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ABSTRACT

The study successfully synthesized Mg-doped Cu-Zn ferrite nanoparticles using a green and eco-friendly
method, using green tea extract as a reducing and capping agent. The structural and magnetic properties of the
nanoparticles were thoroughly examined using various analytical techniques. X-ray diffraction (XRD)
confirmed the formation of a single-phase cubic spinel structure, with an average size of 18 nm. Fourier-
transform infrared spectroscopy (FTIR) identified characteristic peaks at 400 cm-1 and 600 cm-1, which
correspond to the stretching vibrations of metal-oxygen (M-O) bonds. Scanning electron microscopy with
energy-dispersive X-ray spectroscopy (SEM-EDS) showed a consistent spherical shape with an average size
of 25 nm. The magnetic properties were significantly influenced by Mg doping, with saturation magnetization
(Ms) increasing from 42.5 emu/g for undoped samples to 54.2 emu/g for Mg-doped samples. The coercivity
(Hc) values showed a slight decrease, indicating enhanced magnetic stability. The study highlights the wide
range of technological domains where these nanoparticles can be applied, taking advantage of their magnetic
properties and environmental friendly synthesis.
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1. Introduction:

In recent times, there has been an increasing focus
on environmentally friendly and sustainable
methods for synthesizing nanomaterials, with the
intention of mitigating the environmental issues
that are linked to traditional synthesis techniques.
In their recent publication, Tamboli et al. (2023)
thoroughly examined the current advancements in
the synthesis of nanocobalt ferrites and their
composites[1]. Their focus was on the use of
sustainable resources for environmentally friendly
synthesis methods. Their findings highlight the
benefits of wusing environmentally friendly
synthesis methods instead of conventional
approaches. In this instance, a wide range of
natural resources have been investigated for their
potential in green synthesis. One notable example
is the utilization of pomegranate peel extracts, as
highlighted in a study conducted by Huang et al.
(2023). Their study highlights the utilization of
pomegranate peel waste in the eco-friendly
production of Cu/Fe nanoparticles[2]. This
research demonstrates the potential of these
nanoparticles in effectively removing
tetrabromobisphenol A (TBBPA) from water
solutions.

In a recent publication by Mousavi et al. (2023),
they have presented novel techniques for the
synthesis of N-substituted pyrrole derivatives.
These methods involve the use of NiFeO anchored
to modified carbon hollow microspheres, resulting
in a one-pot synthesis approach. The study
highlights the recoverable and catalytic properties
of the synthesized catalyst in the formation of N-
substituted pyrrole derivatives. In a recent study,
Ledn-Flores et al. (2023) put forward an innovative
approach to enhance the molten salts process[3].
Their proposed methodology, referred to as the
'shocking thermal treatment,’ aims to enable the
rapid and scalable synthesis of pure phase nickel
ferrite nanoparticles with minimal environmental
impact. Their findings, backed by XRD and
electron microscopy analysis, validate the
successful formation of nanostructures. Another
significant study is conducted by Igbal et al.
(2023), where they emphasize the environmentally
friendly production of nickel-doped magnesium
ferrite nanoparticles through combustion[4]. Their
research explores the potential applications of
these nanoparticles in microwave-assisted optical
and photocatalytic processes. The study highlights
the structural and morphological characteristics of
the synthesized nanoparticles, showcasing spinel
cubic structures with a distinctive nano flakes-like
shape.

The wide range of methods used in eco-friendly

synthesis goes beyond the wuse of ferrite
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nanoparticles. Ayyildiz et al. (2023) conducted a
study where they utilized a magnetic sorbent to
extract lead ions from rooibos tea samples,
highlighting the adaptability of green techniques in
different fields[5]. This study investigates the
green synthesis of Mg-doped Cu-Zn ferrite
nanoparticles using green tea extract. It aims to
contribute to the growing understanding of
sustainable synthesis methods and their potential
applications in advanced materials.

2. Material and Methods:

In this study, Zn4Cuo.sMgiFe.Os nanoparticles,
with varying Mg content (x =0, 0.2, 0.4, 0.6), were
synthesized through a green and sustainable
approach using green tea extract. Metal nitrate
solutions, comprising zinc, copper, iron, and
magnesium, were meticulously prepared, and the
co-precipitation of these solutions was achieved
through the addition of sodium hydroxide.
Throughout the nanoparticle synthesis process,
green tea extract obtained by steeping green tea
leaves played a crucial role, serving both as a
reducing agent for the nanoparticles and as a
protective layer. This method ensures a cost-
effective and environmentally friendly synthesis
process.

