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First-principle studies of the ternary palladates CaPd3;04 and SrPd3;0q4
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Abstract. Ternary palladates CaPd3O4 and SrPd30O4 have been studied theoretically using density functional the-
ory approach. The calculated structural properties are consistent with the experimental findings. Mechanical prop-
erties show that these compounds are elastically stable, anisotropic and ductile in nature. The electronic properties
reveal that they are narrow band gap semiconductors with band gaps 0.12 and 0.10 eV, correspondingly. Both mate-
rials are optically active in the infrared ranges of the electromagnetic spectrum. Narrow band gap semiconductors
are efficient thermoelectric (TE) materials; therefore, TE properties are also studied and discussed. Furthermore,

DFT and post-DFT calculations confirm the paramagnetic nature of these compounds.
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1. Introduction

Thermoelectric (TE) materials have attracted enormous
attention during the last two decades due to the wide range of
applications in advance technologies [1]. A TE device gener-
ates voltage when temperature gradient is applied across its
ends. Single-crystalline solid material plays an effective role
in practical applications of high-quality TE materials. The
developments of new crystal growth techniques are impor-
tant for the practical use as well as for the theoretical analysis
of TE materials [2].

Alkaline earth palladates such as CaPd;O4 and SrPd;Oy4
have widespread applications in catalysis of organic reac-
tions. Both the compounds are isostructural and narrow
band gap semiconductors. However, isovalent ion substitu-
tion makes CaPd;0O4 a good TE material [3,4]. The substi-
tution of sodium (Na) by Sr in SrPd;O4 may enhance the
figure of merit [4]. CaPd;O, is a good candidate for being
an excitonic insulator and used in switching and sensing
devices [5].

Cahen et al [6] characterized single crystals of the ternary
palladates CaPd;O4 and SrPd;Oy4 for the first time by scan-
ning electron microscopy (SEM). Ichikawa and Terasaki
[7] pointed out that the band gaps of these compounds are
extremely small. StPd;04 and CaPd;O; crystallize in space
group Pm-3n (No. 223) with lattice constants 5.81 and 5.73 A,
respectively [8].

Wnuk et al [9] presented a chemical analysis of the
CaPd; O, material very clearly; the material possesses 9.24%
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Ca and 75.76% Pd, while the actual formula corresponds
to 9.47% Ca and 75.41% Pd. Both materials exhibit semi-
conductor nature at room temperature, having resistivity on
the order of 0.1 €2 cm [3,4,10]. The resistivity of CaPd;O4
decreases as temperature rises and the TE effect shows that
the carriers are holes [9]. The electrical resistivity curve of
CaPd;0y, is quite anomalous due to 4d transition metal and
shows that resistivity is temperature dependent [5]. CaPd;O4
and SrPd;Ojare stabilized in Pd(I) oxidation state [11].
Muller and Roy [12] also experimentally reported the crystal
structures of these compounds.

In this work we explore the theoretical aspects to clarify
the electronic structure of the ternary palladates CaPd;Oy4
and SrPd;O4 for the emerging technological applications.
All the calculations are performed using GGA, GGA + U
and improved-mBJ techniques to investigate the struc-
tural, mechanical, electronic and magneto-optic properties of
these compounds. Furthermore, the semi-classical post-DFT
BoltzTraP code is utilized to study the TE properties of these
compounds.

2. Computational details

All these calculations are performed using the full-potential
linearized augmented plane waves (FPLAPWs) method [13]
implemented in the WIEN2k code [14] within the frame-
work of DFT. The Perdew—Burke-Ernzerhof [16] general-
ized gradient approximation (GGA) [15] is used for the
calculations of the structural properties. Self-interaction
corrections (SICs) GGA 4+ U and improved-mBJ exchange
potential are used for the calculations of the electronic
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properties of these compounds [17,18]. In order to treat the
Pd-d state properly we used U = 2 eV. The muffin-tin sphere
radii are 2.27 a.u. for Ca, 1.99 a.u. for Pd and 1.71 a.u. for
O in CaPd;0q4, and 2.30 a.u. for Sr, 2.02 a.u. for Pd and
1.74 a.u. for O in SrPd;04. For wave function in the inter-
stitial region the plane wave cut-off value of Ky,x = 7/Rmr
is taken while the charge density is Fourier expanded up to
Gmax = 14 Ry. The energy convergence is taken during self-
consistency cycles, while keeping the k points equal to 2300
for the full Brillouin zone integration [19].

