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Objective: This study examines the concept of substituting one element for another in
a compound and analyses the results. Method: The compound was synthesised and
prepared using an improved sol-gel method, employing different concentrations to
substitute nickel with cobalt, and investigating the effect on the material’s structural,
morphological, vibrational and magnetic properties. Results: X-ray diffraction results

Keywords: showed that all structural properties were retained, with a slight change in the crystal
X-ray diffraction lattice and a gradual decrease in particle size as the concentration ratio changed. As for
Morphological the infrared spectroscopy results, they revealed the appearance of distinctive vibrational
Vibrational peaks characteristic of octahedral structures, with the absence of a fingerprint region
Sol-gel method during doping at higher concentrations. As for the results of the magnetic properties
Spectroscopy analysis, it was found that the doping process results in a weakening of magnetic
coupling and a shift in paramagnetic behaviour towards a softer ferromagnetic state
(paramagnetic—ferromagnetic). Novelty: Ultimately, all the results indicated that the
doping process is an effective and excellent method for controlling and enhancing the
structural, magnetic and electronic properties in low-power energy-saving device
applications.
INTRODUCTION

The most important class of materials is perovskite oxides, which have recently
gained significant attention in research, as they are characterised by a wide range of
physical and chemical properties, including magnetic properties and electrical
conductivity [1], [2] as well as high reactivity in oxidation and reduction processes. These
oxides are distinguished by their layered structure, consisting of perovskite layers
combined with sodium chloride layers [3]. This gives them structural flexibility, which in
turn allows them to accommodate various types of crystal defects as well as ion
implantation without altering or damaging the underlying structure, The family of
layered cobaltate compounds of the LSR type is among the most important [4], as it
exhibits complex responses and interactions between the spin, charge and orbital states
of cobalt ions; this is reflected in the magnetic and electrical behaviour of cobalt, which
in turn leads to partial doping in its transition elements, as well as causing significant
changes in magnetic exchange interactions, thereby altering the material’s overall
structural and magnetic properties [5], [6], [7]. The process of cobalt doping with nickel
in this system is of great importance, as the ionic radius differs between cobalt and its
nickel counterpart, which in turn causes changes in the coordination angles along the
superexchange pathways responsible for the magnetic ordering in these compounds.
Furthermore, changes in the doping ratios of these compounds at different values
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provide us with a deeper understanding of the relationship between the structural and
chemical compositions and the magnetic properties of materials, which in turn opens up
the possibility of designing materials whose structural and magnetic properties can be
controlled, which can be utilised in a variety of applications, including electromagnets,
optical applications of magnets, and spintronics. The synthesis of such compounds is
currently being carried out using the wet chemical method, for the preparation of
complex oxides —namely the improved sol-gel method [8], [9], [10], [11], [12], [13]. This
method ensures a high degree of homogeneity at the atomic level between the various
components of the materials, allowing for precise control over their chemical composition
[14], [15], [16]. This enables us to obtain nanoparticles or nanogranules with very similar,
yet slightly varying, sizes, particularly when we use this method to prepare mixtures or
blends in a thermal furnace, which avoids many of the defects associated with the
traditional method0O-namely, the solid-state method —by controlling the reaction
conditions and the types of curing agents. Through this method, it is possible to obtain a
fine powder with a homogeneous composition whilst ensuring proportions of the
likelihood of dual phases or undesirable impurities [17], [18], [19].

RESEARCH METHOD

This experimental study examined the effect of partial nickel substitution on the
structural, morphological, vibrational, and magnetic properties of the layered
Lag.75r1.3C01_xNiyO, system. Two substitution levels, x = 0.5 and x = 1.0, were
investigated. The samples were synthesised using an enhanced sol-gel method and
thermally treated at 300 °C and 500 °C. The composition and treatment conditions were
selected to permit a direct comparison of the changes associated with increasing nickel
content while retaining the underlying layered oxide structure.

The prepared powders were characterised using complementary analytical
techniques. X-ray diffraction (XRD) was used to identify the crystalline phase, examine
peak shifts, evaluate lattice parameters, and detect possible secondary phases. Crystallite
size was estimated from the diffraction data using the Debye-Scherrer relationship, D =
0.9N\/ (P cos 0), where A is the X-ray wavelength (1.5406 A), B is the full width at half
maximum, and 0 is the Bragg angle. The diffraction patterns were compared with ICDD
card No. 1296-34 for phase identification.

Scanning electron microscopy (SEM) was employed to observe particle
morphology, agglomeration, and dimensional changes at the two nickel-substitution
levels. Fourier-transform infrared (FTIR) spectroscopy was used to identify metal-oxygen
vibrational bands and other spectral features associated with the prepared structure.
Magnetic measurements were evaluated from the magnetisation-field hysteresis curves,
with attention to saturation magnetisation, remanent magnetisation, coercive field, and
the transition between paramagnetic and weak ferromagnetic behaviour.