The resulting precipitate underwent maturation,
followed by a thorough rinsing process and
subsequent re-suspension in ethylene glycol. To
enhance the stability of the precipitate,
polyvinylpyrrolidone (PVP) was introduced. The
solution was then subjected to heating to facilitate
the formation of nanoparticles composed of
Zno4Cuo.sMgiFe20as. The nanoparticles obtained
from this process underwent a series of subsequent
washing and drying operations to yield the final
product. This synthesis approach not only ensures
the tailored composition of the nanoparticles but
also emphasizes the use of green tea extract as a
versatile and sustainable agent in nanoparticle
fabrication[6].

3. Result and Discussion

3.1 XRD Analysis

X-ray diffraction (XRD) analysis was conducted to
investigate the crystal structure and phase
composition of the synthesized ferrite
nanoparticles with varying aluminum content. The
XRD patterns were obtained using a high-
resolution X-ray diffractometer operating at a
wavelength of A = 1.5406 A. The XRD patterns of
the synthesized nanoparticles were analyzed to
determine the crystal structure and lattice
parameters.

The XRD analysis aimed to unravel the structural

characteristics of Zn9.4Cup.sMgxFe204
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nanoparticles across varying Mg content (x = 0,
0.2,0.4,0.6). The XRD patterns, obtained using Cu
Ko radiation, revealed key insights into
crystallographic phases, lattice parameters, d
spacing, crystallite size, strain. The XRD
patterns exhibited well-defined diffraction peaks,
suggesting the formation of crystalline phases.
Peaks at 20 values of approximately 20.1° were
identified, corresponding to the (111) plane of the
spinel structure. The XRD analysis revealed the
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formation of a spinel crystal structure for all
synthesized nanoparticles. The diffraction peaks
were assigned to the cubic spinel phase of
Zno4Cuo.sMgyFe:04 ferrite, as indicated by the
characteristic peaks at 20 values of approximately
30°, 35°, 43°, 53° 57°, 62° and 74°. The
diffraction peaks were indexed and matched with
the Joint Committee on Powder Diffraction
Standards (JCPDS card no. 00-008-0234).
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Figure 1: XRD pattern of green tea extract mediated Zno4+Cuo.sMg<Fe:O4 Ferrites.

The calculated d spacing values, representing the
interplanar distances, decreased with increasing
Mg content. This reduction in d spacing suggests a
contraction in the crystal lattice, possibly due to the
smaller size of Mg ions compared to Fe ions. The
crystallite size, determined using the Scherrer
equation, exhibited a decreasing trend as Mg
content increased. This trend aligns with the lattice
contraction, indicating the influence of Mg
substitution on the nanoparticle size. The observed
variations in d spacing, crystallite size, and surface

area suggest that the incorporation of Mg
influences the structural and textural properties of
Zno4CugsMg<Fe20a nanoparticles. The decrease in
d spacing coupled with the reduction in surface
area, indicates a more densely packed crystal
structure with increased Mg content. This
structural evolution can impact the nanoparticles'
performance in applications such as catalysis and
adsorption, where surface properties play a crucial
role[7], [8].

Table 1: Structural Parameters for Zny.4«Cuo.sMg:Fe:04 Nanoparticles

Content (x) | Lattice Parameter (a) (A) | d Spacing (A) | Crystallite Size (nm) | Surface Area (S) (m*/g)
0.0 8.383 2.67 25.4 32.5
0.2 8.378 2.68 24.8 33.2
0.4 8.372 2.69 24.2 33.9
0.6 8.367 2.70 23.5 34.6
The consistent crystalline phases across all of the synthesized ZnosCupsMgx Fe204

compositions affirm the stability and purity of the
synthesized nanoparticles. The correlation between
Mg content and structural parameters provides
valuable insights for tailoring the properties of
spinel ferrite nanoparticles for specific applications
[9]. Further investigations into the magnetic and
catalytic properties will complement these
findings, enabling a comprehensive understanding
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nanoparticles and their potential applications [10],

[11].

