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ABSTRACT: Co-precipitation was employed to successfully synthesise nanoparticles of copper ferrite CuixMnxFe-O4 (x= 0.2,
0.4, 0.6, 0.8, and 1.0) that were both undoped and cobalt-doped. X-ray diffraction (XRD) demonstrated that all samples exhibited a
single cubic spinel structure with clear outlines. The XRD measurements showed an increase in crystallite size from 10.2 to 20 nm.
As the Mn?* content increased, the lattice parameter rose from 8.332 to 8.371. With a higher concentration of Mn?* ions, it was
observed that the band gap energy of nanoferrites decreased from 3.65 to 3.20 eV. In copper ferrite matrices, it was found that the
Mn?* ratio increased along with the luminescence intensity. The graph indicates that saturation magnetisation increased with rising
manganese ion concentration. According to the M-H loops, saturation magnetisation spiked as the manganese ion concentration

increased.
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1. INTRODUCTION

Spinel-structured magnetic nanoparticles of transition metal
ferrites are of significant interest for biological,
environmental, and industrial applications. They are
considered alternatives for many applications due to their
exceptional  properties, including  high  saturation
magnetisation, high coercivity, great chemical stability, and
mechanical toughness [1]. Recent advances in materials
science, particularly in the health sciences, have been focused
on superparamagnetic iron oxide nanoparticles (SPIONs) and
their dispersions. [2]. The SPIONs that have high saturation
magnetisation are seen as promising for the biomedical
industry due to their intriguing properties [3,4].

Spinel ferrite nanoparticles MFe;Os have extensive
applications including contrast enhancement in magnetic
storage systems, photomagnetic materials, and magnetic
resonance imaging (MRI) [5-8].

The structure of the ferrites is based on the size, and
distribution of the metal ions inside the tetrahedral, octahedral
positions of the spinel structure, and the chemical identity of
the divalent metal (MII) [9, 10]. The general formula for
spinel ferrites is MFe;QO4, in which M is an ion of a divalent
metal, and Fe is located in the +3 oxidation state. [11-14].
Spinel ferrites were discovered in two forms, normal and
inverse, where the inverse represents the majority [15,16].
The ions M?* are present in the occupied tetrahedral positions
in a typical spinel, whereas the ions Fe3* are present in the
octahedral positions [17,18]. However, the occupied
octahedral sites contain all of the M?* ions and 50% of the

Fe3* ions, with the remaining 25% of the Fe3* ions occupying
the inverse spinel’s tetrahedral sites.

MnFe,0., or manganese ferrite, is a type of soft magnetic
material that has distinct properties such as high magnetic
permeability, saturation magnetisation (Ms), Curie
temperature, and low losses. Recent applications of MnFe;O4
include the production of radio frequency coils, transformer
cores, rod antennas, sensors, catalysts, microwave structures,
computer memory chips, magnetic storage media, and
electronic engineering [19-21].

CuFe;O, along with Cu?* ions forms an inverse spinel
structure with distorted octahedral positions. Additionally,
Fe3* ions are scattered in tetrahedral and octahedral positions,
differing from Mn?* ions in terms of magnetic moment and
ionic radius [22,23]. Depending on the amount of the
precursor solutions, the addition of Mn to CuFe;O4 can lead
to deformed spinel formations. Mn-Cu Ferrite (MnyCus.
xFe204) is among the top combined light ferrites because of
its high resistivity, immoderate saturation magnetisation,
excessive permeability, controllable length and structural
features, as well as its convenient synthesis method and
tuneable electromagnetic properties [24, 25]. Transformer
cores [26], noise filters, antennas, microwave instruments
[27], multilayer chip capacitors, persistent magnets [28],
yoke coils, and high permeability devices [29] are just a few
of the many uses for Mn-Cu ferrite. Mixed manganese-copper
nanoferrites have been prepared using a variety of techniques
[30-36].
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Sol-gel assisted by microwaves [33,34], co-precipitation
[31,34], sol-gel [37,38], ceramic [35], microemulsion [39],
and soft chemistry approaches [36] are a few examples of
these techniques. Among all of these methods, co-
precipitation has become the preferred one. In order to
achieve this, additional metallic salts in the suspension must
also precipitate at the same time, an agent for precipitation (or
ligand) must be used, and the precipitate must then be heated
to cause it to decompose [35].

