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Elastic, optical and thermodynamic properties of the double
perovskites Ba2DySbO6: Applications in spintronic devices
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In this research, we employed an ab initio calculation approach based on the full-potential linearized augmented plane wave (FP-LAPW)
method within the framework of density functional theory (DFT), integrated into the WIEN2k code. By examining in detail the structural,
elastic, electronic, magnetic, optical, and thermodynamic characteristics of the double perovskite compound Ba2DySbO6. Firstly, our study
focused primarily on magnetic stability. The results presented in this work are in good agreement with the available experimental and
theoretical data. Subsequently, we studied the electronic properties in which we calculated the band structure and the density of states.
Regarding the magnetic properties of the compound Ba2DySbO6, it was found that the total magnetic moment is mainly due to the magnetic
moment of the lanthanide atom. The optical properties, such as the real and imaginary parts of the dielectric function, the refractive index, the
extinction coefficient, the reflectivity, the optical conductivity, and the absorption coefficient of the Ba2DySbO6 compound, were calculated
for all photon energies. The thermodynamic study of our compound has shown that it is stable at high temperatures. The predictive
calculations of the thermal properties of our compound show that it follows the same behavior with temperature variation.
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1. Introduction

In recent years, double perovskites have gained enormous
interest and have become one of the most motivating sub-
jects in the field of scientific research due to the extraordinary
physical and electrical properties that characterize this fam-
ily of compounds. Some of the double perovskites with the
general formula A2B’B”O 6 (where A is generally an alka-
line earth or rare earth metal, B’ and B” are transition metals
or lanthanides) have been proposed as ferroelectric, such as
Ba2GdMoO6 [1]. Furthermore, it has been well known that
these compounds possess particular characteristics of interest
among them; their structural and physical properties are very
sensitive to small changes in chemical composition. There-
fore, depending on the choice of cations A, B’, and B”, they
can exhibit a wide variety of crystalline structures, including
structures with monoclinic (P21/n), tetragonal (I4/m), and cu-
bic (Fm̄3m) symmetries [2,3], as well as electrical and mag-
netic properties that include metallicity and magnetoelectric
response [4]. Perovskite compounds with the basic structure
Ba2RESbO6, (where RE = Nd, Eu, and Dy), were prepared
as single-phase materials using standard solid-state methods.
These compounds are isostructural and exhibit a complex
perovskite structure, as shown by powder X-ray diffraction
measurements [5–7]. Ab initio simulation studies, within the
framework of DFT, have been dedicated to this promising
class of double perovskite oxides containing magnetic ions
in B’ sites. But, despite these recent advances in understand-
ing the physical properties of these compounds, several other
questions regarding electronic, magnetic, elastic, optical, and

thermodynamic structures are still debatable. For these rea-
sons, in this work, we performed first-principles calculations
based on the full-potential linearized augmented plane wave
(FP-LAPW) method, implemented in the Wien2k code, with
the generalized gradient approximation (GGA-PBE) of the
double perovskite compound Ba2DySbO6.

2. Computational details

By examining in detail the structural, elastic, electronic, mag-
netic, optical, and thermodynamic properties of the double
perovskite compound Ba2DySbO6, we were able to obtain
useful information for this compound using methods based
on DFT [8, 9] with the generalized gradient approximation
(GGA-PBE) [10–12]. Within the framework of these studies,
the application of DFT generally begins with total energy cal-
culations and structural optimization steps. Therefore, in this
work, we studied the cubic double perovskite Ba2DySbO6.
This compound crystallizes in the space group (No. 225) de-
scribed bya = b = c and α = β = γ = 90◦. The po-
sitions of the Ba, Dy, Sb, and O atoms, respectively, are Ba
(0.25, 0.25, 0.25), Ba (0.75, 0.75, 0.75), Dy (0.0, 0.0, 0.0), Sb
(0.5, 0.5, 0.5), and O (u=0.2851, 0, 0) [7]. The cubic structure
of Ba2DySbO6 is illustrated in Fig. 1. The Wien2k program,
which is directly based on the application of the FP-LAPW
method [13] allows for the calculation of various properties,
such as the total energy. This code uses DFT-based tech-
niques and considers both the space group symmetry and the
Bravais lattice. The exchange-correlation functional was de-
scribed using the GGA-PBE approximation [10]. The value
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FIGURE 1. Crystal structure of double perovskites Ba2DySbO6.

