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ABSTRACT: This study investigates the effects of substituting La2NiMnOs (LNMO) with Strontium (Sr) and Europium (Eu)
dopants at the A-site, focusing on changes in material properties. Utilizing Density Functional Theory (DFT) with Local
Density Approximation and Hubbard U Correction (LDA + U), we analyze the significant impact of these dopants on LNMO's
optical, magnetic, electrical, and spintronic properties. Sr and Eu doping modifies the electronic structure of LNMO, enhancing
its dielectric properties, which is crucial for applications requiring a high dielectric constant. The improved optical conductivity
of doped LNMO makes it more efficient in light absorption and photoconductivity, beneficial for optoelectronic devices.
Doping also enhances the magnetic properties of LNMO, advantageous for spintronics where spin control is essential. These
dual improvements in electrical and magnetic properties suggest that Sr and Eu-doped LNMO are highly effective for energy
storage technologies. Additionally, the mechanical properties of doped LNMO show improved resilience and stability, key
indicators for the durability and longevity of devices. This comprehensive analysis highlights the potential of Sr and Eu-doped
LNMO for advancements in spintronics, optoelectronics, and energy storage. The findings provide valuable insights into tuning
material properties through doping, paving the way for synthesizing new multifunctional materials. This study not only
enhances our understanding of the impact of dopants in double perovskites but also expands possibilities for innovative
applications in high-tech fields, offering the potential for creating versatile materials and future innovations.
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1. INTRODUCTION [2]. Due to their broad category, they exhibit wide range of
properties and functionalities, which make them crucial in
scientific research as well as in technological applications [3].
The study of oxides has resulted in outstanding discoveries in

phenomena  like  ferroelectricity,  superconductivity,

Since the inception of research in material science, Oxides
have developed a significant interest in the minds of
researchers due to its vast and diverse applications in the

devices, strengthened by the fundamental Physics [1]. The
oxides are different in nature be it acidic, basic, metallic, etc
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magnetism and multiferroicity, each opening new branches
of exploration and innovation [1-4]. These materials play a
pivotal role in the development of new advanced
technologies generated from intrinsic properties and also
from tuning up by various means essentially from doping,
structural modifications and strain engineering, and so on [5].
One of the notable advantage of oxides over other materials
(pure semiconductors and metals) are the cost effectiveness
and the availability of the conventional processing methods
[6]. The synthesis of oxides is quite simple and lower in cost
which are beneficial for synthesis of large-scale applications
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[7]. Their utilization is in various forms which includes bulk
materials, polycrystalline powders, single crystals and thin
films, each form is substantial for specific applications [8].
For instance, single crystals are often used in fundamental
research to understand intrinsic material properties, while
polycrystalline powders and thin films are more commonly
used in practical applications such as capacitors, pyroelectric
sensors, electro-optic devices, sensors, transducers, memory
devices, and actuators [2-8].

One of the notable class of oxides is the perovskites,
characterized by the general formula ABOs [6]. The unique
geometry of perovskites, where a large cation A is surrounded
by corner-sharing BOg octahedra, leads to a rich variety of
physical properties [6]. Perovskites being ideal, where the
positive and negative charge centers coincide perfectly, are
rare. More commonly the centers imperfectly coincide each
other resulting in overall net dipole moment and
ferroelectricity [8]. The flexibility at the sites of A and B in
the case of perovskite structure allows a path for wider range
of Chemical compositions, accomplishing various diverse
physical properties and multi-functionalities. The research on
perovskites has not been beneficial only to understand the
fundamentals of physics, but in an elaborative manner it
provides the path for new related materials i.e. the double
perovskites (A2BB’06) [6, 9]. These materials have gained
significant attention nowadays due to their lower cost
production, utility and efficiency, which makes them prone in
material research and innovations.

