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The structural, electronic, optical, and thermoelectric properties of half-Heusler LaPdBi, ScPdBi, and
YPdBi alloys were investigated using the full-potential linearized augmented plane wave based on den-
sity functional theory and implemented in the WIEN2K code. To properly describe the electronic struc-
tures and, subsequently, the optical and thermoelectric properties, we chose the generalized gradient
approximation parameterized by the Perdew—Burke—Ernzerhof functional and performed the modified
Becke—Johnson correction method, which described all the electronic, optical, and thermoelectric param-
eters with high accuracy for these three selected compounds. The transport behavior of these materials
indicates that they are potential candidates for thermoelectric applications. The optical and thermo-
electric properties presented in this study were obtained using the modified Becke—Johnson method
and generalized gradient approximation. These alloys, XPdBi (X = La, Sc, Y), have almost the same
characteristics as the optical quantities, and the prediction of optical properties shows that studied
compounds are ideal materials for optoelectronic applications, renewable energies, and solar cells. Our

(2023)

results are in good agreement with those reported in the literature.
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1. Introduction

In this study, we are particularly interested in
half-Heusler XPdBi (X = La, Sc, Y). The main
objective is to develop new semiconductors suit-
able for optoelectronic applications, such as thin
film solar cells or laser diodes [1]. To achieve this
objective, a detailed study of the electronic struc-
ture and optical and thermoelectric properties of
XPdBi (X = La, Sc, Y) was performed. Techno-
logical advancements in various fields of physics
depend on the development of new materials and
techniques for their processing. These techniques
for calculating the electronic structure have been
developed over the last decades, in particular, the
ab-initio methods, which have now become a basic
tool for the calculation of the physical properties of
the most complex systems. They are also a tool of
choice for the prediction of new materials and have
sometimes been able to replace experiments that
are very expensive or even impossible to carry out
in the laboratory. Among these ab-initio methods,
the full potential linearized augmented plane wave
(FP-LAPW) method [2] is currently one of the most
precise methods for calculating the electronic struc-
ture of solids within the framework of density func-
tional theory (DFT) [3]. Thus, the computational
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speed of the FP-LAPW method is impressive com-
pared with the other first-principle methods. It is
enough to know the composition of the materials
to be able to simulate them from the resolution
of the equations of quantum mechanics. We per-
formed relativistic scalar calculations of the struc-
tural, electronic, optical, and thermoelectric proper-
ties of XYZ half-Heusler, using the Wien2k code [4].
Researchers are interested in XPdBi (X =Y, Sc,
La) because of its thermoelectric properties [5]. The
narrow energy gap and sharp peaks in the density
of states around the Fermi level result in the high
thermoelectric power of these compounds. Accord-
ing to Cook et al. [5, 6], the compound LaPdBi ex-
hibits this important property. Hai-Jun Zhang et
al. [7] reported that the semi-conductive behavior of
these compounds results from their strong tendency
for covalent bonding and that they are closed-shell,
nonmagnetic, and semi-conductive species, as dis-
covered in half-Heusler rare-earth compounds XYBi
(e.g., YPdBIi, LuPdBi, GdPtBi, ScPtBi, and Sc-
NiBi). Many theoretical studies have indicated that
the indirect band gap semiconductor ScPdBi ex-
hibits sp band inversion under conditions such as
high pressure or when Sc is replaced with other
elements (e.g., Lu, Y, or Gd) [8]. These XPdBi
(X = La, Sc, Y) of the formula XYZ crystallize
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TABLE I

Lattice constant ag (in [A]), bulk modulus B (in [GPal), its pressure derivative B’ and minimum energy at

equilibrium Ey (in [Ry]) using GGA-PBE.

