Emergent Materials (2022) 5:1097-1108
https://doi.org/10.1007/542247-021-00256-9

ORIGINAL ARTICLE q

Check for
updates

Investigation of electronic, optical, and thermoelectric properties
of new d° half-metallic half-Heusler alloys SiLiX (X=Ca and Sr)

Djelti Radouan’ - Besbes Anissa? - Bestani Benaouda?

Received: 30 April 2021 / Accepted: 18 June 2021 / Published online: 16 August 2021
© Qatar University and Springer Nature Switzerland AG 2021

Abstract

The electronic, optical, and transport properties of new d° half-Heusler alloys SiLiX (X = Ca, Sr) were studied by using the
first-principles method and semi-classical Boltzmann theory. The results of the electronic properties reveal for both half-
Heusler the half-metallic ferromagnetic nature (HMF) with a direct gap of 1.401 eV and large half-metallic gap of 0.42 eV
for SiLiSr alloy, while the SiL.iCa compound shows an indirect band gap of 1.209 eV and half-metallic gap of 0.21 eV. The
same magnetic moment of 1.00 pB per formula was observed for the two alloys. The optical computations indicate that
SiLiX half-Heusler is active in a wide area of the electromagnetic spectrum. The high reflectivity of SiLiX alloys, which is
well above 43% in the ultraviolet region and 38% in the near infrared region, let us use them as an effective shield in these
domains. Around 300 K, the thermal conductivity was reduced by approximately 54%, following the replacement of calcium
by strontium in the X site. The zT values very close to unity were reported in large temperature range. The obtained results

reveal that the studied materials could be used efficiently for the applications of optical and thermoelectric devices.
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1 Introduction

De Groot et al. [1] established the notion of half-metallic
ferromagnets for the first time, since then several researchers
paid particular attention to the magnetic half-Heusler com-
pounds due to their good thermoelectric [2-5] and optical
properties [6-9]. Thereafter, the detection of d° (or sp) half-
metallic ferromagnet (HM-FM) alloys, which imply only
the “s” and “p” block elements, has challenged the under-
standing of magnetism and led the researchers to review the
role of transition metals in controlling the magnetism, since,
several theoretical studies based on density functional theory
have been carried out [10-19]. Beldi et al. [20] have found
magnetism in d° half-Heusler GeNaZ compounds (Z =Ca,
Sr, and Ba) while the elements that compose these alloys
are not magnetic. In their study of the impact of doping by
silicon of d° half-Heusler KCaC, Hoat et al. [21] found that
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the increase in Si rate decreases the half-metallic band gap
value, which can minimize the stability of half-metallicity.
Benabboun et al. [22] have explored the magnetic behavior
of d° half-Heusler XCaZ (X=Li, Na; Z=B, C) and con-
firm that the magnetism comes from the spin polarization
of atomic p orbitals, which persists in the alloys of calcium
due to its large atomic radii. For the d° half-Heusler CNaCa,
Wei et al. [23] confirm that its large half-metallic gap value
of 0.609 eV guarantees it the stability of half-metallicity at
room temperature. In the same context, the d° half-Heusler
alloy LiCaC presents a large half-metallic gap of 0.53 eV
and its half-metallicity can be retained for lattice compres-
sion up to 9.5% [24]. According to Vahabzadeh et al. [25],
the low loss energy obtained in a wide range of wavelengths
associated to a high absorption in these regions of the termi-
nations [111] makes Zr,TiSi films [111] suitable cases for
optoelectronic applications. Ilkhani et al. [26] have investi-
gated the transport properties of PdZrTiAl quaternary Heu-
sler and confirm that the best thermoelectric performances
estimated by the merit factor (witch take in account the elec-
tronic and lattice thermal conductivity) are located around
the room temperature. Rai et al. [27] investigated a series of
Heusler compounds based cobalt and show that LSDA + U
and mBJ as compared to the conventional GGA widen the
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half-metallic gaps reasonably, while the magnetic moments
within GGA and mBJ are almost same. The electron-core
hole interaction has been found essential for describing the
X-ray absorption and magnetic circular dichroism spectra
at the L2, 3 edges of Cu and Mn in the Cu,MnAl,_, Ga,
compound [28]. The role of DFT + U correction in Heu-
sler alloys can be illustrated via the study conducted by Rai
et al. [29-31] which show that the application of GGA +U
under variable pressures on Fe,CoAl compound radically
changes the profile of the electronic structure which passes
from a magnetic metal to a ferromagnetic half-metal with a
total magnetic moment of 4.0 pB. The main motivation of
this study comes from this brief bibliographic review which
shows that the optical and thermoelectric properties of the d°
half-Heuslers have not been widely studied, comparatively to
their magnetic properties and also to the half-Heuslers com-
pounds with d- and f-orbital. The paper is drafted as follows:
the computation details are given in Sect. 2, the results and
discussion are presented in Sect. 3, and a brief summary of
the results is given in Sect. 4.