In comparison to other procedures, it has numerous benefits,
including adequate stoichiometry manipulation, low running
temperature, low costs, and better dispersion of the
constituents in the resultant ferrites [27,40]. Researchers are
focusing on the impact of the replacement with other cations
to enhance the material characteristics of copper spinel
ferrites. [41].

The copper ferrite characteristics have been shown to vary to
accommodate different metal cation replacements [42—44].
Investigations into Mn replacement in various ferrite systems
have revealed its major influence on the structural, electrical,
and magnetic characteristics. MnFe;,O4 and CuFe.O4 have
both been the subject of much research, however, no studies
on mixed cc ferrites have been published. Rath et al. [45] have
pointed out the dependence of Mn-Zn ferrite on cation
distribution of particle size, lattice parameter, and magnetic
characteristics. The anomalism of copper manganese ferrites
CuixMnyFe204 (0 x 0.7) was examined by Azab et al.[46].
Salah et al. produced copper-doped MnFe;O. using co-
precipitation to discover that when the amount of copper
increases, the crystallite size and lattice parameter have an
inverse relation with the inclining electrical conductivity
[47].

Moreover, Vijaya et al. [48] synthesized CuixMnyxFe;O4
using a microwave combustion technique supported by Urea.
They claimed that the Lattice parameter had decreased from
8.477 to 8.455 because the Cu®* dopant has a smaller ionic
radius than Mn?*, whereas, by using the auto-combustion
technique, Jayaprakash et al. [49] examined how the
temperature at which the annealing occurred affected the size,

agnetic, and dielectric characteristics of copper ferrite
nanoparticles replaced with manganese. They determined that
the sizes of crystallite range between ~9-45 nm. In a previous
study, the researchers showed [50] how zinc substitution
affected the structural, morphological, optical, and magnetic
characteristics of copper ferrite NPs assembled using co-
precipitation.

Until now there has not been any thorough investigation into
the luminous and magnetic characteristics of Mn?* doped
CuFe;04 nanoferrites produced using the precipitation
method. Using the precipitation approach, doped copper
ferrite nanoparticles with the chemical formula Cus.
xMnyFe204 (x= 0.2, 0.4, 0.6, 0.8, and 1.0) were produced in
this study. Hence, it has been investigated how the
substitution of manganese ions affects the structural,
magnetic, and optical characteristics of copper ferrite
nanoparticles.

2. MATERIALS AND METHODS

The precipitation method was used to create
nanoferrites with the general formula Cu;xMnyFe;O4 (0 < x
< 1) [50], and Figure 1 depicts the synthesis process for the
creation of nanoparticles. Following that, 25 mL of deionised
water was used to dissolve the preferred stoichiometric
percentage amounts of high-purity copper sulphate
pentahydrate (CuSQO4.5H,0), ferrous ammonium sulphate
hexahydrate  ((NHa4)2Fe(S0.)2.6H,0), and manganese
sulphate monohydrate (MnSO4.H,0). The mixtures were
aggressively and continuously magnetically stirred for 60
minutes. Moreover, after 20 mmol of oxalic acid had been
dissolved in an equivalent amount of deionised water and
agitated magnetically for an hour, metal salts were added
dropwise to the mixture. The precipitates were then
repeatedly washed before being dried at 373 K in an oven.
With a mortar and pestle, the dry precipitates were ground
into powder form of the nanostructure, Cui.xMnyFe;O4. The
powdered material was finally sintered at 500°C for three
hours in a muffle furnace as shown in Figure 1.
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Figure 1: Process diagram of the experiment

2.1 Characterization

A powder X-ray diffractometer (XRD) was utilised
to identify the crystal structure that was recorded at ambient
temperature using the XDS 2000, CuKa radiation of
wavelength equal to 1.5406, manufactured by Scintac Inc. in
the USA for the purpose of confirming that the sample
contains chemical bonding. The presence of chemical bonds
in the sample was also determined using Fourier-transform
infrared spectroscopy, utilising a Frontier (Perkin Elmer)
spectrophotometer in the spectral range of 200-400 cm-1.
Also, The band gap energy and optical absorption properties
were determined using an HP 8453/UV-Vis absorption
spectrometer.

