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al, magnetocaloric, and
thermoelectric properties of La0.5Sm0.2Sr0.3MnO3:
a first-principles DFT-MFT investigation

Ala Eddin Mabrouki, *ab Khouloud Abdouli,c Afrah Bardaoui,d Olfa Messaoudi,e

Latifah Alfhaide and Amjad S. Aljaloude

Density functional theory (DFT + U) and mean-field theory (MFT) calculations were carried out on

La0.5Sm0.2Sr0.3MnO3 to investigate its electronic, magnetic, and optical properties using the Wien2k

package. The total density of states and band structure indicate a semi-metallic ferromagnetic nature.

Magnetic properties analyzed with MFT reproduced magnetization isotherms and magnetic entropy

(−DS) curves, consistent with ferromagnetic behavior. The good agreement between experiment and

simulation highlights the reliability of the employed model in predicting the magnetocaloric properties of

La0.5Sm0.2Sr0.3MnO3. Optical parameters, including dielectric constants 31(u) and 32(u), absorption

coefficient a(u), and optical conductivity, were studied over 0–14 eV. The Seebeck coefficient (S)

decreases with temperature, and its positive sign confirms hole conduction. The figure of merit attains

a maximum ZT = 1.22 at 200 K.
1 Introduction

Perovskite manganites have attracted extensive attention due to
their fascinating multifunctional properties and wide range of
technological applications.1–5 Among these, LaMnO3 is particularly
important because of its ferroelectric behavior, high dielectric
constant, spontaneous polarization, and nonlinear optical
properties.6–8 This material is used in many different devices,
including multilayer ceramic capacitors,9,10 bolometers,11 and
infrared detectors. Furthermore, La-based manganites stand out
within the perovskite family due to their rich interplay of structural,
electronic, and magnetic degrees of freedom, which can be nely
tuned by chemical substitution or external stimuli. Doping in
LaMnO3 plays a crucial role in tailoring its physical behavior. The
parent compound shows antiferromagnetic ordering at low
temperature, whereas substitution with divalent cations (e.g., Sr2+,
Ca2+, or Ba2+) induces mixed-valence states of Mn, promoting
double-exchange interactions that can drive the system into ferro-
magnetic and metallic states. Loshkareva et al.12 investigated the
effects of light n- and p-type doping on the optical spectra of
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LaMnO3 and reported substantial modications in electronic
structure, including shis in absorption edges and additional
absorption features. Importantly, both doping types led to elec-
tronic phase separation, highlighting the complex interplay
between charge, orbital, and spin degrees of freedom in this system.

Beyond magnetism and electronic transport, LaMnO3 exhibits
promising thermoelectric properties, with a positive Seebeck
coefficient indicating predominant p-type behavior.3,13 Although
its dimensionless gure of merit (ZT) is moderate (0.1–0.3),
structural engineering and cation substitution have been sug-
gested as effective strategies to enhance thermoelectric efficiency.
Simultaneously, the compound displays complex magnetic tran-
sitions between antiferromagnetic and ferromagnetic states,
making it a candidate for magnetocaloric applications.

Theoretical approaches (e.g. density functional theory (DFT)
and the Bean–Rodbell) are considered fundamental pillars of
materials science. DFT is particularly valuable because it
enables accurate prediction of material properties at the atomic
scale using quantum mechanics. It provides insight into elec-
tronic structure, magnetism, and thermal behavior without
relying solely on costly experiments. Moreover, DFT supports
the design of advanced materials for applications in semi-
conductors, batteries, and solar cells, making it an indispens-
able tool for both research and industrial innovation. In
parallel, the mean eld theory plays a key role in describing
magnetic phase transitions in systems where magnetism is
strongly coupled with structural changes. By incorporating the
effect of cationic disorder, this model offers a reliable frame-
work for predicting the magnetocaloric effect. Sclauzero et al.
combined density functional theory (DFT) with dynamical
RSC Adv., 2025, 15, 38659–38669 | 38659
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mean-eld theory (DMFT) to investigate the impact of epitaxial
strain on the structural and electronic properties of LaVO3.14