Double perovskites were developed to meet the growing
needs of modern society [10-13]. These materials have the
general formula A-BB’Os, where A is a divalent cation
typically from alkaline or rare earth metals (f block
elements), and B and B’ are elements from alkali, alkaline,
and d block elements [14]. The name "double perovskites™ is
derived from the repetition of perovskite cells, resulting in a
rich variety of properties, including anti-ferromagnetism,
half-metallicity, magnetoresistance, magneto-capacitance,
and ferromagnetism [9-17]. These properties can be further
tailored through various methods, such as doping or forming
composites. Dopants can introduce new electronic states and
alter the magnetic and electronic interactions in the materials,
thereby tuning the properties for specific applications.

Double perovskites offer advantages in solar cell
technology due to their wider diffusion lengths, high light
absorption, and low processing temperature capabilities
compared to silicon-based conventional cells. Notably,
traditional silicon-based solar cells face challenges related to
efficiency and toxicity, such as the presence of lead in lead-
based perovskite solar cells [18]. Technological
advancements have improved the efficiency of perovskite
cells from 3.8% to 22.7% [19, 20], fueling further research
into these compounds and their potential in photovoltaic
technologies.

One prominent member of double perovskites is
La:NiMnOs (LNMO), known for its transition state around
room temperature and magneto-dielectric behavior. LNMO
has attracted significant interest due to its potential
applications and physical properties [21]. Earlier studies

using density functional theory (DFT) indicated
semiconducting behavior in LNMO [21, 22]. LNMO is
ferromagnetic, while its end members, LaMnOs and LaNiOs,
are antiferromagnetic and ferromagnetic, respectively. This
combination of properties makes LNMO a fascinating
material for further research [21-31].

La:NiMnOs exhibits two phases due to temperature
changes: monoclinic at room temperature and rhombohedral
at higher temperatures, indicating a phase transition
influenced by atmospheric conditions and temperature [23,
24]. Altering the physical properties of double perovskites
through substitutional doping is an area of ongoing research.
Substituting different cations at the A-site affects the physical
properties, considering factors like ionic radii, valencies, and
oxidation states [24]. These substitutions alter the B-O-B
angles, influencing the material's electronic structure and
magnetic properties. For example, Wang Ting et al. reported
that doping with calcium introduces antiphase defects,
increasing antiferromagnetic anti-phase boundaries and
enhancing long-range ferromagnetic order near the transition
point [25, 26]. Gadolinium doping enhances the insulating
behavior of the material, demonstrating how different
dopants can enhance the properties of double perovskites for
specific applications.

Many materials, including perovskites and carbon
nanotubes, have been doped using DFT to predict and
improve their performance [27]. However, achieving
simulated results experimentally remains a significant
challenge. Despite the ease of synthesizing double
perovskites, practical applications face issues like stability
and efficiency. For light-harvesting materials, cost and
toxicity are significant concerns, particularly for silicon-
based and lead-halide-based perovskite solar cells [28, 29].
Researchers have turned to alternative materials and novel
synthesis methods to overcome these drawbacks. For
instance, Kumar et al. synthesized a heterostructure of
LNMO and TiO: using simulation methods, achieving a
power conversion efficiency of up to 15.42% [27]. Similarly,
inorganic lead-free perovskite oxides with bandgap
variations of 1.08 to 1.19 eV have been synthesized,
achieving higher carrier lifetimes compared to halide-based
perovskite cells and comparable to silicon-based solar cells
[28]. These features highlight the potential of perovskite
materials in developing efficient and environmentally
friendly photovoltaic technologies [27, 28]. Lan et al.
reported that the monoclinic phase of LNMO is preferable for
light-harvesting applications compared to other phases [29].
The current research provides insights into the monoclinic
phase for solar cell use while performing substitutional
doping to enhance light response. The optical delineation of
doped LNMO results in significant improvements in light
absorption and conductivity in the visible spectrum,
suggesting its viability for solar and energy storage devices
[29].

This paper explores the optical properties of La2NiMnOe
(LNMO) doped with Strontium (Sr) and Europium (Eu),
highlighting their significant impact on the material's
characteristics. Using Density Functional Theory (DFT) with
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LDA + U corrections, we found that doping enhances
LNMO's potential in the electronic industry, specifically in
photonics, energy storage, and spintronics. These dopants
lead to the creation of multifunctional, exotic materials with
improved properties.

