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In this study, superparamagnetic iron oxide nanoparticles (SPR-FesOs NPs) were successfully synthesized via green route using Suaeda
prostrata leaf extract as a natural reducing and stabilizing agent. The phytochemicals in the extract facilitated the formation of uniformly
distributed, crystalline nanoparticles under eco-friendly conditions. Comprehensive characterization using XRD, FTIR, UV-Vis, SEM-
EDX, HRTEM, XPS and VSM techniques confirmed the structural integrity, surface morphology, elemental composition, magnetic
properties and functional groups involved in the bioreduction process. The average crystalline size of SPR-FesOs NPs is 21.3 nm, exhibits
superparamagnetic nature (14999.92 Oe) and characteristic type 1V isotherm with a prominent H3-type hysteresis loop suggests
monolayer-multilayer adsorption. The SPR-FesO4 NPs exhibited excellent photocatalytic performance in the degradation of eosin yellow
(EY) dye under visible light, with degradation efficiency influenced by catalyst dosage (50 mg) and dye concentration (10 mg/L) in 80
min. Kinetic studies indicated a pseudo-first-order reaction mechanism. Notably, the catalyst maintained over 85% degradation efficiency
after five consecutive cycles, with minimal structural changes as confirmed by XRD analysis, demonstrating outstanding reusability and
stability. These results confirm that SPR-FesO4 NPs exhibit concentration-dependent cytotoxic activity against MCF-7 cells (128.67
mean), making them potentially useful in cancer nanomedicine applications, particularly in targeted therapy or drug delivery systems.
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INTRODUCTION

Organic dye pollutants represent a major source of envi-
ronmental contamination, significantly contributing to the
degradation of aquatic and terrestrial ecosystems. Industrial
effluents, particularly from textile, brewery, paper, food and
cosmetic industries, are the primary sources of these dye-laden
wastewaters [1]. Among the various dyes, eosin yellow (EY),
an anionic xanthene dye, is extensively utilized in pharma-
ceuticals, ink formulation and textile manufacturing. However,
its widespread discharge into water bodies poses significant
ecological and health risks. Based on mechanism, it is well
reported that this dye disrupts the protein—protein interactions,
resulting in the skin irritation and exhibits genotoxicity in
humans, necessitating its effective removal from wastewater
[2,3]. The persistence of synthetic dyes like EY, due to aro-
matic structural complex and resistance to biodegradation,

limits the efficiency of conventional treatments such as coa-
gulation, filtration and adsorption, which often fail to achieve
complete mineralization and generate secondary waste. Conse-
quently, innovative, cost-effective and environmentally benign
strategies are urgently needed.

Nanotechnology has emerged as a promising solution,
with metal oxide nanoparticles exhibiting unique optical,
electronic and surface properties and the ability to generate
the reactive oxygen species (ROS) under light, enabling
effective dye degradation [4-6]. Magnetic iron oxide nano-
particles (IONPs), particularly magnetite (Fes0.), are widely
used due to their multifunctionality, biocompatibility, high
surface area, thermal and pH stability and recyclability [7-9].
Their magnetic properties facilitate easy separation and
reuse, making them suitable for wastewater treatment, among
other biomedical applications such as drug delivery, MRI
contrast, biosensing and protein purification [10]. Conventional
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IONPs synthesis often involves toxic solvents and stabilizers,
prompting interest in green synthesis methods using non-
toxic precursors, benign solvents, and natural reducing agents
from plant or microbial sources, which minimize environ-
mental impact while being cost-effective and scalable [11-13].

Plant extracts, rich in polyphenols, alkaloids and flavo-
noids, can act as reducing and capping agents, producing stable,
size-controlled nanoparticles [14]. Suaeda maritima (L.)
Dumort., a halophytic Amaranthaceae species known locally
as Elakura, grows in coastal salt flats and tidal marshes and is
used as food and fodder. Traditionally, it has been applied in
folk medicine for liver ailments and exhibits antioxidant,
hepatoprotective, and antimicrobial properties [15].

