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The effects of diamagnetic bismuth substitution on the microstructural and magnetic properties of
sol-gel auto-combustion citrate nitrate synthesized CuFezxBix04 (x=0.0, 0.4, 0.8, 1.2, 1.6 and 2.0) nano
powders were investigated. The samples were characterized by techniques such as X-ray diffraction,
Raman spectroscopy, Fourier-transform infrared spectroscopy, field-emission scanning electron
microscopy, energy-dispersive X-ray spectroscopy, UV-Vis diffuse reflectance spectroscopy, and
vibration sample magnetometer. The structural results showed a phase transition from a
predominantly tetragonal structure with an 141/amd space group to a tetragonal structure with a
P4ncc space group. The magnetic properties of the samples revealed a transition from a ferrimagnetic
to a diamagnetic phase due to the presence of the diamagnetic Bi3*. Although the coercive field
exhibited a minimum value at a substitution level of x = 0.8, the saturation magnetization was found
to decrease with increasing Bi substitution, ranging from 25.04 emu/g for x = 0.0 to -0.02 emu/g for

Ferrimagnetic to Diamagnetic Transition. x=2.0.

1. Introduction

Spinel materials are groups of mineral compounds with
a general formula of AB2X4 that often crystallize in the cubic
or tetragonal system, associated with X anions (usually
halogens such as oxygen and sulfur) arranged in a close-
packed cubic lattice and A and B cations occupying some or
all of the octahedral and tetrahedral sites within the lattice
[1-3]. A and B charges in the spinel structure are +2 and +3,
respectively, with other combinations including divalent,
trivalent, or tetravalent cations such as magnesium,
vanadium, iron, manganese, aluminum, chromium,
titanium, and silicon. Depending on the choice of anions (X),
they are referred to as oxide spinels (AB204) or
chalcogenide spinels (AB2X4, X=S, Se, Te). The natural spinel
structures usually have a close-packed cubic lattice with
eight tetrahedral sites and four octahedral sites in each
formula unit. In oxide spinel, oxygen anions occupy the cube
corners and cations occupy the tetrahedral (A) and
octahedral (B) sites [4-8]. The tetrahedral sites are smaller
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than the octahedral sites. The B cations occupy half of the
volume of the octahedral sites, while the A cations occupy
one-eighth of the volume of tetrahedral sites. The inverse
spinel structure has a different cation distribution, with all
the A cations and half of the B cations occupying octahedral
sites, while the other half of B cations occupy tetrahedral
sites [8-12].

Copper ferrite is a spinel ferrimagnetic with a chemical
formula CuFez0a4. A lot of studies on pure CuFe204 and its
electrochemical and ceramic synthesis have been reported
[13-18]. Moreover, CuFe204 is of great importance due to its
high electronic conductivity, high thermal stability, and high
catalytic activity. Recently, it has been shown that the
significance of new applications of CuFe204 lies in its use as
carbon-free aluminum electrolysis. The significance of this
lies in the production of oxygen gas instead of CO:z at the
anode, effectively replacing the commonly used carbon.
There have been extensive studies on pure CuFe204, and its
synthesis via electrochemical and ceramic methods has
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been reported [13]. Furthermore, CuFez04 is of significant
importance for the completion of Oz from the alumina-
cryolite system, which is used in aluminum production, due
to its high electronic conductivity, high thermal stability,
and high catalytic activity. Its importance lies in its function
as a non-consumable and green anode for aluminum
electrolysis, where only oxygen gas is generated instead of
COz. The distribution of cations in ferrite spinel can be
represented by the following formula: (Cus2*Fe1- §3*) a [Cu1-
s**Fe1+s3*] B, where ¢ is the cation distribution ratio [17]. For
6 = 1, it shows the tetragonal phase, whereas, for § = 0, it
shows the cubic phase. The tetragonal structure with space
group [41amd is stable in CuFe204 compositions above 663
K, while the cubic structure with space group Fd3m exhibits
lower temperatures [15]. Significant research has been
conducted on the synthesis of CuFe204 with high saturation
magnetization (Ms). The CuFez04 is considered part of the
soft ferrite group, and in addition to its common use in
water purification, it is also employed in various fields such
as the manufacture of electronic devices, telecommunications,
remote sensing technology, microwave devices, power
transmission systems, and spintronics [19, 20]. Several
factors, including the synthesis method, calcination
temperature, and substitutions, have been studied for their
effects on the physical and magnetic properties of CuFe204
and other spinel ferrites. The Ms of CuFe204 increases with
the increase of particle size, consistent with the core-shell
theory, which shows that when particle sizes are small,
ferrite particles have a nonmagnetic dead layer of canted
surface spins on the surface [20-25]. However, a decrease
leads to more canted surface spins and an increase in the
dead layer which can reduce Ms.

