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ABSTRACT 

Iron oxide nanoparticles (Fe3O4-NPs) were synthesized in ammonium 
hydroxide medium using neem leaf extract as a reducing agent through 
a co-precipitation method. SiO2 has been coated on the surface of Fe3O4 
(Fe3O4@SiO2) by hydrolysis and condensation of tetraethyl orthosilicate 
(TEOS) under alkaline medium conditions at 80oC. The properties of the 
resulting nanoparticles were analysed by transmission electron microscopy 

microscopy (FESEM), energy-dispersive X-rays spectroscopy (EDX) and 
vibrating sample magnetometry (VSM). It was found that only 500   L 
TEOS was required to obtain the best coating on Fe3O4 core structures. 
TEM micrographs show the formation of multiple cores of iron oxide 
nanoparticles within the silica matrix. FTIR analyses show the formation 
of Si-O-Si bonds at 1084.2–1101.4 cm-1

3O4 core 
was successfully coated by SiO2. From FESEM analysis, the average size 
of silica was found to be ~ 50 -70 nm. EDX of the Fe3O4@SiO2
that silica had been successfully coated on the surface of Fe3O4. VSM 
measurements revealed the superparamagnetic properties of Fe3O4@SiO2 
that is desirable for biomedical applications. 

Keywords: iron oxide nanoparticles, magnetite, silica, VSM (vibrating 
sample magnetometer), superparamagnetic

1* 2 2

1Faculty of Applied Sciences, Universiti Teknologi MARA, Perak Branch, Tapah Campus, 
Tapah Road, 35400 Perak, Malaysia

2Faculty of Applied Sciences, Universiti Teknologi MARA, 40450 Shah Alam, Selangor, 
Malaysia

*Corresponding author’s e-mail: izza257@uitm.edu.my  

Received: 26 November 2020
Accepted: 10 February 2021

L

https://doi.org/10.24191/srj.v18i2.11291


162

INTRODUCTION

owing to their biocompatibility, high surface area to volume ratio, 

collectively is the only nanomaterial to have received approval from the 

magnetic hyperthermia or contrast agents for magnetic resonance imaging 

pathways in the body. Thus, leaching of the iron does not cause any major 

conditions [7]. They tend to aggregate in order to reduce their surface 

good dispersion, increases the protection and shields the particles from 
environment conditions such as oxidation [1, 2]. 

Silica are widely used for coating oxide nanoparticles as they were able 
to form stable, biocompatible shells to help minimise agglomeration [1, 2, 
8] by screening the magnetic dipolar attraction among the nanoparticles. In 
fact, surface silica could be made rich in silanol groups and help further to 

the silanol groups and biological entities and this could lead to numerous 
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resistant to hydrolysis degradation as well as pH, heat, and mechanical 
stress [10]. The synergy uses of silica and iron oxide nanoparticles as 
magnetic silica nanoparticles received enormous attention due to their 

Fe O
The variation in condensation of silica, or oxidation of Fe3O
crucial aspects to control the magnetisation property of Fe O

O ) nanoparticles were 
synthesized using neem leaf extract according to a published procedure 
[16]. In our previous papers [16,17], the preparation and characterisation 
of superparamagnetic Fe O
co-precipitation process based on a green and facile approach. 

In this work, Fe O  nanoparticles were used as a core material for 
O ). 

The method involves growing silica directly onto the iron oxide via the 

alkaline medium at 80oC. Then, the cetyltrimethylammonium bromide 

o

compared. In this study, the volume of TEOS used in the silica coating was 
varied in the range of 100     to 900     , while the other parameters were 
held constant.

EXPERIMENTAL

Preparation of Neem Leaves Extract

Neem leaves extract was prepared according to a method reported by 
Taib et al. [16]. 5 g of neem leaf powder were mixed with distilled water 

L L 
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and the mixture was heated at 80o

oC for further use. 

3O

Iron oxide nanoparticles were prepared via a co-precipitation method 
according to a published procedure [16] by using neem leaves extract as 
a green reducing agent. FeCl O and FeCl .6H O were mixed with a 
ratio of 1:2 under nitrogen atmosphere. The mixture was heated at 80oC 
followed by the addition of 5 mL of neem leaf extract and 20 mL of 25% 

centrifuged and washed with distilled water for further use. 

Synthesis of Fe O @SiO -NPs

An aqueous solution of iron oxide nanoparticles was prepared by 
O ) with 5 mL 

in beaker. The solution was stirred vigorously for 30 minutes resulting in 
a black Fe O -CTAB suspension. In order to create a SiO  coating layer 
around the Fe O -CTAB, the solution was then added into a propylene 

of ethyl acetate was added to the reaction solution in sequence under rapid 
stirring. The solution was further stirred for two hours while maintaining the 

light brown solid product was isolated by centrifugation and washed thrice 
with ethanol in order to remove unreacted species. To control the thickness of 

O  in alcoholic solutions of NH NO
oC for 30 minutes. The obtained light-brown solid was allowed 

in air. The obtained samples were denoted as C1, C3, C5, C7 and C9, which 

L 
L 

L 
L L 

L 

L 
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Table 1: Parameters for Synthesis of Fe O @SiO -NPs

Characterisation of Fe O @SiO -NPs

The size and morphology of Fe O

-1

RESULTS AND DISCUSSION

O O
SiO O 2 after CTAB removal 
are illustrated in Figure 1. There are two main absorptions centered around 

-1

O–H stretching vibration respectively. The strong absorption band around 

the neem leaf extract. The adsorption peak at 1633 cm-1 may be assigned to 

-1 was the symmetric stretching vibration 

Samples VTEOS VIONPs VNaOH Vethyl acetate 

C1 100 500 350 3000
C3 300 500 350 3000

C5 500 500 350 3000
C7 700 500 350 3000

C9 900 500 350 3000

L L L L 
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of CH  due to alkyne groups present in the phytoconstituents of extracts. 

molecules of neem leaf extract in the Fe O
that of previous work [18].