Our study aimed to develop eco-friendly FesO4 nano-
particles through a sustainable green synthesis approach using
Suaeda prostrata leaf (SPR) extract as both a reducing and
stabilizing agent. The synthesized SPR-Fe;04 NPs were thor-
oughly characterized by XRD, FTIR, SEM, HRTEM, UV-
Vis and VSM to confirm their crystallinity, morphology,
optical and magnetic properties. Under optimized conditions,
the SPR-Fes04 NPs efficiently degraded eosin yellow (EY)
dye, demonstrating their potential as effective nanocatalysts
for wastewater remediation. Reusability studies further con-
firmed their structural stability and sustained catalytic perfor-
mance, emphasizing their recyclability and suitability for green
wastewater treatment. Beyond environmental applications,
the magnetic properties of SPR-Fe;04 NPs were explored for
biomedical purposes and their anticancer potential was eval-
uated against breast cancer (MCF-7) cell lines, highlighting
their multifunctional applicability.

EXPERIMENTAL

Fresh Suaeda prostrata leaves were collected from the
vicinity of the port area in Visakhapatnam, Andhra Pradesh,
India (17°44'25"”N, 83°19'15"E). Ferric chloride (FeCls) with
98% of AR grade and other chemicals were procured from
Merck, India and used without further purification. Distilled
water was employed in all experiments.

Preparation of Suaeda prostrata leaf extract: Fresh
Suaeda prostrata leaves were carefully washed with tap
water followed by thorough rinsing with distilled water to
remove any surface contaminants. The cleaned leaves were
dried under shade until completely dehydrated. The dried
leaves were then ground into a fine powder using a household
grinder. A quantity of 2 g of the powdered material was added
to 100 mL of distilled water in a 250 mL glass beaker. The
mixture was heated at 70 °C for 2 h using a hot plate, resulting
in the formation of a brown coloured solution. This extract
was filtered using Whatman No. 1 filter paper to remove any
solid residues. The filtrate was then stored at 4 °C for further
use.

Synthesis of S. prostrata-mediated o-Fe203 NPs: To
synthesize S. prostrata leaves (SPR) extract FesOs NPs, 200
mL of 0.05 N FeCl; solution was taken in a 500 mL beaker
and stirred for 5 min to ensure homogeneity. Subsequently,
50 mL of the prepared S. prostrata leaf extract was added to
the solution. The beaker was covered with aluminum foil to
minimize evaporation during the reaction. The mixture was

then stirred at 70 °C for 3 h at a constant speed of 500 rpm,
leading to the formation of a brown-coloured suspension. The
suspension was left undisturbed for 6 h in dark to complete
the reaction. The resulting brown precipitate was filtered and
the solid was dried in a hot air oven at 60 °C for 6 h. Finally, the
dried material was ground into a fine powder using a mortar
and pestle, rendering it ready for subsequent characterization.

Characterization: A range of advanced analytical tech-
niques was employed to characterize the green-synthesized
SPR-Fe304 NPs in terms of their structural, morphological,
optical and magnetic properties. X-ray diffraction (XRD) anal-
ysis using a D8 Bruker Kappa Apex Il diffractometer confirmed
the crystalline nature and phase purity of the nanoparticles. The
functional groups involved in the bioreduction and stabiliza-
tion were identified by FTIR spectroscopy (Shimadzu IR
Prestige2) in the range of 4000-400 cm using KBr pellets.
Optical properties were examined via UV-Vis spectroscopy
(LabIndia UV-3092) in the 200-800 nm range. Surface morp-
hology and elemental composition were investigated using SEM
(JEOL 6390LA) combined with EDX analysis. Detailed particle
size and crystallinity were assessed by HRTEM (JEOL JEM-
2100) at 200 kV. XPS (Axis Ultra) was used to determine the
oxidation states of elements, while magnetic properties were
studied at room temperature using a VSM (Lakeshore 7410)
under applied magnetic fields.

Photocatalytic experiments: The photocatalytic effici-
ency of the green-synthesized SPR-Fe;04 nanoparticles was
investigated for the degradation of eosin yellow (EY) dye under
visible light illumination [6]. In brief, 50 mL of EY dye solu-
tion (10 mg/L) was combined with 50 mg of SPR-Fe304 nano-
catalyst. To establish adsorption—desorption equilibrium, the
mixture was stirred magnetically in dark for 30 min. Following
this equilibration period, the suspension was exposed to visible
light using a 400 W metal halide lamp, simulating indoor
sunlight conditions. All experiments were performed at room
temperature. At defined time intervals during irradiation,
aliquots of the reaction mixture were withdrawn to monitor
the degradation progress. These samples were immediately
centrifuged at 4000 rpm to separate the photocatalyst from
the solution. The remaining concentration of EY dye was deter-
mined by recording the absorbance at 509 nm using a UV-
visible spectrophotometer. The photocatalytic degradation effi-
ciency was calculated using a standard equation (egn. 1):

Degradation (%) = % %100 1)
where A, is the initial absorbance of the dye solution and A;
is the absorbance at a given time t.