of `max = 10 defines the cutoff used to determine the angular
momentum of the functions inside the sphere. The parame-
ter Gmax = 14 indicates the largest wave vector norm (K)
used to carry out the Fourier (plane-wave) expansion of the
charge density. The cutoff parameterRMT ×Kmax=8 deter-
mines the basis functions to be used in the calculation, where
RMT is the smallest radius of the Muffin-tin (MT) spheres
in the unit cell, andKmax is the norm of the largest wave
vector (K) associated with the plane-wave expansion of the
eigenfunctions. These parameters proved suitable for achiev-
ing convergence with an energy tolerance of10−4 Ry and
the cut-off energy between the valence states and the core
states was set at−6 eV. The integration in reciprocal space is
performed with a mesh of14× 14× 14, resulting in 3000 k-
points in the irreducible Brillouin zone (IBZ) [14]. The radii
of the MT spheres (RMT) of the Ba, Dy, Sb, and O atoms
chosen in our calculations are respectively, 2.5, 2.25, 1.98,
and 1.7 a.u. (atomic unit). To verify the crystal structures of
double perovskites, the tolerance factor was calculated using
the expressiont = (rA + r0)/(

√
2 (rB + r0)). The Shan-

non ionic radii of Ba2+, Dy3+, Sb5+, and O2− were used to

determine the tolerance factort of the four cations: 1.61̊A
(Ba2+), 0.912Å (Dy3+), 0.6 Å (Sb5+), and 1.4Å (O2−).
The average radius of Dy and Sb was used for theB site to
give an averageB-cation radius of 0.756̊A and a tolerance
factor of aboutt ≈ 0.99, indicating that theB-site cations
have a stable configuration in a cubic structure. Depending
on the value of the tolerance factor, the structure of double
perovskites is cubic since t is between 0.9-1 [15].

3. Results and discussion

3.1. Structural and elestic properties

The calculation of the physical properties of double per-
ovskites requires the determination of their ground state. To
achieve this, we evaluated the total energy of the system for
different volume values. In order to determine the mag-
netic stability (ferromagnetic and non-magnetic configura-
tions) and structural properties (lattice parametera, com-
pressibility modulusB, and its derivativeB′) in the vicin-
ity of equilibrium, we analyzed the energy differences and
structural responses for each configuration. The obtained re-
sults were then fitted by the third-order Birch-Murnaghan
equation of state [16]. Figure 2 represents the variation of
total energy as a function of volume for both the magnetic
and non-magnetic phases, using the GGA-PBE approxima-
tion with and without spin polarization. The results obtained
regarding the ground state energy and structural parameters
such as, the lattice parameter, the bulk modulusB, and its
derivativeB′, are compiled in Table I, along with the exper-
imental values and those obtained by other theoretical calcu-
lations for comparison. The most stable ferromagnetic state
is identified because it corresponds to the phase with the min-
imum energy. The results presented in Table I above are in
good agreement with the available experimental and theoret-
ical data [6, 17–22]. Comparing these data in percentage,
we find a slight overestimation of the lattice parameters cal-

TABLE I. Lattice constanta0 (in Å), bulk modulusB (in GPa), its pressure derivativeB′, and minimum energy at equilibriumE0 (in Ryd)
using GGA (PBE).

Method / Work a0 (Å) B (GPa) B′ E0 (Ry)

NM-GGA-PBE 8.7097 105.1572 5.3211 -70738.804736

FM-GGA-PBE 8.5372 129.2429 4.8769 -70765.738955

Experimental 8.431 [6] - - -

8.4247 [17] - - -

8.4289 [18] - - -

8.4374 [18] - - -

8.4247 [20] - - -

8.4297 [21] - - -

8.4376 [22] - - -

Theoretical 8.4243 [19] - - -
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FIGURE 2. The total energy for both non-magnetic (NM) and ferro-
magnetic (FM) configurations with the GGA (PBE) approximation
as a function of volume.