More recently, methodological advances in DFT combined with
DMFT have enabled a rigorous analysis of electron–electron
scattering in correlated materials such as SrVO3, SrMoO3, and
SrRuO3.15 In addition, Arejdal et al. employed a hybrid approach
that integrates ab initio calculations with Monte Carlo simula-
tions (MCS) and the mean-eld approximation to study the
magnetic properties of the double perovskite Ba2CoUO6.16

While numerous studies have investigated the physical prop-
erties of simple perovskites using theoretical approaches such
as density functional theory (DFT) and mean-eld theory,
comparatively fewer works have examined highly mixed
systems. Within the LaMnO3 family, mixed perovskite oxides
such as La0.5Sm0.2Sr0.3MnO3 are of particular interest. In this
compound, the A-site is occupied by a mixture of large cations
(La3+, Sm3+, and Sr2+), while Mn occupies the B-site. Partial
substitution of La and Sm with Sr modies the Mn–O–Mn bond
geometry, thereby inuencing double–exchange interactions
and tuning both the transport and magnetic properties.
Notably, La0.5Sm0.2Sr0.3MnO3 exhibits colossal magnetoresis-
tance (CMR) and undergoes a second-order paramagnetic-to-
ferromagnetic transition with a Curie temperature of about
278 K,17 making it a promising candidate for spintronic devices
and room-temperature sensing applications.

Despite the large number of studies on LaMnO3-based systems,
the fundamental electronic, optical, magnetocaloric, and thermo-
electric properties of La0.5Sm0.2Sr0.3MnO3 have not yet been
systematically explored using rst-principles calculations
combinedwithmean-eld theory. In this work, we address this gap
by employing density functional theory (DFT) together with MFT
simulations to provide deeper insight into the intrinsic properties
of this compound. Our study not only claries the microscopic
mechanisms governing its multifunctional behavior but also
contributes to the rational design ofmanganite-basedmaterials for
energy conversion and magnetic cooling applications.
2 Experimental details

The glycine-nitrate process (GNP) was used to synthesize the
La0.5Sm0.2Sr0.3MnO3 sample. High purity glycine (C2H5NO2,
99.9%) and stoichiometric amounts of La (NO3)3$6H2O, Sm
(NO3)3$6H2O, Sr (NO3)2, Mn (NO3)2$4H2O, and Fe (NO3)3$9H2O
(each with a purity of least 99.995%) were used in a 1 : 1 molar
ratio. All the nitrates were dissolved in distilled water. This
solution was heated to 100 °C under magnetic stirring for
additional hour. The temperature slowly increased until the
solution evaporated and transformed into a clear, viscous gel.
The autoignition process began when a crucial temperature of
350 °C was reached. A foam powder was obtained. This powder
was ground and calcined to completely eliminate organic resi-
dues, yielding the nal product.

Phase purity was evaluated using a Phillips powder diffrac-
tometer. The analysis was performed with CuKa radiation (l =

1.5406 Å) and employed systematic scans that operated at a step
size of 0.017° across an angular within the range of 10° # 2q #
38660 | RSC Adv., 2025, 15, 38659–38669
100°. The XRD data were analyzed using the FullProf program
based on the Rietveld method.18
3 Theoretical considerations
3.1 Ab initio calculation details

To explore the electronic properties and to clearly understand the
origin of the magnetic and optical properties of the compound
La0.5Sm0.2Sr0.3MnO3, a DFT + U calculation was performed using
the WIEN2k simulation package.19 We adopted the structural
parameters from our previous study17 to create a 1 × 1 × 5
supercell containing 10 atoms of La, 6 atoms Sr, 4 atoms of Sm, 20
atoms of Mn, and 60 oxygen atoms. To investigate the electronic
properties and to clearly understand the origins of the magnetic
and optical properties of this compound, DFT calculations were
investigated. To improve the accuracy of the electronic structures
of these perovskites while remaining within the DFT framework, it
is possible to introduce an in-site Hubbard parameter (GGA + U),
adjusted according to the convergence of the total energy. An
appropriate value of Ueff (U = Ueff − J) allows to take into account
the Coulomb interactions between the Sm 4f and Mn 3d elec-
trons.20 The values ofU used in this work were 7 eV and 4 eV for the
Sm21 andMn20 ions, respectively. To ensure proper convergence for
all calculations, the cutoff energy dened as the separation energy
between valence and core states was set to −7 Ry (∼−95.24 eV),
and the number of k-points was set to 2000. The muffin-tin radii
(RMT) for La, Sm, Sr, Mn and O atoms were 2.5, 2.4, 2.3, 1.87, and
1.61 a.u., respectively. The plane-wave energy cutoff parameter
RMT×KMAXwas set to 8.0. The structure was optimized and fully
relaxed. The convergence conditions adopted were as follows: the
energy variation and the force difference were set to 10−3 eV and
10−2 eV Å−1, respectively.

