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ABSTRACT: In this experimental research paper, we investigate the
potential enhancement of Co-doped Zny sNipsFe,xCoxO4for (x = 0.0, and
0.0250) ferrites synthesized by the green synthesis method for applications
in medicine. The structural analysis of the synthesized material is a crucial
step in understanding its suitability for medical applications. X-ray
diffraction (XRD) is employed to elucidate the crystallographic structure
of the Co-doped ZnNiFe,O4 ferrites. The results demonstrate that the
doping process has a significant influence on the material’s crystal
structure, which may impact its potential in various biomedical
applications. The Co-doped ZnNiFe,O, spinel ferrite materials become

4.0/ more suitable for medical applications as the decrease in X-ray density and
simultaneous increase in bulk density can facilitate better tissue
penetration and biocompatibility, making them ideal for non-invasive
medical imaging and therapeutic applications, while minimizing potential
health risks.

KEYWORDS: ferrites application; medicine; XRD; spinel ferrites; Co-
doping

1. Introduction

ZnNiFe,Oy4 ferrites have garnered interest in recent years for their potential applications in the field
of medicine, including drug delivery systems, magnetic resonance imaging (MRI) contrast agents, and
hyperthermia therapy. One such area of research is the co-doping of materials, where multiple dopants
are introduced into a host material to modify its properties. Doping these ferrites with transition metals
like cobalt (Co) can potentially enhance their magnetic and structural properties, making them even more
suitable for medical applications!"?.

The structural analysis of co-doped ZnNiFe,Oy is crucial to understanding the changes in its crystal
structure, lattice parameters, and bonding characteristics. Li et al.’! investigated the structural and
magnetic properties of Co-doped BiLaFeCoOs nanoparticles using XRD. The results showed that Co-
doping on the A sites decreased the lattice parameters and increased the magnetic permeability™*.
Ameen et al.”? used XRD to study the structural and morphological properties of Mg-doped ZnNiFe;Oq4
nanoparticles. The results showed that Mg-doping on the A sites resulted in an increase in coercive and
saturation magnetization. They investigated the thermal stability and magnetic properties of Mg-doped
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ZnNiFe;O4 nanoparticles. The results showed that Mg-doping on the A sites increased the thermal
stability of the nanoparticles and improved their magnetic properties”. Wu et al.®®! used XRD to study
the structural and morphological properties of Co-doped ZnMgFe,O4 nanoparticles for drug delivery®!?.
The results showed that Co-doping on the A sites improved the dispersion and loading capacity of the
nanoparticles for drug delivery. Mujtaba et al.'!! tailored the structural, optical, electrical, and
photoluminescence properties of ZnNiMgFe,,L.axOs, which showed better crystal structure and
improvement in optical properties!!>',

The structural, optical, electrical, and dielectric properties of soft ferrites are significantly influenced
by the technique of manufacture and sintering temperature. Various techniques can be employed for the
fabrication of nanomaterials, including sol-gel, hydrothermal, combustion, co-precipitation, and green
synthesis approaches!'®!”. The implementation of green synthesis techniques has the potential to mitigate
the environmental consequences associated with chemical synthesis, mostly due to their reduced
utilization of hazardous chemicals and diminished waste generation. Ginger has been employed in the
process of green synthesis for a multitude of applications!'2%, As an illustration, it has been employed as
an inherent catalyst to synthesize various chemicals, including gold nanoparticles and silver
nanoparticles. The antioxidant capabilities and metal ion oxidation reduction efficacy of ginger’s active
components, including gingerol and shogaol, have been documented in scientific research. Hence, the
utilization of ginger extract (19 g/100 mL) as a potential reducing agent in the synthesis of spinel ferrites
has been proposed??°2!,

In conclusion, the co-doping of materials has emerged as a promising strategy to enhance their
properties for various applications. In this study, we focus on the synthesis and structural characterization
of Co-doped ZngsNigsFe,«CoxOs ferrites (x = 0.0 and 0.0250) using XRD to assess their suitability for
medical applications. The green synthesis method is used to synthesize ZngsNigsFe;xCoxOs. The
structural properties of co-doped Zng sNigsFe,xCoxO4 will be investigated using techniques such as XRD.
The enhanced properties of co-doped ZnosNigsFe2xCoxQOs4, including electrical, magnetic, and catalytic
properties, will be evaluated for potential medicinal applications. The findings of this study will
contribute to the understanding of co-doped materials and their potential in the field of medicine.

