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Synthesis of Iron Oxide Magnetic Nanoparticles: Characterization and its Biomedical
Application
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ABSTRACT: In the present time, Iron oxide magnetic nanoparticles (IOMNPs) have paid considerable attention
due to their exclusive applications in terms of surface-to-volume ratio, superparamagnetism, high surface area,
biosensor, bio-separation, catalysis, and biomedicine. Our goal was to synthesis iron oxide magnetic nanoparticles by
chemical route technique. The preparation method had a very large effect on the size, shape, and surface chemistry of
the magnetic nanoparticles including their applications. The iron chloride solution was prepared by mixing deionized
water with iron chloride tetrahydrate. The synthesized powder was characterized by XRD, UV-vis, SEM, FT-IR, DLS,
FL, and TGA techniques. Moreover, antibacterial activity was evaluated using the synthesized IOMNPs against
Escherichia coli (A), Pseudomonas (B), Enterobacter (C), Staphylococcus aureus (D), and Bacillus subtilis (E) in the
concentration of 0.1 mg and 0.5 mg. The results showed that Bacillus subtilis possess a higher antibacterial activity at
the concentration of 0.5 mg comparing the other bacterial species. The outcome of this work would contribute to the

present understanding of the biomedical application with the obtained size, shape, and synthesized method.
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Nanoscale materials are compatible with biomedical
devices as most of the biosystems are nanosized.
Inorganic, carbon nanotubes, metallic surfaces, and
liposomes form the nanotechnology products that are
used mostly in biomedical devices (Liu et al., 2016).
Metal oxide nanoparticles are hired to produce various
biomedical devices in immunotherapy, tissue therapy,
dentistry, wound healing, diagnosis, biosensing
platforms, and regenerative medicines (Nikolova and
Chavali, 2020). Iron oxide NPs have physical, optical,
and magnetic properties (Mazrouaa et al., 2019;
Dadashi et al., 2015). The magnetic properties present
in the nanoparticle were best suitable for the magnetic
separation of bioproducts and assists in site-specific
drug delivery (Estelrich et al., 2015). Iron oxide NPs
in the therapeutic application is concentrated by the
external magnetic field and are removed once the
therapy is done. However, in bloodstreams, Iron oxide
NPs are exposed to opsonization followed by
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recognition and exclusion (Roy et al., 2014). In
general, Iron oxide NPs are accepted to destroy cancer
cells without negotiating the normal cells. This could
be achieved with the magnetic nanoparticle by
alternating the magnetic field, hysteresis heating, and
frictional approach (Giustini et al., 2010). Shi et al.,
(2012) demonstrated the natural biopolymer chitosan-
coated with iron oxide NPs to develop drug delivery
against low bone mineral density like osteoporosis.
(Arsalani et al., 2020) reported the synthesis of iron
oxide NPs using the thermal decomposition method
for biomedical applications with both fluorescent and
radioluminescent properties. Surface modification of
iron oxide NPs proved to be more advantageous for
different biomedical applications including cancer
drug targeting and magnetic resonance imaging (MRI)
(Dadfar et al., 2019). However, biocompatibility,
improved magnetization, and active surface
functionality are needed for the stability of the NPs
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under a biological environment for biomedical
applications (Gupta and Gupta, 2005). Fundamental
parameters such as nanoparticle charge, solution
stability, crystallization, zeta potential, nanoparticle
coating, and synthetic methods would affect the
biomedical applications (hyperthermia, drug delivery,
transfections, cell tracking, tissue repair, and anti-
tumor) (Vogel et al., 2016). Multifunctional chitosan-
coated iron oxide NPs possessing antimicrobial
activity were applied as microbial resistance for
biomedical instruments and the bilayer oleic acid-
coated iron oxide NPs were found to get dissolved in
inorganic solvents at ideal pH, which would contribute
to the biomedical field (Ling et al., 2019). The quality
of iron oxide NPs depends on the crystallization,
synthesis approaches, size, and shape so that the
particle would be well-crystallized and size-controlled
for better application (Ge et al., 2009).

