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Abstract: Hematite (a-Fe203) nanoparticles have been prepared by the conventional chemical precipitation
synthesis technique. The prepared samples were subjected to structural, morphological, optical, magnetic and
antibacterial behaviours. The diffraction analysis implies that the measured crystallite size of a- Fe20z nanoparticles
is found to be 39 nm. The UV-visible absorption spectroscopy exhibits a strong absorption around 560 nm which is
characteristics of Fe2O3 nanoparticles and the calculated bandgap value is found to be 2.07 eV. The presence of iron
oxide polymorphs can be demonstrated by displaying phonon modes in Raman spectroscopy. Fourier-transform
infrared spectroscopy (FTIR) study is used to identify the existence of functional groups and chemical structure of
the synthesised Fe203 nanoparticles. Magnetic analysis displays hysteretic behaviour at room temperature with
saturation magnetization Ms = 0.0036 emu/gm, the remanent magnetization Mr = 0.000698 emu/gm, and coercivity
Hc = —0.27 Oe, respectively. The antibacterial activities of these a-Fe203 nanoparticles were investigated on
pathogenic bacteria Pseudomonas aeruginosa, Bacillus cereus, Staphylococcus aureus, and E. coli by a zone of
inhibition method.

Keywords: a Fe20s nanopatrticles, XRD, SEM, Magnetic properties, Antibacterial activity.

sonochemical, and microwave plasma [12-17].
Nanoparticles' physical and chemical characteristics,

1. Introduction

In a variety of fields, nanotechnology holds

considerable potential advantages. Recently,
nanomaterials have attracted a lot of focus owing to their
properties and potential uses due because their
distinctive size and form, making their development and
manufacture major areas of investigation in
nanotechnology [1, 2]. By creating brand-new
approaches to resolving environmental issues,
nanomaterials have the potential to enhance the
environment. The use of magnetic nanoparticles in
various magnetic systems is of great interest because of
their distinctive nanoscale characteristics. With a Band
gap energy of Eg = 2.1 eV, hematite (Fe20s3) is the most
stable iron oxide and ecologically acceptable
semiconductor [3]. Iron oxide (a—Fe203), is a trendy and
potentially useful substance for use in a variety of
systems, including gas sensing, photo-catalysts, Li*-
batteries, Nat*-batteries, magnetic = components,
supercapacitors, photonic devices, and biomedical
materials. [4-11].

a-Fe203 nanoparticles have been created using
several ways these techniques of particle production
have been expanded, including solgel, microemulsion,

such as size uniformity and crystallinity, have been
shown to differ depending on their microstructure.
However, these processes often demand the use of
specialised equipment, high temperatures, and the time-
consuming and costly elimination of contaminants.
Using inorganic salts as precursors, the chemical
coprecipitation technique has been employed to create
nano or sub-micro particles in several metal oxides
(stable materials) [18]. A variety of factors, such as the
synthesis process and circumstances, iron oxide can be
formed in many phases, such as a—Fe203 (hematite), y—
Fe20s (maghemite), and FesOs (magnetite). This
chapter concentrates on the initial kind of iron oxide
(hematite, (a—Fe203). Among all, a—Fe20s is frequently
obtained in a stable phase throughout the synthesis
executions.

The oxygen atoms in the crystal structure of o—
Fe203 are in a hexagonal close packed configuration,
with two out of three octahedral sites occupied by Fe3*
ions and no periodical defects [19]. The crystalline
structure of maghemite (y—Fe20s3) is similar to that of
Fes04, with key difference being that y—Fe20s3 includes
only Fe3* cations and vacancies in their sublattices [20].
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The magnetic properties of each arrangement differ due
to vacancies and valance states in sublattices [21].
These factors impact the saturation magnetization
values for bulk a—Fe203 (65 emu/gm) and y—Fe20z3 (76
emu/gm) [22]. Meanwhile, compared to y-Fe203, a—
Fe203 has extraordinarily high coercivity (Hc > 4000 Oe)
[23]. Many researchers have recently created nanoscale
iron oxide particles using various techniques such as
hydrothermal, solgel, coprecipitation, and microwave
[24-27]. The chemical precipitation approach was used
to create Fe:0s3 nanoparticles in this study. X-ray
diffraction  (XRD), UV-vis diffuse reflectance
spectroscopy (DRS), Photoluminescence (PL), Raman
spectroscopy, Fourier transform infrared (FTIR),
Scanning electron microscopy (SEM), Vibrating sample
magnetometer (VSM), and antibacterial effectiveness
(Negative and positive controls were utilized) were used
to characterise the produced powders. After that, the
inhibition zones were measured in mm).

