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Abstract
Today, one of the most effective methods for synthesizing Nanoparticles (Nps) is through plant extracts. The chemical synthesis 
of Nps is expensive and causes environmental pollution. In this study, quince leaf extract from a tree was used for the green syn-
thesis of magnetic iron oxide Nps. The magnetic iron oxide Nps were coated with silicon dioxide Nps and the color change in the 
solution and the brown precipitates, confirmed the successful green synthesis of magnetic iron oxide Nps. Analyses including Vi-
brating Sample Magnetometer (VSM), Fourier Transform Infrared Spectroscopy (FT-IR), X-ray Diffraction (XRD) and Scanning 
Electron Microscopy (SEM) were performed. The average size of the crystalline magnetite (Fe3O4) Nps was calculated using the 
Debye-Scherrer formula, which is in the nanometer scale.
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1. Introduction
Particles with a high surface-to-volume ratio exhibit new and 
unique properties [1]. Nanotechnology involves the study of 
materials that have at least one dimension smaller than 100 nm, 
such that the physical, chemical and biological properties of these 
particles which fundamentally differ from their original source [2]. 
Iron oxide Nps are a class of nanomaterials composed of iron and 
oxygen atoms arranged in a crystalline structure at the nanoscale, 
typically ranging in size from 1 to 100 nm [3].

One of the most common forms of iron oxide Nps is magnetite 
(Fe3O4), which is the most magnetic form of iron oxide and is 
composed of both Fe²⁺ and Fe³⁺ ions. Some iron oxide Nps, such as 
magnetite and maghemite, exhibit superparamagnetism, meaning 
they can be easily magnetized. The high surface area of iron oxide 
Nps increases their reactivity and adsorption capacity, making 
them useful in various applications [4].

Iron oxide Nps are generally considered biocompatible and 
are widely used for biomedical applications, such as drug 
delivery, magnetic resonance imaging (MRI) contrast agents and 
hyperthermia treatment. Due to their high surface area and redox 
properties, iron oxide Nps can act as catalysts in various chemical 
reactions. These Nps have a wide range of applications in fields 
such as biomedicine, environmental remediation, catalysis, energy 
storage, and electronics. These properties make them valuable in 
areas such as targeted drug delivery, magnetic separation, water 
purification and energy storage devices [5].

Magnetic Nps provide suitable substrates for performing 
heterogeneous catalytic reactions due to their easy recoverability 
from the reaction environment, typically achieved using a strong
magnet. Although various magnetic materials can be used in 
the fabrication of magnetic nanocomposites, iron magnetic 
oxides are preferred due to their non-toxic nature, low cost and 
prominent magnetic properties. Additionally, magnetic Nps, due 
to their high specific surface area and strong magnetic dipole 
interactions, can easily agglomerate and oxidize. Even under mild 
oxidative conditions (such as exposure to atmospheric oxygen), 
rapid oxidation of the nanoparticle surfaces occurs, leading to the 
formation of oxide layers, which in turn alters the properties of the 
samples [6]. One of the well-known methods to preserve the unique 
magnetic properties of these Nps and protect them is through this 
oxidation reaction [7]. Coating Nps can be achieved using various 
compounds such as carbon, silica, precious metals, certain metal 
oxides, organic polymers and surfactants [8-12]. Silica is one of 
the very suitable coating agents. The process of coating magnetic 
Nps is relatively straightforward and the resulting coatings are 
environmentally friendly, exhibit good stability and low toxicity 
[13].

The silica layer coating Fe3O4 prevents the agglomeration of 
these Nps and effectively creates a protective layer for Fe3O4 Nps. 
Furthermore, the chemical inertness of the silica coating enhances 
the biocompatibility of the magnetic Fe3O4 Nps [14]. The silanol 
groups (OH-Si) present on the surface of the silica coating 
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provide an easy pathway for the attachment of various functional 
groups [15]. Therefore, different metal oxides can be deposited 
onto the silica surface by forming bonds between the silanol OH 
groups and the metal oxides. The synthesis of metal oxide Nps 
using microorganisms and plants, known as the green synthesis 
method, has gained attention due to its cost-effective, simple and 
more environmentally friendly synthetic conditions compared to 
conventional chemical and physical methods [16].