Bismuth-based semiconductors have broad applications
in catalysis, electrochemistry, and photo-catalytic
processes. Among them, the CuBi204 spinel compound is
considered a notable semiconductor due to its unique
properties, including high thermal stability, water
purification capability, excellent catalysis, piezoelectric and
optical properties, and especially strong absorption in the
visible region [26-29]. Bismuth is a semi-metal with a
rhombohedral crystal structure having an anisotropic
Fermi surface that makes it suitable for electronic and
optical applications. The CuBiz0s+ possesses intriguing
characteristics, such as a p-type semiconductor behavior
with high refractive index and narrow bandgap energy (1.1-
2.5 eV), which make them appealing for various applications
such as photovoltaic cells, sensors, optical coatings, and
catalytic processes [30-35]. This material has gained
attention for its potential applications in the
photoelectrochemical (PEC) conversion of solar energy into
chemical fuels due to its suitable band gap, p-type
conductivity, and positive flat band potential. The band gap
values have been determined through various experimental
techniques and theoretical calculations, such as UV-VIS
spectroscopy and density functional theory (DFT).
However, it is important to note that the band gap of
CuBiz04 can be influenced by factors such as synthesis
method, particle size, and the presence of impurities or
defects in the material. Another reason for the significance
of the CuBiz04 spinel oxide is its unique structure. In this
compound, Cu?+* and 0% ions form square-planar-shaped
CuO4 units, which are connected by Bi204 chains along the c-
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axis. The tetragonal lattice parameters of this structure
possess a c/a ratio of less than 1, where c and a represent
the lattice constants along the Z and X axes, respectively.
Unfortunately, its electronic properties, such as low
electronic mobility and conductivity, have limited its
potential for widespread use [35-36]. Consequently,
numerous and diverse modifications have been explored to
enhance its utility. The CuBi204 Nanoparticles have been
synthesized through various methods, including solid-state
reactions, hydrothermal processes, thermal decomposition,
magnetron sputtering, microwave processing, sol-gel
techniques, and more [37-39]. The development and
optimization of synthesis approaches are essential for
producing high-quality materials with tunable properties
for specific applications.