Cubic-elastic software is utilized [20] to investigate the
mechanical properties of these compounds. TE properties
are calculated using post-DFT treatment using the BoltzTraP
package [21].

Ca/Sr

Figure 1.
space group Pm-3n (No. 223).
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3. Results and discussion

3.1 Structural properties

Alkaline-earth ternary palladates CaPd;O4 and SrPd;Oy4
compounds exist in cubic structure with lattice parameters
5.7471 and 5.826 A, respectively, occurring in a space group
Pm3n (No. 223) [5,8] as shown in figure 1. Structural opti-
mization of each unit cell is performed using the Perdew—
Burke—Ernzerhof generalized gradient approximation (GGA
PBE-sol) scheme. Birch—-Murnaghan [22] fitted equation of
state is utilized to draw a relation between the energy and
volume as shown in figure 2. The relaxed lattice constants
for both compounds are evaluated at optimum volumes and
compared to experimental results in table 1. The comparison
with the experimental results shows that the calculated lattice
constants of CaPd;O4 and SrPd;O,4 are underestimated by
0.121 and 0.183%, respectively [12,23]. This underestima-
tion is due to the famous GGA exchange-correlation effect.
The small difference shows that our results are logical and
reliable.

Bond lengths between the different atoms of these com-
pounds are also calculated and presented in table 1. In
CaPd;0, palladium atoms are bonded with neighbouring
four coplanar oxygen atoms; the calculated distance (Pd-O)
is 2.029 A, whereas the experimental bond distance between
palladium and oxygen atom is 2.031 A [23], which shows
that our results are close to the experimental value. The bond
length of Ca—Pd is 3.208 A, Ca-O is 2.485 A and Pd-O is
2.029 A in CaPd;0,4, whereas the bond lengths of Sr—Pd is
3.250 A, Sr-O is 2.518 A and Pd-O 2.056 A for StPd;04.

-74447.51
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-74447.53
| 1 1 | | |
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Figure 2. Variation of total energy vs. unit cell volume: (a) CaPd3O4 and (b) SrPd304.



First-principle studies of the CaPd;04 and SrPd;04

Table 1.
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Calculated and experimental structural parameters like lattice constant (ag), volume

(Vp), ground state energy (Eg), bulk modulus (B) and bond lengths, cohesive energies (Econ)

and density (p) for CaPd304 and SrPd3Oy4.

Compound Present Experiment Difference (%)
CaPd3;0y4

ao (A) 5.7424 5.74712, 5.7356, 5.747¢ 0.081
Vo (A)? 189.35 188.68P, 1894, 189.8222

Eo (Ry) —64454.0

Econ (eV) —97.0780

Band gap (eV) 0.12 0.12¢

Bond length A)

Ca-Pd 3.2082 3.2063P

Ca-0O 2.4850 2.523¢,2.4836°, 2.494

Pd-O 2.0290 2.032¢, 2.0278, 2.034

SrPd30y4

ao (A) 5.8153 5.826°, 5.8120P 0.183
Vo (A)? 196.66 196.33P

Eo (Ry) —74447.5

Econ (eV) —96.5980

Bandgap (eV) 0.10

Bond length A)

Sr-Pd 3.2508 3.2490°

o) 25181 2.488¢,2.5167°

Pd-O 2.0560 2.0523%, 2.0549, 2.059¢

aRef. [23], PRef. [8], “Ref. [12], IRef. [9], ®Ref. [5].