Anticancer activity: The cytotoxic potential of the test
samples against the MCF-7 breast cancer cell line was asse-
ssed using the neutral red uptake (NRU) assay. MCF-7 cells
were seeded in 96-well culture plates at a density of 5000-
8000 cells per well and incubated for 24 h in Dulbecco’s
modified eagle medium (DMEM, AT149-1L) supplemented
with 10% fetal bovine serum (FBS, HiMedia RM10432) and
1% antibiotic solution. The incubation was carried out at
37°C in a humidified atmosphere containing 5% CO,. After
24 h, the spent medium was removed and replaced with fresh
DMEM. Subsequently, 5 uL of test sample dilutions at varying
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concentrations were added to the designated wells and the
plates were incubated for another 24 h under the same condi-
tions. Following the treatment period, 100 uL of Neutral Red
solution (40 pg/mL in PBS) was added to each well and incub-
ated for 1 hina CO; incubator (Heal Force Smartcell, HF-90).
After incubation, the dye-containing medium was discarded
and the absorbed dye was extracted using 100 puL of NRU des-
taining solution per well. The absorbance was measured at
550/660 nm using a microplate reader to quantify cell viability.

RESULTS AND DISCUSSION

The formation of SPR-Fe304 NPs was accomplished via
a green synthesis route utilizing S. prostrata leaf extract,
which served as a natural reducing, capping and stabilizing
agent [3]. Inatypical procedure, an aqueous solution of FeCls;
was mixed with the freshly prepared plant extract under cons-
tant stirring. The bioactive compounds present in the extract,
such as phenolics, flavonoids, alkaloids and terpenoids, played
a crucial role in reducing Fe®* ions to Fe3O4 NPs and simul-
taneously capping the formed particles to prevent agglomera-
tion. The reaction mixture was maintained at an elevated tem-
perature (70 °C) for several hours, facilitating the nucleation
and controlled growth of the nanoparticles. A noticeable colour
transition from pale yellow to dark brown-black was observed,
indicating the formation of Fe3O4 NPs due to the surface plas-
mon resonance phenomenon. The plant extract not only elim-
inated the need for hazardous chemicals but also imparted
bio-functional groups onto the nanoparticle surface, enhan-
cing their stability and biocompatibility. This green synthesis
approach offers a sustainable, cost-effective and environmen-
tally benign alternative to conventional chemical methods for
producing magnetic nanoparticles.

XRD spectral studies: The X-ray diffraction (XRD)
patterns of the synthesized FesO4 NPs using S. prostrata leaves
extract demonstrates a series of sharp and intense peaks, con-
firming the crystalline nature of the sample (Fig. 1). The major
diffraction peaks were observed at 26 values of 24.21°, 30.24°,
33.14°, 35.7°, 40.84°, 43.43°, 49.42°, 54.09°, 57.47°, 62.85°
and 63.99°. These peak positions closely correspond to the
characteristic reflections of iron oxide phases, particularly
magnetite (FesO4) and maghemite (y-Fe20s), the JCPDS card
No. 19-0629 for FesO, [16] lists the prominent peaks at 260
values around 30.1° (220), 35.5° (311), 43.1° (400), 53.5°
(422),57.0° (511) and 62.6° (440), which match well with the
observed data. The average crystalline size of FesO4 NPs is
found to be 21.3 nm as obtained from Debey-Scherrer’s formula.

