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The sol-gel approach was used to synthesize the copper nanoferrite and magnesium-nickel-silver doped copper nanoferrites in the present
work. Several methods were used to characterize the synthesized nanoferrites, including X-ray diffraction (XRD), Fourier-transform
infrared spectroscopy (FTIR), field emission scanning electron microscopy (FESEM) and UV-visible spectroscopy. FTIR spectroscopy
revealed metal ion peaks at 547-569 cm™. XRD evaluation indicated that the typical crystallite size was between 20 and 26 nm and the
FESEM exhibited non-uniform forms in the synthesized nanoferrites. Elemental analysis revealed the presence of copper, magnesium,

nanoferrite, 1.53 eV for Cuys and 1.36 eV for Cuy;. The hysteresis loop of CuFe,O4nanoparticles was studied to examine their magnetic
properties. These findings implies that the synthesized nanoferrites have potential uses in semiconducting device applications and magnetic

data storage.

INTRODUCTION

Ferrites are the ceramic materials that exhibit magnetic
properties and are composed of iron oxide (Fe,O;) and one or
more other metallic oxides. Copper ferrites differ from others
due to their distinct molecular properties and various applica-
tions. Copper ferrites are noteworthy materials, such as CuFe, Oy,
are composed of Cu®* and Fe™ ions arranged in a crystal lattice
structure. Copper ions (Cu®) occupy tetrahedral sites, while
iron ions (Fe™) occupy octahedral sites. This arrangement results
in a spinel structure, with copper ions in a tetrahedral configura-
tion and iron ions in an octahedral arrangement [1]. Copper
nanoferrites are used in various applications, including cata-
lysis, electronics and medicine. However, one drawback of
copper ferrites is their low saturation magnetization, which
restricts their use in various applications. To solve this restric-
tion, researchers looked into doping copper ferrites with nickel,
magnesium and silver [2].

When tetrahedral and octahedral molecules are introduced
into copper ferrites’ crystal lattice structure, their locations
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shift. This leads to increased saturation magnetization and better
magnetic characteristics. Copper nanoferrite and magnesium-
nickel-silver doped copper nanoferrites can be synthesized using
a different chemical processes. Co-precipitation, hydrothermal
synthesis and the sol-gel techniques are among the most often
utilized processes. The sol-gel process, in particular, has sparked
interest because to its ability to manufacture high-quality,
homogenous nanoparticles with precise size and shape [3-6].
In this work, copper nanoferrite and magnesium-nickel-silver
doped copper nanoferrites were synthesized and characterized
using the sol-gel method.

This study analyzed the fundamental and stage character-
istics of electrochemically deposited copper-bismuth, copper-
magnesium and cupronickel films. Copper, bismuth, nickel,
and magnesium had been selected for the component composi-
tion due to their ability to form single-stage structures, which
can significantly affect the erosion characteristics of films under
extreme conditions [7,8]. When the erosion resistance of thin
films was investigated, it was found that a reduction in the
concentration of copper-containing phases enhanced their
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resistance to oxidation and degradation [9]. The conditions of
the combination are known to influence the stage arrangement,
strength and consumption attributes of the created films. From
the perspective of fundamental research and practical uses,
NiFe films with a structured orientation are of significant interest
[10].

Overall, the research into copper nanoferrites and their doped
equivalents has led to new possibilities for magnetic materials
with enhanced properties and applications. The positions of
tetrahedral and octahedral molecules in the crystal lattice struc-
ture were changed and the applications of these mixtures were
evaluated. Recognizing the chemical characteristics and
synthesis techniques of these materials enables researchers to
continuously create and improve magnetic materials for diverse
technological advancements [10,11].

EXPERIMENTAL

Copper nitrate [Cu(NO;),-6H,0], ferric nitrate [Fe(NO3);-
9H,0], citric acid [CsHsO7-H,O], nickel(I) nitrate hexahydrate
[Ni(NOs),-6H,0O], silver nitrate hexahydrate [AgNO;-6H,O],
ammonia solution and magnesium nitrate hexahydrate [Mg(NOs),
-6H,0] were procured from Sigma-Aldrich, USA.