These bond lengths have unique importance as they can be
used to calculate the tolerance factor of a compound and
crystal structure can be guessed.

3.2 Cohesive energy

Cohesive energy plays an important role in the formation of
a material and defines the stability of a compound. Cohesive
energy is the energy difference between the bulk materials at
equilibrium and the free atoms in their ground state [24,25].
The crystal cohesive energy (CCE) is important in solid state
theory and microscopic calculations of pure elements and
ionic compounds. The calculation for the CCE of ionic com-
pound is based on classical Coulomb interaction and depends
on the atomic size [26].

To discuss the stability of CaPd;O4 and SrPd;O4 com-
pounds, the cohesive energies of these compounds are calcu-
lated by the well-known expression [27]

Ecoh = Eapg;0, — (2EA +6Epg + 8Ep). (1)

In equation (1) Eapg,0, represents the cell energy of
CaPd;O4 and SrPd;O4; Ea and Eq are the free energies
of Ca/Sr and O, respectively, obtained by GGA calcula-
tions. The calculated cohesive energies are —97.078 and
—96.598 eV for CaPd;0,4 and SrPd;0y, respectively, which
are tabulated in table 1. The table shows that the cohe-
sive energy of CaPd;O, is more than the cohesive energy

of SrPd;04{—E.on (CaPd;04) > —E .o, (SrPd304)}; hence
CaPd;0,4 is a more strongly bound system than SrPd;O4
material.

3.3 Mechanical properties

Elastic constants determine the response of a crystal to exter-
nal force, as characterized by bulk modulus (By), shear mod-
ulus (G) and Young’s modulus (Y) as well as the Poison’s
ratio (v). These parameters clearly determine the strength as
well as the stability of materials using the relations of elastic
constants [28,29]: Viogot shear modulus (Gy) corresponding
to the upper bound of G values and Reuss’s shear (Gr) mod-
ulus for the cubic crystal corresponding to the lower bound
values. To the best of our knowledge there is no experimental
or theoretical data available on the elastic constants of these
compounds in literature.

Elastic constant values are obtained using numerical cal-
culations of these compounds by computing the stress ten-
sor using the recently developed method implanted in the
WIEN2k code [20]. The three independent elastic constants
Ci1, C12 and Cyy for CaPd;0y4 are 295.60, 127.62 and 75.83
GPa, whereas for SrPd;O4 they are 276.10, 127.29 and
88.47 GPa, respectively. The mechanical stability in cubic
symmetry must obey the restrictions C;;—Cy; > 0, Cqq > O,
Ci1+2C1» > 0 [30] and also Ci, < Cj;. Our calculated
elastic constants follow these cubic stability conditions; for
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instance C;» < B < Ci; [31], which reveal that these
compounds are stable against elastic deformations.

Sound velocities for longitudinal and shear waves (V.
and Vg) and sound average velocity (V,,) are calculated
using bulk modulus (B), isotropic shear modulus (G) and
mass density (p) [32] and are listed in table 2. The average
sound velocity gives explicit information about lattice vibra-
tions [33]. Our calculated longitudinal sound velocities for
CaPd;0, and SrPd;0, are 5486.69 and 6006.70 ms~!, shear
sound velocities are 2720.31 and 3221.71 ms~! and mean
sound velocities are 3053.18 and 3597.70 ms™!, respec-
tively. From these calculations it is clear that SrPd;O,4 has
higher sound velocities than CaPd;QOy,.