Spinel materials with the general formula AB,X, are
well-known for their versatile structural and magnetic
properties, making them suitable for diverse technological
applications. Among them, copper ferrite (CuFe,0,) is of
particular interest due to its high electronic conductivity,
thermal stability, and catalytic activity. While numerous
studies have focused on optimizing CuFe,0, properties
through various substitutions, the incorporation of bismuth
(Bi) introduces unique advantages due to its diamagnetic
nature and large ionic radius. While there may not be any
specific research on the effect of bismuth substitution in
place of iron on the magnetic properties of CuFe2xBix04, it is
important to consider studies related to bismuth
substitution in other magnetic materials. This will help
provide context for your research and offer insights into the
potential effects of bismuth substitution on magnetic
properties. Several studies have investigated the effects of
bismuth substitution on the magnetic properties of various
ferrite materials. For example, in cobalt ferrite (CoFeo.
xBix04) nanoparticles, researchers observed changes in
magnetic properties, such as a decrease in saturation
magnetization, with increasing bismuth content [40, 41].
The hysteresis curve indicated the ferrimagnetic nature of
the samples [40]. The samples also exhibited a well-
saturated P-E loop with gradual lowering in remnant
polarization, coercive field, and saturation polarization with
an increase in bismuth concentration. Mdossbauer
spectroscopy analysis confirmed the changes in the
magnetic moment of ions, their coupling with neighboring
ions, and cation exchange interactions. The X-ray diffraction
technique was used to confirm the phase purity which
revealed the formation of a secondary phase when Bi3+
concentration exceeds x=0.5 [40]. Transmission electron
microscopy indicated the formation of grains by
aggregation of small crystallites with a reduction in grain
size to 20 nm with an increase in Bi3* content [40]. Similarly,
in nickel ferrite (NiFezxBixO4) materials, bismuth
substitution was found to alter lattice parameters and
magnetic properties [42-44]. Based on magnetic studies, an
increase in bismuth content leads to a decrease in the
saturation magnetization, coercive field, and Néel
temperature [42]. This can be attributed to the substitution
of Bi3* ions in the ferrite system as a nonmagnetic cation.
However, the effects of Bi substitution on the structural
phase transitions and magnetic properties of CuFe,0,
remain underexplored. In this study, we investigate CuFeo-
xBix04, synthesizing nanoparticles via a sol-gel auto-
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combustion method to analyze the interplay between Bi
substitution and the structural and magnetic
transformations. A significant novelty of this work is the
identification of a phase transition from a tetragonal
I41/amd structure to a P4ncc structure, driven by Bi
substitution. This structural evolution is accompanied by a
ferrimagnetic-to-diamagnetic ~ phase  transition, a
phenomenon not extensively studied in previous literature.
Furthermore, we demonstrate that Bi substitution leads to
reduced  saturation  magnetization and  altered
magnetocrystalline anisotropy, shedding light on the
mechanisms driving these changes. By addressing gaps in
previous research, this work paves the way for designing
spinel materials with customizable properties for next-
generation technologies.

2. Experimental

2.1.Materials

In this study, CuFe2xBix04 (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.2, 1.6,
and 2.0) samples were synthesized using the sol-gel technique.
Bismuth nitrate pentahydrate (Bi(NO3)3).5H20, Merck, >98%),
iron nitrate nonahydrate (Fe(NO3)3.9H20, Merck, >98%),
copper nitrate hexahydrate (Cu(NO3)2.6H20), Merck, >98%),
and citric acid (C70sHe, Merck, >98%) were used as precursors.

2.2.Synthesis Method

CuFe2xBix04 (x=0.0, 0.4, 0.8, 1.2, 1.6, and 2.0) were
prepared by the citrate-nitrate method according to Refs.
[45-47]. For the synthesis of the samples, high-purity metal
nitrate salts (Merck) and citric acid (C70sHs, as chelating
agents) were used. The necessary amounts of metal
nitrates (Fe(NO03)3.9H20, and Cu(NOs3)3.6H20) and citric
acid (at a ratio of 1:1) were separately dissolved in
deionized water with the aid of a magnetic stirrer. Bismuth
nitrate (Bi(NO3)2.5H20) was dissolved in a minimal amount
of nitric acid, which was then mixed with the other
solutions. Subsequently, the final solution was put on a
magnetic stirrer for at least 1 h until a clear and
homogeneous solution was achieved. The solution was
then placed in a water bath at a temperature of
approximately 80 °C until a dry gel was formed. The dried
gel was put in an oven at 200°C for 10 h. To achieve the
spinel structure, the obtained powders were placed in a
crucible and kept at 750 °C for 2 h.

2.3.Characterization

X-ray diffraction (XRD) patterns powder samples were
recorded using a Bruker AXS-D8 XRD machine equipped
with a Cu-Ka source (30 kV and 35 mA) and a nickel filter.
The XRD analysis was performed in the 26 range of 10-80°
with a step size of 0.05° and a wavelength of 1.5404 A. The
Raman spectra of the samples were obtained using a
confocal Raman spectrometer from Horiba, which utilized
a laser with a wavelength of 785 nm. Field emission
scanning electron microscope (FESEM) images of the
samples were acquired using a TESCAN MIRA3 instrument.
The magnetic properties of the samples were characterized
using a Vibration Sampling Magnetometer (VSM, Lake
Shore model 7400).