MATERIALS AND METHODS

All the chemicals were purchased from Hi-media
(Mumbai). The following chemicals which are used in
the experiments such as Ferric chloride (FeCls),
Ferrous chloride (FeCly), Sodium hydroxide (NaOH),
and Hydrochloric acid (HCI) were of analytical grade
and used in its pure form without more purification.

Chemical Synthesis of Magnetic Nanoparticles: In a
typical method, Sodium hydroxide (2 g) was dissolved
in 50 ml of deionized water and stirred for half an hour
using a magnetic stirrer. A solution of 5.2 g of FeCls;
and 2 g of FeCl, was dissolved in 50 ml of deionized
water. Burette solution of NaOH was allowed to be
added to the Ferric and Ferrous chloride solution in a
dropwise manner. The combined salt solutions were
constantly stirred using a magnetic stirrer and the pH
was measured. Black precipitates were formed due to
the dropwise addition of NaOH solution. The whole
reaction was continued for a further 30 min and the
solution was allowed to settle for 1 h. After the
solution was centrifuged at 6000 rpm using distilled
water, the precipitate was washed with ethanol to
remove the impurities. Furthermore, the sample was
dried in a hot air oven at 60° C followed by annealing
at 280° C for 2 h in a muffle furnace.

Antibacterial activity of IOMNPs: The antibacterial
activity of chemically synthesized IOMNPs was
assessed by Agar well diffusion method utilizing
Muller-Hinton agar against pathogenic bacteria such
as Escherichia coli (A), Pseudomonas (B),
Enterobacter (C), Staphylococcus aureus (D), and
Bacillus subtilis (E). Pathogenic bacteria are grown in
nutrient broth. After 24 h of culture, these strains were
swabbed uniformly onto the individual’s plates
containing Muller-Hinton agar using sterile cotton
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swabs. About 5 wells were made and the purified
IOMNPs at different weights such as 0.1 mg and 0.5
mg were added into each well on all plates and
Streptomycin was used as control. The plates were
incubated for 24 h at 37°C in an incubator. After
incubation, the different levels of zone formation
around the well were measured.

RESULT AND DISCUSSION

XRD Analysis: X-ray diffraction (XRD) analysis is an
effective characterization tool to confirm the crystal
structure of the synthesized NPs. Fig 1. Shows the
results of XRD analysis for the synthesized
nanoparticles that were obtained with the
concentrations of FeCls. The XRD pattern for
IOMNPs showed diffraction peaks along (111), (012),
(211), (220), (311), (422), and (217), respectively. The
XRD pattern of IOMNPs shows three broad peaks at
20 values 23°, 32" and 53° that indicate its amorphous
nature. The patterns have been compared with standard
XRD for the Fe;O3; (hematite) (JCPDS data: PDF
number 39-1346) (Balasubramanian, et al., 2014). The
average size of the NPs was calculated using the
Debye-Scherer formula.

D= %Cos 0D = k A/ cosd

Where D is the particle size of the crystals, k is Scherer
constant with the value from 0.9 to 1, § is the full width
at the half-maximum value of XRD diffraction lines, A
is the X-ray wavelength and 0 is the angle of Bragg’s
diffraction (Rahman et al., 2017).
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Fig 1: XRD analysis of synthesized IOMNPs

UV-vis spectroscopy: UV-Visible spectroscopy has
been conducted to explore the optical properties of
IOMNPs (Martin et al., 2008). The reduction of Iron
oxide magnetic nanoparticles (IOMNPs) was
monitored by wusing a double beam UV-vis
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spectrophotometer (Shimadzu, 96 UV-1900i model)
(Bharathi et al., 2020) of the reaction medium in the
wavelength range of 280-900 nm with 1000 mm quartz
cell. The resolution of the UV-vis spectrophotometer
was 1 nm. The UV-vis spectrum of the resulting
solution was recorded. The graph of wavelength on the
X-axis and absorbance on the Y-axis was plotted. The
optical properties of IOMNPs were monitored by
using UV-Vis (Shimadzu, 96 UV-1900i model). The
optical absorption coefficient has been calculated in
the wavelength region of 280-900 nm. The absorption
peak at 560 nm in Fig 2 confirmed the presence of
IOMNPs (Mirza et al., 2018) reported that UV-
spectral absorbance between 250-260 has a unique
characteristic feature of IOMNPs.
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Fig 2: UV-Vis Spectrum of synthesized IOMNPs