Morphology and elemental analysis: The surface mor-
phology of the green-synthesized SPR-FezO4 NPs was inves-
tigated using SEM at different magnifications. Fig. 2a displays
the SEM image revealing a dense, agglomerated surface with
semi-spherical nanoparticle clusters. A few elongated rod-like
or flake structures, likely phytochemical residues or anisotro-
pic crystal growths, are also observed, suggesting incomplete
decomposition of plant-based organic compounds during
synthesis. This supports the role of the plant extract not only
in reducing metal ions but also in capping and stabilizing the
nanoparticles [17]. As shown in Fig. 2b, the SPR-Fe304 NPs
exhibit a relatively uniform and highly porous surface morp-
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Fig. 1. XRD patterns of prepared Fe;O, NPs using S. prostrata leaf extract

hology composed of aggregated nanosized grains. The porous
structure and aggregation could be attributed to the magnetic
interactions between the FezO4 cores as well as the organic
moieties from the plant extract that may bridge adjacent par-
ticles. This morphology is favourable for catalytic applica-
tions due to increased surface area and active sites.

The elemental composition and distribution of the green
synthesized nanoparticles were further confirmed by energy
dispersive X-ray (EDX) spectroscopy and elemental mapp-
ing. Fig. 2c-d shows the EDX analysis with quantitative data
revealing the presence of iron (Fe) and oxygen (O), with
weight percentages of 68.29% and 31.71%, respectively. The
corresponding atomic percentages were 38.32% for Fe and
61.68% for O, which is consistent with the stoichiometry of
Fes04. The absence of other elemental signals confirms the
purity of the synthesized nanoparticles and successful capping
without any foreign metal contamination.

TEM analysis of Fes04 NPs synthesized using S. prostrata
leaf extract provides comprehensive insight into their morp-
hology, size and crystallinity. The low-magnification TEM
image (Fig. 3a) reveals that the nanoparticles exhibit a quasi-
spherical to irregular morphology with visible clustering. The
particle sizes range between 10 to 50 nm and the observed
agglomeration may be attributed to the magnetic nature of iron
oxide as well as partial capping by phytochemicals from the
leaf extract [3,17]. TEM image shows (Fig. 3b) more clearly
defined individual nanoparticles with visible grain boun-
daries, suggesting their polycrystalline nature. The contrast
and shape of the particles further support the formation of well-
developed iron oxide nanostructures. These features are indi-
cative of efficient nucleation and growth of nanoparticles
during the green synthesis process. Fig. 3¢ highlights distinct
lattice fringes, which confirm the crystalline structure of the
nanoparticles. Although the interplanar spacing is not directly
measured here, the presence of fringes is characteristic of
crystalline phases such as hematite (a-Fe.O3s) or magnetite
(Fe30a4). This confirms that the nanoparticles are not amorp-
hous and possess a defined atomic arrangement. The selected
area electron diffraction (SAED) patterns (Fig. 3d) display
well-defined diffraction spots arranged in concentric rings.
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Fig. 2. (a,b) SEM and (c,d) EDX images of SPR-Fe304 NPs

This ring pattern is typical of polycrystalline materials and
corresponds to different crystallographic planes of iron oxide.
The sharpness and clarity of these rings further validate the
crystalline purity of the synthesized nanoparticles and con-
curred with XRD results.

FTIR studies: The FTIR spectrum of Fes04 NPs syn-
thesized with S. prostrata leaves extract displays key absor-
ption bands corresponding to both the iron oxide core and
capping organic groups (Fig. 4). The broad band near 3400
cm? (O-H str.) and peaks at 2920 cm™ (C-H str.), 1740 cm™
(C=0str.) and 1626 cm™* (amide I or water bending) indicate
the presence of phytochemicals from the extract. Notably,
strong bands at 619 cm™ and 490 cm™ correspond to the Fe-O
stretching vibrations, confirming the formation of iron oxide
nanoparticles [16].

Optical studies: The UV-Vis absorption spectrum of a
sample measured in the wavelength range of 200-800 nm
(Fig. 5) exhibits a broad and strong absorbance in the UV region,
with maximum absorbance values above 1.2 between approxi-
mately 250 nm and 600 nm. The absorbance gradually decre-
ases beyond 600 nm and continues to decline towards 800 nm.

This spectral profile is characteristic of FesO4 NPs, which
typically display broad absorption in the UV-Visible range
due to their electronic transitions and surface plasmon reson-
ance effects. The high absorbance in the UV-visible regions
suggests efficient light absorption, which is consistent with
the formation of nanoscale Fe3O4 [6]. The absence of sharp
peaks and the presence of a broad absorption band further
confirm the nanoparticulate nature and possible polydispersity
of the sample.

