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ABSTRACT

Iron oxide (Fe,05) nanoparticles have various types of applications and in this era, biogenic synthesis is the most effective and
eco-friendly method to synthesize the nanoparticles. This research aimed to synthesize the Ni-doped Iron oxide nanoparticles by
using leaf extract of Hibiscus Sabdariffa (Rosella), Iron (111) nitrate nonahydrate as the source of Iron, and Nickle nitrate
hexahydrate as the source of Nickle. The synthesized nanoparticles were analyzed through various techniques such as X-ray
diffraction (XRD), scanning electron microscopy (SEM), and UV-visible spectroscopy to determine their structural,
morphological, and optical properties. XRD result of NPs confirmed the formation of crystalline iron oxide NPs and Ni-doped
iron oxide NPs with the average crystalline size of 13.90 nm and 14.94 nm respectively. SEM analysis provided NPs insights
into the surface morphology and particle size, revealing spherical nanoparticles size between 10 nm to 90 nm, with average
spherical size of iron oxide NPs and Ni-doped NPs is 46.13 nm = 4.71 nm and 35.27 nm + 1.32 nm respectively. UV visible
spectroscopy analysis showed the absorbance and energy band gap of both nanoparticles. Antibacterial activity revealed
variations in the zone of inhibition between pure iron oxide NPs and Ni-doped iron oxide NPs. This biogenic method is not only
eco-friendly but also cost-effective with its various types of potential applications.
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1. Introduction

Nanotechnology is one of the advanced techniques employed
in many chemical and physical processes for the fabrication
of nanomaterials with identical properties [1], [2]. This
technique helps the formation of new materials in the nano
range under 100 nm. The nonmaterial has some potential
applications such as nanomedicine, biomaterials, sensors,
drug delivery systems, nanoelectronics, agriculture,
information and communication, and heavy industry [3], [4].

Among the various types of nanoparticles, Iron oxide
nanoparticles achieved earmarked attention to the researcher
due to their identical properties like superparamagnetism,
low susceptibility to oxidation, firmness with a wide range
of applications like drug delivery system, antibiotic
degradation, magnetic cell sorting, magnetic particle
imaging (MPI), adsorption of dyes, biosensing, and
bioengineering [5-15]. The magnetic properties of iron oxide
nanoparticles could be improved by doping with transition
metals like Ni, Co, and Mn [16]. In this research, Ni is used
as a doping metal to synthesize the iron oxide nanoparticles
which exhibit superparamagnetic properties at room
temperature [16], [17]. When Ni doped into the iron oxide
nanoparticles it would form a spinel structure of nickel
ferrite. It also contains a cubic structure where tetrahedral
and octahedral sites are occupied at different positions [16].
Effective doping of transition metal has been achieved
through various techniques like electrodeposition [18],
chemical deposition [19], spin coating [20], spray pyrolysis

[21], and green synthesis process [22]. 5 wt% Ni was used in
iron oxide by green synthesis, which is a cost-effective, eco-
friendly, and simple process [23]. Hibiscus Sabdariffa
(Rosella) leaf extract is used as a green object that contains
flavonoid [24], anthocyanin, glucoside hibiscus, lignin,
organic acid, and glossy pepsin [24] and exhibits identical
properties as antiseptic, antioxidant, antibacterial, and
diuretic properties [25], [26].

Further, the synthesized iron oxide and Ni-doped iron oxide
nanoparticles is characterized by XRD analysis, SEM
analysis, UV-visible spectroscopy analysis, and antibacterial
activity variation. Significance of this research to investigate
the Ni doped iron oxide NPs antibacterial activity, the
research address the growing demand for novel antimicrobial
agent. This nanoparticle hold their potential application for
diverse application, including medical treatment, water
purification, and environmental remediation.

2. Materials and Methods

2.1. Materials
For the synthesis process the materials required are: Iron (I11)
Nitarte Nonahydrate (Fe(NO3);.9H,0, Purity: 98%,
Origin: India), Nickle Nitrate Hexahydrate (Ni(N03). 6H,0,
Purity: 98%, Origin: India). All the materials used were of
analytical grade.

2.2. Preparation of Hibiscus Sabdariffa (Rosella) leaf
Extract
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Rosella leaf was collected from the local area of Rajshahi
and washing it through de-ionized water. 30g of choppedleaf
was added into 300 ml of de-ionized water and heated it 30
min at 80°C. The resulting solution was filtered through
WHATMAN NO-1 filter paper to remove the residue. The
filtered extract was kept at 4°C for further use.