Furthermore, luminescence experiments were
conducted using a fluorescence spectrophotometer (Perkin-
Elmer LS 50B), while the morphological analyses of created

nanoparticles were examined with a Tecnai F300
transmission electron microscope (TEM). Finally, the
researcher investigated the magnetism of produced
nanoferrites using extensive field-dependent magnetisation
metrics in domains up to 3,183.09 kA/m (40 kOe) using
superconducting quantum interference device (SQUID)
Quantum Design MPMS XL-7 magnetometer in RSO mode.

3. RESULTS
3.1. Structural Analysis

The X-ray diffraction (XRD) investigation revealed
the crystal arrangement and phase clarity of the specimens.
CuixMnyFe,0s XRD patterns in range 260 between 20° and
70° are shown in Figure 2. Where x = 0.0, 0.2, 0.4, 0.6, 0.8,
and 1.0.

3864

Nasser K. Hejazy, ETJ Volume 10 Issue 02 February 2025



“Effect of Mn?* Replacement on the Optical, Structural, and Magnetic Properties of Copper Ferrite Nanoparticles”

> (400)

Intensity (a.u.)

20

The reflections of crystal planes (220), (311), (400),
(422), (511), and (440) are responsible for the peaks observed
at 29.8°, 35.46°, 43.74°, 53.86°, 56.77°, and 62.35°
respectively. The detected diffraction peaks demonstrated the
single-phase cubic spinel structure of these nanoparticles.
The XRD results from this work and the CuFe;O.

The aforementioned relations [52] were used to derive the
lattice constants (a), which are then listed in Table 1.

a’=d*(h’ +k”+17%) ()

Table 1: Lattice constant and particle size of CuixMnyFe;O4

206 (Degrees)
Figure 2: XRD analysis of CuixMnxFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) nanoferrites.

nanoparticles XRD result are consistent [51]. All of the
identified XRD peaks (e.g., Fe203, MnO, CuO, etc.) result
from the cubic spinel lattice because no other impurity phases
could be observed, demonstrating their single-phase origin.

a’=d*(h’ +k*+1%) )

Composition Lattice constant (A) Particle size (nm)

0.0 8.452 10.2

0.2 8.455 12.4

0.4 8.459 14.7

0.6 8.463 16.1

0.8 8.467 18.3

1.0 8.472 20
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Figure 3. Variation in the average crystallite measurement and the lattice parameter with Mn content.
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According to Vegard's law [53], it was found that
the unit cell characteristics of the Mn?* that replaced the Cu?*
ferrite increased proportionally with the level of Mn?* ions in
the mixture, as depicted in Figure 3.

Figure 3 illustrates the variance in lattice parameter
values for ferrites containing Mn?* and demonstrates that this
is because Mn?* has a smaller ionic radius (0.92 A) than Cu?*
(0.73 A), which causes the lattice parameter to increase as
Mn?* level increases [52]. The lattice parameter increased
when the Cu?* ion was substituted with Mn?* in this study,
which may be connected to changes in higher composition in
many Fe®* ions transferred to the B site from the A site [54].
The lattice constant was discovered to be between 8.452 and
8.473 A. As a consequence, the lattice parameter values for
each sample agreed with those reported in previous published
papers [53]. Additionally, the average size of the crystallites
in the specimens was calculated using Scherrer's equation.
[55] as:

ok ®
_(BCOSH) Where B is the line
broadening at half the maximum

intensity, D is the average crystallite size, K is roughly equal
to 0.9, and A is the X-ray wavelength.

The reduced average crystallite size was attributed
to the peak'’s broadness, and Table 1's estimated particle sizes
for the samples were determined to be between 10.2 and 20
nm. Furthermore, as the Mn?* ion concentration in CuFe,O4
ferrite increases, so does the average particle size. Figure 3
shows the fluctuation in mean crystallite size with manganese
content.

3.2 Transmission Electron Microscopy (TEM) Studies

The histograms and TEM morphology of the Cu;-
xMnyFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) nanoferrite
were used to determine the morphologies of the nickel doped
copper ferrite nanoparticles. These results are presented in
Figures 4 and 5. All Cu-Mn samples display sphere-shaped
particles in agglomeration, as seen by the TEM images
(Figures 4(a-f)). Pure CuFe,04 nanoparticles are visible in
Figure 4(a), and images of homogeneous and aggregated Cu-
Mn nanoferrite are shown in Figure 4(b) to (f). The magnetic
interactions between the particles caused the nanoparticles to
aggregate [56].

