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In this study, NiFe204 magnetic nanoparticles have been produced using a simple precipitation
technique with some capping agents ,and the effect of capping agents on structural, optical and
antibacterial properties was investigated in detail. The average crystallite size obtained by the
Scherrer technique ranges from 20 to 54 nm. PL spectroscopy reveals the optical properties of
nickel ferrite nanoparticles. The elemental composition and chemical binding has been investigated
by x-ray photoelectron spectroscopy. The antibacterial activity of capping agent-assisted nickel
ferrite nanoparticles were examined against two gram-positive bacteria, S.aureus and E.faecilis, as
well as two gram-negative bacteria, E.coli and P.aeroginosa

Keywords: Nickel ferrite, Capping agent, Antibacterial activities, Photoluminescence.

Introduction

The metallic components such as, Ba, Mn, Ni, Cu, Co and Zn are mixed and fired with Fe;Os
which produces ceramic materials known as ferrites. Ferrites are both electrical insulators and
ferromagnetic so that they can be magnetized easily. According to their magnetic properties,
ferrites are categorized into two types: hard ferrites and soft ferrites. Soft ferrites have a low
coercivity value, making them quickly magnetized and demagnetized, hard ferrites possess a
high coercivity value, which makes them hard to magnetize and demagnetize. Based on the
crystal structure and cation distribution, they are considered as (i) spinel ferrites and (ii) inverse
spinel ferrites with the common chemical formula MFe;O4, where M is a divalent metal cation
[1]. The spinel ferrite is a face-centered cubic (fcc) lattice composed of oxygen ions and the
space group fd3m. It has 32 oxygen atoms in an fcc lattice, with metal ions split into 8
tetrahedral A sites and 16 octahedral B sites [2, 3]. Ferrite nanomaterials are gaining attention
in a variety of emerging fields, including high- density storage devices, microwave devices,
recording tapes, telecommunication applications, and different life science applications, such
as drug delivery to certain areas of the body, magnetic cell separation, and magnetic resonance
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imaging. [4,5]. NiFe,O4 nanoparticles have drawn continual attention among various types of
ferrites due to their unique structural, optical, magnetic, thermal catalytic, and chemical
abilities throughout recent decades. NiFe2O.is well-known as a ferromagnetic material with
high intrinsic resistivity, low coercivity, low dielectric and magnetic losses, a stable chemical
composition and mechanical strength, and high curie temperatures to maintain its magnetic
properties [6]. NiFe,Oa is essentially an inverse spinel, with half of the iron ions preferentially
occupying the tetrahedral A sites while the other half being surrounded by the octahedral B
sites [7,8].