Double perovskites, known for their diverse
applications including magnetism, optoelectronics, and
catalysis, make LNMO a promising candidate due to its
excellent ferromagnetic and semiconducting properties. Our
study focuses on how Sr and Eu doping at the A-site affects
LNMOQ's optical, magnetic, spintronic, electrical, and
mechanical properties. Doping with Sr, which has a larger
ionic radius than La, expands the lattice and modifies bond
angles, enhancing ferromagnetic and semiconducting
behavior by affecting the electronic band structure and
magnetic interactions. On the other hand, Eu, with a smaller
ionic radius but higher valency, introduces significant
electronic perturbations and new magnetic interactions,
crucial for spintronics applications.

We utilized DFT to capture the magnetic and electronic
correlations within the doped LNMO system, analyzing
changes in the electronic band structure, magnetic properties,
and density of states to understand the mechanisms driving
property modifications. Additionally, we evaluated the
optical properties of the doped LNMO, focusing on light
absorption and conductivity, which are essential for
developing photovoltaic and optoelectronic applications.
Mechanical stability was also assessed, as it is vital for the
durability and performance of devices.

Our comprehensive analysis aims to provide a detailed
understanding of Sr and Eu-doped LNMO, revealing their
potential for applications in spintronics, photovoltaics, and
energy storage. This study advances our knowledge of double
perovskites and sets the stage for future research and
development of advanced materials with tailored properties,
pushing the boundaries of material science and fostering
technological innovation.

2. COMPUTATIONAL DETAILS

2.1. Computational Details

For the computational details, we employed the Vienna Ab
initio Simulation Package (VASP) for all calculations related
to Density Functional Theory (DFT). The projector-
augmented wave (PAW) method was used to describe the
electron-ion interactions accurately. This method allows for a
more precise representation of the wavefunctions near the
atomic cores. The exchange-correlation potential was treated
within the Local Density Approximation plus Hubbard U
(LDA + U) framework. The LDA + U approach is essential
for accounting for the strong on-site Coulombic interactions
in the d-orbitals of d-block elements, which are crucial for
correctly describing the electronic structure of materials with
strongly correlated electrons.

2.2. Structural Optimization

The initial structures of La:NiMnQs, Sr-doped La:NiMnOs
(Lai.oSro.:NiMnOs), and Eu-doped La:NiMnOs
(Lai.sEuo.iNiMnOs) were fully optimized to achieve stable
configurations. The optimization process continued until the
forces acting on each atom were reduced to less than 0.01
eV/A. This ensures that the structures are at their minimum
energy configurations. A Monkhorst-Pack k-point mesh of
6x6x6 was used for sampling the Brillouin zone, which
provides a good balance between computational cost and
accuracy. A plane-wave cutoff energy of 500 eV was used,
ensuring that the wavefunctions were well-represented.
Figure 2 illustrates the density of states (DOS) for monoclinic
La:NiMnOs, providing insights into the electronic structure
of the material.

2.3. Electronic Structure and Optical Properties

The electronic structure, including the density of states (DOS)
and band structures, was computed to understand the impact
of Sr and Eu doping on La:NiMnOs. The DOS helps identify
the distribution of electronic states across different energy
levels, while the band structure reveals the material's
conductive properties by showing the energy bands. To
investigate the optical properties, we derived the dielectric
function, refractive index, and absorption spectra from the
frequency-dependent complex dielectric function. These
properties are critical for assessing the material's potential in
optoelectronic applications, as they determine how the
material interacts with light across different wavelengths.

2.4. Magnetic and Spintronic Properties

The magnetic properties were investigated by calculating the
total and partial magnetic moments of the doped and undoped
La:NiMnOs structures. Spin-polarized calculations were
performed to analyze the potential of Sr and Eu-doped
LNMO for spintronic applications. These calculations help in
understanding how doping influences the spin alignment and
magnetic ordering within the material, which is crucial for
applications in spintronics, where the control of electron spin
is used to store and transfer information.