In addition to various biological materials such as yeasts, bacteria, 
fungi, mosses and eggshells that are used for these purposes, plant 
extracts have also attracted significant attention due to their green 
characteristics and easy availability [17]. Plant extracts contain 
antioxidants such as polyphenols, reducing sugars, nitrogenous 
bases and amino acids [18-20]. Since the production of Nps based 
on physical and chemical methods is costly and causes serious 
harm to the environment, there is currently a notable shift towards 
biological and green approaches for nanoparticle synthesis. 
These methods are considered suitable alternatives to chemical 
and physical methods due to their efficiency, cost-effectiveness, 
environmental compatibility and safety [21,22]. In this approach, 
biological systems such as fungi, algae, bacteria and plant extracts 
are utilized for the synthesis of Nps [23-37].

The plant known scientifically as cydonia oblonga is native to Iran, 
Southern Europe and Asia Minor and is now cultivated globally in 
countries such as Turkey, China, Uzbekistan, Iran, Argentina and 
New Zealand. It is a tree from the rose family, belonging to the 
apple family, with hairy trichomes of its leaves [38]. The aim of 
this research is to use quince extract as a reducing and stabilizing 
agent in the synthesis of iron magnetic Nps.

2.Experimental Method Materials
Iron (II) chloride hexahydrate, Iron (III) chloride tetrahydrate, 
Tetraethyl orthosilicate (TEOS),
Quince leaf extract.

2.2 Equipment
Oven, X-Ray Diffraction (XRD) spectrometer, Scanning Electron 
Microscope (SEM), Fourier- Transform Infrared spectrometer 
(FT-IR), Magnetic heater, Ultrasonic device, Vibrating Sample 
Magnetometer (VSM) and Energy Dispersive X-ray (EDX) 

spectrometer.

2.3 Removing quince leaf extract
First, 50 g of powdered quince leaves were added to 200 ml of 
distilled water, then placed it on a magnetic heater at temperature 
of 100 °C and the stirring speed of 900 rpm for 30 min,. After 
that, mixture was placed in the ultrasonic bath to fully remove the 
extract, for 30 min.

2.4 Green synthesis of magnetic iron oxide nanoparticles
First, 1 g of iron (II) chloride hexahydrate was added 100 ml of 
distilled water. Next, 2 g of iron (III) chloride tetrahydrate was 
added then placed on a magnetic heater to homogenize. Finally, 
100 ml of the extracted quince solution was added dropwise, until 
a dark-colored solution was obtained, resulting in the precipitation 
of Nps.

2.5 Coating of magnetic iron oxide nanoparticles with SiO2
First, 1 g of iron magnetic oxide added to 50 ml of distilled water 
and then the solution was treated by ultrasonic for 20 min to 
homogenize. Finally, 30 ml of ethanol, a few drops of ammonia 
and 5 ml of tetraethyl orthosilicate were added to the solution and 
treated by ultrasonic for 60 min.

3.Results and discussion
The analyses conducted, including X-ray diffraction (XRD), 
Fourier-transform infrared spectroscopy (FT-IR), scanning electron 
microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), 
and vibrating sample magnetometer (VSM), were performed at 
the Central Laboratory of Sharif University of Technology and the 
Central Laboratory of Shahid Beheshti University.

3.1 Fourier transform infrared spectroscopy of magnetic iron 
oxide Nps with SiO2
FT-IR spectroscopy is used to identify functional groups and the 
types of their bonds. The strong and broad stretching peak observed 
around 3083 cm⁻¹ corresponds to the OH group of water and the 
silanol group. The strong peaks around 1208 cm⁻¹ and 1100 cm⁻¹ 
are related to Si-O bonds, while the peaks at 430 cm⁻¹ , 473 cm⁻¹ 
and 760 cm⁻¹ are correspond to Fe-O bonds ,as shown in Figure
(1).
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Figure (1): FT-IR analysis of magnetic iron oxide Nps with SiO2

Scanning electron microscopy analysis of magnetic iron oxide Nps with SiO2

SEM spectroscopy is used to investigate the morphology and structure of the Nps. In present 
study, magnifications of 200 nm, 500 nm and 1 μ were used. The images show that the iron 
oxide Nps are dispersed on silica plates and the average particle size is consistent with the values 
obtained from XRD calculations. The results indicate that the iron oxide Nps coated with SiO2
are in the nanoscale, as shown in Fig (2).

