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A B S T R A C T

This study investigates the K2SbAu ternary compound using first-principles methods grounded in density func
tional theory (DFT) to advance optoelectronic technology. The comprehensive analysis predicts the structural, 
electronic, elastic, mechanical, thermodynamic, optical, and thermoelectric properties of the compound. The 
lattice parameters of K2SbAu align with experimentally observed values. Structural stability was confirmed 
through the enthalpy of formation, which was negative, indicating thermodynamic stability and the feasibility of 
experimental synthesis. The electronic properties reveal narrow indirect band gaps ranging from 0.78 to 1.84 eV, 
depending on the approximation used. The study establishes that the valence bands in K2SbAu are primarily 
formed through the hybridization of Au3d and Sb2p states, while the hybridization of Au2p states mainly forms 
the conduction band. The compound was found to be mechanically stable based on elastic analysis and was 
characterized as ductile, ionic, and anisotropic. K2SbAu exhibited high optical absorption in the ultra
violet–visible range. The computed thermoelectric figure of merit was 0.71. Consequently, based on its elec
tronic, optical, and thermoelectric properties, K2SbAu is a promising candidate for optoelectronic and 
thermoelectric devices. These findings provide a foundation for further experimental investigation.

1. Introduction

The global energy crisis, intensified by the overreliance on fossil 
fuels, has prompted an intensive search for clean and renewable energy 
alternatives. Solar power is one of the most promising sustainable en
ergy sources, driving significant research into materials that can effi
ciently harness and convert solar energy [1]. In this context, Zintl phase 
materials have emerged as promising candidates for optoelectronic, 
spintronic, and thermoelectric applications [2]. Zintl phase compounds 
represent a distinct class of intermetallic compounds structurally 
resembling salts, comprising electropositive cations (typically alkali, 
alkaline earth metals, or rare-earth elements) combined with anionic 
components from p-block elements [3]. These compounds bridge the 
gap between ionic and covalent materials, exhibiting unique electronic 
properties that render them suitable for various technological applica
tions [4]. Zintl phases are particularly attractive for energy applications 
because of their inherent properties, which allow them to function as 
moderate metallic conductors or semiconductors with weakly bonded 

atoms and narrow band gaps of less than 1.5 eV [5], making them ideal 
for energy harvesting applications. Additionally, Zintl phases are crucial 
for converting excess heat into useable power in the thermoelectric field, 
owing to their strong harmonics, complex bonding patterns, and 
chemical tunability, offering promising thermoelectric performance [6]. 
Zintl compounds have been extensively studied using theoretical and 
experimental methods for high-performance thermoelectric and opto
electronic devices.

Recent studies have demonstrated impressive optoelectronic and 
thermoelectric performances in various Zintl systems. For instance, 
using first-principles methods, Hameed et al. [6] studied the thermo
electric performance of Europium-based ternary Zintl phases, EuMg2X2 
(X = Sb and Bi). The EuMg2Sb2 and EuMg2Bi2 compounds showed 
Seebeck coefficients of 1.5 × 10− 3 μV/K and 1.3 × 10− 3 μV/K, respec
tively, along with high figures of merit values suitable for thermoelectric 
applications. Similarly, Aljameel et al. [3] investigated the optoelec
tronic and thermoelectric behaviour of BaCd2X2 (X = P, As, Sb) Zintl 
phases using density functional theory. Calculated band gaps of 1.35, 
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0.85, and 0.23 eV were obtained for BaCd2P2, BaCd2As2, and BaCd2Sb2, 
respectively. Analysis of the figure of merit revealed promising values of 
0.90, 0.81, and 0.72 for BaCd2X2 (X = P, As, Sb), respectively, at 300 K, 
positioning these Zintl phases as attractive materials for optoelectronics 
and thermoelectric applications. The optoelectronic and thermoelectric 
properties of Zintl-phase AAg2Se2 (A = Sr, Ba) compounds have also 
been studied using a first-principles approach [2]. The computed band 
gaps of 1.76 eV and 1.35 eV for AAg2Se2 (A = Sr, Ba), the high optical 
response in the visible region and the high figure of merits were estab
lished for these compounds, suggesting their suitability for optoelec
tronic and thermal device applications. The structural versatility of Zintl 
phase compounds allows for fine-tuning of the electronic band structure, 
which is crucial for thermoelectric and optoelectronic applications. As 
Rima et al. [4] demonstrated, ternary intermetallic ACuSb (A = Ca, Sr, 
Ba) zintl phases show potential for solar cell applications owing to their 
tunable band gaps and high absorption coefficients. Zintl phase A2BX 
structured materials formed from a combination of electropositive alkali 
metals and other metal elements have been synthesised and reported in 
the literature. These include K2AgP, K2CuX (X = P, As, Sb), K2AgX (X =
Sb, Bi), and Na2CuX (X = As, Sb, Sn, Bi) [7–11]. Recent computational 
studies have significantly advanced our understanding of A2BX Zintl 
phases. Musembi et al. [12] analysed the Na2CuP ternary semiconductor 
compound for photovoltaic applications, demonstrating the effective
ness of first-principles methods in predicting material properties.