Debye temperature (6p) is one of the most important
parameters and it determines the thermal characteristics of
a material, atomic vibration and theories relating phonons
[34]. The Debye temperature is determined by the empirical
formula [32]

[BEE e

where n is the number of atoms, 7 the Planck constant, N
Avogadro’s number, p mass density, M molecular weight in
the molecule and Ky the Boltzmann constant. The calcu-
lated densities and Debye temperatures for both compounds
CaPd;0O4 and SrPd;0Oy4 are 7.426 and 7.953 g cm~3, 251.33
and 292.44 K, respectively. To the best of our knowledge,
no information about the densities and Debye temperatures

Table 2. Calculated elastic moduli C;;, bulk modulus (B),
Young’s modulus (Y), Voigt’s shear modulus (Gy), Reuss’s shear
modulus (GRr), isotropic shear modulus (G), B/G ratio, Pois-
son’s ratio (v), transverse and longitudinal sound velocity, average
sound velocity (Vs, VL and Vy,), Debye temperature (6p), Lame’s
coefficients (A and u), Kleinman parameter ({) and anisotropy
constant (A).

Parameter CaPd30q4 SrPd304
C1 (GPa) 295.60 276.10
Ci2 (GPa) 127.62 127.29
Cas (GPa) 75.830 88.470
B (GPa) 150.28 176.89
Y (GPa) 156.74 214.97
Gy (GPa) 59.100 82.844
Gr (GPa) 50.810 82.250
G (GPa) 54.953 82.550
p (gem™3) 7.426 7.953
B/G 1.8800 1.8450
v 0.2730 0.2700
Vi (ms™ 1) 5486.69 6006.70
Ve (ms™h 2720.31 3221.71
Vi (ms™1) 3053.18 3597.7
0p (K) 251.33 292.44
by 19.670 20.320
w 128.84 132.10
c 0.7250 0.7710
A 0.9020 1.1890

Amin Khan et al

is available for CaPd;O4 and SrPd;Oy; hence, these theo-
retical results can be reliable for further experimental and
theoretical studies.

Kleinman is another important internal strain parameter
(¢) [35]; it explains the relative bond bending and bond
stretching. For bond bending the Kleinman parameter is zero
while for bond stretching its value is 1. The Kleinman param-
eter of SrPd;O4 is more than that of CaPd;O4 and ¢ is
close to 1 (shown in table 2), which confirms that the bond
stretching in SrPd;Oy is more than in CaPd; Oy,

The anisotropic factor (A) for a material measures the
degree of elastic anisotropy and can be obtained from
the three independent elastic constants [36]. For an ideal
isotropic system the anisotropic factor is unity and devia-
tion from unity measures the quantity of elastic anisotropy.
From table 2, it is clear that the calculated anisotropic factors
for CaPd;0,4 and SrPd;0, deviate from unity, which clari-
fies that these compounds are elastically anisotropic and the
sound waves will travel with velocities in different directions.

The other interesting elastic parameters are Lame’s con-
stants (A and ), which depend on the material nature and
temperature. Lame’s constants are calculated from Young’s
modulus and Poisson’s ratio [36]. These constants represent
a parameterization of the elastic moduli for homogeneous
isotropic media. The Lame’s constants (table 2) confirm the
anisotropy of these compounds by not satisfying the isotropic
conditions, i.e., A = Cjp and u = C’. Our calculated
results of Lame’s constants for CaPd;O4 compound are A =
19.67, n = 128.84 and for SrPd;04, A = 20.32 and u =
132.1. SrPd304 shows dominancy as compared to CaPd;Oy4
in anisotropy, which reveals that SrPd; O, is more anisotropic
than CaPd;0;.

Pugh ratio (B/G) [37,38] is an index for the ductility and
brittleness of a material. B/G ratio is greater than 1.75 for
ductile material; otherwise the material is brittle. Our calcu-
lated values of B/G are greater than 1.75 for both the com-
pounds shown in table 2, demonstrating the ductile nature of
these compounds, and revealing that CaPd;O4 is more duc-
tile than SrPd;O4. The Poisson ratio (v) provides informa-
tion about the bond nature. The Poisson ratio for covalent
materials is on the order of 0.1, whereas for ionic compound
v = 0.25 [39]. From our results v~0.273 for CaPd;Oy4
and 0.270 for SrPd;04, showing the high covalency in these
compounds.