A clear literature survey reveals that many researchers are studying the effect of
surfactants assisted ferrite nanoparticles like CTAB, Oleic acid, PVA, PEG, PVP and SDS,
etc. on the structural optical and magnetic properties. Effects of surfactants assisted NiFe,O4
nanoparticles were done by M.M.L.Sonia et.al using PVB/EDTA/CTAB as the surfactants
through sol-gel synthesis method and studied their structural magnetic and dielectric
properties. They observed that the use of various surfactants in the sample preparation
modifies the size of NiFe,O4, which drastically affects its magnetic parameter [9].
P.Sivakumar et.al prepared nickel ferrite magnetic nanoparticles by using a polyvinyl alcohol
(PVA) as a surfactant through the sol-gel auto combustion method. They were reported that
the microstructural analysis described that nickel ferrite nanoparticles had spherical, narrow
size and uniform distribution [10]. A.Baykal et.al have studied the CTAB assisted
hydrothermal synthesis and magnetic characterization of NixCo1.xFe-O4 nanoparticles (x=0.0,
0.6, 1.0). They established that the particles revealed very high phase purity and crystallinity,
making them appropriate for magnetic recording applications [11]. S.Asiri et al. showed that
the improvement of the maximum magnetization and the magnetic moment of the NiFe;04
nanoparticles were increased as the temperature increased [7]. P.Iranmanesh et.al did their
investigation on superior magnetic properties of Ni Ferrite nanoparticles synthesized by
capping agent free one-step co-precipitation route at different pH values. They discovered that
optical examination demonstrated that NiFe2O, nanoparticles had indirect band gap materials,
and their band gap values rise with the level of pH, permitting the formation of larger particles
with fewer surface effects [12]. Several chemical techniques have been established to
synthesize nickel ferrite nanoparticles, including hydrothermal approach [13] Sol-gel [14],
thermal decomposition approach [15], Mechanochemical approach [16], Ball milling approach
[17], coprecipitation approach [18], and Solid state reaction approach [19]. Among, the various
synthesis techniques, co-precipitation method received a lot of attention in the production of
nickel ferrite nanoparticles due to several advantages, such as economical, simple, easy
reliability, and particle shape and size control, to obtain huge quantities of NiFe;O4
nanoparticles [20] and there is no need of microwave heat or extra mechanical treatments
[18]. Besides from that, the precipitation approach produces smaller nanoparticles than the sol-
gel and hydrothermal methods [21]. Because of such advantages, the co-precipitation approach
was chosen for the preparation of surfactant-assisted NiFe,O4 nanoparticles, and the structural,
optical, morphological, and magnetic properties were thoroughly examined. In this work, we
examine the synthesis of nickel-ferrite nanoparticles by means of surfactant assisted co-
precipitation method. Characterization by various analytical techniques of synthesized
nanoparticles, such as, XRD, Raman, TEM, XPS and so on summed up here.
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Experimental Procedure

Methodology

Analytic grade nickel Chloride hexahydrate (NiCl,.6H>0), Iron (111) Chloride (FeCl3z.4H,0),
Sodium hydroxide (NaOH) were used as starting materials. Oleic acid CTAB, PVA and PEG
with a molecular weight of 800 g/mol were utilized as capping agents. Each of the compounds
had been used in the synthesis procedure without any further purification.

Synthesis of capping agent assisted NiFe.O4 nanoparticles

Fine NiFe,O4nanoparticles were produced by using co-precipitation method. Nickel chloride,
iron chloride, and NaOH aqueous solutions were prepared separately by dissolving each
chemical in water that was double-distilled. In order to produce NiFe;O., 1M NiCl,.6H,0 and
FeCls.4H,0 were dissolved in 50ml of water that was double-distilled at 80°C for a 10-minute
period while being constantly stirred. After combining the aforementioned solutions, 100 mL
of 3M solution of sodium hydroxide was added drop-wise while rotating continuously until
the pH level reached 14. A certain amount of Oleic acid, CTAB, PEG and PVA was added to
the aforesaid solution as a capping agent. The homogeneous solution was stirred for 3hours at
80°C. The intermediate hydroxides transformed into spinal ferrite within this 3h duration.
After allowing the finished solution to reach room temperature and then it precipitated for
three days. The resulting material was then washed repeatedly with ethanol and double-
distilled water until the pH of the solution was decreased to 7, at after which it was filtered.
The moist sedimentation was dried and processed into a fine powder. At last the synthesized
nickel ferrite nanopowder have been annealed at 800°C for 4 hours to eliminate water
molecules and undesirable contaminants in order to obtain a high crystallinity in the sample.

Characterization techniques of NiFe2O4

The fabricated powder sample performed structural analysis using a PAN analytical X'pert Pro
X-ray diffractometer. Emission properties of the synthesized samples were studied by PL
spectrometer (Kimono, SPEC-14031k, Japan) at room temperature in the wavelength range
from 350-650 nm with He-Cd laser line of 325 nm. With a 300kV accelerating voltage and a
high-resolution pole piece, a transmission electron microscope was employed to examine the
microstructure of the prepared sample. We have investigated the antibacterial activities of
capping agent-assisted nickel ferrite nanoparticles against gram-positive (S. aureus and E.
faecilis) and gram-negative (E. coli and P. aeruginosa) bacterial pathogens using an agar well
diffusion technique.