2.5. Mechanical Properties

To evaluate the mechanical stability and rigidity of the doped
structures, we computed the elastic constants. These
constants include the bulk modulus, shear modulus, and
Young's modulus, which were derived from the elastic
constants. The bulk modulus measures the material's
resistance to uniform compression, the shear modulus
indicates resistance to shear deformation, and Young's
modulus reflects the stiffness of the material. Understanding
these properties is essential for assessing the material's
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suitability for various applications, particularly those
involving mechanical stress and strain. The comprehensive
methodology ensures a detailed understanding of how Sr and
Eu doping influences the structural, electronic, optical,
magnetic, spintronic, and mechanical properties of
La:NiMnOs. The insights gained from these studies are
crucial for developing advanced materials with tailored
properties for specific high-performance applications.

3. RESULTS AND DISCUSSION
3.1. Structural Properties

Figure 1 visually represents the impact of different dopants
on the LNMO structure, highlighting how doping can alter its
physical properties and enhance its suitability for various
applications. Figure 1 illustrates the structural variations in
La:NiMnOs (LNMO) under different doping conditions.
Figure 1 (a) shows the undoped La:NiMnOes, representing the
pristine structure of LNMO without any dopants. The crystal
lattice and atomic arrangement reflect the default state of the
material, providing a baseline for comparison with doped
variants. Figure 1 (b) depicts the LNMO structure after
doping with Strontium (Sr). Doping with Sr, which has a
larger ionic radius than La, is expected to expand the lattice
structure and alter bond angles. These changes can modify
the electronic band structure and magnetic interactions,
potentially enhancing the material's ferromagnetic and
semiconducting properties. Figure 1 (c) shows the LNMO
structure doped with Europium (Eu). Eu, having a smaller
ionic radius than La but a higher valency, introduces
significant electronic perturbations. These changes affect the
electronic density of states and magnetic exchange

interactions, which are crucial for applications in spintronics.

The structural properties of La2NiMnOs (LNMO) and its
Sr and Eu-doped variants were thoroughly investigated
through structural optimization. The optimized lattice
parameters for the undoped and doped compounds are
summarized in Table 1. These parameters include the lattice
constants a, b, and ¢, which define the dimensions of the unit
cell in the crystal structure. The substitution of La with Sr and
Eu leads to slight changes in the lattice constants, indicating
successful incorporation of the dopants into the LNMO
structure. Specifically, the lattice constants a and b show a
minor increase when Sr is introduced (from 5.54 A to 5.56
A), while the introduction of Eu results in a similar yet
slightly smaller increase (to 5.55 A). The lattice constant ¢
also increases slightly for both dopants, with Sr-doped
LNMO showing a more significant increase (from 7.81 A to
7.83 A) compared to Eu-doped LNMO (to 7.82 A).

These changes in lattice parameters are crucial as they
reflect the dopants' impact on the crystal structure of LNMO.
The increase in lattice constants suggests that the dopants
cause an expansion of the unit cell. This expansion can be
attributed to the differences in ionic radii between La, Sr, and
Eu. Sr has a larger ionic radius compared to La, leading to a
more pronounced expansion in the lattice. In contrast, Eu has
an ionic radius similar to La, resulting in a less significant
increase in lattice dimensions [28].

Furthermore, the successful incorporation of Sr and Eu
into the LNMO lattice without disrupting the overall crystal
structure confirms the stability of the doped compounds. This
stability is essential for maintaining the material's integrity
and ensuring consistent performance in various applications.
The slight variations in lattice parameters due to doping can
also influence the electronic and magnetic properties of
LNMO. Changes in the crystal structure can affect the
overlap between atomic orbitals, thereby altering the
electronic band structure and magnetic interactions.

Fig. 1. Structure of La:NiMnOs: (a) undoped La-NiMnOs, (b) Sr-doped LazNiMnOs, (¢) Eu-doped La:NiMnOe.
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Fig. 2. Density of States (DOS) of Monoclinic La:NiMnOe.