Elemental survey analysis: The X-ray photoelectron
spectroscopy (XPS) analysis of SPR-Fe3O4 NPs provides
insight into their elemental composition and chemical states.
The survey spectrum (Fig. 6¢) confirms the presence of iron
(Fe), oxygen (O) and carbon (C), with no significant impuri-
ties detected, indicating high purity of the synthesized nano-
material [18]. The high-resolution Fe 2p spectrum (Fig. 6a)
shows two distinct peaks centered around 710.8 eV and 724.5
eV, corresponding to Fe 2ps; and Fe 2pap, respectively. These
peaks are characteristic of iron in the Fe®* oxidation state,
consistent with the formation of Fes04. Moreover, a minor
satellite peak is observed, further supporting the mixed valence
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(a)

(b)

Fig. 3. TEM (a-c) and SAED (d) images of prepared SPR-Fe304 NPs

state of iron (Fe?*/Fe*") typically present in magnetite. The O 1s
core-level spectrum (Fig. 6b) displays a prominent peak at
approximately 530.2 eV, which is attributed to lattice oxygen
(O%) in the metal oxide framework. A slight shoulder at higher
binding energies may suggest the presence of surface hydroxyl
groups or adsorbed water, likely due to plant-based capping
agents or environmental exposure.

Surface studies: The nitrogen adsorption-desorption
isotherm of SPR-Fe304 NPs, as depicted in the Fig. 7, exhibits
a characteristic type IV isotherm with a prominent H3-type
hysteresis loop [16-18]. This behaviour is indicative of a meso-
porous structure, which is typically associated with capillary

condensation within slit-like pores formed by aggregates of
plate-like nanoparticles. The initial linear region at low
relative pressures (P/Po < 0.2) suggests monolayer-multilayer
adsorption, while the sharp increase in adsorbed volume at
high relative pressures (P/Po > 0.9) reflects the occurrence of
pore filling due to mesoporous cavities. The presence of this
hysteresis loop confirms the mesoporous nature of the SPR-
FesO4 NPs, which is advantageous for applications such as
catalysis, adsorption and drug delivery due to the enhanced
surface area and accessible pore volume.

Magnetic property: The magnetic properties of SPR-
FesO4 NPs were analyzed using a vibrating sample magneto-
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meter (VSM) and the resulting magnetization curve is shown
in the Fig. 8. The curve exhibits a typical S-shaped hysteresis
loop, characteristic of superparamagnetic behaviour. The
absence of a significant coercivity (0.001 Oe) and remanence
(0.0719 Oe) indicates that the nanoparticles do not retain
magnetization once the external magnetic field is removed,
confirming their superparamagnetic nature. The saturation
magnetization value is moderate with 14999.92 Oe, sugges-
ting effective incorporation of iron oxide with slight reduction
due to the presence of organic or non-magnetic surface coatings,
likely from plant-derived components used in the synthesis [16].
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Photocatalysis studies: As-characterized SPR-Fes04 NPs
were further used for evaluation of photocatalytic perform-
ance towards the degradation of eosin yellow (EY) dye under
visible light irradiation. The experimental conditions were
setup with pH-5, 50 mg catalyst amount and 10 mg/L EY dye
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Fig. 6. XPS analysis of (a) Fe 2p, (b) O 1s and (c) survey spectrum



Vol. 37, No. 12 (2025)

FesO4 Nanoparticles from S. prostrata Leaves: Photocatalytic Dye Degradation and MCF-7 Cytotoxicity 3061

initial solution. The significant degradation percentage is
moderate in 80 min and these results leads to do optimize the
reaction conditions for obtaining complete degradation.

Optimization of pH, catalyst loading and dye initial
concentrations: The degradation of eosin yellow dye was
monitored using UV-visible spectroscopy by observing changes
in absorbance at 517 nm under varying pH conditions (5, 7
and 9), as shown in Fig. 9a-c. A gradual decrease in absorb-
ance intensity over time confirms the effective photocatalytic
degradation of the dye. At pH 5, moderate degradation was
observed with a significant reduction in absorbance after 80
min. At pH 7, enhanced degradation efficiency was noted,
likely due to optimal surface charge interactions between the
photocatalyst and dye molecules. Notably, at pH 9, nearly
complete degradation was achieved (99.3%), indicating that
alkaline conditions favour the breakdown of EY dye, possi-
bly due to increased generation of reactive oxygen species
(ROS). These results highlight the crucial influence of pH on
the photocatalytic degradation process, with basic conditions
proving most effective for complete dye removal.