Results and Discussion
Structural Analysis

The XRD spectra of capping agents (Oleic acid, CTAB, PVA and PEG) assisted and pure
Nickel ferrite nanoparticles are shown in Figure 1. Crystal structure, phase purity, and size of
the produced materials are evaluated using XRD. All the synthesized samples were examined
using powder X-software and then the XRD peaks compared to standard number 44-1485. The
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XRD data revealed the observation of a single phase cubic spinal shape with peaks at 26
=18.3686°, 30.3052°, 35.6882°, 37.3716°, 43.3859°, 53.8054°, 57.3248°, 62.9727°, 63.1033°
and 74.6165° corresponds to the crystal planes (111), (220), (311), (222), (400), (422), (511)
and (440) respectively [21]. The synthesized samples contained no diffraction peaks of other
impurities such as a-Fe;Ozand NiO are observed within the limitations of X-ray detection
[22]. The broadness of the observed peaks indicated the nanoscale range of crystallites, as well
as the number of peaks confirmed the polycrystalline structure of the materials [23].
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Figure 1. XRD patterns of NiFe,O,samples using different capping agents.

The prominent The XRD peaks of the NiFe,O4sample coated with oleic acid suggest that the
oleic acid strengthened the crystallinity of the NiFe,O4 nanoparticles. This shows that the
nucleation rate is higher in the NSF, NPEG, NCTAB, and NPVA samples than the growth
rate, indicating that the surfactant has a significant impact on the nucleation and growth rates,
which in turn determines the crystallite size [24]. From the sharpest peak of (311) the size of
crystallite (D) of the samples was calculated using the Debye-Scherrer formula [25]

0.91
D= nm
BcosO
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where A is denoted by radiation wavelength,  represents the full-width at half maximum
whereas 0 represents angle of diffraction. The calculated crystalline sizes of the developed
nickel ferrite nanoparticles are 54 nm, 27 nm, 16.2 nm, 32.4 nm, and 32.4 nm, respectively.
Likewise A.Baykal et.al have obtained the crystalline size for nickel ferrite nanoparticles in
the range 15 nm — 55 nm [26]. The lattice parameter ‘a’ was established using the formula

a=dvh? + k2 +12

where (hkl) refers to the miller indices and d indicates the spacing between two planes [5].
The lattice constant was determined to the synthesized nickel ferrite is 8.3442A, 8.3367 A,
8.3622 A, 8.3542 A, and 8.3416 A respectively. The calculated lattice constants are slightly
bigger compared to those of bulk NiFe,04[8.339 A, JCPDS card No: 44-1485]. To obtain the
lattice constant a' accurately for each sample, the Nelson-Riley function F(6) was used;

1 cos%0 cos20
FO) =2t o |
Using the least square fit method, the lattice constant 'a’ of all the peaks for every sample was
plotted opposed to the error function F(8). The lattice constant of the composition is
determined by the point where the least square fits a straight line and cuts the y-axis, where
F(0) = 0. The lattice constant (a') for the NSF, NPEG, NCTAB, NPVA, and NOA samples
were determined to be 8.3287, 8.3383, 8.3305, 8.3512, and 8.3415A, respectively. Figure 2
displays the determination of the lattice constant using the Nelson-Riley function F(0).
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Figure 2. Nelson-Riley function of NiFe2O4 magnetic nanoparticles using
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different capping agent

PL Spectroscopy

PL spectra of the described materials are shown in Figure 3. Peaks of intrinsic emission are
observed in the PL spectra between 360 and 595 nm. It is notable that the position of the
emission peak did not change, but the intensities changed. Near band edge emissions, which
result from the recombination during the free exciton moving from the localized level below
the conduction band to the valence band, are responsible for the peak UV emission at 360 and
376 nm [27]. The violet emissions detected between 408 and 438 nm indicate that the

conduction band edge may be the beginning point for the violet emission.