2.3. Synthesis of Ni-doped Iron Oxide NPs

Iron (111) nitrate nonahydrate is used as the source of Iron,
and Nickel nitrate hexahydrate is used as the source of
Nickel. At room temperature, 150ml of Hibiscus Sabdariffa
(Rosella) leaf Extract was added into the 2M 100ml of Iron
(111) nitrate nonahydrate to prepare the solution. After 30 min
of adding Iron (I11) nitrate nonahydrate, 5 wt% Nickle nitrate
hexahydrate was added to the solution. The solution was
stirred with a magnetic stirrer for 3 hours at 80°C. The color
change (Red Brown) of the solution indicated the formation
of nanoparticles. The resulting solution was centrifuged for
15 min at 5000 rpm and washed the solution twice times
through a 5% ethanol solution. The sample of NPs was dried
at 100°C overnight in a laboratory oven. After drying, the
powder was calcined at 550°C for 6 hours. Finally, the
obtained Ni-doped iron oxide nanoparticles were kept in a
glass bottle for further characterization. Fig. 1 shows the
process of Ni-doped iron oxide fabrication.
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Fig.1 Process flow diagram of Ni-doped Fe,05 NPs.
2.4 Characterization

Structural characterization of both NPs was done by using
X-ray diffraction, which is conduct by Bruker’s D8
(Germany) advanced diffractometer by engaging 40kV-
40ma Cu-Ko radiation and scanning electron microscopy
(SEM) used for morphological analysis with scanning speed
2.0000 (deg/min). Elemental characterization was done by
energy dispersive X-ray (EDS) technique. Both of these
conducted by ZEISS EVO 18 (UK). All UV-visible

spectra were recorded on the T80+ double-beam UV-visible
spectrophotometer (Range: 190-1100nm). The absorption
spectra of both nanoparticles were recorded by dispersion in
aqueous solution and scanned in the range 200-800 nm.

The Antibacterial Activity of synthesized NPs was evaluated
through Staphylococcus aureus as gram-positive bacteria
and E. Coli as gram-negative bacteria by using the disk

diffusion method [27]. All the bacteria were placed in an agar
plate around 6 mm in diameter and 4mg NPs were placed
into the wells. Finally, the plate was incubated at 37°C for
24hr. After the incubation, the zone of inhibition was
measured.

3. Result and Discussion
3.1. XRD Analysis

XRD analysis was used to find out the crystalline and
structural characteristics of Hibiscus Sabdariffa (Rosella)
leaf synthesizes iron oxide(Fe,05) NPs and Ni-doped iron
oxide NPs. Fig.2 shows the XRD pattern for both of the NP
which is obtained after the calculations at 550°C and
indicates the purity and proper phase formation of both of the
NPs. In this study, only 5 wt% Ni was doped into the pure
iron oxide NPs. There is no change in the lattice parameter
due to almost the same size of the dopant Ni ion (0.7 A) and
the host ion Fe (0.77 A)[28]. Due to the doping of Ni ions
into the pure NPs, a broadening diffraction peak was
observed. The doping attribute is the size reduction of
particle [23]. Due to the lower size of dopant, it will take
place in host lattice’s interstitial position. The observed
intensity peak which represents the corresponding plane for
both NPs from the JCPDS card no 96-900-5827.
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Fig.2 XRD pattern of both NPs.
The average crystalline size of the sample was find out by
the Debye The average crystalline size of the sample was
find out by the Debye-scherrer equation,
=( ,Bcose) 1)

Where d is the crystalline size, k is the scherrer constant
(0.98), Ais the wavelength (1.54 nm), B8 denotes the full
width at half maximum (FWHM) and 6 = Bragg angle. The
average crystalline size is shown in the Table 1.

Table 1 Crystalline size of both NPs

NPs (260) FWHM Crystalline  Average
Size D (nm) (nm)
Pure 30.52 0.61 14.09
NPs 35.58 0.73 11.93 13.90
57.34 0.62 15.24
63.48 0.68 14.34
Ni- 30.54 0.64 13.43
doped 35.96 0.61 14.29 14.94
NPs 57.72 0.58 16.32
63.18 0.62 15.70