The thermoelectric properties were calculated using the Boltz-
mann transport theory as implemented in the BoltzTrap code.22

The values of s and k are dependent on the relaxation time (s),
which was treated as a constant (s = 10−14 s) within the BoltzTrap
code.
3.2 Mean-eld theory (MFT)

The Brillouin equation was used to model the magnetization of
a magnetic material:23,24

M ¼ f

�
H þHexch

T

�
¼ M0BjðxÞ (1)

where M0 = NJgmB represents the saturation magnetization and
Bj(x) represents the Brillouin function and expressed as follow:

BJðxÞ ¼ 2J þ 1

2J
coth

�
2J þ 1

2J
x

�
� 1

2J
coth

�
1

2J
x

�
(2)

where x ¼ JgmB

kB

�
H þ Hexch

H

�
and J ¼ jL� Sj is angular

momentum. The orbital and spin momentums (L and S) were

linked by Lande factor g ¼ 1þ Jðj þ 1Þ þ SðSþ 1Þ � LðLþ 1Þ
2JðJ þ 1Þ .

In the MFT context, the exchange eld Hexch is linked to
magnetization by this relation:
© 2025 The Author(s). Published by the Royal Society of Chemistry
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H

T
¼ BJ

�1ðMÞ � Hexch

T
(3)

In addition, the magnetic entropy change (DSM) can be
simulated by the following form:

DSMðTÞH1�H2
¼

ðM=H2

M=H1

�
f �1ðMÞ �

�
vHexch

vT

�
M

�
dM (4)

The order of the magnetic transition is related by the
compressibility K, the total momentum J, and spin density N by
the following equation:24

h ¼ 5

2
NkBKT0b

2 ½4JðJ þ 1Þ�2h
ð2J þ 1Þ4 � 1

i (5)

With kB is the Boltzmann constant.
The rst-order magnetic transition in a material can be

dened by h > 1 value, while h < 1 denotes a second order
transition.25
Table 1 Structural parameters obtained from Rietveld refinement

Space group

PnmaCell parameters
4 Results
4.1 Structural properties

The rened X-ray diffraction (XRD) pattern of the compound
La0.5Sm0.2Sr0.3MnO3 (Fig. 1) exhibits sharp and intense peaks
indicating the formation of a well-dened crystal structure with
no detectable secondary phases. All peaks in the rened prole
can be indexed to an orthorhombic unit cell (space group
Pnma). The crystallographic parameters, including lattice
constants (a, b and c), Mn–O bond lengths, Mn–O–Mn bond
angles and the reliability factors of the Rietveld renement, are
summarized in Table 1. The goodness of t was assessed using
Fig. 1 Rietveld-refined X-ray diffraction patterns of La0.5Sm0.2Sr0.3-
MnO3 sample: the calculated data is depicted as solid black line, the
observed data appeared as red dots, the Bragg reflection positions are
represented by green ticks, and the blue line demonstrates the
difference between the calculated and observed data.

© 2025 The Author(s). Published by the Royal Society of Chemistry
the R factors and the c2 parameter, which indicated excellent
agreement between the experimental and calculated patterns.

To understand the principles governing the formation and
structural stability of perovskite oxide systems, Goldschmidt
introduced the tolerance factor (tG) as an empirical parameter.
This parameter depends on the ionic radii of the A- and B-site
cations and the oxygen anion, as well as the degree of octahe-
dral distortion. It is expressed as:

tG ¼ rA þ rOffiffiffi
2

p ðrB þ rOÞ
(6)

where rA represents the average ionic radius of the A-site cations
(La, Sm, Sr), rB is the radius of the B-site cation (Mn), and rO
corresponds to the oxygen anion. For perovskite systems, struc-
tural stability is generally achieved within the range 0.75 < tG < 1,
with maximum symmetry obtained as tG approaches unity.