2. Experimental Technique
2.1 Materials

The used precursor materials are iron (lll)
chloride hexahydrate (Fe2Cls.6H20) with a grade of 99%
(Sigma Aldrich Chemical Co., China), and NH4OH as a
precipitant agent 25-28% (Alaa Eldin Co., China).
Ethanol (C2HsO) > 99.6% (Tian Jin Fuyu Fine Chemical
Co., China) was used for washing.

2.2. Synthesis procedure

A simple chemical precipitation process was
used to create pure a—Fe203 nanoparticles. 0.25M of
FeClz6H20 have been dissolved in 150 ml of deionized
water and stirred for 1 hour at 800 °C to get a—Fe20s.
The precipitating agent was a 50 ml aqueous solution of
2M (NH4OH). To maintain a PH of 10, a base solution
(NH4OH) was progressively added drop by drop. The
reaction that occurred in the vessel has been heated to
800 °C using a stirrer with magnetic pellet for three
hours. The precipitate was gathered and spun in a
centrifuge at 5000 rpm, after which it was repeatedly
cleaned in distilled water with ethanol until getting dried
in a hot air oven at 800 °C and calcined for 2 hours in a
muffle furnace to harvest pure phase of a-Fe20s.

2.3 Characterization

Powder X-ray diffraction (XRD) measurements
on the as-synthesized product were carried out on a
Rigaku TTRIII X-ray diffractometer with Cu Ka 1
radiation (A = 1.5406A). Data were collected over the 26
range 20-60°. UV-vis absorption spectra in the
wavelength range of 200-800 nm measurements were
conducted using a Hitachi-U-2001 spectrometer.
Photoluminescence  (PL)  spectroscopy  (Horiba
spectrometer, iHR-550: 320 nm) was used to investigate
the emission properties of the photocatalysts. Micro-

Raman spectra of a-Fe203 NPs were recorded using
Horiba Jobin — Yvon Lab Ram HR Raman spectrometer
with 532 nm Argon laser as excitation source in the
range of 100-800 cm-. Fourier Transform Infra-Red (FT-
IR) spectra of samples were explored by a NICOLET
IR200 FT-IR spectrometer with a range from 4000 to 400
cml. The Scanning Electron Microscope (SEM) was
collected on scanning electron microscopy (SEM) type
KYKY-EM3200, 25KV. The elemental analysis has been
studied using the energy dispersive X-ray spectroscopy
(EDX, BRUKER, INDIA) analysis to confirm the
presence of pure elemental Fe and oxygen with no other
impurity peaks. VSM analysis was performed to study
the magnetic behaviour of used samples at room
temperature available at Central Instrumentation
Facility, Pondicherry, India.

2.4 Antibacterial Assay

Petri plates containing 20 ml nutrient agar
medium were seeded with 24hr culture of bacterial
strains (E.Coli- 443, Bacillus cereus- 441 ,Pseudomonas
aeruginosa — 424 and Staphylococcus aureus- 902)
Wells were cut and different concentration of sample
Pure(500, 250, 100 and 50 ug/ml)was added. The plates
were then incubated at 37°C for 24 hours. The
antibacterial activity was assayed by measuring the
diameter of the inhibition zone formed around the wells.
Gentamicin antibiotic was used as a positive control. The
values were calculated using Graph Pad Prism 6.0
software (USA).