TABLE II. Calculated elastic constantsC11, C12, C44 (in GPa),
bulk modulusB (in GPa), Young’s modulusE and shear modulus
G (in GPa), Poisson’s ratioν, the anisotropic parameterA and the
B/G ratio, longitudinal, transverse and average sound velocities
(vl, vt, vm) (in m s−1), and Debye temperatureθD (in K) calcu-
lated using GGA (PBE) atT = 0 K andP = 0 GPa.

Elastic constants (GPa)

C11 C12 C44 B = C11+2C12
3

211.8 98.7 80.7 136.36

Mechanical properties

E (GPa) G (GPa) ν A B/G

181.5861 71.04 0.28 1.42 1.92

Sound velocities (m s−1) and Debye temperature

vl vt vm θD (K)

3182.955 5740.639 3545.581 195.2865

culated by the GGA (PBE) approximation on the order of:
3.32% and 1.26% for the non-magnetic and ferromagnetic
states, respectively, due to the use of GGA(PBE).

To determine the elastic properties of the Ba2DySbO6

compound, we first applied orthorhombic and monoclinic
constraints, respectively. The requirement of mechanical sta-
bility of the cubic structure leads to the following restrictions
on the elastic constants,C11 > 0, C12 > 0, C44 > 0, and
(C11 + 2C12) > 0 [23, 24]. Our obtained elastic constants
listed in Table II, obey these stability conditions for cubic
structures, including the fact thatC12 > 0 must be less than
C11 > 0. Furthermore, our calculated elastic constants also
meet the stability conditions for cubic structures, which im-
plies thatC12 < B < C11. The value of the bulk modulusB,
calculated from the elastic constants, is nearly the same as the

value obtained from the smoothing pointsEtot(V ) using the
Murnaghan equation of state (EOS). This gives us a good es-
timate of the precision and accuracy of the elastic constants
of Ba2DySbO6. The calculated value ofA, which is listed
in Table II, indicates that Ba2DySbO6 is a material exhibit-
ing anisotropic behavior (ifA 6= 1, indicates anisotropic
behavior, whileA = 1 corresponds to isotropic behavior).
The typical value of the Poisson coefficient for covalent ma-
terials is around 0.1, while for ionic materials it is around
0.25 [23, 24]. In our case, the value of the Poisson’s ratio is
0.28, which suggests a stronger intra-atomic ionic bonding
contribution for this compound. According to Pugh’s empiri-
cal formula [23,24], which states that the critical value of the
B/G ratio separating the ductile and brittle behavior of mate-
rials is approximately 1.75,i.e., if B/G > 1.75, the material
behaves in a ductile manner; otherwise, it behaves in a brittle
manner, the Ba2DySbO6 compound is classified as ductile.

3.2. Electronic and magnetic properties

The band structure calculation of the double perovskite
Ba2DySbO6 was performed along the high-symmetry direc-
tions of the first Brillouin zone [25] based on the GGA-PBE
approximation. The results obtained are illustrated in Fig. 3
for both spin-up and spin-down. According to these figures,
it is evident that the band structure of minority spins (spin-
down) has a spin polarization around the Fermi level, which
indicates that this electronic structure has a purely metallic
character, while the majority spins (spin-up) exhibit a semi-
conducting behavior, with the maximum and minimum of the
valence band and conduction band located at theΓ point, in-
dicating the presence of a direct band gap in the (Γ − Γ) di-
rection for the Ba2DySbO6 material, which confirms that this
compound is typically ferromagnetic semi-metallic by GGA-
PBE. The energy gap value, from the spin-up band structure
diagram, is equal to 3.19 eV for the Ba2DySbO6 compound.
In our study, we calculated the density of states (DOS) of this
material Ba2DySbO6. Figure 4 shows the partial density of

FIGURE 3. The band structure of Ba2DySbO6 at the equilibrium
structure using PBE-GGA approximation with spin polarization.
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FIGURE 4. The partial density of states of Ba2DySbO6 at the equilibrium structure using PBE-GGA approximation with spin polarization.