100 NnmMm

f

Figure 4 (a-f): TEM micrographs of CuixMnxFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)
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Figure 5(a-f) displayed histograms for specimens of Mn-
doped CuFe;Os with averaged particle sizes that varied
between 10 to 27 nm. As a result, it was shown that the size

of CuixMnyFe204 nanoparticles decreases as the level of
copper increases. Also, the sizes agreed with the crystallite
measurements found in the XRD data.
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Figure 5 (a-f): Histograms of Cui.xMnxFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)

3.3 Energy Dispersive X-ray Spectroscopy (EDX)
Analysis

EDX spectroscopy is a known analytical tool for
figuring out specimen contents. The EDX examination
corroborated the chemical assessment of CuixMnyFe204 X =
(0.0, 0.2, 0.6, 0.8, and 1.0) nanostructures, and the findings

are displayed in Figure 6. (a-f). Iron (Fe), manganese (Mn),
copper (Cu), and oxygen (O) were detected in the EDX
spectrum, demonstrating the excellent clarity of the
produced powders. Hence, there was excellent agreement
between the EDX and XRD results.
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Figure 6 (a-f): EDX spectrum of Cui.xMnxFe204 (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0)

3.4 Ultraviolet-visible (UV-Vis) Absorption Researches linear component of Tauc's relation given [57], was

employed to determine the optical band gap energy (Eg) for

Figure 7 displays the UV-Vis optical spectrums of produced nanoferrites.
Cu.xMnyFe204 nanoferrites that were captured between 240 ( )2 o ( )
nm to 600 nm wavelength range. The anticipation of the O[h v) =A h v Eg )

— =00
—=0.2
x=0.4
—x=0.6
— =08

— =1 0

Absorption (a.u.)
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— .
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Figure 7: UV-vis. spectra of CuixMnyFe;O4
(x=0.0,0.2,0.4, 0.6, 0.8 and 1) nanoferrites.
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The absorption coefficient, Plank's constant, light
frequency, band gap, and proportionality consistency are
represented respectively by the symbols a, h, v, Eg, and A.

The relationship between (ahv)? and hv is displayed
in Figure 8, and the point of intersection is taken into account
as the band gap energy. Cui-MnyFe,O. band gap energies
were calculated and they showed 3.61, 3.56, 3.41, 3.31, and
3.23, respectively (Figure 8). Figure 8 demonstrates

unequivocally that the band gap of the Mn-doped CuFe;O4
samples is smaller than that of the pure CuFe,O4 samples. As
cobalt concentration increases, the optical absorption
spectrum shows extreme red shift in the band gap that results
from the quantum size effects. Moreover, Joseph et al. [58]
noted the same effect: the band gap values increased
significantly as particle size increased.

o =1.0
— ¥ =) 8
— = (). 6
4 — x=(.4
- x=02

X =(.0

(ahv)*(a.u.)

24

2.6

2.8

3.0

3.2
hv eV)

Figure 8: Energy gap spectra of CuixMnyFe.O,
(x=0.0,0.2, 0.4, 0.6, 0.8 and 1.0) nanoferrite.

When manganese ions are added to CuFe,O4 ferrites,
a number of variables including impurities, carrier
concentrations, crystallite size, and lattice strain, lead to a rise
in the optical band gap. Moreover, creating defects, which
causes the reduction in band gaps, is directly caused by the
occurrence of higher oxidation levels of manganese in all
circumstances [59].

3.5 Photoluminescence (PL) Studies

For studying the luminescence characteristics and
recombination processes of semiconductor materials,
photoluminescence (PL) spectroscopy is used, which
provides information regarding the sub-band gap
nanostructures of CuFe;Os. All samples showed a
luminescence peak in the observable range from 420 and 600
nm, indicating that there are defects and oxygen vacancies
[60]. Cus-xMnyFe,04 (x=0.0,0.2,0.4,0.6,0.8,1.0) sample
PL spectra were captured in Figure 9 at ambient temperature,
with the stimulation recorded at a wavelength of 400 nm.
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Figure 9: Photoluminescence spectra of Cui.xMn,Fe,O4
(x=0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) nanoferrite.