SEM analysis: The Scanning Electron Microscopic
analysis of Iron oxide NPs was done using Carl Zeiss
Evo 18 Secondary Electron Microscope for better
magnification up to 100K. The magnification depends
on the sample size (Krishnaveni et al.,, 2019).
Morphology studies were done using SEM analysis of
the synthesized IOMNPs as shown in Fig 3. The
synthesized sample was dissolved in deionized water
and maintained in a sonicator for 30 min. After the
process was completed, one drop of the sonicated
sample was placed on the silicon surface and finally
dried on a hot plate. The obtained results using SEM
analysis shown that IOMNPs has a spherical shape
with little agglomeration. (Prodan et al., 2013) have
obtained the spherical shape while synthesizing
IOMNPs in his studies.

FTIR analysis: The Fourier Transform Infra-Red
Spectroscopy of IOMNPs was presented in Fig 4. The
peak value and the corresponding functional groups
are presented in Table 1. The peak arising at 3424 cm-
! is observed due to the O-H stretch of H-bonded
alcohols, phenols. The -N=C=0 stretch of isocyanates
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can be seen at 2270 cm*. The N-H bend of 1° amine
can be found at 1644 cm™. The peaks at 1172 cm™?
attributes to the C—N stretch of aliphatic amines. N-O
symmetric stretch of nitro compounds is observed
around 682 cm. The fingerprint region at 558 cm*
shows the C—Br stretch of alkyl halides. The bands 586
is assigned to characteristic Fe—O vibrations of Fe;0..
The band O-H vibrations occur from 3160 to 3430 cm-
1. Slight differences occur in the peaks at 3414 cm!
representing —OH functions. The band at 1616 cm™ is
due to the bending modes of the water molecules
adsorbed on magnetite surfaces (Lopez et al., 2010).
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Fig 4: FTIR spectrum of IOMNPs

Table 1: Peak table of IOMNPs

S. No Peak (cm™)  Functional Group

1 3424 O-H stretch, H-bonded alcohols, phenols
2 2270 -N=C=0 stretch isocyanates

3 1644 N-H bend 1° amines

4 1172 C-N stretch aliphatic amines

5 682 N-O symmetric stretch nitro compounds
6 558 C—Br stretch alkyl halides
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DLS analysis: DLS is based on the laser diffraction
method with multiple scattering techniques utilized to
study the average particle size of sample nanoparticles.
The synthesized sample was spread in deionized water
followed by ultra-sonication. The solution was filtered
out and centrifuged for 15 min at 25°C with 5000 rpm
and the supernatant was collected. The supernatant
was diluted 4-5 times and the particle distribution in
the liquid was studied in a computer-controlled
particle size analyzer (ZETA sizer Nano series,
Malvern instrument Nano Zs) (Kaman and Dultta,
2018). The size distribution of the IOMNPs was
measured by Dynamic Light Scattering (DLS). DLS
uses a light source that emits through a solution
containing particles and measures the amount of light
reflected from the particles. The graph consists of size
measurements concerning the intensity of scattered
light, the volume of the sample, or the measured
number of particles in the sample. The average particle
size obtained in our study was 60 nm as shown in Fig
5.