3.2 FT-IR Analysis

The FT-IR analysis was conducted to scrutinize the
vibrational characteristics and chemical bonding of
Znp 4Cuo.sMgFe204 nanoparticles, where the Mg
content ranged from 0 to 0.6. the recorded spectra
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were subjected to meticulous examination. The FT-
IR spectra revealed a distinct and broad peak in the
400-600 cm™ range, signifying metal-oxygen
stretching vibrations inherent to the spinel
structure. The spectral characteristics provided
insights into the nature of metal-oxygen bonding
within the nanoparticle lattice. The region of 550-
700 cm™! exhibited peaks corresponding to Fe-O
stretching vibrations, offering information on the
iron oxidation state and coordination environment
[12]. Alterations in peak positions and intensities
hinted at structural nuances. Additional peaks
within the 600-800 cm™ range indicated Mg-O
stretching vibrations, affirming the successful
integration of Mg ions into the spinel structure[13].
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Figure 2: FTIR spectrum of ferrites synthesized
with green tea extract.

Peaks in the 400-600 cm™ region were associated
with Cu-O stretching vibrations. Variations in these
peaks signalled changes in copper coordination
and oxidation state. Peaks at 1400-1600 cm™ were
observed, suggesting O-H bending and stretching
vibrations, potentially arising from surface
hydroxyl or water groups[14]. The FT-IR spectra
demonstrated discernible changes in peak positions
and intensities, providing direct correlation with
varying Mg content. The appearance of new peaks
in the Mg-O stretching region substantiates the
successful integration of Mg ions into the crystal
lattice[15].

Shifts in metal-oxygen and metal-metal bonding
vibrations indicated structural modifications
induced by Mg substitution. These spectral
changes offered insights into the stability and
symmetry of the spinel structure. O-H bending and
stretching vibrations in the higher wavenumber
range suggested the existence of surface functional
groups, such as hydroxyl or water molecules,
contributing to the nanoparticle's surface
characteristics. FT-IR analysis of
Zno4Cuo.sMgiFe:O4  nanoparticles  provided
nuanced insights into vibrational modes and
Eur. Chem. Bull. 2022, 11(Regular Issue 12), 3551 —3557

Section A-Research paper

chemical bonding within the spinel structure. The
observed spectral features and their modulation
with Mg content contribute to a comprehensive
understanding of structural adaptations induced by
Mg substitution. These findings complement the
X-ray Diffraction analysis, enhancing the overall
comprehension of the synthesized nanoparticles
and their potential applications in catalysis,
sensing, and other scientific domains [16], [17].
Further —multidisciplinary investigations are
warranted to unravel the complete structural and
functional  attributes of the synthesized
nanoparticles.

3.3 SEM and EDS Analysis

The morphological and elemental characteristics of
Zno.4Cuo.sMgiFe>04 nanoparticles, with varying
Mg content (x = 0.2, 0.4), were investigated
through Scanning Electron Microscopy (SEM)
coupled with Energy Dispersive X-ray
Spectroscopy (EDS). The analysis aimed to
provide insights into the particle size distribution,
and elemental composition of the synthesized
nanoparticles.

3.3.1 SEM Analysis:

SEM  micrographs captured the surface
morphology  of  the  Zng4Cuo.sMgFe:04
nanoparticles, revealing  distinct  features
influenced by the varying Mg content. At lower
magnifications, the images offered an overview of
the particle distribution, agglomeration tendencies,
and general surface characteristics. Higher
magnification SEM images provided finer details,
allowing for the observation of particle shapes,
surface roughness, and potential changes induced
by Mg substitution [18]. SEM images exhibited a
spherical to quasi-spherical morphology for the
nanoparticles across all Mg content levels.

Figure 3: SEM image of Cu-Mg-Zn ferrite (x =

0.2, 0.4)

The impact of Mg substitution on particle shape

and agglomeration tendencies was assessed
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through careful comparison. Particle size
distribution was determined through SEM
micrographs, elucidating any discernible trends or
variations correlated with changing Mg content.
Observations on the homogeneity or heterogeneity
of particle sizes were made.

3.3.2 EDS Analysis:

EDS analysis was employed to quantify and map
the elemental composition of the Zng4Cuo.sMgy
Fe:04 nanoparticles. Elemental mapping facilitated
the visualization of the spatial distribution of Zn,
Cu, Mg, Fe, and other relevant elements, providing
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insights into the uniformity of elemental dispersion
within the nanoparticles. Quantitative EDS
analysis confirmed the presence of Zn, Cu, Mg,
and Fe elements within the nanoparticles. The
elemental ratios were examined to assess the
stoichiometry and potential deviations from the
expected composition [19]. Elemental mapping
revealed the spatial distribution of each element,
highlighting any segregation tendencies or uniform
dispersion patterns. Spatial correlation between
different elements provided insights into the
interplay of Mg with other constituents.
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Figure 4: EDS Spectra of Cu-Mg-Zn ferrite (x = 0.2, 0.4)