Synthesis: The metal nitrates and citric acid were mixed
in distilled water and stirred thoroughly. The solution was then
heated to 90 °C to facilitate the evaporation of water. Then, NH;
was added dropwise to the mixture to increase the pH level.
As evaporation occurs, the solution becomes viscous and forms
a gel. The heating process continues to convert the gel into ash.
Finally, the resulting powder was ground using a mortar and
pestle and then calcined at 300 °C for 2 h [12,13].

RESULTS AND DISCUSSION

XRD (X-ray diffraction) analysis: Fig. 1 shows the XRD
spectra analyzed for the phase purity of the samples CuFe,O,
termed as Cu, Mgy 13Nio.13Ag0.04CuosFe,Os termed as Cuy; and
Mgo.21Nig21Ago0sCuosFe,Ostermed as Cugs. The peaks corres-
ponding to the planes of spinel ferrite are (220), (311), (400),
(511) and (440), which align well with JCPDS card no. 74-
2081. The strong peak at (311) is significantly more intense
and the sharp, narrow peaks suggest the crystalline nature and
purity of the samples. The sample exhibits a cubic spinel struc-
ture with an Fd3m spatial group. The size of the crystallites
was determined using Debye-Scherrer’s formula [13-15]:

kA
BcosO M
where D represents the size of crystallite; B denotes the line
broadening measured at the full width at half maximum (FWHM)
of the most intense peak; k is the Scherrer’s constant; 0 is the
Bragg’s angle and A is the wavelength of the X-ray [16]. The
crystallite sizes were determined to range from 14 to 24 nm.

FT-IR spectral studies: Fig. 2 shows the FT-IR spectra
of the functional groups in synthesized copper ferrite and Mg-
Ni-Ag doped copper ferrites. These were analyzed using FTIR
spectroscopy in the range of 4000-500 cm™. This technique
utilizes infrared radiation to study atomic or molecular vibra-
tions and their intensities, serving as an effective method for
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Fig. 2. FTIR analysis for synthesized nanoparticles Cu, Cugs, Cuo;

identifying local chemical bonds [16,17]. This study investi-
gates the structural features of spinel ferrite by analyzing the
FTIR spectra of both pure copper ferrite and Mg-Ni-Ag doped
copper ferrites. All the spinel ferrites display broad metal-oxygen
bands in their FTIR spectra, typically observed in the range of
600-500 cm™. A prominent peak in the range of 3700-3200
cm™ is attributed to the stretching vibrations of O-H bonds.
Moreover, bands at 1617 cm™ are linked to the C-O stretching
mode, which results from the adsorption of ambient CO, onto
the nanoparticle surfaces. The peak at 1370 cm™ is due to the
bending vibrations of N-O bonds. Finally, the transmission
band at 585 cm™ is associated with the stretching vibrations
of metal ions [18-20].

SEM studies: The SEM images of the synthesized ferrites
are shown in Fig. 3a-c for various molar fractions. All images
clearly depict the grains and their corresponding grain boun-
daries. The spectra reveal aggregated grain boundaries between
the grains, featuring an irregular distribution of particles [19].
The average grain sizes of the nanoferrites were analyzed using
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Fig. 3. SEM micrographs of synthesized nanoparticles Cu, Cugs, Cugs

Image-J software. In this study, it was observed that the grain
size decreases as the dopant concentration increases. The varia-
tion in grain size is clearly evident. Based on the FE-SEM images
of the investigated nanoferrites, the grain sizes ranged from
16.5 nm to 22 nm, indicating a reduction with increasing dopant
concentration. The nanoscale nature of the synthesized nano-
ferrites was confirmed by these grain size measurements and the
doping effects on the base ferrite compound. Fig. 4 confirms
the presence of elemental confirmation shown the weight per-
centage of the same.