3. Results and Discussion

3.1.Structural Properties

The XRD patterns of CuFe2xBix04 (x=0.0, 0.4, 0.8, 1.2,
1.6, and 2.0) nanoparticles are shown in Fig. 1. Structural
identification performed by X'Pert shows that the
dominant phase for the sample with x=0.0 has a spinel
tetragonal structure with space group 141/amd, which
corresponds to the standard ICDD card No. 00-034-0425
[48-51]. The lattice parameters of the spinel tetragonal
structure with space group 141/amd have the values of a =
5.788 nm and c = 8.550 nm. However, the dominant phase
for the samples with (x = 0.4, 0.8, 1.2, 1.6, and 2.0) exhibits
a tetragonal structure with space group P4ncc, which
corresponds to the standard JPCDS card No. 01-080-1908
[27, 29, 52-54]. The lattice parameters of the tetragonal
structure with space group P4ncc have the values of a =
5.810 nm and c = 5.840 nm. Therefore, a structural phase
transition from the tetragonal space group 141/amd to
P4ncc has been observed.

It is known that the crystal structure of CuFez04,
depending on the Cu?* ion concentration and thermal
operations, can be cubic or tetragonal. Cation distribution
in CuFez04 is as follows: (Cus?*Fe1- 53*) a [Cui- s2*Fe1+ 63*] B,
where & is the degree of inversion. For § = 0, a normal phase
is indicated, while 6 = 1 represents an inverse spinel. The
body-centered tetragonal structure is associated with the
space group I4:1/amd for the CuFe204+ compound and is
stable at temperatures above 663 K, whereas the face-
centered cubic structure is associated with the Fd3m space
group and this compound is stable at lower temperatures
[48-51]. It is understood that a significant number of Cu?*
ions occupy the octahedral sites and the cation distribution
in CuFe204is as follows: (Fe3*) a[Cu?*Fe3+] 5. As Bi3* replaces
Fe3+, it is expected that Bi3* ions exert pressure on the
existing Cu?* ions in the octahedral sites, forcing Cu?* ions
to migrate to tetrahedral sites. It is known that the ionic
radius of Cu?* is larger than that of Fe3+, and the ionic radius
of Bi3* is significantly larger than that of Cu?* and Fe3+.
Therefore, when Bi3* ions enter the octahedral sites, they
naturally displace the ion with a larger ionic radius (Cu?2+),
causing Cu?* ions to shift from the octahedral site to the
tetrahedral site, resulting in a decrease in the inverse
parameter. As a result, the Jahn-Teller distortion that arises
from the presence of Cu?* ions in the octahedral site is
reduced, leading to a phase transition from I41/amd to
P4ncc. This phase transition is completed in the CuFe204
sample.

As shown in Fig. 1, in the XRD patterns of samples x<1,
an impurity phase of CuO is observed. However, in the XRD
patterns of samples x = 1.2, and 1.6, an impurity phase of
BiFeO3 is observed. With the increase in Bi3* ion
concentration, the intensity of the secondary phase of
BiFeOs also increases. Since Bi3* and Fe3* ions have ionic
radii of 1.03 and 0.645 A, respectively, it is likely that
during the low substitution process, when Bi3* ions enter
the spinel structure, they completely replace Cu?* and Fe3*
ions in the octahedral sites of the spinel. However, as the
substitution increases (1.2<x<1.6), some Bi3+ ions do not
enter the spinel structure and form an impurity phase of
BiFeOs. Since the process of ionic replacement to a large
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extent requires high energy, Bi3* ions that do not fit in the
spinel structure combine with oxygen and form the
impurity phase of BiFeOs. Also, it is evident in the XRD
patterns that with the increase in Bi3* concentration, the
peaks tend to shift to higher diffraction angles or larger
interplanar spacing. This effect is due to the larger ionic
radius of Bi3* compared to Fe3+*, which increases the unit
cell volume of the tetragonal structure.