3. Results and discussion

3.1 Thermogravimetry Differential Thermal

Analysis TG/DTA Analyses

Figure.l  Shows the  Thermogravimetry
Differential Thermal Analysis TG/DTA thermal response
curves of pure a-Fe20s (0.25M). In a nitrogen
atmosphere, thermal analysis using TG/DTA
measurements was carried out at a 20 °C/min heating
rate. The elimination of adsorbed water is responsible for
the first weight reduction (6%) seen in Figure. 1

The degradation of organic substances caused
a significant loss (36%) between 260 and 648 °C. The
DTA thermal response exhibited sharp endothermic
peak around 264 °C, demonstrating organic matter
breakdown. The sharpness of the endothermic peak
indicates that the material being studied is crystalline
and pure. As the temperature rises over the melting
point, only modest weight loss is detected.

3.2 X-ray diffraction analysis of a—Fe,0O;

The crystalline structure and phase purity of the
prepared a—Fe203 nanoparticles have been studied by
recording powder XRD with cu ka radiation (A=1.5405A)
from 20°-60°.The XRD of the prepared a-Fe20s
nanoparticles is shown in Figure. 2.
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Figurel. Thermogravimetry Differential Thermal Analysis (TG-DTA) patterns of nanosized a-Fe203
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Figure 2. XRD patterns of nanosized a-Fe20s.

All of the diffraction peaks have been identified
as having a rhombohedral unit cell and exhibit excellent
crystalline nature [JCPDS#89-0598]. Hematite is
produced by the Fe203 transitions from y — Fe203 to a—
Fe203. The precise same sample underwent treatment
at 400 and 500° C (see figure.l for a thermal
characterization of the sample). In the final phase, the

composition of Fe203 with reflection peaks (012), (104),
(110), (113), (024), and (116), as well as hematite a-
Fe20s, allowed for a reduction in the defect in the Fe203
nanoparticles and an improvement in the properties of
the synthesised nanopowder. The average particle size
of the Fe203 nanoparticles has been calculated using
Debye-Scherer's equation, as described by [28, 29].
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D = 0.91/Bcos6 Q)

where, D is grain size of prepared NPs, A is the
wavelength of x-ray, ‘B’ is a measure of full width at half
maximum (FWHM) for the diffraction, M, and 6 is the
position of the diffraction which determined from the X-
ray diffraction pattern (XRD) using the line-width of the
typical refraction peaks. These calculated values are
used to estimate the dislocation densities. Micro strain
occurs as a result of lattice misfit, which varies
depending on the deposition conditions (synthesis
processes and parameters), and is thus determined
using the formula.

£ = Bcos(0/4) (2)

The dislocation density (6) has been calculated
with the crystalline size by the formula

8§ = 1/D? (3)

When the annealing temperature was raised
from 500 °C to 700 °C, it was also noted that the
crystalline size of a—Fe203 rose from 34 to 44 nm [30]. It
can be shown that the predicted size from the XRD
measurements is in line with the average crystalline size
of bare a—Fe203, which is 39 nm.

3.3 Diffuse Reflectance Spectral Studies

Iron oxides exhibit a variety of colours as a result
of various electronic transitions. The coloured Fe oxides
typically have considerable absorption in the ultra violet
(UV) and blue spectral regions, but they substantially
reflect in the red and infrared. Only a tiny amount of the
light beam that strikes the surface of the powdered
material is selectively reflected; the other component
permeates the sample's bulk and is scattered.

Eventually, some of the radiation leaves the bulk and
reflects diffusely in all directions. Different iron oxides
have been identified and described using the UV-vis
diffuse reflectance spectroscopy (UV-DRS) [31].

