/iron oxide nanocomposite 
reveals a rough, porous, and agglomerated 
morphology. The nanocomposite appears to consist of 
irregularly shaped clusters, likely due to the strong 
interaction between La and iron nanoparticles. The 
presence of voids and rough textures suggests a high 
surface area, which is beneficial for photocatalytic 
applications by enhancing dye adsorption and active 
species interaction. The individual particles are in 
nano size but have formed agglomerates, a common 
feature in metal oxide-based nanocomposites. SEM 
images evidenced lanthanum/iron oxide composite is 
a crystalline material with the presence of iron 
particles on the lanthanum surface to form a 
nanocomposite with a heterogeneous surface to assist 
in the catalysis process.  

Elemental composition analysis 
 

The elemental composition of the La/iron 
oxide nanocomposite was determined by EDX, as 
shown in Fig. 4. The EDX analysis the La/iron oxide 
nanocomposite confirms the presence of elements, i.e., 
oxygen (O), iron (Fe), and lanthanum (La), indicating 
successful synthesis of the composite material. A 
strong oxygen peak appears at 0.52 keV with high 
intensity, affirming the presence of oxygen in the 
prepared material. Iron is identified through its 
characteristic peaks at 0.70 keV, 6.40 keV (prominent 
peak) and 7.06 keV (weak peak), which confirm its 
presence in the nanocomposite. Lanthanum is 
observed through multiple peaks: a low-energy peak 
at 0.83 keV, stronger peaks at 4.65 keV and a moderate 
intensity peak at 5.02 keV, indicating successful 
incorporation of La into the iron oxide matrix. The 
clear and distinct nature of these peaks, along with the 
absence of signals of others elements revealed the high 
purity of the sample and hence the EDX data thus 
validates the composition of La/iron oxide 
nanocomposite. 
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Fig. 3: SEM images of La/iron oxide nanocomposite at different resolutions. 
 

 
 

Fig. 4: EDX spectrum for La/iron oxide nanocomposite. 
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FTIR Analysis  
 

Fourier transform infrared analysis was 
employed for the identification of functional groups 
and the response thus observed is presented in Fig. 5. 
The peaks observed at 3809 cm-1, 1507 cm-1

, 1459 cm-

1 and 650 cm−1. The peak at 3809 cm−1 corresponds to 
the presence of stretching vibrational modes in the 
hydroxyl group of H2O molecules being adsorbed on 
the catalyst surface, whereas the peaks at 1507 cm−1 

and 1459 cm-1 shows the existence of asymmetric 
stretching of the N-O that might be due to nitrate and 
other impurity in the prepared sample [31-32].  The 
metal-oxygen bond in the nanocomposite is confirmed 
by a peak at 855 cm-1 and 650 cm−1 for vibrational 
modes in La–O and Fe–O, respectively [33]. 

 
UV/Vis spectroscopic analysis 
 

A UV/Visible spectrophotometer was used to 
study the optical properties of the nanocomposite. 
UV/Vis spectrum for the composite is shown in Fig. 6. 
The optical behavior of the nanocomposite is studied 
to determine the absorption wavelength of the 
photocatalyst material. Absorption wavelength 

determines the difference between the energy band 
gap of the incident photon and the photocatalyst. In the 
La/iron oxide nanocomposite photocatalyst absorption 
wavelength was found near the UV region of the 
sunlight spectrum. Band gap measurements were done 
by Tauc’s equation Eq. 3. [34].  
α = A(hv-Eg) n/hv     (3)  
 

In this equation, α is the coefficient of 
absorption, hv represents the energy of the photon, A 
is a constant, Eg is the band gap energy, whereas n is a 
constant with a ½ value for direct band-gap 
semiconductor oxides [35]. The band gap values for 
the La/iron oxide nanocomposite were found to be 
5.01 eV, which revealed that the La/iron oxide 
nanocomposite is active under UV light for effective 
photocatalytic application and same was observed 
during photocatalytic experiment for the degradation 
of methyl orange dye. The obtained outcomes are 
according to the results of photocatalytic reactions in 
which light-induced electron-hole charge pairs 
noticeably participate in a redox reaction to 
decompose the organic pollutants [ 36]. 