\ ao [A] \ B [GPa] | B | EolRyl

LaPdBi

GGA-PBE 6.9664 70.6252 4.1556 —70252.766505

(present work)

Exper. 6.825 [16], 6.859 [17], 6.8708 [18] - - -

Theor. 6.98 [5], 6.843 [19], 6.825 [19, 20] 72.25 [5], 77.83 [19] | 4.43 [5] -
ScPdBi

GGA-PBE 6.5359 81.4931 5.4109 —54785.860465

(present work)

Exper. 6.449 [21], 6.52 [22], 6.56 [23], 6.788 [24], 6.432 [17] - - -

Theor. 6.5752 [8], 6.57 [25], 6.529 [26], 6.365 [24] 84.81 [26] - -
YPdBi

GGA-PBE 6.7685 63.0912 5.5200 —60028.863643

(present work)

Exper. 6.64 [5, 8, 16, 19-27] - - -

Theor. 6.570 [24] - - -

in a non-centrosymmetric cubic structure (space
group number 216, F-43m, C1b) [9], which can
be derived from the tetrahedral structure of ZnS
type by filling in the lattice octahedral sites; this
type of half-Heusler structure can be characterized
by the interpenetration of three face-centered cu-
bic (fcc) sub lattices, each of which is occupied by
atoms X, Y, and Z [9, 10]. The positions occu-
pied are 4a (1/2, 1/2,1/2), 4b (1/4, 1/4, 1/4), and
4¢ (0,0, 0). The crystal structure of XPdBi (X = La,
Sc, or Y) is shown in Fig. 1. These materials XPdBi
(X = La, Sc, Y) are highly efficient in conducting
heat and are perfectly applicable as thermoelectric
materials [11]. In our work, we conducted a com-
parative study of the structural, electronic, opti-
cal, and thermoelectric properties of half-Heusler
materials based only on bismuth (Bi). This com-
parative study is not available, either experimen-
tally or theoretically. Therefore, this was a detailed
predictive study.

2. Computational method

In the present work, we studied the physical prop-
erties of XPdBi (X = La, Sc, Y) alloys using FP-
LAPW based on DFT and implemented in the
WIEN2K code [2-4]. To treat the exchange and
correlation energies, we used the generalized gra-
dient approximation of Perdew—Burke-Ernzerhof
(GGA-PBE) [12]. The approximation developed
by Becke and Johnson (mBJ) modified by Tran
and Blaha (TB-mBJ) [13] was also applied. This
approach is designed to improve the values of the
energy gaps. In this study, we also expanded the
basic functions up to Ry Kmax = 10, where Ryr
is the smallest muffin radius in the unit cell, and
Kiax is the plane wave radius. The radial expan-
sion of potential and charge density is performed up
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X=La,Sc,Y

Fig. 1.
Sc, Y).

Crystal structure of XPdBi (X La,

to lmax = 10. The Ry radii were chosen to be as
wide as possible to avoid overlapping of the spheres;
thus, for the three compounds LaPdBi, ScPdBi, and
YPdBi, Ryr was set at 2.5 a.u for the La, Sc, Y,
Pd, and Bi atoms. For the integration in the recip-
rocal space of k, we have found that a 14 x 14 x 14
k-point grid is sufficient to ensure the convergence
of the total energy and the charge density, which
is equivalent to 104 special k-points in the Bril-
louin irreducible zone [14]. In all calculations, a self-
consistent cycle was reached with an energy conver-
gence of 1074 eV.

3. Results and discussion

3.1. Structural properties

The determination of equilibrium structures is
a fundamental step in any calculation. The to-
tal energy was calculated by varying the vol-
ume to determine the equilibrium lattice param-
eter and bulk modulus, and the curves were fit-
ted by the Murnaghan equation of state [15].
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Fig. 2. The band structure of LaPdBi at the equi-

librium structure using mBJ-GGA approximation.

The structural parameters results (lattice constants
(a) and bulk modulus (B), its pressure derivative
(B'), and minimum energy at equilibrium Ej) are
listed in Table I [5, 8, 16-27]. The calculated lat-
tice constants and the bulk moduli of the XPdBi
(X = La, Sc, Y) semiconductors are in good agree-
ment with the experimental and theoretical re-
sults [5, 8, 16, 19-25]. The calculated lattice con-
stants of XYZ systems differ only slightly from their
experimental analogs [16, 21-24].