Therefore, understanding these structural modifications
is a critical step in comprehensively analyzing the dopants'
effects on LNMO's overall properties. The optimized lattice
parameters for La:NiMnOs and its Sr and Eu-doped variants
demonstrate successful doping and slight expansions in the
crystal lattice. These structural changes set the stage for
further investigation into how these modifications impact the
material's electronic, magnetic, and other functional
properties, which will be discussed in subsequent sections.
Figure 2 exhibits the density of state (DOS) graph for the
monoclinic La;NiMnOe.

3.2. Electronic Properties

The electronic properties of pristine La>NiMnOs (LNMO)
and its Sr and Eu-doped variants were thoroughly examined
using band structure and density of states (DOS) analyses.
These analyses provide insights into the material's electrical
conductivity and carrier density, which are crucial for
potential applications in electronics and spintronics. Table 2
provides the bandgaps for La:NiMnOs and doped variants.
The band structure of pristine LNMO displayed a
semiconducting behavior with a bandgap of approximately

1.2 eV. This intrinsic bandgap is indicative of the material's
potential for electronic applications where moderate
electrical conductivity is required. However, the introduction
of Sr and Eu dopants leads to noticeable changes in the band
structure. Upon doping with Sr (Lai.sSro.iNiMnOs), the
bandgap narrows slightly to 1.1 eV. Similarly, Eu doping
(Lai.oEuo.lNiMnOs) results in a further reduction of the
bandgap to 1.0 eV. The narrowing of the bandgap in both
cases suggests an enhancement in the material's electrical
conductivity. This enhancement can be attributed to the
additional states introduced by the dopants near the Fermi
level, which increase the carrier density and facilitate
electron transport. The DOS analysis provides a deeper
understanding of the electronic states in the material. For
pristine LNMO, the DOS around the Fermi level is relatively
sparse, consistent with its semiconducting nature. However,
doping with Sr and Eu introduces new electronic states close
to the Fermi level. These additional states contribute to an
increase in carrier density, which is beneficial for
applications requiring higher electrical conductivity. The
presence of dopant-induced states near the Fermi level also
indicates potential modifications in the material's electronic
interactions and overall behavior [29].

Table 1. Optimized Lattice Parameters for La2NiMnOs and Doped Variants.

Compound Lattice Constant a (A) Lattice Constant b (A) Lattice Constant ¢ (A)
La:NiMnOs 5.54 5.54 7.81
Lai.oSr0.1NiMnOs 5.56 5.56 7.83
Lai.oEuo.:NiMnOs 5.55 5.55 7.82
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Fig. 3. Variation of dielectric constant with frequency for undoped and doped LMNO: (a) Real part (¢') versus frequency (Hz)
for undoped, Sr-doped, and Eu-doped La:NiMnOs; (b) Imaginary part (&") versus frequency (Hz) for undoped, Sr-doped, and

Eu-doped La:NiMnOe.

The changes in the band structure and DOS due to doping can
significantly impact the material's performance in various
applications. For instance, the enhanced electrical
conductivity makes Sr and Eu-doped LNMO suitable for use
in electronic devices where efficient charge transport is
essential. Moreover, the modifications in the electronic
properties could also influence the material's optical and
magnetic characteristics, which will be discussed in
subsequent sections.

Table 2. Bandgaps for La-NiMnOs and Doped Variants.

Compound Bandgap (eV)
La:NiMnOs 1.2
Lai.oSro.1INiMnOs 1.1
Lai.oEuo.:NiMnOs 1.0

The electronic properties of La:NiMnOs are notably
altered by the introduction of Sr and Eu dopants. The slight
narrowing of the bandgap and the introduction of additional
states near the Fermi level enhance the material's electrical
conductivity and carrier density. These findings highlight the
potential of Sr and Eu-doped LNMO for advanced electronic
applications, demonstrating the significant impact of doping
on the material's electronic behavior.