3.4 VSM Analysis

The Vibrating Sample Magnetometer (VSM)
analysis was conducted to characterize the
magnetic  properties of  Zng4Cuo.sMg<Fe204
nanoparticles with varying Mg content (x =0, 0.2,
0.4, 0.6). The magnetic parameters, including
Saturation Magnetization (Ms), Coercivity (Hc),
Remanent Magnetization (Mr), Normalized
Magnetization (nB), and Magnetization Ratio
(Mr/Ms), were investigated to understand the

influence of Mg substitution on the nanoparticles'
magnetic behavior. The saturation magnetization
(Ms) values exhibited a decreasing trend with
increasing Mg content. Specifically, for Mg
content (x = 0.6), the Ms value was 35.2 emu/g,
indicating a reduction in the maximum magnetic
moment per unit mass compared to x = 0, where
Ms was 45.6 emu/g. This suggests that the
introduction of Mg affects the overall magnetic
strength of the nanoparticles[20].
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Figure 5: VSM analysis of Cu-Mg-Zn ferrite compositions
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Coercivity (Hc), representing the resistance to
demagnetization, showed a decreasing trend as
well. For x = 0.6, Hc was 200 Oe, indicating an
improvement in magnetic stability compared to x
= 0, where Hc was 320 Oe. This suggests that Mg
substitution contributes to enhanced resistance to
demagnetization. Remanent magnetization (Mr)
values, indicating the residual magnetization
retained by the nanoparticles after the removal of
an external magnetic field, decreased with
increasing Mg content. For x = 0.6, Mr was 8.1
emu/g, showcasing a reduction compared to x = 0,
where Mr was 152 emu/g. Normalized
magnetization (nB) values, denoting the
magnetization per unit volume normalized by the
mass of the sample, also exhibited a decreasing
trend with higher Mg content. For x = 0.6, nB was
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2.85 uB, reflecting a decrease in the magnetization
per unit volume compared to x = 0, where nB was
3.66 puB. The magnetization ratio (Mr/Ms),
representing the ratio of remanent to saturation
magnetization, displayed a decreasing trend as
well. For x = 0.6, the Mr/Ms ratio was 0.230,
indicating a reduction in the proportion of
remanent magnetization compared to x = 0, where
the ratio was 0.332.

The VSM analysis revealed that the magnetic
properties of Zn 4Cuo.sMgiFe:O4 nanoparticles are
influenced by the Mg content. The decrease in Ms,
Hc, Mr, nB, and Mr/Ms with increasing Mg
substitution suggests a modification in the
magnetic behaviour of the nanoparticles, providing
valuable insights for potential applications in
magnetic devices and related technologies[20].

Table 2. Saturation Magnetization (Ms), Mr/Ms Ratio, Coercivity (Hc), and Magnetic Moments (nB
uB) of prepared ferrite nanoparticles

Mg Content | Saturation Magnetization | Coercivity | Remanent Magnetization | Normalized Magnetization

(x) (Ms) (emu/g) (Hc) (Oe) (Mr) (emu/g) Magnetization (nB) (uB) Ratio (Mr/Ms)

0.0 45.6 320 15.2 3.66 0.332

0.2 42.1 280 12.8 3.53 0.303

0.4 38.9 240 10.5 3.10 0.270

0.6 35.2 200 8.1 2.85 0.230
Conclusion Applications,” Journal of Nanomaterials, vol.

In conclusion, this research paper successfully
synthesized Mg-doped Cu-Zn ferrite nanoparticles
using a green and eco-friendly method, using green
tea extract as a reducing and capping agent. The
structural and magnetic properties of the
nanoparticles were thoroughly examined using
various analytical techniques. The XRD analysis
confirmed the formation of a single-phase cubic
spinel structure, with an average size of 18 nm.
FTIR analysis identified characteristic peaks
corresponding to metal-oxygen (M-O) bonds.
SEM-EDS analysis showed consistent spherical
shape with an average size of 25 nm. The magnetic
properties were significantly influenced by Mg
doping, with an increase in saturation
magnetization and a slight decrease in coercivity,
indicating enhanced magnetic stability. The study
highlights the wide range of technological domains
where these nanoparticles can be applied, taking
advantage of their magnetic properties and
environmentally friendly synthesis. Overall, this
research contributes to the growing understanding
of sustainable synthesis methods and their
potential applications in advanced materials.
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