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applications, including the purification and separation of pharmaceutical,
dye, and heavy metal contaminants, as well as drug delivery and labeling
systems. Due to the fact that magnetite (FesO4) has superior magnetic
and electrical properties, iron oxide has attracted the most interest among
many nanostructured materials.

Methods: In this research, magnetite nanoparticles (FesOs) were
successfully synthesized using a green process. This method is simple,
fast, cost-effective, and biocompatible. Allium hooshidaryae (Alliaceae)
plant extract was used as a stabilizing and reducing agent in this process.
Green synthesized nanoparticles were characterized by several structural
and physical techniques, like Vibrating Sample Magnetometer (VSM),
X-ray Diffraction (XRD), Fourier Transform Infrared (FTIR), Energy
Dispersive  X-ray Spectroscopy (EDS), Transmission Electron
Microscope (TEM) ) and scanning electron microscope (SEM).
Findings: XRD results showed that the synthesized nanoparticles are
FCC structure with high purity. FTIR results proved the binding of
functional group present in this plant and FezO4 nanoparticles. Also, in
FTIR analysis, the presence of two absorption peaks of 559.96 cm™* and
43257 cm? confirmed the successful green synthesis of FesO4
nanoparticles. SEM and TEM images showed that the green synthesized
FesO4 nanoparticles are mostly spherical and have an average size of
35.73 nm. As a result, the synthesized nanoparticles have the potential to
have useful benefits in future nanomedicine.
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Extended Abstract

Introduction

In recent years, iron oxide-based magnetic
nanoparticles have been widely used for a variety of
environmental and medical applications, including
the purification and separation of pharmaceutical,
dye, and heavy metal contaminants, as well as drug
delivery and labeling systems. Due to the fact that
magnetite (FesO4) has superior magnetic and
electrical properties, iron oxide has attracted the
most interest among many nanostructured materials.
Most of the research on the synthesis of iron oxide
nanoparticles has focused on methods that use
clinical laboratory chemicals as reducing agents.
These compounds are often dangerous for human
health, very expensive, and harmful to the
environment. A number of researchers have
proposed green biosynthesis of nanoparticles as an
alternative method that is also safe for the
environment.

The aim of this research is to investigate the

effectiveness of a simple, cost-effective, and
environmentally friendly method for the green
synthesis of FesO4 nanoparticles using Alliaceae
plant extract. This extract has the potential to act as
a stabilizing agent in green chemistry for the
synthesis of nanoparticles without the use of harmful
chemicals. Furthermore, the structure, physical, and
magnetic properties of green synthesized Fe;O4
nanoparticles  were evaluated that these
nanoparticles can be suitable for use in future
nanomedicine.

Findings and Discussion

Green synthesized nanoparticles were characterized
by several structural and physical techniques, like
Vibrating Sample Magnetometer (VSM), X-ray
Diffraction (XRD), Fourier Transform Infrared
(FTIR), Energy Dispersive X-ray Spectroscopy
(EDS), Transmission Electron Microscope (TEM) )
and scanning electron microscope (SEM).

The chemical components present in the extract of
Allium hooshidaryae act as a reducing agent as well
as a stabilizing agent and interact with a mixed
solution containing Fe®* and Fe?* ions using an easy
co-precipitation  process to form  FesO4
nanoparticles. The color of the reaction solution of
iron chloride salts and the extract of Allium
hooshidaryae changed from light brown to black
after the addition of 2 M NaOH which indicated the
formation of Fes0, nanoparticles. The green
synthesized FesOs nanoparticles could be
immediately attracted by an external magnet, which
is evidence for the magnetic properties of the
nanoparticles.
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The XRD patterns of synthesized Fe304
nanoparticles at 20 equal to 30°, 35.63°, 43.5°,
57.1°, 63.0° and 73.5° were detected, which
correspond to crystal planes of (220), (311), (400),
(511), (440), and (533), respectively, reflecting the
face-centered cubic (FCC) structure of Fe3O4
nanoparticles.

SEM and TEM images showed that the green
synthesized FesOs nanoparticles are mostly
spherical and have an average size of 35.73 nm.
Because the Alliaceae compounds act effectively as
coating and stabilizing agent, which lead to the
synthesis of anisotropic nanostructures with a low
degree of aggregation that is a significant advantage
of the green synthesis method compared to the
chemical production method.

FTIR results proved the binding of functional group
present in this plant and Fe3O4 nanoparticles. Also,
in FTIR analysis, the presence of two absorption
peaks of 559.96 cm™ and 432.57 cm™* confirmed the
successful green synthesis of FesO. nanoparticles.
VSM results revealed that the green synthesized
Fe304 nanoparticles have supermagnetic properties
with 58 emu/g magnetic saturation. The magnetic
properties of Fes04 nanoparticles are not reduced by
plant biomolecules, but the biomolecules protect
nanoparticles from intraparticle interaction and
make the magnetic properties more stable against
the environment.

Conclusion

In the present research, FesO4 nanoparticles were
effectively synthesized using a simple, cost-
effective, and biocompatible method. The extract of
Allium hooshidaryae was used as a reducing or
stabilizing agent, and no harmful chemicals were
used for the synthesis. Fe3O4 nanoparticles have an
FCC structure with spherical shape, and the
functional groups found in the extract of Allium
hooshidaryae are placed on the surface of the Fe3O.
nanoparticles. The Fe30s nanoparticles possess
supermagnetic properties, which predicts that green
synthesized FesO4 nanoparticles are ideal for use in
various applications, especially in biomedical
applications.
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