2. Materials and methods

The pure and doped Zny sNipsFe,«Co,O4 samples with x values of 0.0 and 0.0250 were synthesized
using the green synthesis method. Initially, a solution was made by combining 250 mL of distilled water
and 48 g of ginger. This mixture was subjected to 15 min of boiling with magnetic agitation, resulting in
the formation of a brown-colored solution. The sample was allowed to settle to ambient temperature
before being filtered. In addition, a solution of 12 g of sodium hydroxide (NaOH) dissolved in 100 mL of
distilled water was produced by magnetic agitation for one hour. Additionally, nickel nitrate
Ni(NOs),.6H,O, cobalt nitrate Co(NOs),.6H.O, zinc nitrate Zn(INO;),.6H,O, and ferric nitrate
Fe(NOs),.9H,0 were solubilized in a 200-mL ginger solution containing 48 g of ginger. The solution was
subsequently stirred magnetically and heated at 80 “C for one hour on a hot plate. Subsequently, a NaOH
solution was added gradually to the mixture while maintaining constant agitation until the pH of the
resulting solution reached 12. To obtain the final product, the solution was centrifuged. To facilitate
further characterization, the collected samples were subjected to a dehydrating procedure and then finely
pulverized. Using the same procedure, ZnosNipsFe,xCoxOs was synthesized using a 250 mL ginger
solution. The block diagram representing the methodology is depicted in Figure 1.
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Figure 1. Block diagram of experimental methodology for Co doped soft ferrites.

3. Results and discussions

Structural properties

Figure 2 displays the X-ray diffraction (XRD) patterns of Zng sNip sFe»xCoxO4 samples, namely those
with x values of 0.00 and 0.025. These soft ferrite samples were synthesized using the co-precipitation
method. The X-ray diffraction (XRD) analysis indicated the successful incorporation of Co** ions into
the Zno sNipsFe2xCoxOy4 ferrite structure. The introduction of Co intensity at a doping concentration of x
= 0.0250 results in the generation of the highest peak (311)!!,
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Figure 2. XRD patterns of ZnosNiosFezxCoxOsfor x = 0.00, and 0.0250.

The subsequent equation was employed to get the mean crystallite size!?:
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The symbol S represents the full width at half maximum (FWHM) of the X-ray diffraction (XRD)
peaks, while the wavelength is denoted by A = 1.542 A. Table 1 displays the observed variations in
numerical values of different structural characteristics of ZngsNigsFe;«CoxOs4 ferrites as determined
through X-ray diffraction (XRD) analysis. In the case of the sample with x = 0.00, the largest observed
crystallite size was measured to be 72.8 nm. However, for the sample with x = 0.0250, the crystallite size
was reduced to 18.2 nm. The difference in ionic radii can be explained by the variation in the values of
Co* (0.58 A) and Fe** (0.63 A)!'. The equation provided is utilized for the computation of lattice
parameters, and the resultant values are presented in Table 1:

Aexp = d h? + k2 + 12 @)

The d-spacing and Miller indices, denoted as d, 4, k£ and /, respectively, are fundamental concepts in
crystallography. The d-spacing represents the distance between adjacent crystal lattice planes, while the
Miller indices describe the orientation and location of these planes within the crystal structure!”. The
calculation of d-spacing involves the application of Bragg’s equation, which relates the angle of incidence
of X-rays or other electromagnetic waves to the spacing between crystal lattice planes®?:

ni

~ 2sinf )