3.3. Optical Properties

The optical properties of La2NiMnOs (LNMO) and its doped
variants were examined through the analysis of their
dielectric functions. This analysis provides critical insights
into the material's ability to store and dissipate electric energy,
which is essential for applications in optoelectronics and

energy storage devices. The real part of the dielectric constant
(&') represents the material's ability to store electrical energy,
while the imaginary part (€") represents the dielectric losses
or the energy dissipated as heat.

In the case of undoped LNMO, the real part of the
dielectric constant (g') decreases with increasing frequency,
starting from 100 at 1 Hz and decreasing to 90 at 1000 Hz.
This behavior indicates that the material's ability to store
electric energy diminishes with higher frequencies. The
imaginary part (") also decreases with frequency, indicating
lower dielectric losses at higher frequencies.

When LNMO is doped with Sr (Lai.sSro.i1NiMnOes), the
real part of the dielectric constant (¢') increases across all
frequencies compared to undoped LNMO. At 1 Hz, €'is 110,
and it gradually decreases to 100 at 1000 Hz. This increase in
€' suggests enhanced polarization, making the material more
effective at storing electric energy. The imaginary part (g")
also shows an increase, starting from 6 at 1 Hz and decreasing
to 5 at 1000 Hz, indicating improved energy storage
capability with slightly higher dielectric losses.

Similarly, Eu doping (Lai.oEue.1NiMnOs) results in the
highest increase in the real part of the dielectric constant. At
1 Hz, €' reaches 115 and decreases to 105 at 1000 Hz. The
imaginary part (¢") follows a similar trend, starting from 6.5
at 1 Hz and decreasing to 5.5 at 1000 Hz. The significant
increase in both €' and ¢" with Eu doping indicates that Eu is
particularly effective in enhancing the material's polarization
and energy storage capabilities, despite the associated
increase in dielectric losses.

The variation in the dielectric constant with frequency
for undoped LMNO, Sr-doped LMNO, and Eu-doped LMNO
is illustrated in Figure 3 and Table 3. The plots highlight the
enhanced dielectric properties of the doped variants
compared to the undoped material.

Doping LNMO with Sr and Eu significantly enhances
its dielectric properties. The real part of the dielectric
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constant (¢') increases with doping, indicating improved
polarization and energy storage capabilities. The modest
increase in the imaginary part (€") suggests that these
improvements come with slightly higher dielectric losses
[30]. These enhanced dielectric properties make Sr and Eu-
doped LNMO promising candidates for applications in
optoelectronics and energy storage devices, where efficient
energy storage and management are crucial.

3.4. Magnetic Properties

The magnetic properties of La:NiMnOs (LNMO) and its
doped variants were thoroughly investigated, revealing
significant enhancements in ferromagnetic behavior upon
doping with Sr and Eu. Pristine LNMO exhibited robust
ferromagnetic ordering, characterized by a total magnetic
moment of 3.2 pB per formula unit. This inherent
ferromagnetic property makes LNMO a promising candidate
for various magnetic applications.

When LNMO is doped with Sr (Lai.sSro.1NiMnOs), the
total magnetic moment increases to 3.5 pB per formula unit.
This enhancement in magnetic moment is attributed to the
improved Ni-Mn exchange interactions facilitated by the
presence of Sr. The introduction of Sr into the LNMO lattice
leads to slight modifications in the electronic structure and
magnetic interactions, thereby strengthening the overall
ferromagnetic ordering.

Similarly, doping LNMO with Eu (Lai.oEuo.:1NiMnOs)

magnetic moment is indicative of stronger Ni-Mn exchange
interactions in the presence of Eu, highlighting its potential
to improve the magnetic performance of LNMO.

The enhanced magnetic properties observed with Sr and
Eu doping can be explained by the increased density of states
near the Fermi level, as discussed in the electronic properties
section. The dopants introduce additional states that
contribute to higher carrier density and facilitate stronger
exchange interactions between Ni and Mn ions. This results
in a more robust ferromagnetic ordering and higher total
magnetic moments in the doped variants [31].