Using Shannon's tabulated ionic radii, the tolerance factor of
La0.5Sm0.2Sr0.3MnO3 was calculated to be tG = 0.92, supporting
that the orthorhombic crystal structure is stable. In addition,
the average crystallite size (D) was estimated from the Debye–
Scherrer equation:

D ¼ Kl

b cos q
(7)

where l is the Cu Ka radiation wavelength, K is the Scherrer
constant (0.9), b is the full width at half maximum (FWHM) of
the diffraction peak in radians, and q is the Bragg angle. The
calculated crystallite size conrms the nanocrystalline nature of
the compound.
Experimental parameters a (Å) 5.501
b (Å) 7.732
c (Å) 5.469
V (Å3) 232.686

Optimized parameters (DFT + U) a (Å) 5.4762
b (Å) 7.7573
c (Å) 5.4867

Agreement factors

Rp (%) 3.32
RWP (%) 4.21
Rexp (%) 3.67
Bragg R-factor(%) 1.83
RF-factor (%) 3.86
c2 1.31

Bond lengths
Mn–O1 (Å) 1.939
Mn–O2 (Å) 2.113
Mn–O2 (Å) 1.823

Bond angles
Mn–O1–Mn 170.62
Mn–O2–Mn 162.412

RSC Adv., 2025, 15, 38659–38669 | 38661
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Fig. 2 (a) Total density of states for La0.5Sm0.2Sr0.3MnO3, (b–f) partial density of states of La, Mn 3d, Sm and O.
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4.2 Electronic properties

To study the electronic properties of La0.5Sm0.2Sr0.3MnO3

compound, total electronic density of states (TDOS) is shown in
Fig. 2a. The density of states (DOS) for the spin-down channel
38662 | RSC Adv., 2025, 15, 38659–38669
does not drop to zero at the Fermi level (EF), indicating the
presence of electronic states available at EF. This availability
allows for electrical conduction in the spin-down channel,
exhibiting metallic behavior. In contrast, the spin-up channel
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Band structure (spin up (a) and down (b)) for La0.5Sm0.2Sr0.3MnO3 sample.
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shows a band gap, revealing half-metallic behavior of the
studied material. Additionally, the TDOS plot shows different
distributions for spin-up and spin-down electrons. This asym-
metry indicates the ferromagnetic nature of the compound with
a calculated total magnetic moment ∼3 mB.

Fig. 2b–f shows that below −1 eV, the electron energy states
are composed of Sr 4p, Mn 3d, and O 2p states. Above ∼3 eV,
they are mainly contributed by Sr 3d states, while near 4 eV, La
and Sm 4f states dominate.

Remarkably, near the Fermi energy (EF) level, for spin-down,
the energy states are primarily composed of Mn 3d, Sm 4f and O
2p. The strong hybridization, at EF level, between these orbitals
indicates enhanced covalent interaction betweenMn/Sm, and O
ions which contribute to the observed metallic behavior.

The transport mechanism in manganite materials is known
to be primarily inuenced by electrons situated in the Mn 3d
and O 2p orbitals.20,26 It is well established that the MnO6

octahedra are deformed due to the presence of a Jahn–Teller
type distortion, which also divides the degenerate states of the
eg orbital into x2–y2 and 3z2 states, and the 2tg orbital into 3dxy,
3dxz, and 3dyz. Near the Fermi level, themajority of energy states
in the valence band are occupied by Mn: dyz, dxz, dxy and O 2p,
while the conducted band is occupied by the Mn 3dz2, x

2–y2, and
3dxy orbitals. For the spin up states, the 3dz2 orbital is lowered in
energy due to compressive stress. Consequently, a band gap
develops as valence electrons prefer to occupy the lower energy
orbital under these constraints.27

Fig. 3 depicts the “spin up and spin down” band structure.
The valence states in the spin down cross the Fermi level
showing that the free carriers are available to exhibit a metallic
character, while in the spin up scenario a semiconducting
behavior with a band gap Eg = 1.9 eV is observed. Therefore, the
overall behavior of the studied compound is half-metallic. By
comparing the band structure with the computed DOS, the
band gap value can be attributed to the electron density states
for Sm 4f, Mn 3d, and O 2p.
4.3 Optical properties

The optical properties of the La0.5Sm0.2Sr0.3MnO3 sample were
investigated using the Kramers–Kronig relation. In the eld of
linear optics, the dielectric functions 31 and 32 are used to
© 2025 The Author(s). Published by the Royal Society of Chemistry
characterize the main optical properties.28,29 The frequency-
dependent dielectric function 3(u), can be expressed as:

3(u) = 31(u) + i32(u) (8)

where 31(u) and 32(u) are known to be the real part and imagi-
nary part of the complex dielectric function (Fig. 4).