3.4 Electronic properties

Self-consistent field (SCF) calculations are performed using
GGA +U and improved-mBJ to compute the electronic
band structures of CaPd;O,4 and SrPd;0,4 and are shown in
figure 3. It is obvious from figure 3 that a narrow gap exists
between the valence and conduction bands for both the com-
pounds at I symmetry points of the Brillouin zone. Hence,
both the compounds are narrow bandgap semiconductors.
The calculated band gap of CaPd;O4 by both potentials
GGA + U and improved-mBJ is 0.12 eV while for SrPd;04
the gap is 0.11 eV. The comparison of the calculated results



First-principle studies of the CaPd;04 and SrPd;04

(a)

3.0

A\
V74

2.5

2.0

A

QAN AN

Energy (eV)
o
=]
v by bonea v bev v benna b nnabovnabovaabugealoaraling

A
WA

~
>

r A xz M X T

()

3.0

2.5

2.0

/%
N

A
7

KW

Energy (eV)
j=]
<
pon vl Jrp o by b be e o aalorr sl byl

~
>

A X Z M X T

1865

(b)

3.0

2.5

2.0

1.0

0.5

0.0

0.5

Energy (eV)

|
g
sl g b b bl

A r A XxzmM X T

'

o=

R A r A Xxzw M X T

(d)

3.0

2.5

2.0

Energy (eV)
||||I||||I||||I||||I||||I||||O||||I||||I||||I||||I||||I||||

-3.0

Figure 3. Electronic band structures: (a, b) CaPd3O4 and (¢, d) StPd3Oy4; (a, ¢) by GGA + U

and (b, d) by improved mBJ.

of CaPd;0O4 with experiments [S] shows close agreement,
which demonstrates the reliability of our work.

To investigate the involvement of various states in the band
structure, we present total and partial density of states in
figures 4 and 5a and b, respectively. It can be observed from
figure 4 that the spin-dependent band profiles for CaPd;O4
and SrPd;O, are similar and symmetric with a slight differ-
ence in details. Figure 5a and b explains the main contribu-
tions of different states in which the major contributions in
the VB for both compounds are due to O-p and Pd-d states
occurring up to the Fermi level. The Pd-s, Pd-p and O-s states
lie in the bottom of the VB and are not shown in the figures.
In figure 5a and b the major contributions of Pd-d and O-p
states start from —7.5 eV and reach the Fermi level for both
compounds with a small difference in details with a smaller
contribution in CB. The O-p state contains two peaks in VB

for CaPd;0y4: one peak occurs at energy —6.3 eV, while the
other is at energy —1.4 eV. Similarly SrPd;O,4 contains three
peaks in VB at different energies levels, i.e., at 6.3, 4.8 and
1.8 eV, whereas Ca/Sr-d states occur in CB above 4 eV.

3.5 Optical properties

These materials are narrow direct band gap semiconductors,
which are optically active; hence the optical nature of these
compounds is also investigated. A suitable understanding
of the optical properties of a compound is very important
for the useful applications in photonics and optoelectronics
[40]. As both the compounds have very similar band gaps,
optical properties like dielectric functions &(w), refractive
index n(w), reflectivity R(w), energy loss function L(w) and
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Figure 4. Total density of states by GGA + U and improved-mBJ of CaPd304 and SrPd304.

oscillator strength o (@) of only CaPd;O, are calculated and
shown in figure 6.