UV-absorption spectral studies: The UV-visible absorp-
tion (Fig. 5a) exposes interesting information about the optical
characteristics of copper and its doped materials. The black line
illustrates pure copper with unique absorbance peaks at 200-
900 nm wavelengths, suggesting strong electronic transitions.
When copper is doped at concentrations of 0.7 (red line) and
0.5 (green line), these peaks move slightly, indicating changes
in the electronic structure caused by doping. The differences in
peak intensities and placements indicate that doping modifies
the optical behaviour of material, potentially increasing its
appropriateness for applications in electronics and photonics.
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Fig. 4. EDX spectra of synthesized nanoparticles Cug;

This graph emphasizes the relevance of doping in modifying
material characteristics for various technological applications,
transforming it into an essential tool for researchers and engi-
neers in the discipline [20-23].

The direct band gap (Fig. 5b) derived from the UV-visible
data illustrates the impact of doping on copper’s electrical
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Fig. 5. (a) UV spectra and (b) direct band gap of synthesized nanoparticles Cu, Cuys, Cuo7
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Fig. 6. Magnetic properties of Cu, Cuys and Cuy~

properties. The black line represents pure copper, which has a
band gap of 1.61 eV, whereas copper doped at 0.7% has a lower
direct band gap of 1.36 eV; similarly, copper doped at a concen-
tration of 0.5 has a straight band gap of 1.53 eV. These changes
in band gap values demonstrate how doping modifies copper’s
electrical structure, possibly increasing its appropriateness for
a variety of applications in electronics and optoelectronics.
By decreasing the band gap, doping enhances the material’s
optical absorption properties and conductivity, making it more
efficient for use in sensors and solar cells [24-26].

Magnetic studies: Magnetic measurements of the prep-
ared nanoferrites were conducted using a vibrating sample
magnetometer at room temperature, with an applied field of
20kOe. The resulting hysteresis loop illustrates the relationship
between the magnetization (M) and the applied magnetic field
(H). The key magnetic parameters include saturation magneti-
zation (Ms), which is the maximum value of magnetization;
remanent magnetization (Mr), the magnetization at zero field;
and Coercivity (Hc), the magnetic field required to reduce the
magnetization of the material to zero after the sample has been
saturated. The chemical composition, porosity and grain size
of the ferrite compound significantly influenced the shape and
width of the hysteresis loops.

The hysteresis loop of CuFe,O, nanoparticles was studied
to examine their magnetic properties (Fig. 6). For Cu, the rema-
nent magnetization (Mr) is 0.93 emu/g, the coercive field (Hc)
is 1252 Oe and the magnetization at saturation (Ms) is estimated
to be only 22.30 emu/g, respectively. For Cugs, the remanent
magnetization (Mr) is 1.32 emu/g, the coercive field (Hc) is
509 Oe and the magnetization at saturation (Ms) is estimated
to be only 26.02 emu/g, respectively. Finally, for Cuy;, the
remanent magnetization (Mr) is 2.14 emu/g, the coercive field
(Hc) is 1592 Oe and the magnetization at saturation (Ms) is
estimated to be only 29.92 emu/g, respectively [27,28].

Conclusion

The sol-gel technique was employed to synthesize copper-
magnesium-nickel doped silver nanoferrites and characterized.
Based on the XRD data, the size of the crystallites was observed
to range between 20 to 26 nm. FTIR examination revealed
metal ion peaks at 547 cm™ to 569 cm™. FESEM showed non-
uniform pattern images. Elemental analysis revealed the prese-
nce of copper, magnesium, nickel and silver in the doped nano-
ferrites. UV-visible spectroscopy revealed a direct optical band

gap, 1.61 eV for Cu, 1.36 eV for Cuy; and 1.53 eV for Cuys,
respectively. The hysteresis loop of CuFe,O4nanoparticles was
studied to examine their magnetic properties. The results indicate
that the synthesized nanoferrites may be useful in semicon-
ducting devices and magnetic data storage.
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