It is shown that the static real dielectric constant 31(0)
exhibits a large value (31(0) = 19.27 eV), which corresponds to
the plasmon resonance.30 As the energy photon increases, 31(u)
decreases sharply reaching a minimum at 0.32 eV which may be
related to the metallic character for the spin down states and
the ferroelectric nature of the perovskite.27 Above E = 9 eV, 31(u)
becomes negative indicating that incident radiation is
completely reected by the surface.29,31 Fig. 3b shows the vari-
ation of 32(u) as function of photon energy. Four dielectric
peaks E1, E2, E3, and E4 were observed which agree with the
photon energy 1.4 eV, 3.2 eV, 5.8 eV, and 7.6 eV. These peaks are
mainly due to electric–dipole transitions between the valence
and conduction bands.32

According to DOS, the E1, E2 dielectric peaks are associated
with the electronic transition between the top of the valence
band and the bottom of the conduction band, mainly arising
from Mn-3d and O-2p orbitals. However, the other peaks orig-
inate mainly from the electronic transition between the La-p,
Sm 4f, Sr 3p, and O 2s orbitals.

The high absorption in the UV-A range suggest that this
material can be used as an absorber in solar cell and other
optoelectronic applications.31

The optical absorption spectrum shows slightly anisotropic,
with the strongest absorption along the y-polarization occurring
at 8.5 eV, while the strongest absorption along the c-axis occurs
at 10 eV.

4.4 Magnetic properties

The magnetic and magnetocaloric properties of the La0.5-
Sm0.2Sr0.3MnO3 sample were studied in our previous work.17

The study showed that the present compound exhibits a second
order magnetic transition from ferromagnetic state FM to
a paramagnetic state PM at TC = 278 K.17

Fig. 5 displays the magnetic hysteresis measured at 5 K
under a magnetic eld range up to 2 T. The graph shows
RSC Adv., 2025, 15, 38659–38669 | 38663
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Fig. 4 Optical properties: (a) the real dielectric constants 31(u), (b) the imaginary dielectric constants 32(u), (c) the absorption coefficient a(u), and
(d) real part of optical conductivity le long de [100] et [010] directions cristallographiques qui sont représentées respectivement par les directions
xx et yy.

Fig. 5 Magnetic hysteresis measured at 5 K under a magnetic field
reaches 2 T.

38664 | RSC Adv., 2025, 15, 38659–38669
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a typical S-shaped ferromagnetic loop, where magnetization
increases rapidly with the applied magnetic eld, then saturates
at higher elds.

In order to quantify the magnetic parameters saturation
magnetization Ms, intrinsic coercivity Hc, and remnant
magnetization Mr, the M−H loop was tted using the following
equation:33

MðHÞ ¼ 2
Ms

p
� artan

�
H �Hc

Hc

�
� tan

�
p

2
� Mr

Ms

�
þ cH (9)

The rst term quanties the FM contributions while the
second represents AFM contribution (linear contributions).

The green line (AFM contribution) is nearly zero across the
range of the applied magnetic eld, suggesting that any anti-
ferromagnetic component is negligible in this material. The
saturation magnetization Ms (emu g−1) and the molecular
weight MW (g mol−1) are used to calculate the magnetic
momentsmfu (mB) according to the following relation.33,34

mfuðmBÞ ¼
Msðemu g�1Þ �Mw

�
g mol�1

�
mB

�
erg G�1��NA

�
mol�1

� ¼ Ms �Mw

5585
(10)
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Magnetic parameters for La0.5Sm0.2Sr0.3MnO3 obtained from the hysteresis loops fitting