3.2. Electronic properties

In this section, we discuss the electronic struc-
tures of the half-Heusler alloys LaPdBi, ScPdBi,
and YPdBi. Figures 2-4 show the band struc-
tures along the high symmetry points of the Bril-
louin zone calculated using the modified Becke—
Johnson method and generalized gradient approx-
imation (mBJ-GGA). We notice through these re-
sults that the two compounds ScPdBi and YPdBi
have indirect gaps in the direction I'-X. However,
for LaPdBi, the most important remark is the pres-
ence of a direct gap in the valence band and the
conduction band at the I' point. The mBJ-GGA
approximation, which is best suited to calculating
the gap, gives values of the order of 0.452, 0.191, and
0.19 eV for the three compounds LaPdBi, ScPdBi,
and YPdBi, respectively. The electronic parame-
ter results are listed in Table IT [5, 18-20, 28]. Our
results are in good agreement with experimental
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Fig. 3. The band structure of ScPdBi at the equi-
librium structure using mBJ-GGA approximation.

TABLE II

The calculated values of band gap of XPdBi (X = La,
Sc,Y)at T=0K and P =0 GPa.

LaPdBi | ScPdBi YPdBi
Gap [eV] | Gap [eV]| Gap [eV]
at I at I'-X | at I'-X
mBJ-GGA 0.452 0.191 0.19
GGA-PBE 0.147 0.021 0.18
Exper. 0.05 [28] - -
0.053 [18]
Theor. GGA-PBE | 0.315 [5] - -
0.23 [19]
0.31 [20]

and theoretical ones. Direct gap materials and indi-
rect gap materials behave very differently from an
optoelectronic point of view because the charge car-
riers of the direct gap materials can move from one
band to another by simply exchanging a photon,
whose momentum is negligible at these energy lev-
els, while the carriers of the indirect gap materials
must interact with both a photon and a phonon to
modify their wave vector, which makes the transi-
tion much less probable.

The partial density of state (PDOS) calculated
using the modified Becke-Johnson potential ap-
proximation (mBJ-GGA) for compounds XPdBi
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Fig. 4. The band structure of YPdBIi at the equi-
librium structure using mBJ-GGA approximation.

(X = La, Sc, Y) are shown in Fig. 5. We observe
that below the Fermi level, the valence band is
strongly dominated by Pd-d states with a contri-
bution, however minor, from Bi-s states, whereas
above the Fermi level, in the conduction band, the
PDOS is dominated by the La-f, Sc-d, and Y-d
states. The band structures and density of states
show that XPdBi (X = La, Sc, Y) compounds are
semiconductors. Our results are in good agreement
with the values measured experimentally and theo-
retically [5, 19-20, 24, 2627, 29]. The semiconduc-
tive behavior of these compounds results from their
strong tendency for covalent bonding and from
the fact that they are closed-shell, nonmagnetic,
and semiconductive species. The narrow energy gap
and sharp peaks in the density of states around
the Fermi level resulted in the high thermoelectric
power of these compounds. Narrow-gap semicon-
ductors are semiconducting materials with a band
gap smaller than that of silicon, that is, smaller
than 1.11 eV. They were used as the thermoelec-
tric detectors. The PBE functional results in the
overestimation of the forbidden band. The overes-
timation of the forbidden band is explained by the
absence of excitonic effects, and the value of the
deviation approaches the experimental value when
the excitonic effects are included. However, special
care should be taken with compounds with small
band gaps because of the tendency of PBE to over-
estimate the dielectric constant near the metallic
boundary.