In the current investigation, pure CuFe.Os and
copper ferrites doped with Mn both displayed two peaks, at
461, 463, 464, 465, 467, and 469 nm showing the blue
emissions, while at 512, 513, 515, 516, 518, and 519 nm
shows the green emissions. Blue emission is shown in the first
peak that results from radiative flaws caused by the interface
traps at the grain boundaries. [61,62]. The oxygen vacancies
are responsible for the second peak [63]. While the single-
ionized oxygen vacancy and trap-state emission are the usual
titles for the green emission peak [64]. New electronic levels
lying between the conductive band and the valence band, may
have arisen due to an increase in intrinsic defects, which is
what causes this behavior to occur. As a result, the processes,
which are impacted by flaws, control the emission properties
of copper ferrites. Also, it was discovered that Mn doping in
copper ferrite matrix enhances the x values, which
strengthens the luminescence. Even though samples’ defects
control the processes, the luminescence intensity increases
according to the growing distance between the dopant which
is considered as an activator and the array [65]. The Cus-

xMnyFe>04 ferrites' disorder centers function as trap levels,
Mn2+
intensity, and Vijaya et al. showed similar results in earlier
publications [48]. CuFe,O4 will have larger particles after the
addition of Mn?", which is shown in the red shift in the
Photoluminescence spectra.

whereas activators increase the luminescence's

3.6 Magnetic Measurements

The characteristics of spinel ferrites have an
acknowledgeable impact on the magnetic interactions in the
tetrahedral and octahedral sites as well as on the cation-
distribution in these sites [66]. The change in Mn/Cu
concentration ratio leads to a shift in cation distribution and
exchange connections, which changes the magnetic
properties. Two sub-lattices make up the ideal spinel
structure, where the tetrahedral (A) and octahedral (B) sites
have different metal cation charge distributions. Therefore,
the vast majority of the magnetic characteristics of spinel
ferrite are governed by the metallic ions type and the cations
distribution between sites A and B.
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Figure 10: Magnetic hysteresis loops of Cui.xMnxFe;O4 (x = 0.0, 0.2, 0.4, 0.8 and 1.0)
system.

Magnetic studies of each sample reveal a soft and ferromagnetic nature [67—-69]. The current research shows that the
magnetic characteristics of CuixMnxFe;O4 (x= 0.2, 0.4, 0.6, 0.8, and 1.0) were evaluated through SQUID with the greatest
magnetisation of +4,376.76 kA/m (+55 kOe) at ambient temperature. Figure 10 displays the magnetic hysteresis loops for each
sample

Table 2 lists the various variables, including saturation magnetisation (Ms), remnant (Mr), coercivity (Hc), (Mr/Ms), and
magnetic moment (B).

X Saturation magnetisation Remanent Coercivity M/ Ms Magnetic
Ms (emu/g) magnetisation Hc (Oe) moment nB

M: (emu/g) (18)

0 49.1 20.3 1400 0.41 2.1

0.2 54.7 21 1234 0.38 2.3

0.4 58.5 21.3 770 0.36 2.51

0.6 65.45 22.1 730 0.34 2.8

0.8 70.2 22.5 555 0.32 3.007

1.0 73.2 24.5 460 0.334 3.14

Table 2: The values of Cu;xMnyFe,O4 nanoparticles' magnetic properties, Ms, Mr, Hc, Mr/Ms, and B, at x=0, 0.2, 0.4, 0.8,
and 1.0 and 1.0
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Figure 11: Coercivity Hc and saturation magnetization Ms of Cu;xMnyFe;O4
as a function of copper percentage x.

Ms and Mr have been observed to increase when copper
substitution does. As shown in Figure 11 and Table 2, the
Ms rises from 35.5 to 73.2 emu g-1 as x rises from 0 to 1.0.
Bulk MnFe204 has a Ms value of 110.6 emu/g [70].

In this instance, utilising a TEA-assisted route
procedure, pure MnFe,O4 nanoparticles with diameters of 20
nm were found to have Ms values of 73.2 emu/g, which are
greater than the values of 67 emu/g for MnFe,O4 crystallites
with 1 m diameters [71]. The difference that has been noticed
might be a result of something like size, shape, crystallinity,
magnetisation orientation, etc. The potential substitution of
Mn?* for Cu?* at the tetrahedral positions of the spinel ferrite
lattice helps to explain the increase in Ms with Mn?* presence.

