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INTRODUCTION

Ferrite is an iron or other divalent cations component that
is made up of one or more ferromagnetic materials, often either
metal alloys or ceramic compounds. The general formula for
ferrites is A** B3O, for example Fe**Fe,**O,, which is repres-
entative of its iron oxide content. The most common type of
ferrite is magnetic, which is composed of iron and an oxide,
such as chromium oxide or manganese oxide [1]. Ferrite mag-
nets typically have a weak magnetic field, but they are able to
store energy in their magnetic domains, making them ideal
for applications like power transformers. Iron ferrite is a type
of ferrite material composed of iron and one or more ferromag-
netic materials, such as metal alloys or ceramic compounds
[1,2].

Zinc ferrite is an artificial magnetic material composed
of zinc oxide and iron oxide. It has a spinel structure, which
consists of an ordered arrangement of cations and anions, such

Published online: 31 August 2023; AJC-21345

Zinc oxide doped magnesium ferrite (Mg;..ZnFe,0,) nanocomposite was synthesized using sol-gel r{lethod and demonstrated to have a |
cubic spinel structure, with a range of crystallite sizes (19-40 nm) and lattice constants (8.432-8.399 A). The material was found to have |
two prominent vibrational modes for tetrahedral (446 cm™) and octahedral (584 cm™). The dielectric constant was higher at low frequencies
and decreased at higher frequencies, while the saturation magnetization decreased (16 to 6 emu/g) gradually with an increase in Zn*, |
likely due to the presence of non-magnetic Zn**. The magneto-dielectric constant was found to increase with the magnetic field for |
MgFe,O, and up to a magnetic field of 2000 Oe for the zinc magnesium nanocomposites, after which it decreased for higher magnetic |
fields. A positive and negative change in magneto-capacitance as a function of the magnetic field was also observed. The antibacterial |
activity suggests that the substitution of Zn** into magnesium ferrite can be an effective method for improving antibacterial activity, with the |
potential to damage the bacterial membrane and other components through positively charged ions and ROS generated by nanoparticles.
Potential uses for this synthetic material include magneto-optical recording and magnetic biosensors. I
|
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as Zn** and Fe** in this case. This structure results in a strong
magnetic field and makes zinc ferrite an ideal choice for appli-
cations such as data storage and magnetic recording [3]. Magne-
sium ferrite is a ferromagnetic compound of magnesium oxide
and iron oxide. This material has a spinel structure formed by
an ordered arrangement of cations and anions, specifically Mg**
and Fe*. The resulting strong magnetic field is advantageous
for uses like high frequency amplifiers and radio antennas [4].
Spinel structures are composed of oxygen and metal cations,
arranged in a cubic lattice. There are three main types of spinel
structures such as normal spinel, inverse spinel and mixed spinel.
The cation and anion sites within the lattice are distributed in an
ordered fashion is called normal spinel, such as in magnesium
ferrite (MgFe,O.). The cation and anion sites within the lattice
are distributed in an inverted fashion is said to be inverse spinel,
such as in magnetite (Fe;O,). Zinc-doped magnesium ferrite
is a magnetic material composed of cobalt oxide, zinc oxide
and iron oxide. It has a disordered spinel structure, which consists
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of a random arrangement of cations and anions such as Co**
and Mg** and zinc doped cobalt (Co,..Zn,Fe,0,) ferrite spinel
[S].