3.3. Optical properties

Optical parameters are important for discover-
ing the performance of new slides, especially for
applications in optoelectronics (light sources, sen-
sors, and detectors). For this reason, we have calcu-
lated the different optical quantities for the XPdBi
(X = La, Sc, Y) alloys, such as the dielectric
function (real and imaginary parts), the refractive
index, the extinction coefficient, the absorption co-
efficient, the reflectivity, and optical conductivity.
The dielectric function depending on the frequency
is a real quantity. On the other hand, in the case
of a dynamic field, the dielectric function e(w) is a
complex function [3] given by e(w) = &1 (w) +e2(w),
where ¢€1(w) and e3(w) are the real part and the
imaginary part of the dielectric function, respec-
tively. Figure 6 presents the real part of the dielec-
tric function. The first thing that can be extracted
from this figure is the static value £1(0) which cor-
responds to the value of the real part taken at
an energy of zero value, where the values of ¢;(0)
for these three compounds LaPdBi, ScPdBi, and
YPdBIi are of the order of 23.65, 23.67, and 15.88,
respectively. We notice important peaks at the en-
ergy points of about 1.15, 0.55, and 1.4 eV for the
three compounds LaPdBi, ScPdBi, and YPdB, re-
spectively, followed by a strong decrease until &;(w)
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Fig. 5. The partial density of state of XPdBi (X =

La (a), Sc (b), Y (c)) at the equilibrium structure
using mBJ-GGA approximation.
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Fig. 6. Real part of dielectric function e1(w) of
XPdBi (X = La, Sc, Y) compound.

—— LaPdBi
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Fig. 7. Imaginer part of dielectric function e2(w)
of XPdBi (X = La, Sc, Y) compound.

becomes negative in the part which starts from the
energy values 3.81, 3.27, and 5.35 eV for the three
compounds LaPdBi, ScPdBi, and YPdBIi, respec-
tively, where this decay is interpreted by the fact
that the photons are damped (damping of electro-
magnetic waves). In the classical case of w, > 1/7,
the plasma frequency is the frequency at which
the sign of the real part of the dielectric function
changes from negative to positive. The analysis of
reflection and transmission using Fresnel’s equa-
tions shows that above the zero crossing, the metal
described by the Drude model becomes transpar-
ent [30]. The imaginary part of the dielectric func-
tion is shown in Fig. 7. We observe in the graph the
appearance of the energy gap obtained in the band
structure, followed by several peaks distinguished
in the energy range between 0 and 8 eV. Using the
band structure and the density of state stated in the
previous paragraphs, we have identified these dif-
ferent peaks as inter-band transitions, from which
we notice peaks of significant height which are lo-
cated at 1.42, 2.25, and 2.17 €V for the compounds
LaPdBi, ScPdBi, and YPdBi respectively. These
peaks generally arise from the direct transition of
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Fig. 8. The reflectivity R(w) of XPdZ (X = La,

Sc, Y) compounds.
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Fig. 9. The refractive index n(w) of XPdZ (X =
La, Sc, Y) compounds.

valence electrons to those in the conduction band.
Reflectivity is one of the important factors that de-
scribe the optical response of solids; it is defined as
a ratio of the intensity of the reflected ray to the in-
tensity of the incident ray at the normal incidence
of the electromagnetic wave on the system [31].
Figure 8 presents the reflectivity as a function of the
photon energy for the half-Heusler XPdBi (X = La,
Sc, Y) compounds. In the ultraviolet (UV) region,
strong oscillations were observed with very high re-
flectivities of 58% for the LaPdBi compound, 62%
for the ScPdBi compound, and 59% for the YPdBi
compound. The refractive index is a very important
optical property because it determines the amount
of light reflected upon reaching the interface, as well
as the critical angle for total internal reflection in
optical devices such as photonic crystals, waveg-
uides, and solar cells. The refractive index curves
of these XPdBi (X = La, Sc, Y) compounds are
shown in Fig. 9. The zero frequency refractive in-
dices n(0) of the LaPdBi, ScPdBi, and YPdBi alloys
are 4.88, 4.89, and 4.0, respectively. We notice peaks
in the visible region with a strong peak n = 5.45,
5.25, and 4.82 for the compounds LaPdBi, ScPdBi,