2 Computational method

First-principles calculations founded on DFT have been
conducted to determine the structural, electronic, optical,
and thermoelectric properties of SiLiX (X =Ca and Sr) half-
Heusler. The exchange—correlation effects were treated with
the general gradient approximation (GGA) using Perdew-
Burke-Emzerhoff (PBE) functional [32]. The valence elec-
trons for the SiLiX primal cell are 3s? 3p2 of Si, 2s! of Li,
4s? of Ca, and 5s of Sr. The muffin tin radius (Ry;p) values
of 1.85, 2.1, and 2.5 Bohr were used for Si, Li, and X respec-
tively. Other parameters such as Ry, X wave-vector, k-point
mesh (Ky;5x), and the maximum value of angular momen-
tum (Imax) were selected to 7.0, 16 X 16 X 16, and 10 respec-
tively. The optical constants are derived from the complex
dielectric function [23-35]. The semi-classical Boltzmann
approach [36] as given in the BoltzTraP code was used to
investigate the thermoelectric response of SiLiX compound.
A fine grid mesh (46 X 46 x 46) was used.

3 Results and discussion
3.1 Structural properties

The ternary half-Heusler alloys SiLiX (X =Ca and Sr)
crystallize in the fcc structure with the space group
F 4 3m(N°.216). The optimization has been done in the
paramagnetic (PM) and ferromagnetic (FM) configurations
associated to the three possible types of atomic arrange-
ment (a, B, and y). From Fig. 1, which give the evolution
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Fig.1 Total energy as a function of volume for a SiLiCa and b
SiLiSr half-Heusler alloy in the ferromagnetic (FM) and paramag-
netic (PM) phases

of energy versus volume at zero pressure, we can see that
the SiLiX (X =Ca, Sr) alloys are most stable in the j-type
structure than in the o and y-type structures. In addition,
the ferromagnetic (FM) states are most energetically stable
as it has the lower energies than the paramagnetic states
(PM). In the following, we will calculate all properties
only in ferromagnetic (FM) state f-type. The obtained
structural parameters are listed in Table 1, where we can
observe that the lattice parameter of SiLiSr is higher than
that of SiLiCa, and the bulk modulus values of 30.28 GPa
and 25.83 GPa obtained for SiLiCa and SiLiSr respectively
suggest that these alloys are easily to compressible. These
values are in the same magnitude order as those of other d°
half-Heusler compounds; let us quote by way of example
the LiNaN (43.7 GPa), LiKN (27.4 GPa) [37], N,BaCs
(39 GPa), N,BaRb (38 GPa) [38], KCaC (34.72 GPa) [39],
and LiMgBi (32.61 GPa) [40]. It should be specified that
the negative enthalpy of formation obtained from expres-
sion(1) remains a key hypothesis of the thermodynami-
cally stability and possible structurally synthesizability of
our studied materials.
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Table 1 Calculated structural Alloys  Type State  ay(A) B(GPa) B’ E,.. (Ry) Gap (€V)  AH/(eV)
equilibrium lattice constant a, k
bulk modulus B, its pressure SiLiCa  «a FM 688 255765 379  —1955.848439  0.685
gﬁ;?:s"?f X agnrg‘g;‘; Set;‘;ergy of PM 687 259688 344  —1955841957 —
the cubic SILiX(X =Ca, Sr) in B FM 6.80 302877 375 —1955.930038  1.209 -0.28
the three arrangements a (0.5, PM 6.80 30.4951 3.60 —1955.926549 —
0,0.25), £ (0.25,0.5, 0), and y y FM 6.42 37.1518  3.60  —1955.925685 —
©0,0.25,05) PM 642 363765 378  —1955.924198 ——
SiLiSt  « FM 7.20 206965 355  —6954.734425  0.635
PM 7.20 20.1420  3.06  —6954.729804  —
B FM 7.11 258347 387  —6954.828863  1.401 -0.72
PM 7.13 2477947 266  —6954.821473  —
v FM 6.72 312090 415 —6954.822323 @ —
PM 6.72 312462 410  —6954.822291  —
Ay = Eyy — (B + ER + E%) m