The polarizability of a material can be explained by the
real part of dielectric function & (w) shown in figure 6a. The
zero-frequency limit €;(0) has a value of 7.28, which con-
firms that the compound is a high-dielectric-constant mate-
rial. From the zero frequency limit &,(0) it starts rising and
becomes maximum at energy 1.59 eV; then from this high-
est value, it starts decreasing with some variations. These
variations are due to interband transitions. The real part of
dielectric function reaches the lowest value at 29.31 eV. The
imaginary part of complex dielectric function is one of the
most important optical parameters because it reflects opti-
cal gap as well as optical absorption. Figure 6b shows the
imaginary part of dielectric function &, (w) of CaPd;Oy in the
energy range 0—45 eV. Figure 6b indicates that the significant
peak for dielectric function is at approximately 0.016 eV. The
plot also reveals that CaPd;O,4 has tough absorbing capac-
ity in the energy range 0.016-31.1 eV. Different peaks in this
plot are due to different inter-band transitions found between
the valence band and the conduction band. As these materi-
als have narrow and direct band gap nature, they are capable
runners for optoelectronic devices in the infrared range of
electromagnetic spectrum.

The refractive index has inverse relation with the band
gap, i.e., smaller the band gap of a semiconductor, larger
the refractive index and vice versa. The refractive index of
CaPd;0y4, shown in figure 6c, decreases with increase in
energy and at zero frequency the calculated refractive index
is 2.74. The refractive index vanishes at energy 30.6 eV. The
lower energy humps correspond to fundamental band gaps,
whereas the peak points are related to inter-band transition.

The reflectivity R(w) is plotted in figure 6d, which
explains the surface behaviour of the material. To satisfy the
zero-frequency limit of any materials the reflectivity is less
than 3.18 at I symmetry point of the full Brillouin zone. It
is obvious from the plot that the minimum reflectivity found
in the energy range 0-27 eV is due to collective plasma res-
onance. There is a higher reflection peak observed at energy
30 eV.

To investigate various aspects of the materials, electron
energy loss spectroscopy (EELS) is an essential tool [41].
It gives knowledge regarding elastically scattered and non-
scattered electrons as well as information about the number
and type of atoms being struck by the beam [42,43]. The
EELS for CaPd;Oy is plotted in figure 6e. From the figure it
is clear that at lower energies there is no scattering. Wave-
lengths outside the transparency region bring tough polar-
ization, which causes dispersion in the refractive index and
rise in the propagation loss. Inelastic scattering and max-
imum loss are observed in the intermediate energy range,
where the maximum peaks are observed in the energy range
of 31.05 eV.

The numbers of effective electrons involved in the optical
transitions are calculated in terms of sum rule. The oscillator
strength (sum rule) is a dimensionless quantity and reveals
the strength of transitions from valence to conduction band
and is presented in figure 6f. It rises gradually and reaches
27.62 eV having 47 numbers of effective electrons, and then
there is another rise starting at energies around 27.62 eV.
Finally, the oscillator strength saturates at 30.55 eV having
58 numbers of effective electrons for CaPd;O,4. Similar prop-
erties are observed for SrPd;O4 with a small difference in
details (plot not given). Hence both compounds are optically
active in the infrared region of the electromagnetic spectrum.
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Figure 5. Partial density of states by (a) GGA 4 U and (b) improved-mBJ of CaPd3O4 and
SrPd304.

3.6 Thermoelectric properties

Narrow band gap semiconductors are efficient TE materi-
als. Keeping in view the importance of these materials the
Seebeck coefficient is calculated for both compounds. The
Seebeck coefficient is the most fundamental parameter to
understand the TE behaviour of a compound as it estimates
the fundamental electric parameter, i.e., voltage due to tem-
perature [44]. Mathematically the Seebeck coefficient can be
expressed as S = AV /AT, where AV is the TE voltage and

AT is the temperature difference [45,46]. The Seebeck coef-
ficient (S) gives a useful picture of the electronic structure
of the material around the Fermi level [47]. As the Seebeck
coefficient is moderate there should be a single-type carrier,
and these low carriers lead to the semiconductor nature [48],
which confirms the semiconducting nature of these materials.