The normal spinel structure of MgFe,O, ferrite prepared
by electrospinning is consistent with divalent Mg** cations
occupying all the A sites and trivalent Fe** cations occupying
all the B sites. This means that the charge neutrality requirement
is satisfied by having both positive and negative ions in the crystal
lattice. All the anions in the lattice, either oxygen or any counter
ions, adjust their charges to bring the overall charge of the
unit cell to zero [6]. The magnetic characterization of MgFe,O,
ferrite reveals that Zn doping changes the spin states of Fe**
and this in turn affects its interaction with other ions. The super-
exchange interaction between the Fe** ions and the O* anions
leads to an increase in magnetization and a decrease in the
Curie temperature. This means that the material’s magnetism
is enhanced at lower temperatures. The lattice parameter decre-
ases with increasing Mg content, thus obeying Vegard’s law.
The ionic radius of Mg** ion (0.65 10\) is smaller than that of
Zn**ion (0.83 A) and thus causes an effective decrease in the
lattice constant [7]. Zhang et al. [8] examines the exchange
interactions between two sub-lattices of MgFe,O, ferrites. It
was found that the antiferromagnetic A-B interaction is stronger
than the ferromagnetic B-B and A-A interactions, while the
ferromagnetic A-A interaction is the weakest. Furthermore,
the non-magnetic Mg** ions occupy the tetrahedral A sites and
the magnetic Fe** ions occupy the octahedral B sites. Zn-doped
MgFe,0, ferrites were also studied, in which Zn*"ions prefer-
entially substitute for Fe**ions, thus increasing the valence
surrounding trivalent Fe** ions and Fe** ions contributes to an
increase in saturation magnetization. The results of this study
provide a better understanding of the exchange interactions
between two sub-lattices of MgFe,O, ferrites and how Zn-
doping can affect their magnetic properties.

This study investigates the influence of Zn-substitution
on the inverse spinel structure of Mg-ferrite. It is proposed that
a controlled Zn-substitution could alter the structure from an
inverse to a normal spinel via a mixed structure, thus leading
to systematic changes in the cationic distribution between A
and B sites. This would consequently have a notable effect on
the magnetic properties of the ferrite. It is also observed that
any deviation from the ideal inverse or normal spinel structure
may even lead to non-equilibrium site occupancy, which is
commonly observed in nano-structured ferrites [9-11]. Liu et
al. [12] investigated the effect of Zn-substitution on the magne-
tization of Mg-ferrite samples. It is found that three types of
exchange interactions exist between the unpaired electrons of
two ions lying in A- and B-sites. The Fe** ions tend to occupy
B-sites, while Zn** ions are non-magnetic and prefer to occupy
A-sites. The substitution of Zn** into the lattice leads to increased
Fe** ions on B-sites, resulting in an increase in magnetization
of B-sites and a decrease in magnetization of A-site. It was
also found that Zn* ions show a strong preference for the
tetrahedral interstitial sites (A-sites) and can replace both Mg**
and Fe™ ions located in these sites. The substitution leads to
an increase in the number of Fe** ions on the B-sites, resulting
in an increase in overall magnetization of the lattice.

Magnetic moment of Mg,..Zn,Fe,O, sample depends on
the migration of Fe* (5 uB) ions between A and Bsite as Zn**
(0 uB) and Mg** (0 uB) ions are diamagnetic in nature [13,14].
In present investigation, we have studied ZnO embedded in
the MgFe,O, matrix. The phase of zinc-doped magnesium
ferrite is a ferrimagnetic material, meaning it exhibits a magnetic
field when exposed to an external magnetizing force. This material
has a spinel structure, which consists of a random arrangement
of cations and anions, such as Zn** and Mg”* in this case. The
aim of this work is to investigate the properties of zinc-doped
magnesium ferrite for potential biomedical and technological
applications. X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), field emission scanning electron micro-
scopy (FE-SEM), dielectric constant, magneto-dielectric constant
and vibrating sample magnetometer (VSM) measurements were
conducted in order to determine the properties of the material.
The results provide insight into the possible biomedical and
technological applications of Zn-doped MgFe,O, as a multi-
functional material. This work also discusses the structural,
magnetic and dielectric properties of the material, with particular
focus on the impact of Zn-substitution on the spinel structure.
It was observed that Zn**ions prefer to occupy the tetrahedral
A-sites, while Fe** ions tend to occupy the octahedral B-sites.
The substitution leads to increased Fe* ions on B-sites, resulting
in an increase in magnetization of the B-sites and a decrease
in magnetization of A-site. Furthermore, the magneto-dielectric
constant of the composite material was found to be positive
up to 2000 Oe before decreasing for higher magnetic field
strengths. These findings provide important information about
the properties of Zn-doped magnesium ferrite and will help
researchers gain insight into its potential applications in the
biomedical and technological fields.