where E,; and E};, denote respectively the total energy
of the unit cell of the crystal and the energy of the related
atom in solid state. The crystal structure of SiLiX alloy in
the type f (FM) given in Fig. 2a, b was plotted by the Crys-
talMaker 2.7 software [41]. The structure is formed by three
interpenetrating face-centered cubic sub-lattices, which are
occupied by Si, Li, and Ca/Sr elements.

3.2 Electronic properties

In order to investigate the electronic properties of SiLiX
(X'=Ca and Sr) half-Heusler alloys, we computed the spin
polarized band structures (BS) and their density of states
(DOS) using the corresponding optimized lattice param-
eters, in the energy regions varying from —4 to 6 eV. The
SiLiCa and SiLiSr alloys exhibit a quite similar band struc-
ture profile with an observable asymmetry between the
spin-up and spin-dn electronic channels, thus confirming
the magnetic character of the compounds (Fig. 3a, b). For
the both alloys, the electronic states proper to spin-down
channel overlap and cross the Fermi level, which confirms
the metallic behavior. Whereas, in the spin-up channel, the
valence band maximum (VBM) and the conduction band
minimum (CBM) are separated by energy band gap, which
generates a semiconducting behavior. The VBM and the
CBM arise at the I'-X point giving an indirect bandgap of
1.209 eV in the case of SiLiCa alloy, while for the SiLiSr
compound, the VBM and the CBM arise at the same X
point providing so a direct bandgap of 1.401 eV. The half-
metallicity can be stable that if the material possesses a
large spin-flip gap (also known as half-metallic gap) [42].
The obtained half-metallic gap for the SiLiSr (0.42 eV) is
double to that found for SiLiCa (0.21 eV). These values
are considerably larger than those of other half-Heusler
compounds containing transition metals; let us quote by

Fig.2 The crystal structures of a SiLiCa and b SiLiSr compounds
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Fig.3 Band structure of fer- a)
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way of example 0.22 eV for CrVS [43], 0.17 eV for MnZ-
rSi [44], and 0.05 eV for ErPdSb [45]. We can theoreti-
cally suggest good stability of half-metallic characteristics
especially for the SiLiSr compound when it is incorporated
in spintronic devices. Also, the flat band in the valence
band displays the existence of heavy and light holes in
SiLiSr alloy, which means that this compound is more
effective in p-type than in n-type [46]. For examining the
disposition of orbitals in the band structure and also to
know which electrons are engaged in the shaping of the
forbidden band, the total and partial density of the states
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(TDOS/PDOSs) was plotted between — 4 and 6 eV, where
the dashed line shows the Fermi energy level (Ep). Fig-
ures 4a and 5a show the TDOS of the two alloys, an asym-
metry between spin up (1) and spin down (), is clearly
visible which confirms the half-metallic character of SiLiX
half-Heusler already predicted by band structure. For both
compounds, the energy region around the Fermi level is
mainly due to a major contribution of Si-p states (Fig. 4b
and Fig. 5b) and a low contribution of Ca-p/Sr-p states
(Fig. 4b and Fig. 5d), while the contribution of Li—s state
is very minimal (Fig. 4c and Fig. 5c). The combined effect