Figure. 3(a) and Fig. 3(b) depict the diffuse
reflectance spectra of prepared Fe2Oz nanoparticles in
the wavelength region of 200-800 nm. According to Fig.
3(a) and Fig. 3(b), the synthesised nanomaterial exhibits
extremely low reflectance between 300 and 575 nm,
which is consistent with strong absorption. At roughly
560 nm, reflectance increases sharply. Two faint bands
at 240 and 284 nm in the higher energy region are seen,
and they are ascribed to metal-ligand charge transfer
from, 2p orbital of O to 2Ez, and 3eg orbitals
corresponding the Fe3* [32].

The optical bandgap value (Eg) of the
synthesized a-Fe:0s has been calculated using the
following expression, and the Taue plot method from the
Fig. 3(b).

ahv = (hv- Eg)" (4)

where, hu is photon energy eV, a is absorption
coefficient, cm™1, and n can be Y% (direct allowed), 2
(indirect allowed) depends on the nature of transitions.
[33]. An electron can directly emit a photon because
electrons in the conduction band acquire comparable
momentum as holes in the valence band, which is the
process behind the direct and indirect band gaps. A
photon has the same energy as the direct bandgap
energy. The indirect bandgap in semiconductors arises
from the fact that no photon may be released during a
transition if an electron undergoes an intermediate state
and transfers momentum to the crystal lattice.

Pure o—Fe,0,

Absorbance (a.u)

284 nm
1240 nm

~~560 nm
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Figure 3 (a). UV-vis diffuse Reflectance Spectrum of a-Fe203 nanopatrticles.
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Figure 3(b). Band gap values of the a-Fe203 nanopatrticles

The existing literature on Fe203 shows indirect
bandgaps ranging from 1.38 to 2.09 eV [34-36] and
direct bandgaps ranging from 1.95 to 2.35 eV [37-39]. In
this study, the measured bandgap value from Tauc’s plot
of Fig. 3(b) of the prepared Fe:0: was 2.07 eV,
indicating that the sample contains an indirect bandgap.
Fig. 3 (b) showed a notable red shift as the crystalline
size of the nanoparticles increased, which contributed to
the spatial confinement effect.

3.4 Photoluminescence study

In the phenomenon of photoluminescence, a
material absorbs photons and then emits them again at
a different wavelength. This may be described in terms
of quantum mechanics as a transition from a lower
energy level to a higher energy state, followed by a
transition back to the lower energy state and the
emission of a photon. Bulk o-Fe203 lacks
photoluminescence owing to forbidden d-d transition,
resonant energy migration among dopant and host, an
effective lattice, and magnetic relaxation. However,
because of the quantum confinement, the a—Fe20s3
nanoparticles exhibit luminescence, which causes an
electronic state to dislocate and became quantized [40].
Figure (4) depicts the PL spectrum of a material that is
stimulated at 480 nm at room temperature. This
luminescence can be seen at 484 nm, 538 nm, and 625
nm, with the sample's minimum emission being centred
around 484 nm. Furthermore, related emission band
around 530 and 625 nm are corresponding to the
recombination rate of stimulated charge carriers and
oxygen vacancy defects [41]. Three well distinct bands,
484, 530, and 628 nm, exist further in the visible area
between 400 and 700 nm (Fig. 4). The electronic
transitions of iron vacancies 2D° — ?p and 1D° — 3p were
identified through emission peaks at 484 nm and 530

nm, respectively. The peak at 625 nm is associated with
an oxygen vacancy-related transition of 4p°® — 4D [42].
According to the literature, the band around 628 nm
results of the transition due to ligand field, 530 nm arise
from an electron pair transition, and 484 nm from 6A—*E
transition [43-45]. It was seen from DRS spectra in the
wavelength range around 700-800 nm, the absorption
observed to be moderate whereas reflectance was
strong enough which shows shift to longer wavelength
as increase in grain size of NPs. In the current
investigation, emission peaks with a lower photo
luminescence intensity demonstrated advancement in
charge separation efficiency.