 

 

 
 

Fig. 5: FTIR spectrum of the La/iron oxide nanocomposite. 
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Fig. 6: UV/Vis spectra of La/iron oxide nanocomposite. 
 
Photocatalytic Activity of La/iron oxide 
nanocomposite 
 

The present study focuses on the synthesis of 
the La/iron oxide nanocomposite for elution of MO 
dye under UV light irradiation and the nanocomposite 
showed enhanced photocatalytic activity. The MO dye 
degradation using nanocomposite in 120 minutes is 
depicted in Table 2 and corresponding graphical 
presentation in Fig. 7. The MO dye degradation was 
recorded to be 96% in 120 minutes of irradiation, 
which is sinical higher than the reported degradation 
of dyes using related photocatalysts [37-38]. Jiang et 
al., 2016 [37] studied the synthesis of iron oxide 
nanoparticles, which presented 86% photocatalytic 
activity against methyl orange dye. Whereas Zainab et 
al., 2021 [38] employed La2O3 nanoparticles for the 
degradation of 4-chlorophenol, which revealed a 92% 
degradation. The enhanced photocatalytic activity of 
the La/iron oxide nanocomposite is attributed to 
improved charge separation efficiency and reduced 
electrons-holes recombination. Additionally, the 
presence of La ions enhances light absorption and 
provides active sites for the photocatalytic reactions. 
A nanocomposite photocatalyst material has the 
enhancement of surface oxygen defects than 
individual metal oxide. The increased concentration of 
surface oxygen defects holds photogenerated 
electrons-holes separate to make them available for 
pollutant decomposition. This delayed recombination 
of charge carriers increases their availability for 
oxidation-reduction reaction and increases 
photocatalytic activity for the decomposition of dye 
[39]. A comparison of degradation efficiency with 
reported similar studies is given in Table 2. The 
photocatalytic degradation curve of MO dye is 
represented in Fig. 8(a), whereas the plot for 

absorbance of dye is shown in Fig. 7(b) and percentage 
degradation in the presence of La/iron oxide 
photocatalyst is displayed in Fig. 7(c). The 
distinctiveness of the present research is the 
preparation of La/Fe3O4 nanocomposite with 
improved photocatalytic activity. The mechanism of 
the photocatalytic degradation of dye is presented in 
Fig. 8 and the chemical reactions involved are depicted 
in Eqs. 4-9. Upon irradiation with light energy, the 
photocatalyst absorbs photons, exciting electrons (e⁻) 
from the valence band (VB) to the conduction band 
(CB), leaving behind holes (h⁺) in the VB. The 
photogenerated electrons in the CB reduce oxygen 
(O₂) molecules to form superoxide radicals (O₂•⁻), 
which further react with water to produce 
hydroperoxyl (HOO•) and hydroxyl (HO•) radicals. 
Meanwhile, the holes (h⁺) in the VB oxidize water 
molecules to produce additional hydroxyl radicals 
(•OH). These highly reactive species (•OH and O₂•⁻) 
attack and degrade the MO dye into water, carbon 
dioxide, and inorganic ions, effectively removing the 
dye from the solution. 
 
La/iron oxide + Irradiation → La/Fe3O4 (e-)(CB) + 
La/Fe3O4 (h+) (VB)   (4) 
 
La/Fe3O4 (e-) + O2

 → O2
•-   (5) 

 

La/Fe3O4 (h+) + H2O → •OH + La/Fe3O4  (6) 
 
O2

•- + H2O → •OOH + OH- → H2O2  (7) 
 

H2O2 + O2
•- → •OH + OH-   (8)  

 

Dye + •OH + O2
•- → H2O + CO2 + inorganic ions 

    (9) 
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Fig. 7: (a) Degradation of methyl orange dye in the presence of La/iron oxide nanocomposite, (b) Plot for the 

natural logarithm of MO absorbance vs time and (c) Percentage photocatalytic degradation of methyl 
orange dye. 