The doping of LNMO with Sr and Eu significantly
enhances its ferromagnetic properties. The total magnetic
moment increases from 3.2 uB in pristine LNMO to 3.5 puB
and 3.6 uB in Sr and Eu-doped LNMO, respectively. This
enhancement is primarily due to the increased Ni-Mn
exchange interactions facilitated by the dopants. The
improved magnetic properties of Sr and Eu-doped LNMO
make them promising candidates for applications in
spintronics and other magnetic devices, where strong and
tunable ferromagnetic properties are essential. Table 4
provides the total magnetic moment for La.NiMnOs and
Doped Variants.

Table 4. Total Magnetic Moment for La-NiMnOs and Doped
Variants.

results in an even higher increase in the total magnetic Compound Total Magnetic Moment (uB)
moment, reaching 3.6 uB per formula unit. The Eu dopant La:NiMnOs 3.2
introduces significant electronic perturbations, especially Lai.oSro.1NiMnOs 3.5
new magnetic interactions, which further enhance the Lai.oEuo.1NiMnQOs 3.6
ferromagnetic properties of the material. The increased
Table 3. Dielectric Constants for La-NiMnOs and Doped Variants.
Frequency g' g"
(Hz) (La:NiMnOs) (La:NiMnOe)
1 100 5
10 98 4.8
100 95 4.5
1000 90 4.0
Frequency €' g"
(HZ) (Lan.9Sro.1NiMn06) (Lal.9Sl‘0.1NiMll06)
1 110 6
10 108 5.8
100 105 55
1000 100 5.0
Frequency g g"
(HZ) (Lal.gEllo.1NiMIl05) (Lal.gEllo.1NiMn05)
1 115 6.5
10 113 6.3
100 110 6.0
1000 105 5.5
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3.5. Spintronic Properties

The study also focused on the spintronic properties of
La:NiMnOs (LNMO) and its doped variants, specifically
analyzing the spin polarization at the Fermi level. Spin
polarization is a critical parameter in spintronic devices,
where the efficiency of spin-dependent transport significantly
influences device performance. The results revealed
remarkable enhancements in spin polarization upon doping
with Sr and Eu, demonstrating the potential of these materials
for spintronic applications. Table 5 exhibits the spin
polarization at the Fermi level for La.NiMnOs and doped
variants.

In pristine LNMO, the spin polarization at the Fermi
level was calculated to be 75%. This relatively high level of
spin polarization indicates that LNMO already possesses
significant spintronic potential due to the substantial
difference in the density of states for spin-up and spin-down
electrons near the Fermi level. When LNMO is doped with

St (Lai.sSte.1NiMnOe), the spin polarization increases to 82%.

The introduction of Sr modifies the electronic structure in a
way that enhances the imbalance between spin-up and spin-
down states at the Fermi level, thereby increasing the spin
polarization. This higher spin polarization suggests that Sr-
doped LNMO could be more effective in applications where
spin-dependent electronic transport is crucial.

Eu doping (Lai.sEue.:1NiMnOe) results in an even greater
enhancement, with spin polarization reaching 85%. The
significant increase in spin polarization with Eu doping is
attributed to the strong electronic perturbations and magnetic
interactions introduced by Eu, which further amplify the
disparity between the spin-up and spin-down states at the
Fermi level. This makes Eu-doped LNMO particularly
promising for spintronic devices, where achieving high spin
polarization is essential for efficient spin injection and
detection.

The notable increase in spin polarization for both Sr and
Eu-doped LNMO underscores their potential in the field of
spintronics. High spin polarization is crucial for the
development of spintronic devices such as spin valves,
magnetic tunnel junctions, and spin transistors, which rely on
the manipulation of spin currents to achieve enhanced
performance and new functionalities.

The doping of LNMO with Sr and Eu leads to
substantial improvements in spin polarization, with values
exceeding 80%. This highlights the enhanced spintronic
potential of these materials, making them suitable candidates
for advanced spintronic devices where high spin polarization
is a key requirement. The increased spin polarization,
coupled with their improved magnetic and -electronic

properties, positions Sr and Eu-doped LNMO as promising
materials for future spintronic applications [31].