TABLE III. Total and local magnetic moments of Ba2DySbO6 obtained by the GGA-PBE approximation, with spin polarization.

Method Ba Dy Sb O Interstitial Total

GGA-PBE (atT = 0 K ) -0.00047 4.86657 -0.00731 0.01815 0.03000 5.0

Theoretical (atT 6= 0 K) – – – – – 7.7 [7]

Experimental (atT 6= 0 K) – – – – – 8.9 [7]

– – – – – 10.55 [21]

– – – – – 10.63 [21]

states (PDOS) calculated using the generalized gradient ap-
proach (GGA-PBE) with spin polarization between -13 and
15 eV relative to the Fermi level. We observe for this com-
pound Ba2DySbO6 below the Fermi level, the valence band
is strongly dominated by Ba-p (up and down) and Dy-f (up)
states with, however, a minor contribution from Sb-s,p and
O-p (up and down) states around the Fermi level, the states
are dominated by Dy-f (down) orbitals. Above the Fermi
level (states located about 1 eV and higher), in the conduc-
tion band, the PDOS is weakly dominated by Sb-p (up and
down) and O-p (up and down) states. We also note that
the partial density of states (PDOS) calculated using (GGA-
PBE) with spin polarization of this Ba2DySbO6 compound
for both spin-up and spin-down cases are not similar, which
confirms that the material is magnetic. The results presented
in Figs. 3 and 4 are in good agreement with the available
theoretical data [7, 19]. We calculated the total, partial, and
interstitial magnetic moments of the double perovskite com-
pound Ba2DySbO6 using the GGA-PBE approximation and
with spin polarization. According to Table III, the compound
Ba2DySbO6 has a significant total magnetic moment, indi-
cating the presence of ferromagnetic behavior in this mate-
rial in its ground state. We also notice that the total contri-
butions are much more localized on the lanthanide atom Dy.

The experimental and theoretical data are represented in Ta-
ble III. The difference in total magnetic moments is due to
the change in temperature (T 6= 0 K).

3.3. Optical properties

The GGA-PBE approximation was adopted to study the op-
tical properties of the Ba2DySbO6 compound. In this sec-
tion, optical properties such as the real and imaginary parts
of the dielectric function, reflectivity, refractive index, extinc-
tion coefficient, optical conductivity, and absorption coeffi-
cient of the Ba2DySbO6 compound were calculated for all
photon energy, and they are presented in Figs. 5-10 respec-
tively. In Fig. 5, the fixed value of the real partε1(0), which
relates to the material’s interaction with low-frequency, is
quite high, suggesting a strong polarization capacity.ε1(ω)
peaks at about 0.67 eV, indicating a strong coupling of the
material to the incoming photons in this energy range. Af-
ter this point,ε1(ω) decreases and becomes negative at about
1.01 eV, showing that the material enters a metallic reflection
phase. The disappearance ofε1(ω) signifies the presence of
a bulk plasmon, which is a collective excitation of conduc-
tion electrons. The real partε1(ω) starts very high (ranging
from approximately 25 to 30), then decreases with increasing
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FIGURE 5. The real partε1(ω) and imaginary partε2(ω) of dielec-
tric function of Ba2DySbO6 compound.

FIGURE 6. The reflectivityR(ω) of Ba2DySbO6 compound.