  

 
 
Fig. 8: Proposed mechanism for the removal of dye over La/iron oxide (photocatalyst) nanocomposite. 
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Cytotoxicity Analysis 
 

The Allium cepa test is a commonly employed 
bioassay to evaluate the toxicity of textile wastewater due 
to its simplicity, affordability, and reliability. This 
method uses onion (Allium cepa) bulbs to examine the 
cytotoxic, genotoxic, and mutagenic effects of 
contaminants in wastewater. The test assesses the impact 
of toxic substances on cell division by analyzing root 
growth and mitotic activity in the meristematic cells of 
onion root tips. Indicators such as reduced root length or 
a lower mitotic index reflect cytotoxic effects. In this 
study, the cytotoxicity of textile wastewater was analyzed 
both before and after treatment, with the results illustrated 
in Fig. 9. Results revealed that the RL and RC values are 
relatively low in the case of untreated textile, indicating 
that untreated textile wastewater exhibits cytotoxic 
effects, likely due to the presence of toxic contaminants 
like dyes inhibiting root growth and cell division. On the 
other hand, in the treated wastewater, both RL and RC, 
increases significantly compared to the untreated sample. 
The root lengths were recorded to be 5, 10, 12 and 3 (cm) 
in case of untreated, treated wastewater sample, positive 
control (methyl methanesulfonate, 10 mg/L) and 
negative control (distilled water), respectively. The 

increase in root length was 50% in comparison to 
untreated wastewater sample. While the root counts were 
recorded to be 10, 14, 18 and 5 for untreated, treated 
wastewater sample, positive control (methyl 
methanesulfonate, 10 mg/L) and negative control 
(distilled water), respectively. The increase in root count 
was 28.57% versus untreated wastewater sample. This 
suggests that the photocatalytic treatment effectively 
reduced the toxicity, allowing better root growth and 
higher mitotic activity. The positive and negative controls 
show the validity of the test for evaluation of cytotoxicity 
because the highest and lowest RL and RC values were 
observed for the positive and negative controls, 
respectively. Hence these findings revealed that the 
photocatalytic treatment of textile wastewater 
significantly reduces cytotoxicity, as shown by the 
improved root growth and root count. The treated sample 
shows intermediate values between the untreated 
wastewater and the positive control, suggesting that while 
the treatment improves conditions, some residual toxicity 
may still be present. The findings demonstrated a 
significant reduction in toxicity after treatment, 
highlighting the effectiveness of the photocatalytic 
process for the remediation of toxic dyes in the effluents. 
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Fig. 9: Cytotoxicity of the profile of textile wastewater (treated and untreated). RC = root count, RL = root 
length, NC = negative control and PC = positive control. PC and NC were methyl methanesulfonate (10 
mg/L) and negative control distilled water, respectively). 
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Table-2: Comparison of photocatalytic efficiency of La/Fe3O4 nanocomposite with reported work. 
 Nanocomposite 

 
Pollutant 
Degraded 

Reaction time 
(minutes) 

Degradation   Efficiency References 

 La-doped Molybdenum oxide Methyl orange 150 80 % [40] 
 Lanthanum-bismuth oxide Methylene Blue 120 81.32 % [41] 
 La-doped zinc oxide Methyl Orange 150 85.86 % [42] 
 Iron oxide Sunlight 180 87% [43] 
 α-iron oxide Methylene Blue 120 78% [44] 
 Lanthanum/iron Oxide Methyl Orange 120 96 % Present study 