Differential Intensity (%)
Cumulative Intensity( %)

@
1.0 1.0 100.0

Diameter (nm)

1000.0

Fig 5: DLS Particle size image of IOMNPs

FL analysis: Fluorescence characterization of the
IOMNPs was performed using an Instrument model
LS45. The fluorescence measurements of Iron oxide
NPs were also made over the wavelength range of 250-
700 nm. The fluorescence spectrum of IOMNPs was
recorded at room temperature by a Fluorescence
spectrophotometer as shown in Fig. 6 Fluorescence
spectrum is a useful technique for investigating energy
levels. The lower emission peak at 383 nm was due to
the radiating defects related to the interface traps
existing at the grain boundaries. The higher emission
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at 680 nm may also attribute to the surface defects, and
few authors reported that these peaks are related to the
dislocations or oxygen defects. The fluorescence
spectrum of IOMNPs present at a series of emissions
in the region from 350 to 700 nm.
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Fig 6: Fluorescence image of IOMNPs

TGA analysis: TGA is considered the most important
method for studying the thermal stability of polymers
and nanoparticles the thermal stability of the PANI-
SnO2 Nanocomposite was investigated by using
TG/DTA (Hitachi-Thermo Gravimetry/Differential
Thermal Analyzer STA7000, Japan) analysis was
performed from 30°C to 800°C with a heating rate of
10°C/min under nitrogen flow. The synthesized
IOMNPs was analyzed by Thermogravimetric analysis
for thermal sustainability and weight loss. TGA of
dried iron oxide NPs at optimum concentration was
observed after 24 h in air and was analyzed between
the temperature of 20°C and 800°C in a nitrogen
atmosphere at a heating rate of 20°C min'. The
obtained curves are shown in Fig 7. The obtained
results showed that two endothermic peaks were
observed in the DTA curve under 80° C which
attributed to desorption of water and CO physically
adsorbed on the oxide surface with 1.9 mg weight loss
on the TGA curve. An obvious exothermic peak
appears between 120 and 420° C. This peak was
related to maghemite to hematite phase transition
without any weight loss on the TGA curve. The last
endothermic peak at 460° C corresponded to the
decomposition of hematite to wustite (FeQO) attributed
to the transition of hematite to magnetite with a 1.31
mg weight loss.
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Fig 7: TG (A), DTG (B), and DTA (C) curves of IOMNPs

Fig 8: Antibacterial activities of synthesized IOMNPs

Table 2: Antibacterial activity of IOMNPs

Zone of Inhibition (mm in diameter)

Concentration  E. coli Pseudomonas Enterobacter ~ Staphylococcus — Bacillus
(A) (B) © aureus (D) (E)
0.1mg 3 2.2 2.8 2.8 3
0.5mg 3 24 28 3 3.2
Control 3.2 3.2 3.1 3.2 35

Antibacterial activity: The antibacterial activity of
chemically synthesized IOMNPs was assessed against
pathogenic bacteria such as Escherichia coli (A),
Pseudomonas (B), Enterobacter (C), Staphylococcus
aureus (D), and Bacillus subtilis (E) as shown in Fig
8. Table 2 showed that the antibacterial activity against
E. coli and Bacillus subtilis was neutral at 0.1 mg
concentration comparing the other bacterial species.
The same result was obtained for Enterobacter and
Staphylococcus aureus. At the concentration of 0.5 mg
similar inhibition zone was observed between E. coli
and Staphylococcus aureus. Higher antibacterial
activity was observed in Bacillus subtilis, Gram-
positive bacteria, and the lower antibacterial activity
was observed in Enterobacter, Gram-negative
bacteria. On altering the concentration, an increase in
the antibacterial activity was observed in
Pseudomonas (B), Staphylococcus aureus (D), and
Bacillus subtilis (E) whereas Escherichia coli (A) and
Enterobacter (C) shown similar inhibition zone.

Conclusion:  The IOMNPs are synthesized,
characterized, and assessed for antibacterial activity.
The antibacterial activity for both Gram-positive and
Gram-negative  bacteria was performed with
comparison in the concentration (0.1 and 0.5 mg).
Higher antibacterial activity was observed in Bacillus
subtilis (Gram-positive) and lower antibacterial
activity was observed in Pseudomonas (Gram-

negative). The applicability of IOMNPs was focused
much on biomedical applications with the clinical
trials conducted.
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