3.5 Raman Spectroscopy

The presence of iron oxide polymorphs can be
demonstrated by displaying phonon modes in Raman
spectroscopy. Different phases of iron oxide exhibit
unique Raman peaks, confirming the kind and purity of
the synthesised sample's existing phase. Figure. 5
depicts the Raman spectrum of hematite from as
prepared nanoparticles calcined at 700 °C. The strong
and powerful peaks at 254, 404, 609, and 618 cm in
the Raman spectrum are the hallmarks of Fe20s; they
are associated to Eg phonon mode. Thus data
demonstrate that the processed at 700 °C synthesised
resultant is a-Fe203. There was no additional iron oxide
(magnetite/maghemite) found, indicating the purity of
synthesised a-Fe20s nanoparticles.

Moreover, comparable findings were reported to
explore the Raman spectral vibrations employing
with nano a—Fe203 [46, 47]. Similar results including, Aig
and Eg modes in oxygenating a-Fe20z NPs were
reported by Xu et al. [47].

Int. Res. ]J. Multidiscip. Technovation, 5(5) (2023) 30-43 | 34



Vol 51Iss 5 Year 2023 P. Rajapandi & G. Viruthagiri /2023

Intensity (a.u)

Pure a-Fe203

0 1 v I v 1
500 550 600

T T
650 700 750

Wavelength (nm)

Figure 4. Photo luminescence spectrum of a-Fe203 nanoparticles
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Figure 5. Raman spectrum of a-Fe203 calcined at 7000c for 2 hours

These results are in agreement with the Raman
spectrum of pure Fe20s crystals with the same
rhombohedral structure, which was acquired from the
XRD examination of the same sample for the purpose of
identifying the crystallinity of synthesised a—Fe20s3
calcined at 700 °C.

3.6 Fourier transform infrared spectroscopy
(FTIR) Spectral analysis

Fourier transform infrared spectroscopy (FTIR)
study is used to identify the existence of functional
groups and chemical structure of the synthesised Fe203
nanoparticles. Hematite that has been calcined at 700
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°C is shown in Fig. 6 as a synthetic product's FT-IR
spectrum. The Fe—O band vibration is responsible for
the significant IR-absorption band at 555 and 444 cm!
[48, 49]. However, the two bands for the synthesised
Fe203 product that was calcined at 700 °C were at 567
and 473 cm~1, respectively. Fundamental stretching and
bending modes vibrations of the hydroxyl (OH-) groups
and/or water molecules (H-O-H) are attributed to the
wide absorption band that is centred at 2337 cmt, 2925
cm, 3432 cm~! and should peak around 1630 cm~ [50].
These results are in good accord with the previous
values [46, 51-54] and suggest that the broadness of the
band may be related to hydrogen bonding between the
absorbed water molecules. All of the bonding peaks

35

sharpen and intensify when the powder is calcined at
700 °C, demonstrating the high temperature-induced
purity of the nanostructures' crystallinity. The X-ray
diffraction (XRD) and Fourier transform-Raman
measurements provide strong confirmation of these
crystallinity phenomena.

3.7 Morphological investigation

Scanning electron microscopy (SEM) analysis is
used to explore the surface morphologies of synthesized
sample (calcined at 700 °C), and the findings are shown
in Fig. 7 (a) through Fig. 7 (d), for both low and high
magnification.

30 -
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Figure 6. Fourier transform infrared spectrum of a-Fe203 nanoparticles
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Figure 7. (A-F). SEM images, EDAX spectrum and Elemental mapping of a-Fe>03 nanoparticles
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Additionally, a careful examination of the
surface morphology photos at high magnification (Fig. 7
(c, d)) revealed that the microspheres were made up of
aggregates of spherical nanoparticles with an typical
diameter varies from 40 nm to 81 nm (Fig. 7 (a, b)). The
(FeCls, 6H20) precursor aggregation, which produces
the hematite nuclei, is the cause of this as the Fe
concentration in the aggregation restricts the size of the
hematite particles [55]. Figure 7 (e) illustrates the Energy
Dispersive Spectroscopy (EDS) examination of Fe203
nanoparticles, which verifies the presence of iron and
oxygen components with respect to weight %. The
chemical (elemental) makeup of the material under
Scanning electron microscopy (SEM) was examined
using the Energy Dispersive Spectroscopy (EDS). If the
Fe20z product is just made up of the elements Fe (68 %)
and O (32 %), the Energy Dispersive Spectroscopy
(EDS) findings indicated peaks of iron and oxygen (Fig.
7 (e)). The elemental mapping pictures in Fig. 7 (f)
illustrate the good spatial distribution of elements in Fe
and O. In general, Fe elements are most evenly
distributed throughout the whole surface and are in
accordance with the elemental mapping.