Total AFM contribution FM contribution %

mfn (mB) 5 K c HC (10−4 T) MS
FM (emu g−1) MR

FM (emu g−1) MR/MS FM AFM

La0.5Sm0.2Sr0.3MnO3 3.5 4.608 875 75 30 0.4 93.75 6.25

Fig. 6 Variation of H/T vs. 1/T curves with constant values of
magnetization for the La0.5Sm0.2Sr0.3MnO3 sample.
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where mB is the Bohrmagneton andNA= 6.022× 1023mol−1 is the
Avogadro's number. The magnetic parameters extracted from
hysteresis (Fig. 5) tting are summarized in Table 2. It is noticed
that theMr/Ms value is close to 0.5 which presents the theoretical
value for randomly oriented single-domain particles.33

Amaral et al. have developed a goodmethod based onMFT to
simulate the magnetization isotherms and −DS curves.23,35 This
Fig. 7 Exchange field dependence of magnetization for the La0.5-
Sm0.2Sr0.3MnO3 sample. Red line as the fit by the equationHexch = l1M
+ l3M

3.

© 2025 The Author(s). Published by the Royal Society of Chemistry
approach employs eqn (1) to modify the scaling plot curves of

magnetization (M vs.
H þ Hexch

T
) in order to obtain the total

momentum J and the saturation magnetization Ms.

To ascertain the Hexch values, the uctuation of
m0H
T

vs:1=T

were plotted in Fig. 5, using a constant magnetization value of 5
emu g−1.

Following eqn (4), the Hexch values can be determined from
the slope of each curve by applying a linear t in the PM region.
The variation of Hexch as a function of magnetization M,
modied by the following equation, is shown in Fig. 6.

Hexch = l1M + l3M
3 (11)

It is found that the values of l1 and l3 are, respectively,
1.5137 and −1.1456 × 10−4 T g3 emu−3. As opposed to l3, the
value of l1 is signicantly high. Consequently, l3 is neglected.
Thus, the exchange eld can be written as follows (Fig. 7).

Hexch = l1M z lM (12)

M vs. (H + Hexch)/T is plotted in Fig. 8 using a scaling plot. All
magnetization isotherms are reduced to a single curve, which
has been modied in MATLAB soware by adjusting eqn (1) in
order to extract the experimental values ofMS, J, and g.23 Table 3
provides a summary of the acquired values.
Fig. 8 Scaled data in magnetization vs. (H + Hexch)/T and the Brillouin
function fit for the La0.5Sm0.2Sr0.3MnO3 compound.
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Table 3 The extracted MS, J, g, l and, h parameters

Sample J g Ms (emu g−1) T0 (K) l h

La0.5Sm0.2Sr0.3MnO3 3.2 2.3 79 277.5 1.5137 0.4
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The extractedMS, J, and g values listed in Table 3 are utilized
to modulate the M (H, T) and −DSM curves as illustrated in
Fig. 9a and b. These curves are generated using the Magneto-
caloric Soware Suite (MFSS) running MATLAB.

The good agreement between the experimental and simu-
lated curves proves the pertinence of the employed model for
the prediction of La0.5Sm0.2Sr0.3MnO3 magnetocaloric
properties.
4.5 Thermoelectric properties

By analyzing the band structures of a material, one can estimate
its transport properties using the semi-classical Boltzmann
Fig. 9 (a) Experimental (symbols) and simulated (red lines) magneti-
zation M vs. m0H. (b) Experimental (symbol) and theoretical (red line)
magnetic entropy change versus temperature under different
magnetic fields.

38666 | RSC Adv., 2025, 15, 38659–38669
transport theory.36 The following equations can be imple-
mented to calculate the Seebeck coefficient, electrical conduc-
tivity, and thermal conductivity.3

sabðT ;mÞ ¼ 1

eTU

ð
sabð3Þð3� mÞ

�
� vfmðT ; 3Þ

v3

�
d3 (13)

kab
0ðT ;mÞ ¼ 1

eTU

ð
sabð3Þð3� mÞ2

�
� vfmðT ; 3Þ

v3

�
d3 (14)

Sab(T,m) = sab(T,m)
−1wab(T,m) (15)

Fig. 10 illustrates the temperature dependence of the elec-
trical conductivity and thermal conductivity, total Seebeck
coefficient, and ZT factor for the La0.5Sm0.2Sr0.3MnO3. As
depicted in Fig. 10a, the electrical conductivity for spin-up
states exhibits typical behavior of a semiconductor. In this
scenario, the conductivity remains constant at low tempera-
tures and experiences an exponential increase at the high-
temperature range. This is attributed to the fact that free
carrier charges possess higher energy to overcome the potential
barrier at elevated temperatures.