Regarding the extent of Bi3+ ion's participation in the
CuFe204 structure substitution in the present work, we
clarify that for Bi3* substitution in the range of 0.4<x<0.8,
the ions primarily replace Fe ions in the Fe-site. However,
due to the synthesis conditions, some Cu?* ions lead to the
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formation of a more stable impurity phase of CuO instead
of tetragonal CuBiz0a. In cases of higher Bi3* substitution in
the range of 0.4<x<0.8, the ions predominantly substitute
for Fe ions, but due to the synthesis conditions, a more
stable impurity phase of BiFeOs is formed instead of
tetragonal CuBi204. We emphasize that the observed phase
transition from space group tetragonal [41/amd to
tetragonal P4ncc serves as a key indicator of Bismuth's
presence within the structure. This transition observed
through X-ray diffraction analysis, demonstrates the
successful incorporation of bismuth during the synthesis
process.
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Fig. 1. XRD pattern of CuFe2-«Bix04

3.2.Morphological Properties

The images obtained from the samples of CuFe2xBixO4
(x=0.0, 0.4, 0.8, 1.6, and 2.0) by field emission scanning
electron microscopy at two scales of 200 nm and 1 pm are
shown in Fig. 2. The effect of Bi3* substitution on the
morphology and particle size of the spinel can be seen from
the images, as it can be observed that a set of agglomerated
nanoparticles form sheet-like grains, which become larger
in diameter with increasing Bi substitution, causing a
decrease in sample agglomeration, which can be
understood by comparing the images with a scale of 1 um.
The particle-size distribution histogram has been plotted in
the inset of Fig. 2 for all samples. Using fitting of the particle
size distribution with the normal-log function, the average
particle size of the samples can be obtained [55, 56]:

In” (dTiM)>

2
204

P(d) = (1)

1
—eX
dogv2m p(

From these results, it can be inferred that the particle
size has decreased with increasing Bi substitution. The
decrease in particle size with increasing Bi substitution in
CuFe2xBix04 can be attributed to several factors related to
the synthesis process and the properties of bismuth (Bi):

1. lon size: Bismuth (Bi3*) has a larger ionic radius
compared to iron (Fe3*), which can lead to lattice
distortions when Bi substitutes for Fe in the crystal
structure. These distortions may affect the nucleation
and growth of the particles, potentially reducing their
size.
Nucleation rate: The introduction of Bi may increase
the nucleation rate during the synthesis process. A
higher nucleation rate leads to the formation of more
nuclei, which consume the available precursor
materials more rapidly. This can result in a decreased
particle size as each nucleus has less time to grow
before the available resources are exhausted.
3. Surface energy: The presence of Bi can alter the surface
energy of the particles. A higher surface energy can
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make it less favorable for particles to grow, leading to
smaller particle sizes.

4. Differences in reactivity: The reactivity of Bi
precursors may differ from Fe precursors, which can
influence particle growth kinetics during synthesis. If
Bi precursors react more quickly than Fe precursors,
they can limit the growth of particles, leading to
smaller sizes.

5. Sintering behavior: Bismuth has a lower melting point
compared to iron, which can affect the sintering
behavior of the synthesized particles. The presence of
Bi may lower the overall sintering temperature and
reduce particle coalescence, resulting in smaller
particle sizes.

These factors can contribute to the observed decrease
in particle size with increasing Bi substitution in CuFe2-
xBix04. However, it's important to note that the exact
mechanisms may depend on the specific synthesis
conditions, such as temperature, pressure, and precursor
concentrations.

EDS spectra were obtained to identify the elements
forming the nanoparticles in CuFez-+BixO4 (x=0.0, 0.4, 0.8,
1.6, and 2.0) and are shown in Fig. 2. The peaks related to
copper, iron, and oxygen elements are observed in the EDS
spectrum of sample CuFe204, and peaks related to copper,
iron, bismuth, and oxygen elements are observed in the
EDS spectrum of Bi-substituted CuFe204, as well as peaks
related to copper, bismuth, and oxygen elements are
observed in the EDS spectrum of the CuBi2z0s sample,
confirming the presence of these elements in the
nanoparticles.