Emergent Materials (2022) 5:1097-1108

1101

Fig.4 Total and partial density
of states (TDOS/PDOS) of
SiLiCa

of the crystal field and atoms constituting the alloy induces
magnetism. From Table 2, we can see that the total mag-
netic moment for the two alloys is exactly 1.00 uB, which
reveals the HM character of these alloys. The contribution
of the interstitial site and partially filled p states of silicon

Fig.5 Total and partial density
of states (TDOS/PDOS) of
SiLiSr. (Up: spin-up channel,
dn: spin-down channel, Ef:
Fermi level, and s, p are the
electronic orbitals)
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generates this total moment. In these Half-metallic fer-
romagnets alloys without transition metals, the Li and Ca
(Sr) atoms play a capital role in the origin of magnetism
although their contributions in the total magnetic moment
value are negligible. This kind of alloy is very adapted
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Table 2 Calculated individual, interstitial and total magnetic moments per formula units, half-metallic gaps (HM) and energy gaps Eg of the

SiLiX (X =Ca and Sr) half-Heusler

Method Hs; (Hp) Hei (Mp) Hea/Ms: (Hp) Hinters (Hp) Hiot (Hp) HM gap (eV) Eg (eV) Band gap
SiLiCa GGA-PBE 0.42469 0.04827 0.09393 0.43314 1.00 0.21 1.209 r-X
SiLiSr 0.42852 0.03632 0.06560 0.47044 1.00 0.42 1.401 X-X
in many applications, because a low magnetic moment 1
implies less parasitic flow, which allows having a good (@) = V2o \/m_ () /2 5)
efficiency of the magnetic circuits [47]. wor== GO T EO) T O

2
3.3 Optical properties R@) = Ve -1 ©
Ve) +1

We present in this section the optical performances of the
new d° half-Heusler alloys SiLiX (X =Ca, Sr). In order
to describe the interaction of photons with SiLiX (X =Ca r \/ﬁ 1/2
and Sr) alloys, the calculation of optical properties suchas  p(g) = £°(@) T &%(@) + el(w)] @)
polarization, absorption, reflectivity, and refractive index i 2

is necessary. All the optical properties cited above derive
from the complex dielectric function £(®) (Eq. 2).

(@) = £)(®) + ig,(w) 2)

where &,(®) represents the real transition between the
occupied and unoccupied states while €, (@) depicts the elec-
tronic polarizability under incident light [48]. The imagi-
nary part of the dielectric function &,(®) is derived from the
electronic band structure computations with the help of the
following relation

52(m>=<“”>2 [ i (1-1)o(E; - B - o)’k
)

where e, m, ® and M represent the electron charge, electron
mass, photon frequency, and dipole matrix, respectively. E
is the electron energy of the initial state, E; is the electron
energy of the final state, and f; is the Fermi occupatlon fac-
tor of the single-particle state i. The real part €, (®) of the
dielectric function derives from &,(®) by using the Kram-
ers—Kronig relations [49-51]:

(s

Ly
sl(a))=l+;/ _w2 4)

0

where P is the Cauchy principal value.