 
Recyclability and scavenging studies  
 

For recyclability and reusability, five 
successive cycles of photocatalytic activity were runs. 
The data represents the degradation efficiency (%) of 
a dye over successive cycles of photocatalytic activity, 
was declined slightly (Fig. 10). The degradation 
efficiency gradually declines with increasing cycles, 
indicating a reduction in the catalytic performance of 
the material over repeated use. In cycle I, the 
degradation efficiency was above 96%, which 
decreased slightly in cycle II and cycle III but 
remained above 94%. In cycle V, the degradation 
efficiency falls to around 92.5%, showing a decline in 
photocatalytic performance and this decline was 3.5% 
versus cycle I. The reason to the decline in 
photocatalytic activity might be the deactivation of 
active sites of the surface of the catalyst and the 
catalyst may undergo structural modifications over 
repeated use. The loss of active elements (e.g., La or 
iron oxide) from the nanocomposite and the 
intermediate species or residual dye may also block 
the active sites on the surface of the catalyst and 
resultantly, the efficiency was reduced. However, after 
cycle V, the efficiency was quite promising versus 
cycle I, suggesting that the catalyst retains substantial 
activity. Future studies could focus on regeneration 
strategies to improve the reusability of La/iron oxide 
nanocomposite. 

The contribution of free active species was 
evaluated by performing the dye degradation in the 
presence of scavengers, which scavenge the free active 
species and the data thus obtained were used to 
identify the role of individual free active species in the 
degradation of dye by La/iron oxide nanocomposite. 
For this, 2-propanol, EDTA and AgNO3 scavenging 
agents were employed. The 2-propanol is a scavenger 
of •OH radical, while EDTA scavenges the h+ and 
AgNO3 scavenges the e-. The dye degradation by the 
La/iron oxide nanocomposite was recorded to be 96% 
without using a scavenging agent (Fig. 11). In the 
presence of scavenging agents, the dye degradation 
was reduced significantly, which was reduced in the 
following order for 2-propanol > EDTA > AgNO3. The 
dye degradation was reduced to 26.8% in the presence 
of 2-propanol, while it was 48.2% in the case of EDTA 
and 63.7% in the case of AgNO3. The results showed 
that the •OH radical played a major role for the 
eradication of dye, followed by h+ and e-. These 
findings demonstrate that •OH radicals are the 
predominant active species responsible for dye 
degradation, followed by h⁺ and e⁻. The decline in dye 
degradation in the presence of scavengers confirms the 
crucial role of these species in the photocatalytic 
process of dye using the La/Fe₂O₃ nanocomposite.   
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Fig. 10: Reusability and recycling analysis for the degradation of methyl orange dye using La/Fe₂O₃ 

nanocomposite.  
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Fig. 11: Methyl orange dye degradation (%) with and 
without scavengers for the analysis of free 
active species. 

 

Conclusions 
 

The La/iron oxide nanocomposite was 
successfully synthesized via the co-precipitation method 
and thoroughly characterized using XRD, SEM, EDX, 
FTIR, and UV/Vis spectroscopy. XRD analysis 
confirmed the formation of a well-crystallized 
nanocomposite with an average crystallite size of 15–20 
nm. The material demonstrated excellent photocatalytic 
performance, achieving 96% degradation of methyl 
orange dye within 120 minutes under UV light 
irradiation. Moreover, cytotoxicity evaluation through 
the Allium cepa assay revealed a significant reduction in 
toxicity of the treated textile wastewater, with a 50% 
increase in root length and a 28.57% rise in root count 
compared to untreated samples. The nanocomposite also 
exhibited promising recyclability and reusability, 
indicating its potential for sustainable applications. The 
La/iron oxide nanocomposite emerges as a highly 
efficient and reusable photocatalyst for the degradation of 
textile dyes, offering both environmental and practical 
benefits. Future research should focus on optimizing its 
activity under visible light, scaling up the synthesis 
process for industrial applications, and exploring its 
effectiveness against a broader range of organic 
pollutants. Additionally, detailed mechanistic studies and 
long-term toxicity assessments will further validate its 
safety and efficiency for wastewater treatment 
applications.  
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