The variables # and 6 represent the diffraction order and the angle of diffraction, respectively. The
lattice constant exhibited a drop from an initial value of 8.493 A to a final value of 8.470 A. Figure 3
illustrates the variation in lattice constant among all nanoferrites. The observed changes in lattice constant
for Co**-doped soft ferrites can be attributed to the difference in ionic radii between Co** (0.58 A) and
Fe** (0.63 A). The increase in the concentration of Co** ions, which possess smaller ionic radii, leads to
the replacement of Fe** ions with larger radii®. The aforementioned result was derived by Mostafa et al.
According to Vegard’s principle, when the ionic radius of replacing ions is smaller than that of host ions,
there is a decrease in the lattice constant. In contrast, the peak with the highest degree of sharpness (311),
tends to shift towards larger angles with the introduction of Co** concentrations. The displacement
seen can be attributed to the difference in ionic radii between cobalt (Co) and iron (Fe). Hasan et al.
observed a similar phenomenon of displacement. The introduction of Co concentration leads to an

increase in intensity at peaks (422) and (511), confirming the presence of doping material and the creation
of a cubic structure. The density of X-ray (d), bulk density (d;), and porosity were determined using the
following relationships®:

_Zm 4

* =N, 4)

d, = —" 5
db

_1_9° 6

P=1 — (6)

In the aforementioned equations, Avogadro’s number is marked as N, = 6.0221 x 10%, the variable
m represents the molar mass of a substance in grams per mole (g.mol~'), the atomic number is represented

by Z = 8, the unit cell volume is denoted as V' = (a’), the symbol r is used to represent the radius, and the
width of a pellet built on nano-composites is indicated by the variable 4%, The values obtained for both
kinds of density are presented in Table 1. The density of X-rays (dy) exhibits a decrease from 5.01-4.91
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g.cm? as the Co*" content increases, specifically for x values of 0.00 and 0.0250. This decrease can be
attributed to the direct relationship between mass and density. The bulk density (db) exhibits an increase
within the range of 3.83-3.84 g.cm™ as a result of Co®*" doping. The disparities between dx and d, arise
from the generation of unoccupied volume during the sintering procedure. Figure 4 depicts the variations
in X-ray density and bulk density with the introduction of Cobalt concentration?”,

The formulas utilized for the calculation of the hopping lengths (La and Lg) about the A and B sub-
lattice sites, respectively, among magnetic ions are as follows?®!:

LA=G§ (7)
LB=ag (8)

The calculated values for both L, and Lg are illustrated in Table 1. L, and L both decrease with a
decrease in lattice constant, grain size as shown in Figure 5. This modification may have a significant
impact on the magnetic properties and biocompatibility of the material, making it more suitable for
biomedical applications??*3,

Table 1. Results related to XRD peaks of ZnosNio.sFe2xCoxOsa.

Structure parameters x =0.00 x =0.025
FWHM (radians) 0.002 0.004
20 (degree) 35.06 35.15
Lattice constant (A) 8.493 8.470
Volume unit cell (A)® 612.79 607.78
Crystallite size(nm) 72.8 18.2
d-spacing 2.561 2.554
Dislocation line density 3.69 14.8
X-rays density (g.cm™) 5.01 4.91
Bulk density (g.cm™) 3.831 3.848
Hopping length, La (A) 3.678 3.668
Hopping length, Lz (A) 3.01 2.98
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Figure 3. Average crystallite size and lattice constant vs. Co concentration for ZnosNio.sFez«CoxO4for x = 0.00, and 0.0250.
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Figure 4. Bulk density and X-Ray density of Zny.sNip.sFe2xCoxO4for x = 0.00, and 0.0250.
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Figure 5. Hopping lengths (LA and LB) against Co concentration.

4. Conclusions

In this study, we have conducted an X-ray Diffraction (XRD) analysis of Co-doped ZnNiFe,O4
ferrites to assess their structural properties for potential applications in medicine. The XRD results
indicate that the doping process has resulted in a modified decrease in lattice parameter (8.493-8.470 A),
grain size (72.8-18.2 nm), and an increase in dislocation line density per meter (3.69-14.8) suggesting
the successful incorporation of cobalt into the crystal structure. The Co-doped ZnNiFe, Q4 spinel ferrite
materials become more suitable for medical applications as the decrease in lattice constant, reduction in
grain size, and increase in dislocation line density (DLD) enhance their magnetic properties, making
them excellent candidates for targeted drug delivery and MRI contrast agents. The decrease in X-ray

density (5.01-4.91 g cm~®) and simultaneous increase in bulk density (3.831-3.848 g cm~3) can facilitate

better tissue penetration and biocompatibility, making them ideal for non-invasive medical imaging and
therapeutic applications, while minimizing potential health risks.
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