Other optical parameters like the absorption coefficient
a(w), reflectivity R(®), and refractive index n(®) can be
obtained from the calculated values of the real and imagi-
nary parts of the dielectric function [52]:
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The majority of the optical properties such as absorption
coefficient, reflectivity, and refractive index are derived from
the dielectric function, which is obtained from the Kramer-
Kronig dispersion relation [53-55]. As the lattice parameters
are constant (cubic structure), the obtained optical responses
are isotropic (same dielectric tensor). The variation versus
energy of £,(w) which describes the slowing down of light
in a material is shown in Fig. 6a, b. One can see that the
SiLiX compounds respond strongly to the excitations of UV
light; several peaks are visible in this domain; let us quote:
A=417, 60, 211, 204, 244, and 346 nm. &,(®) shows posi-
tive values meaning that the photons propagate through the
material in these regions, and also shows negative values
meaning that the compound completely reflects the incident
radiation and exhibits a metallic character in these domains.
The light absorption by the solid is explained by &,(®); this
is associated to the absorption of the incident energy due
to the different electronic transitions caused by the impact
energies greater than the band gap. €,(®) attains in the UV
domain its maximum value of 10.75 (10.28) for SiLiCa
and SiLiSr respectively. We can see also that &,(@) shows
several absorption peaks located at 45, 202, 246, 257, and
347 nm for SiLiCa alloy and 58, 154, 211, 255, 263, and
352 nm for SiLiSr compound. According to the total and
partial density of states (TDOS/PDOS) (Figs. 4 and 5), these
peaks can be related to the inter-band transitions between
Si-3p, Li-2 s, and Ca/Sr-4 s/5 s states. From the plot giving
the evolution of absorption versus wavelength a(®), we can
clearly see that the main absorption of the SiLiX compounds
is located in the UV region; a maximum of 96.10* cm™!
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is observed at 47.64 nm. We notice in the UV region that
due to its direct bandgap, the SiLiSr compound responds
more quickly by exhibiting peaks at energies of 20.32 eV
(61 nm) and 23 eV (54 nm) giving an absorption coefficient
of around 78.10* cm™". For the SiLiCa alloy, the transitions
characterized by more intense absorption, which is close to
92.10* cm™!, are observed at much more higher energies of
25.3 eV (49 nm) and 27 eV (46 nm). In addition, an absorp-
tion around 31.10* cm™! is observed at 455 nm (visible)
and 871 nm (NIR). The absorption coefficient for both com-
pounds is almost constant for photon energies greater than
the gap (879 nm for SiLiSr and 1025 nm for SiLiCa). The
profile of the refractive index n(®) follows the same pattern
as that of the real part of the dielectric function because n(®)
and £; (w) both give the amount of light, which is slowed
down in a light absorbing medium (Fig. 6d). In all two
structures, n(®) reaches a maximum in the ultraviolet (UV)

Wavelenght (nm)

region and the maxima are obtained at 329 nm (3.77 eV)
and 302 nm (4.11 eV) for X=Ca and Sr, respectively. n(®)
remains positive in the considered range of energy; this is
due to the linearity of SiLiX to the frequency of light [56].
The reflectivity R(w), which describes the ratio between the
reflected energy to total incident energy, is plotted versus
wavelength in Fig. 6e. We can plainly see that R(w) appears
across the electromagnetic spectrum of light (UV-VIS-NIR)
and reaches its maximum in the negative range of £,(®@). An
utmost of 45% is observed at 301 nm (UV) and at 841 nm
(NIR), values that are mostly due to the Plasmon resonance
[57]. The minimum values of R(w) are observed for wave-
lengths below than 100 nm (UV range), whereas above
100 nm (UV-visible domain), the value of R(®) is greater
than 6%. The decreasing reflectivity profile in the visible
domain implies that a substantial amount of photon energy
is transmitted through the material. The SLiX alloys can be
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«Fig. 7 Computed spin and temperature dependent plots of a, b elec-
trical conductivity (o/7), ¢, d thermal conductivity (k/z), e-g Seebeck
coefficient (S), and h Merit factor (zT)

used as effective shields in large field of the electromagnetic
spectrum of light, in particular in ultraviolet (UV) and near
infrared (NIR) region.