The electrical conductivity for spin-down states demon-
strates a consistent decline with rising temperature, indicative
of metallic behavior. The variations in thermal conductivity as
a function of temperature for the spin-up and spin-down states
are shown in Fig. 10b.

The total electronic thermal, electrical conductivity, and
Seebeck coefficients are given by = k([) + k(Y), s = s([) + s(Y)

and S ¼ ðSð[Þsð[Þ þ SðYÞsðYÞÞ
½sð[Þ þ sðYÞ� where ([) and (Y) represent the

coefficients for spin up and spin down, respectively. Utilizing
this model, the total Seebeck coefficient (Fig. 10c) obtained
shows a decrease as temperature increases. A positive Seebeck
coefficient (S) indicates that holes contribution predominantly
governs electric conduction.37

Fig. 10d depicts the evolution of the ZT gure of merit as
a function of temperature (T). Similar to the Seebeck coefficient,
ZT attains the maximum of ZT = 1.22, at low temperature 200 K
decreasing while maintaining a value above 0.8. The ZT value
reaches 1.2 at 300 K, indicating that the material can be consid-
ered a viable option for thermoelectric device integration.

Comparing the thermoelectric and magnetocaloric properties
of La0.5Sm0.2Sr0.3MnO3 with other similar perovskite-based
manganite compounds provides a broader perspective on its
performance. For example, Li et al. reported a complex structure
in SrTiO3, with a TiO2 secondary phase and a porous morphology.
This microstructural design led to an enhanced thermoelectric
performance, achieving a ZT value of 0.31 at 1050 K First-
principles calculations and high thermoelectric performance of
La-Nb doped SrTiO3 ceramics.38 Sr0.75Ca0.25Mn0.95V0.05O3−d
material has shown high values of dimensionless gure-of-merit
high-temperature thermoelectrical properties of cubic SrMnO3−d
based manganites.39 A maximum value of 0.09 for the gure of
merit (ZT) is obtained for 0.95 LaCoO3–0.05La0.7Sr0.3MnO3 at 620
K which is signicantly higher than the ZT of either of LaCoO3 or
La0.7Sr0.3MnO3 at 620 K.40
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 (a) Variation of electron conductivity, (b) thermal conductivity, (c) total Seebeck coefficient, and (d) ZT factor.
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In contrast, La0.5Sm0.2Sr0.3MnO3 exhibits a higher gure of
merit with ZT reaching 1.22, which can be attributed to the
optimized electronic structure resulting from Sm and Sr
substitution at the La site.41

This comparative analysis conrms that La0.5Sm0.2Sr0.3-
MnO3 exhibits enhanced multifunctional properties, making it
a strong candidate for applications in magnetic refrigeration
and thermoelectric energy conversion devices.
5 Conclusion

The La0.5Sm0.2Sr0.3MnO3 compound was successfully synthe-
sized using the glycine-nitrate procedure GNP. DFT and MFT
theoretical approaches have led to a better understanding of the
electronic, magnetic, optical and thermoelectric properties of
this material. Electronic structure analysis revealed that La0.5-
Sm0.2Sr0.3MnO3 exhibits semi-metallic behavior, with strong
covalent interactions between Mn, Sm and O ions contributing
to its metallic characteristics. The compound also displays
notable ferromagnetic behavior, with a second-order magnetic
transition from the ferromagnetic to the paramagnetic state at
278 K. In addition, the optical properties indicate potential
applications in solar cells and optoelectronic devices, due to the
high absorption of the material in the UV-A range. Finally, the
thermoelectric analysis demonstrated that La0.5Sm0.2Sr0.3MnO3

is promising for the integration of thermoelectric devices, with
© 2025 The Author(s). Published by the Royal Society of Chemistry
a ZT value reaching 1.22 at 200 K. These ndings highlight the
versatility of La0.5Sm0.2Sr0.3MnO3, making it a promising
material for applications in electronics, magnetism, optics, and
thermoelectricity.
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J. P. Araújo, M. A. Sá, et al., Magnetocaloric effect in Er-
and Eu-substituted ferromagnetic La-Sr manganites, J.
Magn. Magn. Mater., 2005, 290–291, 686–689, DOI: 10.1016/
j.jmmm.2004.11.337.