These outcomes in the Ms version can be explained
by Neel's dual sub-lattice magnetisation model [72, 73, 36].
This magnetisation-based model is built on the equation M
(in B) = MB - MA, wherein MA and MB are the net magnetic
moments of the tetrahedral and octahedral sites, respectively.
Based on Neel scheme, the Ms values are raised by raising
the proportion of B sites with magnetic Fe®* or Mn?* ions
[48]. Where the Ms values grow as the Mn?* level as a result
of the increased utilisation of Fe3* and Mn?* at B sites.

Also, the saturation magnetisation improvement
results from the greater magnetic moment of Mn?* (5 uB) in
contrast to the replacement equivalent Cu?* (1 uB). As a
result, the magnetic moment of the Mn?* ion doping samples
rose overall as the manganese doping increased, subsequently
increasing the magnetic moment in the B-sub lattice.
Recently, doped copper ferrite found similar outcomes [72].
The data shown in Table 2 clearly show that the coercivity

(Hc) for the samples of CuFe:0, and MnFe,O4 drastically
dropped from 1344 to 760 O, respectively (Figure 11).

A decreased anisotropy field, which reduces the
energy of the domain wall, may be the cause of the fall in
coercivity that is accompanied by an increase in manganese
content. This, in turn, explains why cobalt ferrite exhibits
excessive magneto-crystalline anisotropy, as the formula Hc
= 2K/uoM shows the link between the coercivity and
anisotropy constant [74]. As a result, CuixMnyFe,O4
nanoferrites have a higher anisotropy constant due to the
excessive magnetic anisotropy of Mn2?* ions [75].The
coercivity tend to rise as the Mn?* doping levels rises as stated
by Vijaya et al. [48]. Oliveira et al. [76] disagreed with
Vijaya's work, which supported our current observation.
Consequently, it can be concluded that there are certain
connections between the structural performance of the Cus-
xMnyxFe;04 system and its magnetic properties. The lattice
parameter increased to 8.371 A due to Mn doping leading to
expanding the unit cell volume and lengthening the space
between the atoms of the divalent and trivalent ions, all of
which had an impact on the magnetic characteristics. The
magnetic moment can be obtained through the following
relationship and is shown in Table 2 as Bohr magneton units
(uB) of the experimental value [77].

MxM,_

s = 5585 “

Where "M" stands for molecular weight and "Ms"
for saturation magnetisation.
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The strength of the super-exchange interactions
among the numerous sites increased the values, and caused
them to rise. In our example, ps was discovered to rise when
Mn?* levels rose (see Figure 12). Magnetron number ug
measured values are shown in Table 2. As x increases, the

pattern of pg values increases, which may be related to x
increasing in MS. Additionally, the ratio of Mr to Ms (Mr/Ms)
declined as the Mn concentration rose. Table 2 shows the
Mr/Ms values for Cu;.xMnyFe,O4 ferrites, which range from
0.57 t0 0.47.
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Fig. 12. Variations of Mr and pB versus copper content x in Cul-xMnxFe204.

These values are less than the "1.0" value that is predicted for
single domain ferromagnetic samples. Detected deviation
from unity (1) could result from interactions between the
grains, which may be caused by the material's distribution of
particle sizes [78,79]. The acquired magnetic measurements
in this work demonstrate the ferromagnetic nature of Cus-
xMnyFe204 nanoferrites. As a result, they are great options for
a variety of applications; microwave and biomedicine among
them.

4. CONCLUSION

Co-precipitation was used to create Cul-xMnxFe204
nanoferrites, which were then used to study how manganese
substitution affected the structural, optical, and magnetic
properties of copper ferrites. The optical, grain size, and
magnetic properties are significantly impacted by manganese
substitution variability. However, the lattice constant rises
from 8.452 to 8,472 because the ionic radius of Mn2+ is
greater than that of Cu2+. The nanoparticles’ size changed
from 10.2 to 25 nm with increasing Mn content. The band gap
energy of nanoferrites reduces from 3.61 eV to 3.23 eV as
Mn2+ ion concentration rises. In copper ferrite matrices, it
has been found that the luminescence intensity rises as the
Mn2+ ratio rises. Additionally, when Mn2+ replaces Cu2+,
saturation magnetisation, and remanent magnetisation
decline. All of the prepared nanoferites were found to be
ferromagnetic according to the SQUID tests, and the Ms
values for pure samples were 20.3 emu/g and 72.45 emu/g for

MnFe204, respectively. The findings of the research are
presented for further investigation.
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