3.4 Thermoelectric properties

The electronic transport responses of SiLiX (X=Ca, Sr)
have been studied by employing the semi-classical Boltz-
mann theory equation [58, 59] within constant relaxation
time approach [60] as implemented in Wien2K package [61].

oop(T. p) = é/caﬁ(e)[—afu(T, 8)] de ¥
1 5 of, (T, e)
Kaﬁ(T» W= 2TO / Gaﬁ5(8 -m “de )
e —of, (T, ¢)
S = To / Gaﬁ(ﬁ)(f ) [T] (10)
_ S%T
7T = ” (11)

where Q,f, u, 0, x,S and Z represent the unit-cell volume,
Fermi—Dirac distribution function, chemical potential,
electrical conductivity, thermal conductivity, Seebeck coef-
ficient, and merit factor respectively. A clear idea about
the thermoelectric efficiency of materials may be drawn by
the calculation of the electrical conductivity (o/7), thermal
conductivity (x/7), Seebeck coefficient (S), and merit fac-
tor (zT). The best thermoelectric materials (TE) must have
great values of Seebeck coefficient and electrical conduc-
tivity associated to small thermal conductivity values [62].
The electrical conductivity, which means the flux of loose
electrons in materials, remains a key parameter in the ther-
moelectricity. Figure 7a, b give, for the SiLiX (X=Ca, Sr)
half-metallic alloys, the evolution of o/7 versus temperature.
For both compounds, the spin-up channel shows a signifi-
cantly expansion of the o/7 with temperature, so confirm-
ing the semiconducting behavior already predicted by the
band structure, while for the spin-down configuration, o/z
decreases with temperature, thereby indicating the metallic
behavior. In the spin-up state, o/7 increases from 5.67 x 101
(2.03x10") @' m~' s at 100 K to 71.39x 10"
(1.82x 10" Q' m~' s7! at 1200 K and in spin-down states,
o/t decreases from 2.38 x 10%° (1.22x 10%°) Q' m™! 57! at
100 K to 2.11x 10% (9.97x10") Q7' m™" s7! at 1200 K,

for SiLiCa and SiLiSr respectively. Below 300 K for SiLiCa
and 500 K for SiLiSr, the electrical conductivity values are
not influenced by changing the levels of temperature. The
evolution of thermal conductivity (x/z) against temperature
for SiLiX (X =Ca, Sr) half-Heusler alloys is depicted in
Fig. 7c, d. A quasi-linear profile between «/z and tempera-
ture is observed. In the spin-up case (semiconductor), x/z
profile is the same to the electrical conductivity except that
here the temperature change has a significant influence on
the /7 values. It is seen that the /7 values increase radically
with increase in temperature, attaining at 1200 K, the maxi-
mum values of 1.65x 10'° (4.5 10'* W/mKs) for spin-up
and 4.73x 10" (2.72 x 10" W/mKs) for spin-down, respec-
tively for SiLiCa and SiLiSr alloys. For spin-up channel, the
x/7 values are very weak until 400 K for SiLiCa and 600 K
for SiLiSr, and beyond these temperatures, the «/z values
increase significantly. The elevated temperatures improve
the heat conduction through the electronic vibrations and
cause an increase in thermal conductivity. The Seebeck coef-
ficient (S) for SiLiX in both the spin configurations as a
function of temperature is plotted in Fig. 7e, f. For the spin-
up state, we observe an exponential decreasing trend of S;
this decrease in the magnitude of S with temperature mainly
comes from the position of the Fermi level of the conduc-
tion band. An exponential increasing trend is remarked in
both materials for the spin-down channel. Comparatively
to the SiLiCa compound, the SiLiSr alloy is regarded as
good candidate to the thermoelectric technology; it shows a
flatness of the band near the Fermi level due to its effective
mass which is large; this gives it great Seebeck coefficient
(S) [63, 64]. We employed the two-current model [65, 66] to
estimate the total Seebeck coefficient established from the
materials (Eq. 12).