FIGURE 7. The refractive indexn(ω) of Ba2DySbO6 compound.

energy, eventually crossing zero at approximately 16 to
17 eV, indicating the presence of a plasmon resonance. The
imaginary partε2(ω) can be directly linked to the material’s
optical absorption, indicating electronic transitions between
the bands. A distinct peak is observed at 0.16 eV, which is
ascribed to electronic transitions into the upper conduction
bands. For energy values larger than 0.18 eV,ε2(ω) grad-
ually decreases indicating that the absorption decreases

as interband transitions become less available. The interme-
diate energy region has multiple smaller peaks (around 4 to
5) at approximately 5 eV, (around 2 to 3) at approximately
10 eV, and (around 3 to 4) between 16 and 18 eV, which
correspond to multiple electronic transitions related to the
band gap energy. Above 22 eV, bothε1(ω) andε2(ω) tend
to zero, and the material approaches transparency. Overall,
there is strong interaction between the material and light in
the low and intermediate energy ranges. Figure 6 illustrates
the evolution of reflectivity R according to photon energy for
the material Ba2DySbO6. Reflectivity is a crucial factor for
evaluating the proportion of light reflected by the material’s
surface during electromagnetic excitation and is directly re-
lated to the refractive index and extinction coefficient. We
observe a low reflectivity value at energiesE < 3 eV, in-
dicating a high degree of absorption or transmission by the
material of most of the incident illumination, followed by a
significant increase from3 eV onward, still with oscillations
that most often coincide with the peaks we observe earlier in
the extinction coefficient. The region beyond30 eV shows a
stabilized reflectivity value; the slight oscillations observed
could be due to plasmonic effects and secondary electronic
transitions. The Ba2DySbO6 material refractive index (n)
evolution is illustrated in Fig. 7, as a function of photon en-
ergy, progressively increasing from 0.51 eV before reaching
maximal n around 3 at a photon energy of 0.70 eV. The en-
hancement of refractive index (n) is due to the contribution
of inter-band electron transitions that increase the optical re-
sponse of the material, and refractive index (n) begins to de-
crease slightly after17.67 eV due to related absorption in-
creasing as more electrons are excited into higher energy lev-
els. Starting from25 eV, the refractive index (n) becomes re-
ally low, which means the materials are not effectively trans-
mitting light in this spectral region. Analyzing the refractive
index is very useful to understand the optical properties of the
material and its different utilizations, especially in optoelec-
tronics and photonics, where a high refractive index is de-
sirable to serve as a waveguide for some wavelength ranges,
for nonlinear optical devices, or even for antireflective ap-
plications. Therefore, the analysis of this curve provides a
better understanding of the light-electron interaction mecha-
nism in Ba2DySbO6 and thus progresses its potential appli-
cations. It appears from Fig. 8 that a significant peak around
0.24 eV is observed in the extinction coefficient of about
0.45, indicating strong optical absorption resulting from al-
lowed electronic transitions. These transitions are determined
by the band structure of the solid, which can also cause sev-
eral secondary peaks that reflect other modes of electronic
transitions. In Fig. 9, we represent the variation of optical
conductivity (σx) as a function of energy for the material
Ba2DySbO6, whose appearance is characterized by a very
significant peak located in the vicinity of17.92 eV, which
could correspond to a strong absorption of incident photons
due to dominant inter-band electronic transitions. We indeed
observe that after this peak, the conductivity decreases with
some oscillation, with secondary electronic transitions and
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FIGURE 8. The extinction coefficientk(ω) of Ba2DySbO6 com-
pound.

FIGURE 9. The conductivityσ(ω) of Ba2DySbO6 compound.

FIGURE 10. The absorptionI(ω) of Ba2DySbO6 compound.

density of states effects opposing the main transition. Fig-
ure 10 shows the evolution of the absorption coefficient of
the Ba2DySbO6 material as a function of the energy of the
incident photons. Optical absorption is indeed an important
parameter for understanding the electronic and optical prop-
erties of a material, both for optoelectronic and photovoltaic
applications, and here, the absorption coefficient gradually

increases until it reaches a maximum around18.17 eV, then
decreases. This trend is generally observed for materials un-
dergoing inter-band transitions between the valence and the
conduction band, where the absorption peak is related to di-
rect electronic transitions.