The calculated Seebeck coefficients of CaPd;O, and
SrPd; Oy, are presented in figure 7. It is obvious from the fig-
ure that the Seebeck coefficient increases with rising temper-
ature. In case of CaPd;0, the Seebeck coefficient obeys the
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function and (f) oscillator strength of CaPd304.

experimental trend and reaches 37.0 uV K~! at temperature
400 K [7]. For SrPd;0,4 the Seebeck coefficient increases
with rise in temperature up to 300 K; then it decreases with
further increase in temperature and follows the experimental
trend. Our theoretical results are consistent with the exper-
imental results [4,49]. The calculated Seebeck coefficients
for both the compounds are positive, which indicate that
the majority carrier in both compounds are holes; hence we
predict that these compounds could be used as good TE
materials.

3.7 Magnetic properties

To know the magnetic nature of these compounds, optimiza-
tions are performed for paramagnetic phase (non-magnetic
phase) as well as for ferromagnetic phase. These compounds
lower their energies in paramagnetic phase; the energy differ-
ence between paramagnetic and ferromagnetic phase (AE =
Epy—FEry) is —0.0002 and —0.0047 Ry for CaPd;O4 and
SrPd;0,, respectively. These energy differences show that
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these compounds are stable in the paramagnetic (non-
magnetic) phase.

Magnetic susceptibility is one of the most important
physical properties of the condensed matter; it specifies
the behaviour of a material and phase transition with the
change in temperature [50]. The temperature dependence of
magnetic susceptibility (x) is measured for CaPd;O4 and
SrPd;04 compounds as shown in figure 8. Comparison of
the calculated x results with the experimental data of Samata
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et al [23] shows good agreement at 300 K. Magnetic sus-
ceptibility for both compounds has been calculated over the
temperature range of 0—400 K. In the temperature range 200—
400 K the calculated x (T') is found to be almost linear. Hence
both compounds are paramagnetic; the plots are consistent
with Curie—Weiss law of paramagnetism [50].

The plot shows that magnetic susceptibility for CaPd;O4
is 13.0(107* emu mol~"), whereas for SrPd;O, it is
6.5(10~* emu mol~') at temperature 25 K. From the plot it
is clear that magnetic susceptibility dramatically falls up to
temperature 250 K and then steadily decreases with increas-
ing temperature. The magnetic susceptibility recorded is
1(10~* emu mol™!) for CaPd;0, and 0.5(10~* emu mol~')
for SrPd;O4 at temperature 300 K. Our result shows that x
is small and positive, which demonstrate the paramagnetic
behaviour, and this is confirmed by the inverse plot of x vs.
temperature. The magnetic susceptibility plots of both com-
pounds are consistent with the experimental results [51,52].
The inverse plot of x vs. T is consistent with the well-known
Curie—Weiss law [53], where 6 shows the Weiss temperature
and for paramagnetic material & = 0. Hence our DFT as well
as post-DFT calculations confirm that these compounds are
paramagnetic in nature.

4. Conclusions

In summary, ternary palladates CaPd;O4 and SrPd;O, are
studied theoretically using GGA, GGA + U and improved-
mBJ potentials in the framework of DFT. The calculated
lattice constants for both compounds are very close to
the experimental values. The cohesive energy shows that
CaPd;0, is more stable than SrPd;O,4. Mechanical properties
reveal higher covalent contribution in these compounds. The
calculated B/ G values are greater than 1.75, which confirms
ductile nature of these compounds. The electronic proper-
ties reveal that CaPd;O4 and SrPd;0O, are narrows band gap
semiconductors with values of 0.12 and 0.10 eV, respec-
tively, at I' symmetry points of the Brillouin zone. Both com-
pounds are found to be optically active in the infrared range
of electromagnetic spectrum. The calculated Seebeck coeffi-
cient reveals that these compounds are good candidates for
thermoelectric devices. The stable magnetic phase of these
palladates is optimized, which reveals that both materials
are stable in paramagnetic phase. The post-DFT calculations
of magnetic susceptibility confirm that these compounds are
paramagnetic materials.
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