Nanotechnology Perceptions 20 No. 6 (2024)

31

These results attributed to the first conclusion that violet emission may be efficiently
stimulated at an excitation wavelength within the band gap of NiFe>O4 nanoparticles. The
emission peaks at 492, 506, and 542 nm, and 595 nm, correlate to green emission, which is
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mostly caused by surface defects or oxygen vacancies. Aside from providing evidence directly
for the origin of green emission, it is anticipated that the optical properties of NiFe;O4
nanocrystallites will be tunable by crystal surface control. The present study would surely
enhance the usability of surface architecture-controlled NiFe,O4 nanoparticles in
optoelectronic devices.
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Figure 3. Photoluminescence spectrum of NiFeO, nanoparticles

Furthermore, the PL spectrum has been assigned to charge channeling between Fe** and Ni?*
sites enclosed by O ions [28]. Similar results were previously reported by A.Nadumane et.al
[29] and they found an emission peak in the visible region between 420 and 630 nm. Chand et
al. [30] observed UV emission (389 nm) and blue emissions (471 nm) in CoFe;04, NiFe;Os,
and ZnFe»O4 nano-ferrite particles.

TEM and EDAX analysis

Figure 4 shows the findings of morphological analysis of synthesized nickel ferrite
nanoparticles using TEM to elucidate their structural features. Image J software was used to
compute particle size and interplanar spacing, as well as to index the SAED pattern rings.
Figure 4 shows a TEM picture of the oleic acid (NOA)-assisted NiFe,O4 sample obtained from
a single spherical nanoparticle. The particles are spherical and regular in shape. The
micrograph shows nanoparticles with tiny grains from 35 to 65 nm without
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Figure 4. TEM images of Oleic acid sample. Here (a) TEM image, (b) SAED
pattern, (c) Frindge width pattern (d) Particle size distribution curve

any pores, demonstrating that the oleic acid is an excellent capping agent to achieve a spherical
shaped nanoparticle [31]. The selected area diffraction pattern exhibits consecutive circles
around a sharp point, indicating that the produced materials are polycrystalline. Furthermore,
It is well-indexed to (220), (311), (440), and (511) Miller's planes of the cubic face-centered
spinel structure, which is accordance with XRD results [32]. The SAED pattern has d-spacing
of 48A, 25 A, and 2.3 A, corresponding to the (111), (311), and (222) planes of capping
agent-assisted NiFe,O4[33]. Thus, the TEM analysis demonstrates that the capping substance
plays a vital role in establishing the size of the magnetic nanoparticle.

The elemental composition of NiFe.O4 nanoparticles was investigated using energy
dispersive x-ray spectrum analysis, and the findings are shown in Table 1. An EDAX spectrum
was obtained for all the samples, however the typical EDAX spectrum of the NOA sample
individually has been shown in Figure 5. The spectrum indicates the presence of Ni?*, Fe3*,
and O?* in the synthesized NiFe,O, sample. There is no other impurity elements detected,
which indicates the high quality of the synthesized sample.
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20 NOA

Figure 5. EDAX spectrum of OA coated NiFe,O4 samples

Table 1. EDAX data of capping agents assisted NiFe,O. nanoparticles

Chemical Elements in (wt%) Elements in (at%) o
composition Ni Fe @] Ni Fe @) Total (%)
NOA 10.14 20.24 | 69.52 3.54 7.43 89.03 100