Extinction coefficient

LaPdBi
ScPdBi

— YPdBi

1
0 T T T T T T T T T T T T
0 1 2 3 4 5 6 i 8 9 10 1 12 13
E [eV]
Fig. 10. The extinction coefficient x(w) of XPdZ
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Fig. 11. The conductivity o(w) of XPdZ (X = La,
Sc, Y) compounds.

and YPdBI, respectively. Figure 10 presents the
extinction coefficient as a function of photon en-
ergy for the three XPdBi (X = La, Sc, Y) com-
pounds. The zero frequency extinction coefficients
k(0) of LaPdBi, ScPdBi, and YPdBi alloys are
0.43, 0.44, and 0.36, respectively. We notice peaks
in the UV region with a large peak « 0.58,
0.62, and 0.58 for the compounds LaPdBi, ScPdBi,
and YPdBI, respectively. The measurable amount
of optical reflective substance and the frequency-
dependent character are estimated and described
accordingly by the optical conductivity factor. The
calculated optical conductivities present significant
peaks, which are the peaks due to the plasmon fre-
quency, which informs us about the number of elec-
trons that pass from the valence band to the con-
duction band. We have presented the optical con-
ductivity curves in Fig. 11. The conductivity spec-
tra show significant peaks for the various XPdBi
(X = La, Sc, Y) alloys, which are represented in the
UV spectrum. The frequency-dependent absorption
coefficient is defined as a portion of incident ray en-
ergy that is absorbed in a unit length of the crys-
tal. In Fig. 12, one notices a strong absorption in
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Fig. 12. The absorption of XPdZ (X = La, Sc, Y)
compounds.

the UV region for the three compounds LaPdBi,
ScPdBi, and YPdBi, with significant peaks of the
order of 147.85 x 10 cm ™!, 158.32 x 10% cm ™!, and
204.26 x 10* cm™!, respectively. For the LaPdBi
compound at 7= 0 K and P = 0 GPa, the dielec-
tric function (real and imaginary parts), refractive
index, and extinction coefficient are in good agree-
ment with the available theoretical data [19]. For
the ScPdBi alloy, the dielectric function (real and
imaginary parts), absorption coefficient, reflectivity,
refractive index, extinction coefficient, and optical
conductivity are in good agreement with available
theoretical data [26, 30]. For the YPdBi material,
no experimental or theoretical data is available to
compare the results obtained for the dielectric func-
tion (real and imaginary parts), the absorption co-
efficient, the reflectivity, the refractive index, the
extinction coefficient, and optical conductivity, so
it is a detailed predictive study. From the calcula-
tion of the optical properties, the results indicate
that XPdBi (X = La, Sc, Y) compounds are trans-
parent materials in the infrared (IR) region. There-
fore, these materials are suitable candidates for op-
toelectronic applications under visible light and UV
regions.

3.4. Thermoelectric properties

We used the BoltzTraP code [32] to study the
thermoelectric behavior of the three chosen com-
pounds XPdBi (X = La, Sc, Y). We show in Fig. 13
the electrical conductivity as a function of the
Fermi energy (Er) at different temperatures (200,
400, 600, and 800 K) for the three compounds
XPdBi (X = La, Sc¢, Y). The three compounds
show approximately the same behavior at given
temperatures. The value of the electrical conduc-
tivity of the three compounds LaPdBi, ScPdBi, and
YPdBi decreases progressively until Er = 0.59 Ry,
Er = 0.564 Ry, and Er = 0.83 Ry, respectively,
then increases beyond these values. Our results
show that the maximum electrical conductivity is
2.2486 x 10%° (Q m s)~1, 2.0109 x 10%° (2 m s)~ 1,
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Fig. 13. The variation of the electrical conductiv-

ity for XPdBi (X = La (a), Sc (b), Y (¢)).