EXPERIMENTAL

Sol-gel method: Nanoparticles of Mg, .Zn,Fe,O, were
prepared using the sol-gel method. The precursor solutions of
Mg(NOs);-6H,0, Zn(NO3)3-6H,O and Fe(NOs);-9H,0 were
mixed with ethylene glycol and stirred until homogeneous. This
solution was then stirred well to 80 °C for 4 h by magnetic stirrer.
To achieve this synthesis, ethylene glycol was added to maintain
apHof 11 in order to obtain a white precipitate, which was washed
with distilled water several times. The nanocomposites were
then dried at 100 °C and calcined at 600 °C for 4 h. The structure
and crystallite size was determined by a PAN analytical X-ray
diffractometer (XRD) using CuKo: radiation (A =1.54 A). Data
were collected every 0.02° in the angle range 20°-70° in 20.
The scanning electron microscope (SEM) imaging was carried
out using the CAREL ZEISS model: EVO18 equipment for the
surface morphology analysis. The magnetic measurement was
performed using a vibration sample magnetometer (VSM quantum
design) at room temperature. The dielectric properties were meas-
ured using HIOKI 3532-50 LCR HI TESTER equipment in the
frequency range of 100 Hz to 1 MHz. The magneto-dielectric
measurement for the samples was recorded at room temperature
using an electromagnet under a varying magnetic field up to
0.8 T.
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Preparation of medium: Nutrient agar medium was used
to culture bacteria and other microorganisms and consists of
28 g of nutrient agar suspended in 1000 mL of distilled water.
The mixture must then be heated to boiling and completely
dissolved before being sterilized by autoclaving at 15 1bs pre-
ssure (121 °C) for 15 min. After the medium has been sterilized,
it can be poured into sterile Petri plates for use in experiments.

Microorganisms: Two types of bacteria were used in a
biological assay: Staphylococcus aureus (MTCC 3160) and
Escherichia coli (MTCC 732), obtained from the microbial
type culture collection (MTCC) at the Institute of Microbial
Technology (IMTECH) in Chandigarh, India.

Preparation of 24 h pure culture: The procedure involves
suspending a loop full of microorganisms in 10 mL of physio-
logical saline in a Roux bottle, then streaking them on appro-
priate culture slants and incubating them at specific tempera-
tures (37 °C for 24 h and 25 °C for 48 h). Once growth is
observed, the tubes are kept in 2-8 °C until they can be used.

Preparation of samples solutions: The samples were
prepared in 10, 20 and 40 pg/mL concentrations in water, while
the standard solution was chloramphenicol in 25 mg/mL distilled
water. The samples and standards were kept refrigerated until
use for the experiment.

Disc diffusion method: Antibiogram was done by disc
diffusion method using samples. Petri plates were prepared by
pouring 30 mL of Nutrient agar medium. The test organism
was inoculated on solidified agar plate with the help of micro-
pipette and spread and allowed to dry for 10 min. The surfaces
of media were inoculated with bacteria from a broth culture.
A sterile cotton swab was dipped into a standardized microbes
test suspension and used to evenly inoculate the entire surface
of the Nutrient agar plates. Briefly, inoculums containing of
microbial strains were spread on Nutrient agar plates. Using
sterile forceps, the sterile filter papers (6 mm diameter) contain-
ing discs were loaded with 10, 20 and 40 pg/mL of each sample
while 30 pL standard and 30 pUL control solution were laid
down on the surface of inoculated agar plate. The plates were
incubated at 37 °C for 24 h for the bacteria.