g = eDSM +oSW) (12)
o(M+o(l)
where o (1) and o (|) are electrical conductivities and S (1)
and S (|) are Seebeck coefficients in spin-up and spin-down
channels, respectively. We can see from Fig. 7g that for both
compounds, the total S values increase linearly with increas-
ing temperature. The positive sign of total S suggests that
holes are the majority charge carriers in both the materials
(p-type nature). This trend of behavior gives to these mate-
rials the compatibility for high-temperature thermoelectric
applications. The calculated value of total S at 300 K is
19.52 pV/K for SiLiCa and 30.97 pV/K for SiLiSr. In order
to evaluate the thermoelectric yield of SiLiX alloys upon a
wide temperature range, the merit factor (zT) was computed
by the relation zT =S26T/k, where S, 6, T, and k are See-
beck coefficient, electronic conductivity, absolute tempera-
ture, and thermal conductivity respectively. From Fig. 7h,
we can observe that the zT curves show for the spin-up
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Table 3 The calculated values of electrical conductivity, thermal conductivity, Seebeck coefficient, and merit factor for SiLiCa and SiLiSr in

both spin configurations at room temperature

Alloys Spin state o/t (Q 'm™s7h klr (WK 'm™'s™h S(VK™ zT

SiLiCa Up 8.13x10'° 6.62x10'? 6.70x 107 0.97
Down 2.35%10% 1.67x 10" 1.89x107° 0.04

SiLiSr Up 7.03x 10" 3.51x 10" 1.40x1073 0.99
Down 1.18x10% 7.56x10™ 3.08x107° 0.01

channel, a slight linear decreasing trend as the temperature
increase. At the room temperature, SiLiCa gives a value of
0.96 while SiLiSr achieves 0.99 and at high temperature
(900 K), SiLiCa presents a value of 0.90 against 0.96 for
SiLiSr. For both compounds, the merit factor remains higher
than 0.9 in wide temperature range (100-900 K). The SiLiSr
proves to be more efficient than SiLiCa at the temperature
range considered due to its lower value of the thermal con-
ductivity (Fig. 7d) as well as its nearly flat band located in
the valence band of the energy band curve (Fig. 3b). The
numerical values of some thermoelectric properties given
at room temperature are presented in Table 3. We conclude
that the zT remains the strong point of our alloys; it is close
to unity in a very wide temperature range. At 300 K, it is
definitely higher to those reported for other half-metallic fer-
romagnetic materials such as EuCrO3 (~0.12) [67], RhFeGe
(~0.94) [68], LaCoCrGa (~0.23), and LaCoCrAl (~0.43)
[69]. Therefore, the SiLiX alloys meet the criteria, which
suggest that in order to have peak performance from a ther-
moelectric power generator, a high zT value approaching ~ 1
is required.

4 Conclusion

Based on the full potential linearized augmented plane wave
(FP-LAPW) method within the framework of generalized
gradient approximation (GGA), the electronic, optical, and
thermoelectric properties of the new d° half-Heusler alloys
SiLiX (X =Ca, Sr) were studied in this article. The optimi-
zation provides that the FM phase is most stable than the PM
phase. The electronic band structures and densities of states
reveal ferromagnetic half-metallic behavior of SiLiCa and
SiLiSr ternary half-Heusler compounds. Despite the absence
of atoms with d or f layers, the SiLiX compounds present
the same magnetic moment of 1 pB. The high peaks of the
absorption coefficient a(w) detected in the UV zone and the
high reflectivity, which is much greater than 43% in the UV
and 38% in the NIR zone, allow our alloys to be used as UV
photodetectors, UV filters, or as an effective shield in these
areas. The change of various transport coefficients reflects
the p-type character of the SiLiX alloys. The replacement of
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calcium atom by a heavier element, strontium, shows large
impact on the thermal conductivity, which has been reduced
by 54% at room temperature. The merit factor values, which
remain higher than 0.95 in large temperature range, affirm
that the SiLiSr alloy in particular can be used for energy
conversion and be used as alternative green energy sources.
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