and 3.2006 x 102° (Q m s)~! obtained for Fermi en-
ergies: Fr = 0.651 Ry at T=600 K, Fr = 0.626 Ry
at T=200 K, and Er = 0.891 Ry at T=600 K
for the three compounds LaPdBi, ScPdBi, and
YPdBi respectively. The thermal conductivities cal-
culated as a function of the Fermi energy are rep-
resented in Fig. 14 at different temperatures of
200, 400, 600, and 800 K for the three compounds
XPdBi (X = La, Sc, Y). The LaPdBi, ScPdBi, and
YPdBi semiconductors are characterized by very
low thermal conductivity due to lattice vibrations,
which makes them suitable materials for the best
applications in thermoelectric devices. The three
compounds LaPdBi, ScPdBi, and YPdBi exhibit
similar behavior. The value of the thermal conduc-
tivity of the three compounds LaPdBi, ScPdBi, and
YPdBi decreases progressively until Er = 0.59 Ry,
FEr = 0.564 Ry, and Erp 0.83 Ry, respectively,
then increases beyond these values. It is clear that
the thermal conductivity at the temperature of
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Fig. 14. The variation of the thermal conductivity

for XPdBi (X = La (a), Sc (b), Y (c)).

800 K is greater than that corresponding to 200,
400, and 600 K for the three compounds LaPdBi,
ScPdBi, and YPdB. The free electrons in these com-
pounds absorb increasing energy resulting in more
heat transfer. The trend of electronic—thermal con-
ductivity is similar to that of electrical conduc-
tivity because charge carriers are also heat carri-
ers. Figure 15 shows the variation in the Seebeck
coefficient (S) as a function of the Fermi energy
at T = 200, 400, 600, and 800 K for the three
compounds XPdBi (X = La, Sc, Y). It is clearly
seen that the highest value of the Seebeck coefli-
cient (in absolute value) for the three compounds is
obtained at the temperature of 200 K. The Seebeck
coefficient has the particularity of being positive or
negative depending on the nature of the majority
charge carriers of the material. If S < 0, then the
majority of carriers are electrons, and the material
is said to be n-type. Conversely, if S > 0, then the
principal carriers are holes, and the material is said
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Fig. 15. The variation of the Seebeck Coefficient

for XPdBi (X = La (a), Sc (b), Y (¢)).

to be p-type [33—-35|. This effect is the basis for tem-
perature measurement applications that use ther-
mocouples and electricity generation. The Seebeck
coefficient has a maximum value of approximately
4.7446x10"* V /K, 4.5131x107* V/K, and 4.5131 x
10~* V/K corresponding to the value of 0.59, 0.564,
and 0.83 Ry of the Fermi energy at T=200 K for the
three compounds LaPdBi, ScPdBi, and YPdB, re-
spectively. For the compound LaPdBi at T=200 K
and Er = 0.59 Ry, the Seebeck coefficient indicates
that the electrons are the dominant charge carriers
(S > 0); therefore, this material is p-type. While
the Seebeck coefficient of the ScPdBi and YPdBi
compounds at Fr = 0.564 Ry and Er = 0.83 Ry,
respectively, suggests conduction by holes (S > 0)
at T=200 K; therefore, they are p-type. Figure 16
shows the power factor as a function of the Fermi
energy at T = 200, 400, 600, and 800 K for the
three compounds XPdBi (X = La, Sc, Y). It is
noted that the power factor at the temperature
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Fig. 16. The variation of the power factor for

XPdBi (X = La (a), Sc (b), Y (c)).