RESULTS AND DISCUSSION

XRD studies: Fig. 1 shows the XRD pattern of synthesized
Zn0O and Mg,..Zn,Fe,O4 nanocomposites. The XRD spectra
of pure MgFe,O, show the presence of characteristics peaks
at 30.0°, 35.4°, 43.0°, 53.4°, 57.0°, 62.5° corresponding to
planes (220), (311), (400), (511) and (440), respectively. All
peaks indexed with help of JCPDS #73-2410 and ZnO (JCPDS
#79-0208). All peaks revealed the homogeneous cubic spinel
structure. The prominent diffraction peaks indicates the form-
ation of spinel structure and confirmed ferrite signature. The
average crystallitesize and lattice constant for pure and doped
samples was calculated by (311) peak using the Scherrer’s
formula [15]:

Crystallite size (D)= 09 (nm)
BcosO

where, B is the FWHM in radiation; 0 is the peak position; A is
the wavelength of X-ray, for d-spacing values and the respective
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Fig. 1. XRD pattern of MgFe,O,, Mg;..Zn,Fe,O4 nanocomposites (x = 0.1,
0.2, 0.3 and 0.4)

(hkl) parameters obtained from the powder XRD pattern and
calculated lattice constant. Pure zinc oxide has a hexagonal
wurtzite structure. The lattice parameters “a” and “c” can be
calculated by using the formula:

1 4 h2+k2+l2+l2
d 3 o’ c?

The crystallite size and lattice constant values are summ-
arized in Table-1. It is observed that the crystallite size is decre-
ased from 40 nm to 19 nm and 8.432 A t0 8.399 A, respectively
when Zn*" is added to the MgFe,O, ferrite matrix (Table-1).
The crystallite size and lattice constant found in the MgFe,O,
ferrite matrix decreased when Zn* is added. Increased solu-
bility of Zn** compared to other metal ions in the matrix caused
the crystallite size to decrease, as Zn>* has a higher charge
density than other metal ions and thus can dissolve more easily.
In addition, the stronger electrostatic interactions between Zn**
and the framework ions enhanced the rate of nucleation and
growth which further contributed to the decrease in crystallite
size. The increased repulsive forces between metal ions, due
to the higher charge density of Zn** and the smaller atomic
radius of Zn** have resulted in shorter bond lengths and thus a
decrease in lattice constant [1-3,6-8].

FTIR studies: Fig. 2 illustrates the FTIR spectra of ZnO
and Mg,..Zn,Fe,O,nanocomposites (x = 0.0, 0.1, 0.2, 0.3 and

TABLE-1
STRUCTURAL PARAMETERS DATA OF Mg, ,Zn Fe,0,

Lattice constant  Lattice constant

Sample il (Ferrite phase) (ZnO phase) c/a
size (nm) o —_——
(A) a c

x=0.0 40 8.432 - - -
x=0.1 49 8.429 - - -
x=02 42 8.419 3.256 5.216 1.602
x=03 35 8.412 3.254 5.215 1.602
x=04 19 8.399 3.253 5.212 1.602

V4,10 21 - 3250 5.210 1.602
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0.4). FTIR analysis of MgFe,O, ferrite samples with varying
Zn** substitution revealed two strong absorption bands. The
shorter length band (Av,) was attributed to the stretching
vibration mode of Fe**~O* in the tetrahedral (446 cm™) sub-
lattice, while the longer length band (Av») was assigned to the
metal-oxygen vibration mode from Fe**~O* in the octahedral
(584 cm") sub-lattice [10,13]. With increased Zn content, the
tetrahedral band shifted towards lower frequencies due to
the migration of Fe* ions from the tetrahedral sites to the
octahedral sites, weakening the cation-oxygen bonds in the
tetrahedral sites and strengthening the Fe**~O* bond in the
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Fig. 2. FTIR spectra of MgFe,0.4, Mg,..Zn.Fe,O4nanocomposites (x = 0.1,
0.2, 0.3 and 0.4)
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octahedral positions. This shift was accompanied by a slight
increase in octahedral band positions. In addition to these
vibrations, bands near 3440 to 1504 cm™ were observed due
to the H-O stretching and bending vibration modes of free or
absorbed water. Another band observed in the range 1654-
1636 cm™ is ascribed to the bending mode vibrations of water
molecules [13].