Figure (2): SEM analysis of magnetic iron oxide Nps with SiO2

X-ray diffraction of magnetic iron oxide Nps coated with SiO2

XRD analysis was used to determine the phase and examine the crystalline structure, types of 
structural defects and size of the iron oxide Nps coated with SiO2. The horizontal and vertical 
axes represent the diffraction angle (2θ) and the intensity of the X-ray, respectively. The width 
of the peaks in the diffraction pattern indicates the nanometric size of the iron oxide particles 
coated with silicon dioxide and the results are consistent with the XRD standard card ( JCPDS 
75-1609),as shown in Fig( 3).
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3.2 Scanning electron microscopy analysis of magnetic iron 
oxide Nps with SiO2
SEM spectroscopy is used to investigate the morphology and 

structure of the Nps. In present study, magnifications of 200 nm, 
500 nm and 1 μ were used. The images show that the iron oxide 
Nps are dispersed on silica plates and the average particle size is 
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Figure 2: SEM Analysis Of Magnetic Iron Oxide Nps with SiO2

Figure 3: X-ray Diffraction of Magnetic Iron Oxide Nps Coated with SiO2

Figure 4: VSM Spectrum Of Magnetic Iron Oxide Nps Coated with SiO2

3.3 X-ray Diffraction Of Magnetic Iron Oxide Nps Coated with 
SiO2
XRD analysis was used to determine the phase and examine the 
crystalline structure, types of structural defects and size of the 
iron oxide Nps coated with SiO2. The horizontal and vertical axes 

represent the diffraction angle (2θ) and the intensity of the X-ray, 
respectively. The width of the peaks in the diffraction pattern 
indicates the nanometric size of the iron oxide particles coated 
with silicon dioxide and the results are consistent with the XRD 
standard card ( JCPDS 75-1609),as shown in Figure ( 3).
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Figure (3): X-ray Diffraction of magnetic iron oxide Nps coated with SiO2

Vibrating sample magnetometer of magnetic iron oxide Nps coated with 
SiO2

VSM analysis is the primary method for studying the magnetic properties of materials. The 
result of this analysis is the acquisition of a hysteresis curve or remanence loop of the materials, 
which allows for the determination of data such as coercivity, saturation magnetization, 
magnetic permeability and the magnetism classification of material, such as ferromagnetic,
paramagnetic and superparamagnetic. Remanence loop of the iron magnetic oxide Nps coated 
with SiO2 is in fields ranging from -15000 to +15000 Oersted. The hysteresis curve indicates 
that the coated sample exhibits soft magnetic properties, as shown in Fig (4).

Figure (4): VSM spectrum of magnetic iron oxide Nps coated with SiO2

3.4 Vibrating Sample Magnetometer of Magnetic Iron Oxide 
Nps Coated with SiO2
VSM analysis is the primary method for studying the magnetic 
properties of materials. The result of this analysis is the acquisition 
of a hysteresis curve or remanence loop of the materials, which 
allows for the determination of data such as coercivity, saturation 

magnetization, magnetic permeability and the magnetism 
classification of material, such as ferromagnetic, paramagnetic and 
superparamagnetic. Remanence loop of the iron magnetic oxide 
Nps coated with SiO2 is in fields ranging from -15000 to +15000 
Oersted. The hysteresis curve indicates that the coated sample 
exhibits soft magnetic properties, as shown in Figure (4).
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Figure (4): VSM spectrum of magnetic iron oxide Nps coated with SiO2

consistent with the values obtained from XRD calculations. The results indicate that the iron oxide Nps coated with SiO2 are in the 
nanoscale, as shown in Figure (2).

3.5 Energy Dispersive X-Ray Spectroscopy of Magnetic Iron 
Oxide Nps Coated with SiO2
EDX is an analytical method used for the structural analysis 
or chemical properties of a sample. This method relies on the 

interaction between an x-ray excitation source and a sample, 
allowing for the determination of the percentage of elements 
present in the sample, as shown in Figure (5).
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Figure (5): EDX spectrum of magnetic iron oxide Nps coated with SiO2

Conclusion

Magnetic iron oxide Nps were successfully synthesized using the extract of the quince leaves 
and coated with tetraethyl orthosilicate as a source of silicon dioxide. Finally, the relevant 
analyses confirmed the structure and nanometric size of the composite.

Recommendation

Due to the widespread applications of iron oxide Nps and the non-toxicity of their coating with 
silicon dioxide, further research should be conducted in this field.

Figure 5: EDX Spectrum Of Magnetic Iron Oxide Nps Coated with SiO2

4. Conclusion
Magnetic iron oxide Nps were successfully synthesized using the 
extract of the quince leaves and coated with tetraethyl orthosilicate 
as a source of silicon dioxide. Finally, the relevant analyses 
confirmed the structure and nanometric size of the composite.

Recommendation
Due to the widespread applications of iron oxide Nps and the 
non-toxicity of their coating with silicon dioxide, further research 
should be conducted in this field. 
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