3.8 Magnetic study

Magnetism is caused by the spatial
arrangement (orbital/spin motion) of electrical currents.
[51]. It is applied to describe the various magnetic
material phases. Only oxygen, chromium, iron,
manganese, cobalt, nickel, and several rare earth
elements exhibit magnetic ordering in the polyatomic
state, while the majority of chemical elements carry an
atomic moment in the atomic ground state [52]. The
unpaired electrons in each atom's atomic shell,
particularly in the 3d and 4f shells are thought to be the
primary source of magnetic moments, which are the
fundamental component of material magnetism [53].

Thus, magnetic ordering may be produced by
the magnetic moment of delocalized electrons in metals
and the interatomic interaction between localised
magnetic moments in molecules.

The magnetic moment of an atom is produced
via interactions involving orbital motion and spin
component of electrons, with the latter contributing very
little [54]. High spin Fe3* with five unpaired electrons
exhibits magnetic moments that are 5.9 Bohr
magnetrons in both computations and observations due
to its zero orbital moment. The measured magnetic
moment of Fe2* (5.1 to 5.5 Bohr magnetrons) varies from
the anticipated value (4.9 Bohr magnetrons), showing a
contribution from the orbital moment [56]. Pure metals
like Fe, Co, and Ni often have the greatest magnetization
saturation values, but their severe toxicity and sensitivity
to oxidation render them of little use [57]. Iron oxides can
therefore offer a consistent magnetic response and are
less likely to oxidation.

In general, grain size and surface effect are
greatly affecting the magnetic characteristics of
nanoparticles [52]. Surface morphological effects are
connected to the symmetry infringement of the
crystallinity at each particle's periphery, whereas finite
size effects are the outcome of the quantum confinement
of electrons. Lu et al. [58] have covered more in-depth
topics. Below a certain particle size, a particle would only
have one magnetic domain. The total uncompensated
spins in a nanoparticle add up to form a single domain
particle's net magnetic moment [59]. Due to the
manifestation of super paramagnetic characteristics,
particles in the nano-range invariably fall into a single
domain. Further, the super paramagnetic properties
were observed for a—Fe20s, y—Fe203, and FesO4 with
diameters smaller than 20 nm [43], 10 nm and 6 nm [44],
respectively.
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0.001 —.
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Figure 8. Magnetization versus magnetic field (M-H) plots at room temperature of a-Fe20O3 nanoparticles
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To obtain saturation magnetization (Ms),
magnetic particle magnetization directions must line up
with magnetic field directions. Fig. 8 shows the MH curve
associated with magnetization for applied magnetic field
for the synthesised a—Fe203 NPs obtained at RT using
VSM instrumentation technique. The value of Ms per
gram of hematite is 0.0036 emu/g, and the remanent
magnetization (Mr) per gram is 0.000698 emu/g; also,
the calculated coercivity (Hc) value was found to be —
0.27 Oe. A small hysteresis loop and strong coercivity
values from the hematite sample contributed to the
particle's identification. These findings show that o—
Fe203 hematite nanoparticles have slight ferromagnetic
characteristic at ambient condition. Ferromagnetism is

the fundamental process that occurs when certain iron
magnetic materials, convert into permanent magnets
[60]. This was also supported by the X-ray diffraction
(XRD) measurements.