FE-SEM studies: Fig. 3 shows the FE-SEM image of
Mgo6Zno4Fe,O4composite and composed of zinc, magnesium
and iron, with a uniform particle size. It is produced using a
coprecipitation method that involves the substitution of magne-
sium and zinc ions into the iron oxide crystal structure. The
resulting nanoparticles have polyhedral shapes due to their
tetrahedral and octahedral crystal structures, which allow them
to demonstrate a good macro-structural morphology and strong
ferrimagnetic properties. The particle sizes of the resulting nano-
particles obtained in order to 200 nm, making them suitable
for various applications such as magnetic recording media and
magnetic resonance imaging [ 16,17]. The polyhedral morpho-
logy of the nanoparticles is due to the stacking effect of their
crystal structures, which can also contribute to their strong
ferrimagnetic properties [ 18]. Additionally, the different metal
ions in the nanoparticles can interact with each other in order
to further enhance their magnetic properties. This interaction
between the metal ions is known as exchange coupling and is
one of the key factors determining the ferrimagnetic properties
of the nanoparticle. The exchange coupling increases with the
amount of substitution, which leads to an increase in the satur-
ation magnetization and coercivity of the material [19,20].
Exchange coupling also leads to improved magnetic stability
and better thermal stability, making the particle suitable for use
in applications requiring higher temperatures. The results from
the energy dispersive X-ray technique (EDAX) show that the
precursors used in the synthesis have reacted chemically to form
a single phase nanocrystalline composite of Mg sZnosFe,Os.

Dielectric studies: The dielectric constant for Mg;..Zn.Fe,O4
nanocomposites with x = 0.0, 0.2 and 0.4 varies with frequency
and is shown in Fig. 4. The variation of dielectric constant with
frequency is generally greater at low frequencies and less with
increasing frequency. This is due to the space charge polari-

o
300 Element line Weight (%) Weight (%) Error Atom (%)
CK 4.57 +1.20 9.80
| OK 36.50 +1.10 58.74
250 Mg K 9.05 +0.76 9.58
Fe K 33.27 +1.27 15.34
FelL - - -
200 1 ZnK 16.60 +2.20 6.54
ZnL - - -
Total 100.00 100.00
150
s Zn
100 Mg
Fe Fe
50
C Fe Zn
PR . N Zn
0- T T T T T T — T T
1 2 3 4 5 6 7 8 9 10
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Fig. 3. FE-SEM image of MgjZny4Fe,O4 composite



Vol. 35, No. 9 (2023)

Effect of ZnO on the Structural and Magnetodielectric Properties of MgFe,O., Nanocomposite 2073

200

1804 u
160

1404,

120-_ \ \
100‘. \
803 \
o %Q'\.
40
| Vo
20__ A, %:;zh:-l:ll_

—a—x=0.0
—8—x=0.2
—h— x=0.4

Dielectric constant (")

T T T T T T
2 3 4 5
Log (Frequency)