The presence of an Au peak in the EDX spectra of
samples at around 2 keV can likely be attributed to the
sample preparation process for analysis under a scanning
electron microscope (SEM). Typically, samples are coated
with a thin layer of a conductive material, such as gold or
carbon, to reduce charging effects and improve the quality
of the SEM images. The Au peak in the EDX spectra is
therefore an artifact of the sample preparation, indicating
the presence of the gold coating on the sample surface. Itis
essential to consider this when interpreting the EDX
spectra and to ensure that the coating does not interfere
with the analysis of the elements of interest.

3.3.Raman Spectra

Fig. 3 shows the Raman spectra of samples CuFe2-xBix04
(x=0.0, 0.4, 0.8, 1.6, and 2.0). For the CuFe204 sample, five
vibration modes are identified, which are attributed to the
single-phase CuFez04 structure [57]. The positions of these
modes are approximately 187, 270, 475, 543, and 695 cm"
1, which correspond to the Raman active modes Fzg, Eg, Fzg,
F2¢, and A1g of the spinel structure, respectively. In addition,
a shoulder appears around 73.74 cm!, and other weak

active modes are observed at other points in the spectrum.
For the CuBi204 sample Raman spectrum, five peaks are
observed, confirming its pure phase [58]. The peak at 89.5
cm-!is related to the Raman active mode Bzg of Bi cation on
the surface. A peak at 177.85 cm! indicates the Eg vibration
mode associated with the Cu-Cu bond. A peak at 288.59 cm-
1 shows the A1g bending vibration mode due to the rotation
of atoms in the CuOs network. Another Raman peak at
438.34 cm is attributed to the stretching vibration mode
Aig.

3.4.Magnetic Properties

The hysteresis loops of the CuFe2xBix04 (x=0.0, 0.4, 0.8,
1.2, 1.6, and 2.0) are shown in Fig. 4. Coercive field (Hc)
where the hysteresis loops cross the H-axis, remanence
magnetization (Mr) where the hysteresis loops intersect
the M-axis after removing the magnetic field, and Ms at the
maximum magnetization point on the hysteresis loops.
Since saturation is not achieved in the hysteresis loop, the
law of approach to saturation (LAS) can be used to estimate
the saturation magnetization (Ms) [59-62]:

wan = 1= (57) - 7)) @

where M(H) represents the magnetization in the
presence of an external magnetic field H, and M;s signifies
the saturation magnetization. Additionally, b denotes a
coefficient proportional to the square of the first-order
magnetocrystalline anisotropy constant K, while ¢ is a
coefficient proportional to the cube of K. This method
involves extrapolating the magnetization curve to estimate
M;sbased on the magnetic behavior of the material at higher
magnetic field strengths. The information obtained from
these parameters is listed in Table 1.

Additionally, the K is obtained from the following
equation [50]:
. 0.96K 3)
M

Higher values of K indicate greater magnetic anisotropy
in the material, showing that the spins strongly depend on
a specific direction. According to previous report [50],
there is a direct correlation between the anisotropy
constant and the number of unpaired electrons, and the
higher the number of unpaired electrons, the higher the
value of K. The magnetocrystalline anisotropy in CuFe204 is
due to the strong spin-orbital (L-S) coupling caused by the
pairing of Cu?* ions with one unpaired electron and Fe3+
ions with five unpaired electrons. As can be seen from
Table 1, the decrease in coercivity field Hc with increasing
bismuth substitution is due to the decrease in the
difference of unpaired electrons between A and B cationic
spins of superexchange interaction.
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The type of anisotropy being uniaxial or cubic can be diamagnetic material. As the substitution increases