The kinetics of EY dye degradation were investigated
under varying catalyst dosages and initial dye concentrations.
The plots follow pseudo-first-order kinetics, evidenced by the
linear relationship between In(C/C,) and time. In Fig. 10a,

increasing the catalyst dosage from 20 mg to 60 mg signifi-
cantly enhanced the degradation rate, with 60 mg yielding the
fastest reduction in dye concentration. This improvement is
attributed to the greater availability of active sites and enhanced
generation of reactive species. Fig. 10b shows the impact of
initial dye concentration (5, 20 and 30 ppm). Lower dye con-
centrations favoured more efficient degradation, with the
5 ppm sample exhibiting the highest rate, complete degrada-
tion seen in 80 min. This trend can be explained by the reduced
competition among dye molecules for the limited active sites
on the catalyst surface [6].

Recyclability and stability: The recyclability and struc-
tural stability of the SPR-Fe304 NPs were assessed through
repeated photocatalytic degradation of EY dye over five
successive cycles. As shown in Fig. 11a, the catalyst retained
a high degradation efficiency (> 85%) even after the 5 cycle,
indicating excellent reusability with minimal activity loss.
This decline is likely due to partial surface fouling or slight
material loss during recovery. Fig. 11b compares the XRD
patterns of the catalyst after the 1%t and 5% cycles, revealing
no significant shifts or changes in peak intensity or position.
This confirms that the crystalline structure of SPR-Fe304 NPs
remained intact, highlighting their good structural stability
under repeated use.

0.60 - 0.3 0.4
— 0 min
(a) —20mn (b) — 0min ©
0451 i — 0 min 0.3 — 20 min
0241 — 20 min i
’ — 40 min

3 8 —— 60 min 8
§ 0301 § — 70 min s
5 5 ~— 80 min 5
7] @ 0.11 173
el Ko} o)
< 0.151 < <

=\

350 400 450 500 550 600 650
Wavelength (nm)

350 400 450 500 550 600 650
Wavelength (nm)

0.1 T T T T T
350 400 450 500 550 600 650
Wavelength (nm)

Fig. 9. EY dye degradation using SPR-Fe304 NPs at different pH (a) 5, (b) 7 and (c) 9

1.04
0.8
OQ
S 0.6
=
0.4
0.2
T o 1 Y T Y T » T
0 20 40 60 80
Time (min)

L T L T . T y T
0 20 40 60 80
Time (min)

Fig. 10. Optimized conditions for EY dye degradation using SPR-FesO4 NPs (a) catalyst loading and (b) EY initial dye concentration



3062 Balakrishna et al. Asian J. Chem.
100 3000 (b)
2500 - 1* cycle
® 80 — 5" cycle
= 2000
ke
S 60 2
@ c 1500
(=)} Q
3 £
(0]
2 40+ 1000
> ]
[
e 500
0
0- T e B i e
1 2 3 4 5 10 20 30 40 50 60 70 80 90
Number of cycles 20 (°)

Fig. 11. EY dye degradation using SPR-Fe304 NPs (a) Recyclability and (b) sustainability

Probable mechanism: When SPR-Fe;0, NPs are irradi-
ated with visible light, their surface electrons (e”) in the valence
band (VB) absorb photon energy and get excited to the cond-
uction band (CB), leaving behind positively charged holes
(h*) in the VB.

FesO4 + hv (visible light) — ¢~ (CB) + h* (VB)  (2)
The photogenerated electrons in the conduction band can

reduce dissolved molecular oxygen (O2) adsorbed on the
nanoparticle surface to form superoxide radicals ("O2).

e +0; >0y ?3)
Simultaneously, the holes in the valence band can oxidize

water molecules (H-0) or hydroxide ions (OH") to generate
hydroxyl radicals ("OH).

h* + H,0 — "OH + H*
or h* + OH- — "OH
Both superoxide ("O27) and hydroxyl ("OH) radicals are

highly reactive oxygen species (ROS) capable of non-select-
ively attacking and breaking down complex dye molecules
like eosin yellow (EY) into smaller, less toxic intermediates
and ultimately mineralizing them into CO2, H,O and other
harmless end products.
EY + *OH/'O; — Degradation intermediates —
CO; + H20 + Mineral acids (5)
Furthermore, SPR-Fe304 NPs exhibit strong magnetic
properties, allowing for easy post-reaction recovery and
reuse of the catalyst, while the plant-based phytochemicals
possibly act as surface stabilizers, enhancing charge separation
and reducing electron-hole recombination.