o -

Fig. 4. Variation of dielectric constant with frequency for Mg;..ZnFe,O,
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zation model of the Maxwell-Wagner theory, which states that
at low frequencies, electrons tend to accumulate at grain boun-
daries due to grain boundary resistance, leading to an increase
in polarization. As the frequency increases, this effect decreases,
resulting in a decrease in the overall dielectric constant of the
system. In addition, increasing the Zn** content of nanocom-
posite also leads to a decrease in the dielectric constant. A
dielectric relaxation peak around 150 Hz results from the
Maxwell-Wagner interfacial polarization. Finally, dielectric
loss decreases with increasing frequency for all the samples
[21-23]. Dielectric constant of pure MgFe,O, is 73 at 1 kHz.
But as the Zn** content increases, the overall effective value
of the dielectric constant of the alloy decreases. The dielectric
loss for Mg;..Zn,Fe,O, nanocomposites varies with frequency
and is shown in Fig. 5. Dielectric loss factor (tan 8) shows a
peak behaviour for all samples, i.e. initially increases before
decreasing. The dielectric loss factor increases with frequency
before decreasing as a result of Maxwell-Wagner interfacial
polarization. The peak in dielectric loss at low frequencies may
be due to the tendency of electrons to accumulate at grain boun-
daries due to grain boundary resistance, which increases polari-
zation and thus dielectric loss. As the frequency increases, this
effect decreases, leading to a decrease in dielectric loss. The
variation of the dielectric constant and loss factor at different
temperatures, as well as the effect of varying Zn** content on
the dielectric constant, can provide additional insight into the
behaviour of the system. Furthermore, understanding the role
of grain boundaries in affecting the dielectric properties of
the nanocomposite can better control the desired properties
[24]. It is also useful to consider the various processes affecting
the dielectric constants and loss factors of the Mg,..Zn,Fe,O,
nanocomposite. Investigating the effects of varying parameters
such as grain boundary resistance, Zn** ion concentration and
temperature on the dielectric constant and loss factor of the
Mg,..Zn,Fe,O,nanocomposite will provide further insight into
the behaviour of the system and allow better control of its
desired properties. The findings from the variation of dielectric
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Fig. 5. Variation of dielectric loss with frequency for Mg,..Zn,Fe,O, nano-
composites

constant with frequency curve for Mg,..Zn.Fe,O, nanocom-
posite indicate that the dielectric constant is highest at lower
frequencies and gets reduced at higher frequencies. This could
be attributed to the lower dielectric constant of Zn>* in the
composite material.

Magneto-dielectric studies: Fig. 6a shows the magneto-
dielectric constant for the sample MgFe,O, measured at the
different magnetic fields at room temperature. It was observed
that the dielectric constant increased with an increase in the
magnetic field. The magneto-dielectric effect in ferrites can be
explained on the basis of magneto-resistance (MR) mechanism
[1,25]. The grain boundary plays an important role as a scattering
center in the spin-polarized MR effect. When a magnetic field
applied, the spin alignment decreases the scattering of charges
at the grain boundary and promotes the exchange of charge
between Fe** and Fe™ ions in the ferrite grains. This hopping
of charge between Fe** and Fe**enhances the interfacial polari-
zation and hence the dielectric constant increases [4,5,26]. Fig.
6b-e shows the variation of dielectric constant with magnetic
field for the nanocomposites Mg,..ZnFe,O4 (x =0.2 and 0.4).
The dielectric constant increases initially with the increase in
the magneticfield up to a value of 2000 Oe. Above a magnetic
field of 2000 Oe, the dielectric constant decreased with the
magnetic field. Fig. 7 shows the magneto-capacitance for
the nanocomposites Mg,..Zn.Fe,O, (x = 0.2 and 0.4) at room
temperature with the magnetic field variation from 0 to 8 KOe
at frequency 1 KHz. These measurements have been carried
out to understand the relation between the magnetic and electric
phases. This can be done indirectly by measuring the change
in the dielectric constant as a function of an applied magnetic
field [6,7,27,28]. The occurrence of magneto-dielectric/magneto-
capacitance effects in the composite materials is due to several
reasons such as the magnetostriction effect, magneto resistance,
or magneto-electric coupling. Hence, the application of magnetic
field not only affects the magnetic order but also changes the
dielectric constant [28,29]. The magneto coupling (MC) can
be estimated by the following relation [29]:
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Fig. 7. Variation of magneto capacitance as a function of magnetic field
for Mg,..Zn,Fe,0,, x = 0.0, 0.2, 0.4