of 800 K is greater than that at 200, 400, and
600 K for the three compounds LaPdBi, ScPdBi,
and YPdB. The power factor had a maximum value
of approximately 6.620 x 10** W/(K? cm s), 3.955 x
101 W/(K? cm s), and 5.783 x 10 W/(K? cm s),
corresponding to the value of 0.62, 0.595, and
0.86 Ry of the Fermi energy at T=800 K for the
three compounds LaPdBi, ScPdBi, and YPdBi, re-
spectively. The power factor of the three materials
XPdBi (X = La, Sc, Bi) presents a main peak cal-
culated by mBJ-GGA with a strong intensity on
the side of the doping n. The maximum power fac-
tor values of the three materials are attributed to
their very high electrical conductivities. The figure
of merit (ZT') predicts the performance of thermo-
electric material and the ability of a given material
to efficiently produce thermoelectric power. Mate-
rials with ZT close to or greater than unity are
good candidates for thermoelectric devices [36, 37].
Our plots of the figure of merit as a function of
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Fig. 17. The variation of the figure of merit (ZT)
for XPdBi (X = La (a), Sc (b), Y (c)).

Fermi energy at different temperatures are given
in Fig. 17 for the three compounds LaPdBi, ScPdBi,
and YPdBi. The figure of merit is given by the fol-
lowing relationship ZT = 0S?T/k [14] where S is
the Seebeck coefficient, o is the electrical conduc-
tivity, T" is the temperature, and x is the thermal
conductivity. In Fig. 15, we notice that the ZT be-
havior of the three compounds LaPdBi, ScPdBi,
and YPdBIi is different. At temperature 200 K, the
maximum values of the ZT are 0.608 and 0.481,
obtained at 0.589 Ry and at 0.829 Ry for LaPdBi
and YPdBI, respectively, while the maximum value
of the ZT of the ScPdBi alloy is 0.218 obtained at
0.532 Ry and at T' = 800 K. To our knowledge re-
garding the thermoelectric properties as a function
of the Fermi energy and at 7" = 200, 400, 600, and
800 K, no study has yet been reported in the lit-
erature on the compounds ScPdBi and YPdBi. For
the LaPdBi alloy, the Seebeck coefficients, power
factor, and thermal conductivity are in good agree-
ment with available experimental data [18, 28|.
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4. Conclusions

In this work, we investigated the different physi-
cal properties of the XPdBi (X = La, Sc, Y) mate-
rials using the FP-LAPW method based on density
functional theory. For this reason, we are interested
in studying the half-Heusler LaPdBi, ScPdBi, and
YPdBi alloys due to their technological and indus-
trial applications. The equilibrium lattice param-
eters and the Bulk modulus are very well repro-
duced by the GGA-PBE approximation. The equi-
librium lattice parameters were found to be in good
agreement with those given by the experiments and
other theoretical works. The study of electronic
band structures shows that the compounds LaPdBi,
ScPdBi, and YPdBi have a semiconductor charac-
ter. The density of states gives a detailed explana-
tion of the contribution of atoms for different or-
bitals in the electronic structure. The valence band
is strongly dominated by the Pd-d states, and the
conduction band is dominated by the La-f, Sc-d,
and Y-d states. We know that the optical proper-
ties of a material are very important from an opto-
electronic point of view, so a qualitative study of the
real and imaginary dielectric function, the refractive
index, the extinction coefficient, the absorption co-
efficient, reflectivity, and optical conductivity were
presented. It is deduced therefrom that the opti-
cal properties of the three compounds are compara-
ble. The prediction of the optical properties shows
that the studied compounds LaPdBi, ScPdBi, and
YPdBi are ideal materials for optoelectronic appli-
cations, renewable energies, and solar cells. Finally,
using the BoltzTraP code, we studied the thermo-
electric properties of LaPdBi, ScPdBi, and YPdBi
compounds. Analysis of the dependence Seebeck
coeflicients on the Fermi energy, power factor, fig-
ure of merit, electrical conductivity, and thermal
conductivity at different temperatures revealed that
the compounds possess attractive characteristics,
making them promising materials for future ther-
moelectric device applications. This comparative
and detailed study may encourage new experimen-
tal efforts on semi-Heusler thermoelectric materials
to find materials with high thermoelectric proper-
ties and may contribute to the development of more
efficient devices for optoelectronic and thermoelec-
tric applications.
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