Compared to the bare Fe O
and 1101 cm-1 were linked to the asymmetric vibrations of siloxane groups 

-1 and O-H from water adsorbed on 
-1

that that silica has been successfully grafted onto the surface of Fe O
-1 can be assigned to O-H bonds of 

surface silanols and adsorbed water molecules. The bands at 965.9 cm-1 

silica surface, which arises from the TEOS compound. The intensity of this 
peak increases as the amount of TEOS increases. The observation found 

those found in literature reports [19-21].

The encapsulation of Fe O  core by silica was evidenced by the 
presence of both Si–O vibrations and Fe–O after the silica coating. The 

-1 shifted to the higher wavenumber increasing 
TEOS content, indicating the presence of an asymmetric stretching vibration 

O
-1 and 2857.8 cm-1 corresponding 

to -CH

O 2 
after CTAB removal. 
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O -NPs, Fe O @SiO
O @SiO  

After CTAB Removal
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Typical TEM images of Fe O

with the morphology of Fe O

exhibited agglomerated spherical morphology. 

L
C5), which produced nanoparticles with irregular magnetite core and 
spherical shaped silica shells. It shows the distribution of iron oxide 

to determine the average of silica thickness. The average silica thickness 
was measured to be around 70 nm with the Fe O  core measured to be 16 
nm, which gave an average nanoparticle size of 86 nm.

Figure 2: TEM Images of Fe O @SiO

 

 

L 
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Figure 3 shows the smooth and spherical morphology of Fe O  

distributions of most grains are observed, the irregular arrangements led to 
a material whose size is still in the dimension of nanometers. 

 

Figure 3: FESEM Micrograph of the Fe O @SiO

nanoparticles increases gradually with the volume of TEOS in the range 
100       – 900       at 500       of Fe O

 

L 

L L L L 
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Fe O

when 500       of TEOS were used, the iron oxide nanoparticles encapsulated 

monodispersed. 

O @SiO2 

This is in good agreement with Bogush et al. [23], who reported 
larger particles produced with the increasing amount of TEOS. This result 
contradicts with van Helden et al
decreased as the volume of TEOS increases. However, according to Stober 
et al

This observation can be explained with the increasing volume 
of TEOS, the quantity of silica increases, it enhances the rate of both 
hydrolysis and condensation [26] and hence, bigger particles formed. The 

H ) x] will increase. Once 
it reaches the supersaturation region, the consumption rate of intermediate 
through condensation reaction is also relatively fast [27], which probably 
shortens the nucleation period. This will decrease the formation of nuclei 
and consequently the size of silica will become larger. Since the water and 

mechanism is more dominant, resulting in the increased particle size. 

O @SiO  
nanoparticles

C1

C3

C5

C7

C9

L 
L 

L 
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O
SiO

O  nanoparticles. 

of the magnetite nanoparticles with a silica layer. The low intensity of the 
Fe signal, which is attributed to the fact that most of the Fe O
embedded within the silica and not on the surface. 

 

the Fe O @SiO
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Magnetic Studies of Fe O @SiO  Nanoparticles

The magnetisation curves indicate that all the samples display a 
typical feature of superparamagnetism with approximately zero remanence 

Figure 5; Table 3).

It also can be found that the Fe O
volume of TEOS of 100     , 300      , 500     , 700     and 900     had 

s

dramatically upon the increasing volume of TEOS with the exception for 
sample C5, which had the highest magnetisation value. 

 

Figure 5: The Magnetisation Curves at Room Temperature for Fe3O @SiO  

Table 3: Magnetic Values of the Fe O4@SiO
of TEOS

          
          
    

Saturation Coercivity Squareness ratio 

C1 22.0 0.189 2.70 8.58 x 10-3

C3 9.56 81.6 x 10-3 2.74 8.53 x 10-3

C5 43.3 0.419 2.94 9.67 x 10-3

C7 4.20 41.4x 10-3 2.87 9.84 x 10-3

C9 3.85 39.9 x 10-3 3.14 1.04 x 10-2

L L L L L 
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The presence of silica results in a lower saturation magnetisation 
O

materials) on the surface of iron oxide nanoparticles, which might quench 
the magnetic moment [27]. This might be explained by the reduction of 
the energy associated with the particle–particle interaction and exchange 
coupling [28]. This behavior is expected once a nonmagnetic content such 
as SiO  was added to the system [29]. As the ratio of Mr to Ms is lower than 
0.015, this result suggests that all the nanoparticles are superparamagnetic 
[30]. It is an important requirement for materials to have high saturation 
magnetisation and superparamagnetism for biomedical applications. 
Therefore, these Fe O

and magnetic drug targeting.

CONCLUSION

3O 2) were successfully 
synthesized using hydrolysis and condensation of tetraethyl orthosilicate 

oC. The synthesized 

spherical structure of nanoparticles, whose particle size roughly increased 
with increasing volume of TEOS used in the synthesis. It was found 
that only 500     of TEOS is required to obtain the best silica-coating on 
Fe O
revealed that some of Fe O

nanoparticles. All spherical silica nanoparticles were superparamagnetic at 
room temperature which suggests that the nanoparticles can be exploited for 
biomedical applications such as magnetic targeting drug delivery systems 
or magnetically-assisted applications. 

L 
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