Analysis of Surface composition and oxidation state of NiFe,O4 by XPS

The findings of an XPS analysis to identify the surface composition and oxidation state of the
as-synthesized NiFe,O4 products are displayed in Figure 6(a-d). The survey spectrum (Figure.
6a) clearly shows the distinct peaks for the elements Ni, Fe, O, and CI with no extraneous
impurity peaks. Two spin—orbit doublets and two shake-up satellite peaks comprise the Ni 2p
core-level spectrum (Figure. 6b). First and foremost two strong peaks at binding energy levels
of 855.6 and 873.8 eV revealed dual spin-orbit peaks of Ni 2ps»and Ni 2ps12, confirming the
existence of Ni?* as well as Ni** [34]. Furthermore, two satellite peaks roughly at 862.1 and
878.9 eV were widely regarded as representative Ni shake-up type peaks, and their existence
enabled researchers to efficiently investigate the chemical state [35]. The Fe2p detailed
spectrum (Figure 6c) reveals two distinct peaks at 710.3 and 723.8 eV, which correspond with
Fe 2ps» and then Fe 2p1. spin-orbit peaks, respectively, and they identify the Fe®* state of
oxidation in the NiFe,O4 products. In the high-resolution spectra, two oxygen peaks were
detected in the O 1s region at 529.98 and 531.38 eV, respectively. It was established that the
first peak, at 529.98 eV, represented a normal M-O bond. However, the second peak, at 531.38
eV, may be attributed to defect sites such as hydroxyls, carboxyls, or species inherent in the
spinel structure's surface [36]. The high-resolution spectra of C 1s reveal three valence bonds
(C=0, C-0, and C-
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Figure 6. XPS spectra of oleic acid assisted NiFe,Osmagnetic nanoparticle (a)
survey spectrum; (b) Ni-2p binding energy spectrum; (c) Fe-2p binding energy
spectrum, (d) O-1s binding energy spectrum, and(d) C-1s binding energy
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C) with energies of 288.3 eV, 285.4 eV, and 284.5 eV, respectively [37, 38]. These bonds are
related to the addition of all carbon attributions associated to at least one oxygen atom [39].

Antibacterial activities of Nickel ferrites

The following microorganisms were used to assess the antibacterial properties of nickel ferrite
nanoparticles: E. Coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Enterococcus
faecilis. The antibacterial properties of NiFe2O4nanoparticles were determined via agar well
diffusion method. The chosen bacterium was based on a widespread infection impacting
society as a result of their intake when present in polluted water or air, among other things for
example the presence of E.coli causes nausea, a very pathogenic microorganism like
Pseudomonas aeruginosa causes diarrhea both children and adults can suffer from whooping
cough.

Figure 7. Antibacterial activities of synthesized NiFe.O4 nanoparticles

Table 2. Antibacterial Assay of NiFe,O4 nanoparticles

S. | Bacteria Zone of inhibition ( mm in diameter )

N C | S* SF PE | PV | CTAB | Oleic

0 (Amoxycilli G A acid

n)

1 | E.coli - 21 14 13 (14 |17 18

2 | E. faecalis | - 22 10 12 |13 |13 15

3 | P - 23 10 10 |10 |10 10
aeruginosa

4 | S.aureus - 27 14 14 |17 | 18 20
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Meantime, the effect of Staphylococcus aureus causes complications in wounds. The outcomes
of antibacterial activities are shown in Figure. 6 (a-d) and the Zone of inhibition is shown in
the table 2. Capping agent assisted NiFe.O,show the antibacterial activity on gram-negative
bacterium E.coli and Pseudomonas aeruginosa. E.coli has increasing inhibition zone in 14 to
18mm and Pseudomonas aeruginosa has 10mm zone of inhibition in prepared nanoparticles.
The effect of capping agent assisted NiFe.O4 on gram-positive bacterium S.aureus and
Enterococcus faecalis, there was gradually increased in inhibition zone from 14 to 20 mm and
10 to 15 mm respectively. This antibacterial activity is a suitable source of disinfectant in a
contaminated water body, with efficient qualities which improves microbe inhibition on S.
aureus and Pseudomonas aeruginosa, as developed by nickel ferrites nanoparticles [40].

Conclusion

In conclusion, we have effectively prepared nickel ferrite nanoparticles using the chemical
precipitation technique without and with several surfactants such as PEG, PVA, CTAB, and
OA. The structural, optical, and emission characteristics of synthesized materials were
investigated. The XRD study confirms that the synthesized samples contain a cubic spinel
structure. Surfactants have varying average crystOallite sizes and lattice constants, ranging
from 20 to 54 nm and 8.3376 to 8.3622A. The UV emission of the NiFe,O, samples was
confirmed by the PL spectra. The TEM analysis indicates that NiFe.O4 nanoparticles are
sensitive to surfactants. Finally, it is proven that capping agents have a crucial function in
influencing particle size.
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