3.9 Antibacterial activities

The zone of inhibition approach was used to
investigate the antibacterial activity of a-Fe20s

nanoparticles against diverse harmful bacteria, including
Staphylococcus aureus, Bacillus cereus, Pseudomonas
aeruginosa, and E. coli. On a vernier calliper, the zone
of inhibition was measured in millimetres (Figure. 9 (a-

d)).
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Figure 9. Zone of inhibition of pure a-Fe203 nanoparticles (a) Staphylococus aureus (b) Pseudomomonas
aeruginosa (c) Bacillus cereus and (d) Escherichia coli.
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Table 1. Antibacterial activity of a-Fe2O3 nanoparticles

Zone of inhibition(mm) SD = Mean
S.NO Name of t.he test Name of the test 500 250 100 50 ositive
organism sample
pg/ml pg/ml | pg/ml | pg/mi control
1. Staphylococeus 11.5:0.2 | 8:0.2 0 0 23+1.0
aureus
2. E.Coli 11.3+0.3 | 7.5£0.3 | 6.2+0.2 | 5.1+0.1 22+1.0
3, Pseudomonas Pure (aFe20s) 11.240.2 | 8+0.3 0 0 22+1.0
aeruginosa
4, Bacillus cereus 12+0.2 | 8.1+0.1 0 0 23+2.0

The agar plates were infected with hematite
nanoparticles at concentrations of 50, 100, 250, and 500
g/ml at the centre well with a diameter of 6 mm. These
plates were incubated for 24 hours at room temperature
(=35°C). To get concurrent values (results), all tests
were performed in triplicate, and the standard deviation
was tabulated (Table 1).

The presence of an inhibition zone in the current
investigation suggests that nanoparticles are acting
biocidally, maybe via breaking the bacterial membrane.
The duration of bacterial suppression is determined by
the quantities of nanoparticles as well as the starting
bacterial concentration. The smaller the particle size, the
greater the membrane permeability and cell death [62].
As a consequence of the nanoparticles enormous
surface area i.e. higher surface to volume ratio, they may
be firmly adsorbed to the surface of bacterial cells. As a
result, they rupture the membrane, allowing internal
components to flow out and kill the bacterial cells [63].
Smaller particles with a large surface contact area have
a greater bacterial impact than bigger ones [64]. In the
present study, nanoparticle concentration was a major
factor in their antibacterial activity. In addition to the prior
studies, we also propose the potential antibacterial
nature of a—Fe203 nanoparticles which can be further
explored for diverse applications.

4. Conclusion

In this study, the sample chemical precipitation
synthesis technique was effectively used to prepare
a-Fe20s  nanopowders  utilising ferric  chloride
hexahydrate as a precursor. It is concluded from the X-
ray diffraction (XRD) pattern, pure nano a-Fe2Os3 with a
rhombohedral structure with grain size of 39 nm were
identified. Results from SEM reveal not just particle sizes
but also changes in morphology, size distribution, and
agglomerations. In addition, in contrast to past research,

the precursor nature was discovered to be the primary
factor impacting both size and shape. The existence of
Fe—O stretching mode of a—Fe20z was detected in the
Fourier transform infrared (FTIR) spectra. The four
phonon modes of the rhombohedral product are seen in
the raman spectrum, which also depicts the
development of the crystal formations. Energy
dispersive spectral (EDS) analysis shows merely peaks
of Fe and oxygen, proving that the absence of impurities
in prepared hematite nanoparticles. With an optical band
gap of roughly 2.07 eV, the UV-vis absorption of a-Fe203
nanoparticles revealed a high peak at 240, 284, and 560
nm. The magnetic characteristics of the o—Fe203
nanoparticles were examined. The relationship between
the particle size and various preparation factors has
been researched and rationally explained, as well as the
relationship between the coercivities and the magnetic
moment and size. On both gram-positive and gram-
negative bacterial strains, the a—Fe20s nanoparticles
demonstrated their antibacterial properties. We may
infer that a—Fe203 is a highly potent antibacterial agent
given the size of the zone of inhibition.
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