3.4. Thermodynamic properties

To address the thermodynamic properties of the double
perovskite compound Ba2DySbO6, we apply the quasi-
harmonic Debye model to the GIBBS program [11, 14, 26].
This model allows the extraction of all thermodynamic prop-
erties from the energy and volume properties, provided at
equilibrium. To study the thermal properties of the double
perovskite compound Ba2DySbO6 at high temperature and
high pressure, we applied the quasi-harmonic Debye approx-
imation. To begin, a calculation of the total energy as a func-
tion of the unit volumeE(V ), was performed and associated
with the numerical equation of state (EOS) to determine the
structural parameters at room temperature and zero pressure,
and to deduce the macroscopic properties as a function of
pressure and temperature from classical thermodynamic rela-
tions. The thermal properties are calculated over the temper-
ature range of0−700K using the GGA-PBE method, where
the quasi-harmonic model is fully valid. In Fig. 11, the curve
of the lattice parameter is shown as a function of temperature
and for different pressures for the double perovskite com-
pound Ba2DySbO6. The lattice parameter increases with in-
creasing temperature, but the percentage increase is more sig-
nificant for the temperature range above150K. On the other
hand, when the pressure(P ) increases (from0 to 40GPa),
the lattice parameter decreases at a given temperature (from
0 to 700 K). The graph plotted in Fig. 12 illustrates the varia-
tion of the compressibility modulus(B) with temperature at
the considered pressure. It appears that, (from0 to 150 K),
the compressibility modulus is almost constant, while at high
temperatures(T > 150K), a linear decrease is observed with
increasing temperature. At a given pressure, the compress-
ibility increases with temperature, and at a given temperature,
it increases as the pressure decreases. At the temperature

FIGURE 11. The variation of lattice parameter as a function of
temperature of Ba2DySbO6: at different pressures.
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FIGURE 12. The variation of bulk modulus B as a function of tem-
perature for Ba2DySbO6: at different pressures.

FIGURE 13. The variation of heat capacityCv as a function of
temperature for Ba2DySbO6: at different pressures.

FIGURE 14. The variation of heat capacityCp as a function of
temperature for Ba2DySbO6: at different pressures.

T = 0K andP = 0 GPa, the modulusB = 127.6789GPa.
At elevated temperatures, the specific heat (or heat capacity at
constant volumeCv) changes only slightly with temperature
and approaches the Dulong-Petit limit [11, 14, 26], which all
solids attain at high temperature in the limit. The variation of
the heat capacityCv as a function of temperature at pressures
ranging from0−40GPa is shown in Fig. 13. We then observe
that for T < 300K, the heat capacityCv increases rapidly
with temperature. At higher temperatures(T > 300K), Cv

FIGURE 15. The variation of thermal expansion coefficientα as a
function of temperature for Ba2DySbO6: at different pressures.

approaches the Dulong-Petit limit, as is common for most
solid materials at high temperatures. At high temperature, it
reaches a value of245.2951 J mol−1 K−1. Figure 14 shows
howCp varies with temperature under different pressures for
the double perovskite based on Ba2DySbO6. The variation
of Cp with temperature is comparable to that ofCv at low
temperatures; at high temperatures,Cp is different fromCv

which becomes constant. The effect of pressure on the heat
capacity at constant pressureCp is substantially identical to
that ofCv. Figure 15 illustrates the effect of temperature on
the thermal expansion coefficient(α), which increases with
temperature. At a given pressure, the thermal coefficient(α)
increases quite significantly with temperature up to300 K,
beyond whichα becomes progressively more linear with
temperature. AtP = 0 GPa andT = 300 K, the thermal
expansion coefficientα is found to be4.17409× 10−5 K−1.
Entropy (S) could be defined as a measure of the disorder
of a system at the microscopic level. When the entropy of
the system decreases, its constituents become more ordered,
bound, and capable of producing mechanical effects. The
increase in temperature can easily be translated into an in-
crease in disorder as measured by entropy, as evidenced by
the increase in possible positions of the molecules. Figure 16
shows the variation of entropy(S) as a function of temper-
ature and pressure for the double perovskite Ba2DySbO6.

FIGURE 16. The variation of entropy as a function of temperature
for Ba2DySbO6: at different pressures.

Rev. Mex. Fis.72051601
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FIGURE 17. The variation of Debye temperature as a function of
temperature for Ba2DySbO6: at different pressures.