C= e [H-C(0)]
C(0)
where € (H) and C(0) is the value of the dielectric constant in
the presence and absence of a magnetic field. The magneto
capacitance response for the pure sample is positive while for
the composites (x =0.2) and (x = 0.4), it shows a negative and
positive response on the application of magnetic field from 0 T
to 0.8 T at 1 KHz. The findings from the variation of dielectric
loss with frequency curve for Mg;..Zn,Fe,O, nanocomposite
indicate that the dielectric loss increases gradually with
increasing frequency. This is due to the presence of electrical
losses in the material due to the motion of charge carriers at
the higher frequencies. The findings from the variation of diele-
ctric constant as a function of magnetic field for Mg,..Zn,Fe,O,
nanocomposites reveals that the magneto-dielectric constant
increases up to 2000 Oe, before decreasing for higher magnetic
field strengths. This could be attributed to the presence of Zn**
in the composite material.
VSM studies: Magnetic properties of MgFe,O, nanopar-
ticles and Mg,..Zn.Fe,O, composites are studied using VSM

x100
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(vibrating sample magnetometer) analysis is shown in Fig. 8.
This analysis measures the magnitude of magnetization of a
material in response to an applied magnetic field [1,2]. It is used
to study how the ferrimagnetic properties of these nanoparticles
and composites are affected by the presence of zinc in Mg,..Zn.Fe,O4
composites. The results indicate that the introduction of zinc
weakens the ferrimagnetic properties in Mg,..Zn,Fe,O,, which
can be attributed to the decreased saturation magnetization and
increased coercivity of the composites compared to pure MgFe,O,
nanoparticles (Fig. 9). Zinc excess or zinc deficiency incorp-
orated Zn** mixed ferrite as observed because of coercivity is
inversely proportional to the saturation magnetization {H, =
(K/M) x 0.96}. From Table-2, Mg;..Zn,Fe,O4 nanocomposites
shows that the crystallite size decreases from 40 to 19 nm and
the lattice constant decreases from 8.432 A to 8.399 A. This
indicates that the zinc substitution has a significant impact on
the crystal structure of the composite. Additionally, the satur-
ation magnetization decreases from 16 to 6 emu/g, while the
coercivity increases from 19 G to 84 G [4,6,8]. Moreover, the
magnetic moment decreases from 0.6639 to 0.2709 and the
magnetic anisotropy constant increases from 316.666 to 962.500.
The data suggests that zinc substitution has a strong influence
on the ferrimagnetic properties of Mg,..Zn,Fe,O, composites.
The decrease in crystallite size and lattice constant indicate
that zinc substitution has an effect on the crystal structure of
the nanocomposite. The decrease in saturation magnetization
and magnetic moment, combined with the increase in coercivity
and magnetic anisotropy constant, suggest that zinc substitution
increases the ferrimagnetic properties of the composite, leading
to improve the performance in applications such as magnetic
recording media and magnetic resonance imaging [14,19,25].
Because of zinc (Zn**) reduces the saturation magnetic moment,
which is the magnitude of the magnetic dipole moment per
unit volume. Zinc reduces the magneto-crystalline anisotropy,
which is the degree of alignment of the magnetization within
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Fig. 9. Relation between magnetization and coercivity
TABLE-2
DATA ON MAGNETIC PARAMETERS OF Mg, Zn,Fe,0O,
Saturation Coercivity —Mx K= (H, x
Sample  magnetization (H,) [ﬁjs 585] M,)/0.96
M) (emu/g) (Gauss) erg/g
0.0 16.0 19 0.6639 316.666
0.1 15.5 26 0.6999 419.791
0.2 15.0 61 0.6774 953.125
0.3 11.0 62 0.4967 710.416
0.4 6.0 84 0.2709 962.500