The results were analysed descriptively and comparatively across composition
and thermal-treatment conditions. Structural changes observed by XRD were interpreted
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together with the SEM morphology, FTIR vibrational response, and magnetic hysteresis
behaviour. This integrated analysis was used to determine whether nickel substitution
produced consistent changes across the structural, morphological, vibrational, and
magnetic characteristics of the material.

RESULTS AND DISCUSSION
Results
X-ray diffraction results

Figure (1) illustrates the X-ray diffraction pattern, which indicates that these
patterns retain their structural integrity without the presence of impurities. This result
confirms the successful doping of nickel into cobalt sites without the formation of
secondary phases, as a slight shift in the main peaks was observed when the
concentration was increased from 0. 5 to 1.0 in the temperature 300 and 500 C°. In
accordance with Bragg’s law, this shift represents a slight contraction in the crystal lattice,
caused by the substitution of nickel for cobalt without any phase transformation in the
structure. As for the crystal size, it was calculated using Equation (1), the Debye-Scherrer
equation [20]:

D = 0.9N/(Bcos0) (1)

where A = 15406 A, p = FWHM, and 0 = Bragg angle.The values were
approximately 3+45 at a concentration of 0.5 and 3+40 at a concentration of 1. 0. It can
be observed that the size decreases as the nickel concentration increases; it can therefore
be concluded that nickel doping inhibits particle growth and induces lattice strain. The
peaks were matched using the ICDD global matching card No. (1296-34) and in Table 1
Crystal lattice constants and grain size
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Figure 1. XRD patterns of Lag.75r1.3C01-xNiyO, for (a)x = 0.5 in 300 C° (b) x= 0.5 in 500
C° and (c) x =1.0in 300 C°, (d) x=1.0 in 500 C°.
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Table 1. Crystal lattice constants and grain size
Sample T(°C) a(4°) c(4> V(@A Dy,

X=05 300°C 9.23 3.05 29412 35.71

X=1.0 500°C 9.23 3.05 289.24 81.72

Scanning electron microscope (SEM) results

The SEM images in Figure (2) show that the prepared sample, which differs in its
composition and in which nickel is doped with the compound at varying ratios, has had
a very significant effect on the behaviour and shape of the particles. As can be seen from
the attached images with a magnification of x=0.5 in Figure (2 (a)) provide a good result,
with excellent nanorods having a diameter of approximately 30-60 nanometres and a
length of approximately 150-300 nanometres. This suggests that the nickel particles grow
well and asymmetrically along a specific crystalline direction, which is consistent with a
layered structure. whereas for a nickel doping ratio of x = 1.0 in Figure (2(b)) the change
is dramatic, with the particles transforming into densely packed, irregular nanoparticles,
accompanied by significant agglomeration. This differs from the first doping ratio, where
no distinct structures were produced and the particle size decreased to approximately
50-90 nanometres; this may be due to surface energy. Ultimately, it can be concluded that
the substitution and doping of nickel in the composite significantly alters the behaviour
and morphology of the particles, transforming them from spherical to structures
resembling rod-like shapes with compact agglomerates. This leads to a change in the
phase growth process during fabrication and the crystallisation process.

Average diameler = 19.4 nm i
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Figure 2. SEM images of La,.;5r;.3C0,_xNiyO2 for (a) x = 0.5, and (b) x=1.0 , (c)
Curved diameter distribution

Magnetic Force Results
Figure (3) showing the results of the magnetic measurements illustrates that, at a
doping ratio of x = 0. 5, a narrowing of the magnetic hysteresis loop is observed, along
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with a noticeable decrease in the remanence and saturation magnetisation. A clear and
significant quasi-linear variation in the magnetic field with magnetisation is also
observed, which is widely applicable; this may be due to the weak ferromagnetic
component, and the results indicate that the material exhibits exhibits paramagnetic
behaviour; this is due to the substitution of cobalt with nickel, which strengthens the
superexchange interactions between cobalt and nickel. However, when doped at a ratio
of x =1. 0, it is observed that the magnetic lag loop becomes very narrow, with a decrease
in the coercive field and a reduction in the remanence; this prevents full saturation from
being reached, even at very high magnetic fields. This behaviour can be described as “soft’
for a magnetic material exhibiting a mixture of (paramagnetic-ferromagnetic) properties.
It can ultimately be concluded that, as the doping ratio increases, the ferromagnetic
coupling weakens compared to the original composition of the cobalt-rich compound,
which may result from several factors, including slight contraction in the crystal lattice
as well as a change in the balance of cobalt and nickel ions. This leads to effects on the
bond angles, which in turn reduces the crystal volume and also creates crystal defects.
Ultimately, it can be concluded that the magnetic results are consistent with the X-ray
diffraction patterns as well as with the scanning electron microscopy results, indicating
that the substitution of nickel at the concentrations studied transforms the magnetic
behaviour into a mixed system that can be described as ‘ferro-weak’ with distinctive

softness.
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Figure 3. VSM images of Lag.;Sr1.3C01-xNi O, for, (a) x = 0.5, and (b) x = 1.0