For a given pressure, it is observed that the entropy(S) has a
strong temperature dependence (which increases very rapidly
with increasing temperature), but conversely, the entropy(S)
decreases at a given temperature with increasing pressure.
Heating favors the vibrational contribution to entropy, there-
fore, the entropy(S) increases with temperature. In Fig. 17,
the Debye temperaturesθD are represented as a function of
temperature for several pressure values. It appears thatθD

remains constant from0−40K, then decreases linearly with
increasing temperature. At a fixed temperature, the Debye
temperature increases with the rise in pressure. By super-
imposing this curve with Fig. 12, related to the compress-
ibility modulus, we note thatθD and (B) follow the same
evolution. Due to the type of approximation chosen, there is
a non-negligible difference between the Debye temperatures
θD obtained by the elastic method(θD = 195.2865K) and
the thermodynamic method(θD = 430.6K), at T = 0K
andP = 0 GPa. Indeed, only low-frequency acoustic modes
are taken into account by the elastic approach, thus leading
to an underestimation of the Debye temperature; whereas the
thermodynamic approach pays attention to the entire photon
spectrum by including optical modes, thus providing a higher
and therefore more representative estimate of the Debye tem-
perature for the material’s behavior. The Debye temperature
cannot be considered a unique quantity but only as a function
of the evaluation method adopted.

4. Conclusion

In the present study, we used an ab initio method based
on the full-potential linearized augmented plane wave (FP-
LAPW) method within the framework of density functional
theory (DFT). The method focused on the structural, elas-
tic, electronic, magnetic, and thermodynamic properties of
the Ba2DySbO6 compound in its GGA-PBE version. After
studying the magnetic stability, we found that the ferromag-

netic state is the most stable configuration, because it is as-
sociated with the phase that has the lowest total energy. The
results of the present study are in good agreement with the
experimental and theoretical data found in the literature. The
elastic constants obtained meet the stability conditions; the
calculated value of the factor(A) indicates that Ba2DySbO6

is an anisotropic material. In our case, the Poisson’s ratio
value of 0.28 means that the intra-atomic ionic bonding con-
tribution would be higher for this compound. From our re-
sults, the material displays semi-metallic characteristics with
a direct(Γ − Γ) gap in the spin-up channel while the spin-
down channel remains metallic. Thus, spin polarization is
quite evident at the Fermi level in both channels, making it
a unique property for spintronic applications. Consequently,
Ba2DySbO6 may be a suitable candidate for spintronic de-
vices such as spin filters, spin injectors, and magnetic tunnel
junctions in which the performance is determined by a spin-
dependent transport property. The compound Ba2DySbO6

demonstrates in the partial density of states (PDOS) cal-
culated with (GGA-PBE) that the valence band, below the
Fermi level, is strongly dominated by Ba-p (up and down)
and Dy-f (up) states, while around the Fermi level, the states
are dominated by Dy-f (down). Above the Fermi level, the
PDOS in the conduction band is weakly dominated by Sb-s
and Sb-p (up-down) states. Regarding the magnetic proper-
ties of the compound Ba2DySbO6, we have shown that the
total magnetic moment is primarily due to the magnetic mo-
ment of the lanthanide atom Dy. The results of the density
of states and band structure show that the compound has a
semi-metallic character and is a good candidate for spintronic
applications. According to the calculations of optical prop-
erties, this material exhibits high sensitivity in the energy
region between visible light and extreme ultraviolet(UV ).
Materials with broad peaks in the UV range are used in var-
ious fields such as disinfection, spectroscopy, and printing.
Finally, the thermodynamic parameters such as the heat ca-
pacity at constant volume(CV ), the heat capacity(Cp) at
constant pressure, the thermal expansion coefficient(α), the
Debye temperature(θD), and the entropy(S) of our prod-
uct Ba2DySbO6 were determined and discussed. Next, the
effect of pressure on the lattice parameter and the compress-
ibility modulus(B) was also studied. All things considered,
the thermodynamic properties of our Ba2DySbO6 material
are good and efficient.
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