Table 5. Spin Polarization at the Fermi Level for La:2NiMnOs
and Doped Variants.

Compound Spin Polarization (%)
La:NiMnOs 75
Lai.oSr0.1NiMnOs 82
Lai.oEuo.i1NiMnOQOs 85

3.6. Mechanical Properties

The mechanical properties of La:NiMnOs (LNMO) and its
Sr- and Eu-doped variants were evaluated by computing the
elastic constants. The results confirm the mechanical stability
of the doped structures and show significant improvements
in their mechanical properties, which are crucial for their
potential applications in various technological fields. Table 6
shows the mechanical properties of LazNiMnOs and doped
variants. The bulk modulus is a measure of a material's
resistance to uniform compression. The increase in bulk
modulus for the doped variants (155 GPa for Sr-doped and
158 GPa for Eu-doped LNMO) indicates that these materials
are more resistant to compression compared to undoped
LNMO (150 GPa). This suggests enhanced rigidity and
stability under applied pressure, making them suitable for
applications where mechanical robustness is essential.

The shear modulus, which measures a material's
resistance to shear deformation, also shows significant
improvement with doping. The shear modulus increases from
60 GPa for undoped LNMO to 65 GPa for Sr-doped and 68
GPa for Eu-doped LNMO. This enhanced shear modulus
indicates that the doped materials have a greater ability to
withstand shear stresses, which is beneficial for structural
applications where resistance to deformation is critical.

The Young's modulus, a measure of the stiffness of a
solid material, also exhibits a notable increase with doping.
The Young's modulus for undoped LNMO is 140 GPa, which
increases to 145 GPa for Sr-doped and 148 GPa for Eu-doped
LNMO. The higher Young's modulus indicates that the doped
materials are stiffer and have better mechanical strength,
making them more suitable for applications that require
durable and long-lasting materials. The doping of LNMO
with Sr and Eu significantly enhances its mechanical
properties [28-31].

Table 6. Mechanical Properties of La2NiMnOs and Doped Variants.

Compound Bulk Modulus (GPa) Shear Modulus (GPa) Young's Modulus (GPa)
La:NiMnOs 150 60 140
Lai.oSr0.1NiMnOs 155 65 145
Lai.sEuo.1NiMnOs 158 68 148
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The increases in bulk modulus, shear modulus, and
Young's modulus indicate that the doped materials are more
rigid, resistant to deformation, and mechanically stronger.
These improvements make Sr- and Eu-doped LNMO
promising candidates for various technological applications
that demand high mechanical stability and strength, such as
in the fabrication of robust and durable devices.

4. CONCLUSION

The incorporation of Strontium (Sr) and Europium (Eu)
dopants into La>NiMnOs (LNMO) significantly enhances its
properties across various domains. Sr and Eu doping leads to
improvements in dielectric constant, magnetic moment,
optical conductivity, and mechanical strength. Specifically,
the doped LNMO exhibits higher dielectric constants,
making it a promising candidate for energy storage systems
due to its enhanced capacity for storing and managing
electrical energy. The increased optical conductivity indicates
better performance in light-based applications such as
photodetectors and solar cells. Enhanced magnetic properties
suggest that the doped LNMO could be valuable in spintronic
devices, potentially contributing to the development of
advanced memory devices and spin-based transistors.
Additionally, the improved mechanical properties of the
doped LNMO enhance its stability and durability, making it
suitable for practical applications requiring resilience to
physical stresses. Future work will focus on experimentally
validating these computational findings to confirm their
practical  applicability. Moreover, adjusting dopant
concentrations will be explored to fine-tune the material
properties for specific technological uses. Systematic
variation in Sr and Eu levels will help achieve optimal
characteristics for targeted applications, advancing the
development of customized materials for diverse industries.
Overall, the insights from this study will contribute to
material science and address critical technological challenges
through innovative solutions.
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