amaterial. Zinc also reduces the interaction and energy exchange
between neighbouring atoms in a material through a process
known as exchange coupling. Additionally, the higher coercivity
leads to improved thermal stability and better magnetic stability.
Additionally, improved energy exchange between metal ions
can further enhance the magnetic properties of the nanoparticles,
leading to improved performance in various applications [12-
15,23-26].
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TABLE-3
DATA ON ZONE OF INHIBITIONS (mm) OF MgFe,O, AND Mg, (Zn, ,Fe,O,
0.0 @ Zone of inhibitions (mm) 0.4 @ Zone of inhibitions (mm)
Microbial strains Sample dose (ug/mL) Std. Control Sample dose (ug/mL) Std. Control
10 20 40 (30pL) (30 L) 10 20 40 (30pL)  (30uL)
Escherichia coli 4.20 10.05 13.55 14.75 Nil 4.55 10.35 13.95 14.65 Nil
Staphylococcus aureus 4.05 9.40 13.40 14.50 Nil 4.30 10.20 13.70 14.55 Nil

Antibacterial activity: The antibacterial activity of MgFe,O,4
and Mg ¢Zn,4Fe,O, magnetic nanoparticles was tested against
several pathogens using the well-diffusion method in nutrient
agar medium. The antibacterial activity showed that these
materials had an increased inhibition as the concentration, lead-
ing to the cessation of bacterial replication. It is believed that
this antibacterial action is caused by positively charged ions,
such as Mg”*, Fe** and Zn** which interact with the damage
bacterial membrane, impairing the electron transport chain and
leading to cell death. These ROS can also cause DNA damage,
enzyme protein peroxidation and membrane lipid peroxidation,
which can further inhibit the functioning of the electron trans-
port mechanism and lead to increased antibacterial activity
(Table-3). The effects of substitution of Zn** ions in specific
sites of magnesium ferrite were observed to be more effective
in improving antibacterial activity than a small amount of Zn**
exchanged in the material. Additionally, an increased surface
area due to the small grain size was found to have a positive
effect on the antibacterial activity. They can also interact with
damage the bacterial membrane, impairing the electron trans-
port chain and leading to cell death [2,30-35].

Conclusion

Zinc doped magnesium ferrite (Mg,..Zn.Fe,O,) nanocom-
posite was employed by the sol-gel method. The XRD analysis
reveals that the crystallite size is between 19-40 nm and the
lattice constant decreases (8.432-8.399 A) with increasing Zn**
content. The findings demonstrated that the presence of Zn** in
the spinel structure affects its crystallite size and lattice constant.
FTIR studies revealed that two major vibrational modes, namely
the tetrahedral (446 cm™) and octahedral (584 cm™) sites, which
indicated that the ferrite structure is composed of a combination
of these two distinct sites.The dielectric constant results showed
that the overall dielectric constant decreases as Zn** content
increases. The value of the dielectric constant is highest at lower
frequencies and gets reduced at higher frequencies. Vibrating
sample magnetometer (VSM) and magnetization measurements
were used to measure the saturation magnetization, coercivity
and remanence of the composite material. The results showed
that the saturation magnetization gradually decreases (16 to 6
emu/g) with increasing Zn** content. This decrease in magneti-
zation may be attributed to the presence of non-magnetic Zn**
embedded in the MgFe,O, matrix. These findings provide
insight into the magnetic behaviour of the material and could
help in developing strategies to optimize its performance.The
magneto dielectric constant analysis indicate that the composite
material has a positive magneto-dielectric constant up to 2000
Oe, which then decreases for higher magnetic field strengths.
Additionally, the material exhibits both a positive and a negative

change in magneto-capacitance as a function of the applied
magnetic field. The antibacterial activity results of this study
have demonstrated that substitution of Zn** into magnesium
ferrite can be an effective approach to improve antibacterial
activity, likely due to the interaction between positively charged
ions and ROS from nanoparticles damaging bacteria membrane
and other components through positively charged ions and ROS
generated by nanoparticles. Thus, the prepared zinc doped
magnesium ferrite can be a promising candidate for a wide
range of biomedical and technological applications.
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