Infrared Spectroscopy Results

Figure (4) shows that, for a substitution ratio of x = 0.5, nickel substitution results
in the formation of a crystalline structure, as evidenced by the appearance of
characteristic vibrational peaks in the frequency region below 700 cm™, as well as in the
region with a frequency of (3000 cm™), where high-frequency peaks are observed,
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indicating the presence of some surface moisture as well as a small amount of carbon
residues, which may have resulted from exposure to air during the preparation process
without affecting the basic structural composition. This result can be concluded to be
consistent with the X-ray diffraction analysis, which shows the growth of a single-phase
structure

As for Figure (5) for the ratio x = 1.0, it is observed that the sample still retains its
basic structural composition, as evidenced by the appearance of Ni-O vibrational peaks
in a distinct region below 800 cm™; furthermore, alongside this peak, additional peaks
are observed in the frequency region below 1000 cm -1, which indicate a vibrational
complex formed after substitution at the specified ratio. It can ultimately be concluded
that the peaks in the higher regions are due to trace moisture, which has no effect on the
basic structural composition; these results are consistent with X-ray analysis, electron
microscopy and magnetic properties.
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Figure 4. FTIR of Lay.;5r1.3C01_xNiyO, for, x = 0.5.
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Figure 5. FTIR of Lao.;5r1.3C01-xNiyO, for, x = 1.0.
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Discussion

The combined XRD, SEM, FTIR, and magnetic measurements demonstrate that
increasing nickel substitution systematically modifies the structural, morphological,
vibrational, and magnetic characteristics of Lag.,Sr;.3C01-xNiyO, without destroying its
fundamental layered structure. The slight displacement of the principal diffraction peaks
and reduction in crystallite size from approximately 45 + 3 nm at x = 0.5 to 40 + 3 nm at x
= 1.0 indicate lattice contraction and substitution-induced strain, confirming that Ni ions
were incorporated into Co sites without generating detectable secondary phases. These
structural changes correspond closely to the SEM observations: the well-defined nanorod
morphology at x = 0.5 develops into smaller, densely agglomerated, and irregular
nanoparticles at x = 1.0, suggesting that higher nickel content restricts anisotropic particle
growth and alters the crystallisation mechanism. The FTIR bands below 700-800 cm™
further support the preservation of metal-oxygen coordination within the oxide
framework, whereas the additional bands below 1000 cm™ at x = 1.0 indicate changes in
the local vibrational environment following substitution. The weak high-frequency
bands are most reasonably associated with adsorbed moisture or residual carbon species
and therefore do not contradict the single-phase structure observed by XRD.
Magnetically, the increasingly narrow hysteresis loop, reduced remanent magnetisation,
lower coercivity, and incomplete saturation indicate a transition toward mixed
paramagnetic-weak-ferromagnetic behaviour with soft-magnetic characteristics. This
response may be attributed to lattice contraction, structural defects, altered Co-O-Ni
bond geometry, and disruption of long-range exchange interactions as the nickel
concentration increases. Overall, the agreement among the four characterisation
techniques shows that nickel substitution provides an effective route for tuning the
structure and magnetic softness of the material, supporting its potential use in low-power
spintronic, magnetic, electronic, and optoelectronic devices; nevertheless, measurements
of electrical transport, optical response, thermal stability, and device-level performance
are still required to confirm these prospective applications.

CONCLUSION

Fundamental Finding: The analyses consistently demonstrated that nickel
substitution caused crystal lattice contraction, infrared spectral shifts, a gradual reduction
in grain size, and weakened long-range magnetic coupling. Implication: The substitution
of nickel with cobalt effectively controls the material’s magnetic and structural
properties, making it a promising candidate for multifunctional applications in
spintronic, electronic, magnetic, and optoelectronic fields. Limitation: The study was
limited to the investigated substitution levels and characterization techniques, without
evaluating the material’s performance under actual device operating conditions. Future
Research: Further studies should investigate broader substitution ranges, additional
electronic and optical properties, long-term material stability, and practical device
integration to confirm its suitability for multifunctional applications.
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