(4)

Anticancer activity: The cytotoxic effects of SPR-Fe;04
NPs on MCF-7 breast cancer cells were evaluated by treating
the cells with varying concentrations of the nanoparticles (100,
500 and 1000 ug/mL) and the cellular morphology was obse-
rved under a microscope. As shown in Fig. 12, the untreated
control cells exhibit normal elongated morphology with a
healthy monolayer distribution, indicating high cell viability.
Upon treatment with 100 pug/mL of SPR-Fe3O4 NPs, minor
morphological changes begin to appear, though most cells
remain adherent and intact.

With increasing nanoparticle concentration to 500 pg/mL,
a noticeable reduction in cell density is observed, along with
signs of cellular shrinkage and rounding, suggesting early
cytotoxic effects (Table-1). At the highest concentration tested
(1000 pg/mL), significant morphological alterations are evi-
dent, including increased cell detachment, rounding and mem-
brane disruption, indicating dose-dependent cytotoxicity.

These results well matched with the previous reports
[19-21]. Superparamagnetic nanoparticles that exhibit ultra-
small size, uniform shape, enhanced colloidal stability, modi-
fied surface characteristics and improved magnetic response
are emerging as highly suitable candidates for biomedical
applications, including targeted drug delivery [19]. Several
studies have demonstrated the effective loading of anticancer
drugs onto magnetite nanoparticles to enhance the therapeutic
efficacy of chemotherapy agents. Functionalization of Fe;O.
NPs with various surface modifiers such as polyethylenimine
(PEI), peptides, polyvinyl alcohol (PVVA), proteins and carbo-
hydrates facilitates efficient drug encapsulation and allows
controlled release [20]. One promising approach involves the

TABLE-1
ANTICANCER ACTIVITY OF SPR-Fe30s NPs ON MCF-7 BREAST CANCER CELLS

Final replicate values

Sample conc.

1 2 3 4 Mean SD
0 95.14563 82.97735 111.7152 110.1618 100.0000 13.58730
100 92.94498 151.9741 131.7799 104.0777 120.1942 26.74855
500 121.6828 126.0841 117.7994 144.9838 127.6375 12.04927
1000 128.5437 126.4725 131.6505 128.0259 128.6731 2.171261
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Fig. 12. Cytotoxic effects of SPR-FesO4 NPs on MCF-7 breast cancer cells

use of PEI-coated FesO4 NPs for delivering quercetin a plant-
derived flavonoid known for its antiproliferative activity. This
strategy not only enhances the solubility and bioavailability
of quercetin but also strengthens its synergistic anticancer
effect when used alongside standard chemotherapeutic drugs
[21]. These results confirm that green synthesized SPR-Fe304
NPs exhibit concentration-dependent cytotoxic activity against
MCEF-7 cells, making them potentially useful in cancer nano-
medicine applications, particularly in targeted therapy or drug
delivery systems.

Conclusion

In this study, an eco-friendly synthesis of magnetically
recoverable SPR-Fe;0. NPs was successfully achieved using
plant-based extracts. The synthesized nanocatalysts were thor-
oughly characterized using XRD, FTIR, SEM, HRTEM, UV-
Vis and VSM analyses, confirming their structural integrity,
magnetic properties and photocatalytic potential. The SPR-
Fes04 NPs exhibited remarkable efficiency in the visible-light
driven degradation of eosin yellow (EY) dye, demonstrating
a pseudo-first-order kinetic model. Remarkably, the catalyst
retained its stability and photocatalytic performance over
multiple reuse cycles, highlighting its potential for practical
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wastewater treatment applications. SPR-Fe3O4 NPs exhibit
concentration-dependent cytotoxic activity against MCF-7
cells effectively with significant results. The use of plant-
mediated synthesis not only reduced the dependency on toxic
chemicals but also offered a sustainable and cost-effective
route for developing the functional nanomaterials. Overall,
based on results, SPR-Fe3O4 NPs act as a promising, green and
recyclable photocatalyst for the efficient remediation of dye-
contaminated effluents and used in biomedical applications.
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