3.2. SEM with EDS Analysis
Fig. 3 shows the FE-SEM image of iron oxide (Fe,03) and
Ni-doped iron oxide nanoparticles and the shape and surface
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morphology properties of the biogenic synthesis of
nanoparticles. The image of SEM shows that the
nanoparticles exhibit a non-uniform irregular shape and a
few hexagonal particles shaped with a narrow size
distribution of 10-90 nm [29]. The average size of the
particles for iron oxide(Fe,03;) NPs and Ni-doped iron
oxide(Fe,03) NPs is 46.13 nm + 4.71 nm and 35.27 nm *
1.32 nm, respectively. Due to the addition of 5 wt% Ni in
pure iron oxide NPs, the particle size decreases. Ni doping in
pure oxide NPs can undoubtedly stop the development of
particles and reduce the size of particles [22]. Fig. 3(c) shows
the EDS peak spectrum of NPs with the amount of Fe, Ni,
and O elements. The sharp peaks observed between 0.00 keV
to 1.50 keV , and 6.00 keV to 7.50keV are correlated to
crystalline NPs and small size particle enhance the high
surface area which helps to increase the inhibition against
bacteria.
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Fig.3 (a)SEM with size distribution for pure iron
oxide(Fe,03) NPs (b) SEM with size distribution for Ni-
doped iron oxide(Fe,03) NPs(c) EDS analysis

3.3. UV-visible spectroscopy analysis
UV-visible spectroscopy is a powerful technique to explore
the optical properties of semiconducting nanoparticles. The
absorption spectra of pure iron oxide(Fe,05) NPs and Ni-
dopedFe, 05 NPs are shown in Fig.4 which is depend on the

surface roughness, impurity centers, and band gap [23]. The
observed absorption value for pure Iron oxide NPs and Ni-
doped iron oxide NPs are 256.5 nm and 268.6 nm
respectively. The tauc plot is constructed by plotting (ah®)
vs. h9 (where «a is the coefficient of absorbance and hd is
the energy of photon), and this graph is driven by the UV-
visible absorption data. The measure band gap found to be
4.06 eV for purelron oxide (Fe,03) NPs and 3.24 eV for Ni-
doped iron oxide(Fe,03) NPs. Due to the doping of Ni, it
reduce the band gap energy even the particle size reduction.
This decrease in band gap energy is not related to the size of
a particle may be due to Ni dopant migrates toward to the
base lattice Fe, 05 and form a localized energy between the
valence band and conduction band and reducing the band
gap. It indicates that the NPs have potential ability to
photocatalytic degradation of dye under solar light
irradiation [30].
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Fig.4(a)Absorbance value of both NPS (b)Tauc plot for
band gap energy of PureFe,0; NPs (c)Tauc plot for band
gap energy of Ni-dopedFe,0; NPs.
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3.4. Antibacterial Activity Analysis

The agar wall diffusion method was used to investigate the
antibacterial activity of both nanoparticles. Staphylococcus
aureus is used as gram positive bacteria and E. Coli is used
as a gram negative bacteria for both NPs. Table 2 shows the
result of the zone of inhibition for both bacteria. The zone of
inhibition values were recorded and it shows that the
bacterial cell are highly inhibited by both of this NPs.
Staphylococcus aureus is much more inhibited than E. Coli
which is observed for variation of cell wall structure [31].
Due to the addition of Ni in pure NPs the zone of inhibition
will increase the production of ROS due to oxidative stress
in microbial cells and damaging bacterial cell membranes
and DNA (Fig. 6). Also, the zone of inhibition increases due
to the change in the morphology of nanoparticles. Fig.5
shows the analysis graph for both NPs.

Table 2 Zone of Inhibition of both NPs

Disk Zone of Inhibition (ZOlI)
(ng/  Pure Iron Oxide NPs Ni-doped Iron Oxide
disc) NPs
S.aureus  E. Coli S. aureus E. Coli
50 7 7 7 7.5
100 7 7.5 8 8
150 14 12 16.5 12.5
200 21 17 23 18.5
25
[ ]s. aureus (Pure NPs) 23
| |E. Coli(Pure NPs) 24
204 [__1S. aureus (Ni-doped NPs) ]
[ ]E. Coli{Ni-doped NPs) 8.5
s 16.5 kd
E 154 14
.g 10
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0 T
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Disk Potency (pg/disc)
Fig.5 Antibacterial Activity of synthesize both NPs.
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Fig.6 Antibacterial Activity Mechanism

4. Conclusion
Ni-doped iron oxide nanoparticles have been successfully
done by the biogenic synthesis method by using Hibiscus
Sabdariffa (Rosella) Leaf Extract. The XRD analysis
confirms the formation of NPs and shows the average
crystalline size. SEM analysis provides the surface

morphology with particle size distribution indicates the
reducing of particle dimension due to doping. Due to the
reduction of particles by doping Ni, the energy band gap
reduced from 4.06 eV to 3.24 eVas observed by UV-visible
analysis. Also, the Ni-doped iron oxide shows a better result
against both gram-positive and gram-negative bacteria
which shows effectiveness as a coating on medical devices,
drug delivery systems, and water purification, and reduces
antibiotic resistance. The study reinforces the significance of
green synthesis as a sustainable method for developing
functional nanomaterials with diverse industrial and medical
application.
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