understood from the ratio M:/Ms. If this ratio is less than
0.5, the anisotropy will be uniaxial. The calculated values of
M:/Ms for the samples in Table 1 show that the type of
anisotropy is uniaxial for all samples. An increase in Bi3*
ions causes saturation magnetization to decrease and
remanence magnetization to increase, which is attributed
to the weak superexchange interaction caused by the
presence of Bi3* ions. This means that the Bi3* ions with
diamagnetic spins replace Fe3* ions with 5 us magnetic
spins, and the total magnetization of the B sublattice
decreases as a result of the total decrease in magnetization
[63]. Overall, the Néel model suggests that the substitution
of diamagnetic Bi3+ for magnetic Fe3+ in the octahedral site
of CuFe40: leads to a decrease in saturation magnetization
due to a combination of dilution effects, modified exchange
interactions, and potential structural changes. It should be
noted that Bismuth is the most important diamagnetic
substance, and as can be seen from the magnetic hysteresis
loop of CuBi204, it tilts towards negative magnetization
values in high fields, demonstrating the behavior of

(1.2sx<1.6), some Bi3* ions do not enter the spinel
structure and form an impurity phase of BiFeOs. The
diamagnetic effect of the sample is due to the doping value
of Bi. While BiFeOs is antiferromagnetic, which can reduce
magnetization with further Bi substitution, it is important
to note that bismuth itself is a significant diamagnetic
substance. As observed in the magnetic hysteresis loop of
CuBi204, the presence of Bi contributes to the overall
magnetic behavior of the material. A remanent loop
typically refers to the hysteresis loop observed in
ferromagnetic materials, characterized by a non-zero
magnetization at zero applied field. In our case, the
diamagnetic behavior is distinct from remanence and
arises from the sample's response to the highly applied
magnetic field. We emphasize that the formation of a
remanent loop at a lower field for sample x = 2.0 is related
to measurement errors by the system. As a result, with the
increase of Bi3* substitution, a magnetic phase transition is
observed from the ferrimagnetic phase of CuFe402 to the
diamagnetic phase of CuBi204.
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Fig. 4. Hysteresis loops of CuFe;Bix04
Table 1. Values of Magnetic Parameters for CuFe2..Bi.04 Nanoparticles
Sample Myemu/g)  Mdemuw/g) H(Oe) M/M; b*107  -c*10'"  K(emu*Oe/g)
x=0.0 25.04 13.35 815.4 0.52 1.52 5.40 21276
x=04 14.33 5.19 272.1 0.35 0.94 2.93 4062
x=0.8 9.88 3.25 209.9 0.32 0.95 2.41 2162
x=1.2 1.33 0.28 253.4 0.20 3.70 17.76 357
x=1.6 0.66 0.20 388.9 0.30 2.83 13.3 268
x=2.0 -0.02 0 --- --- - --- -

4. Conclusions

This study investigates the structural and magnetic
properties of CuFe2xBix04+ as a function of bismuth (Bi)
substitution for iron (Fe) in the octahedral site. The
structural results show that the samples CuFezxBixOa
exhibit a predominantly tetragonal structure with the
I41/amd space group for x = 0.0, as well as a tetragonal
structure with the P4ncc space group for x = 0.4, 0.8, 1.2,
1.6, and 2.0. However, an impurity phase of CuO was
observed in the samples with x = 0.0, 0.4, and 0.8, while an
impurity phase of BiFeOs was found in the samples with x
= 1.2, 1.6, and 2.0. Our results demonstrated a clear
correlation between the degree of Bi3* substitution and a
decrease in saturation magnetization, with values ranging
from 25.04 emu/g for x = 0 to -0.02 emu/g for x = 2.0. This
reduction in the Ms can be attributed to the combined
effects of dilution, altered exchange interactions, and
changes in magnetocrystalline anisotropy. Additionally, the
structural phase transition observed as the Bi3* content
increased, can contribute to the modulation of magnetic

properties. These findings offer valuable insights into the
complex interplay between structural transformations and
magnetic phase transitions in Bi-substituted CuFe204
compounds, which could be useful for designing materials
with tailored magnetic properties for various applications.
Overall, the diverse properties of CuFe2xBixO4 make it a
promising material for a wide range of applications in fields
such as environmental remediation, sensing, energy
conversion, and biomedicine.
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