36 S. Yousuf, T. M. Bhat, S. Singh, Z. Saleem, S. A. Mir,
S. A. Khandy, et al., Applicability of semi-classical
Boltzmann transport theory in understanding the
thermoelectric properties of ZrNiSn and ZrNiPb half-
heuslers, AIP Conf. Proc., 2019, 2115, 030420, DOI: 10.1063/
1.5113259.

37 J. Liu, Q.-Y. Jiang, S.-D. Zhang and H. Zhang, Carrier
mobility and relaxation time in BiCuSeO, Phys. Lett. A,
2019, 383, 125990, DOI: 10.1016/j.physleta.2019.125990.

38 Y. Li, Q.-Y. Hou, X.-H. Wang, H.-J. Kang, X. Yaer and J.-B. Li,
First-principles calculations and high thermoelectric
performance of La–Nb doped SrTiO3, J. Mater. Chem. A,
2019, 7, 236–247, DOI: 10.1039/C8TA10079A.

39 E. I. Konstantinova, A. A. Markov, M. A. Ryzhkov and
I. A. Leonidov, High-temperature thermoelectrical
properties of cubic SrMnO3−d-based manganites, Solid
State Sci., 2022, 134, 107024, DOI: 10.1016/
j.solidstatesciences.2022.107024.

40 A. Kumar, K. Kumari, B. Jayachandran, D. Sivaprahasam and
A. D. Thakur, Thermoelectric properties of (1-x)
LaCoO3.xLa0.7Sr0.3MnO3 composite, J. Alloys Compd.,
2018, 749, 1092–1097, DOI: 10.1016/j.jallcom.2018.03.347.

41 J. Park, Y.-N. Wu, W. A. Saidi, B. Chorpening and Y. Duan,
First-principles exploration of oxygen vacancy impact on
electronic and optical properties of ABO3−d (A = La, Sr; B
= Cr, Mn) perovskites, Phys. Chem. Chem. Phys., 2020, 22,
27163–27172, DOI: 10.1039/D0CP05445C.
RSC Adv., 2025, 15, 38659–38669 | 38669

https://doi.org/10.1142/S0217979216500788
https://doi.org/10.1142/S0217979216500788
https://doi.org/10.1016/j.cpc.2018.05.010
https://doi.org/10.1016/j.cpc.2018.05.010
https://doi.org/10.5772/21595
https://doi.org/10.1103/PhysRev.126.104
https://doi.org/10.1007/s12648-021-02275-y
https://doi.org/10.1016/j.jallcom.2020.157922
https://doi.org/10.1038/srep22422
https://doi.org/10.1103/PhysRevB.59.7486
https://doi.org/10.1103/PhysRevB.59.7486
https://doi.org/10.1016/j.cap.2017.12.005
https://doi.org/10.1016/j.cap.2017.12.005
https://doi.org/10.1063/5.0020752
https://doi.org/10.1016/j.jpcs.2017.12.030
https://doi.org/10.1038/s41598-018-31300-0
https://doi.org/10.1038/s41598-018-31300-0
https://doi.org/10.1016/j.jpcs.2020.109660
https://doi.org/10.1111/jace.14896
https://doi.org/10.1016/j.jmmm.2004.11.337
https://doi.org/10.1016/j.jmmm.2004.11.337
https://doi.org/10.1063/1.5113259
https://doi.org/10.1063/1.5113259
https://doi.org/10.1016/j.physleta.2019.125990
https://doi.org/10.1039/C8TA10079A
https://doi.org/10.1016/j.solidstatesciences.2022.107024
https://doi.org/10.1016/j.solidstatesciences.2022.107024
https://doi.org/10.1016/j.jallcom.2018.03.347
https://doi.org/10.1039/D0CP05445C
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra06540b

	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation

	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation

	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation
	Electronic, optical, magnetocaloric, and thermoelectric properties of La0.5Sm0.2Sr0.3MnO3: a first-principles DFT-MFT investigation