Despite significant progress, many Zintl phases remain underex
plored, particularly in gold-containing ternary compounds. Among 
these unexplored materials, K2SbAu has emerged as a promising 
candidate because of the electropositive nature of potassium, the 
metalloid character of antimony, and the unique electronic properties of 
gold [13]. Currently, only experimental structural data for the K2SbAu 
compound exists in the literature [14], which motivated this study to 
expand the library of known Zintl phases with favourable optoelectronic 
and thermoelectric properties. Therefore, this work investigates K2SbAu 
ternary compounds using first-principles methods based on density 
functional theory (DFT). The study systematically analysed the struc
tural, electronic, elastic, mechanical, thermodynamic, optical, and 
thermoelectric properties of K2SbAu to evaluate its potential for opto
electronic and thermoelectric applications. By employing various ap
proaches, including generalised gradient approximation (GGA), local 
density approximation (LDA), meta-GGA, and machine learning (ML), 
the work aims to provide accurate predictions of material properties. 
Through this thorough analysis, the study strives to determine whether 
K2SbAu is a viable candidate for energy-harvesting applications and to 
provide insights that may guide future experimental investigations.

2. Computational methods

The present calculations were performed using the plane wave self- 
consistent field (PWscf) method within the density functional theory 
(DFT) framework [15], as incorporated in the Quantum Espresso com
puter package [16]. Exchange and correlation interactions were treated 
using the Perdew–Burke–Ernzerhof (PBE) generalised gradient approx
imation (GGA) [17] and the Perdew-Zunger (PZ) local density approx
imation (LDA) [18]. The spin-orbit coupling (SOC) effect was applied to 
the GGA and LDA approximations to determine its impact on the lattice 
parameters and electronic band gaps. In addition to the GGA, the met
aGGA approximations with the regularised strongly constrained and 
appropriately normed (rSCAN) [19] and Tran-Blaha-modified Beck
e-Johnson (TB-mBJ) [20] functionals were used to improve the elec
tronic band gap accuracy of the K2SbAu ternary compound. Further 
band gap prediction was performed by applying the Aflow machine 
learning online tool (AFLOW-ML) accessed at www.aflowlib.org. A 
converged cutoff energy of 150 Rydberg and a Monkhorst-Pack mesh of 
7 × 7 × 7 with offset 1 in the first Brillouin zone (BZ) were used in this 
study. A denser Monkhorst-Pack mesh of 12 × 12 × 12 was used for 
non-self-consistent field (NSCF) calculations. Geometry optimization 

was performed by minimising the total energy as a function of the lattice 
parameters. Further optimization was carried out through the variable 
cell relaxation to relax the atoms.

3. Results and discussion

3.1. Structural properties

The K2SbAu ternary compound crystallised in an orthorhombic 
structure with space group Cmcm (No. 63). In the orthorhombic crystal 
system, the experimental lattice values of the K2SbAu crystal structure 
are a = 10.45 Å, b = 7.857 Å, c = 6.501 Å, and V = 533.8 Å3 [14]. The 
elements within the K2SbAu compound have a K atom occupying the 8 g 
Wyckoff position at (0.66537, 0.170517, ¾) functional coordinates, an 
Sb atom occupying the 4c Wyckoff position at (0.733815, 0, ¼), and an 
Au atom occupying (0, 0,0) functional coordinates and 4a Wyckoff po
sition. The K2SbAu crystal structure is depicted in Fig. 1.

The Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm was used 
to optimise the lattice parameters a, b/a, and c/a as a function of total 
energy. These values were fitted to the Birch-Murnaghan equation of 
state [12] to obtain the ground-state lattice parameters presented in 
Table 1.

The optimised lattice parameter a0 of the K2SbAu ternary compound 
obtained in this study strongly agreed with the corresponding 10.445 Å 
obtained in the literature using experimental approaches (see Table 2). 
This step demonstrates the reliability of our DFT calculations for pre
dicting structural properties. It can also be observed from Table 1 that 
the GGA method predicts higher values of lattice parameters than LDA. 
The application of the spin-orbit coupling effect to the GGA and LDA 
methods showed a slight drop in the computed lattice parameters of the 
K2SbAu ternary compound. The energy of formation (ΔHf) is a ther
modynamic parameter that determines the thermodynamic stability and 
possibility of the formation of compounds [21]. The ΔHf is calculated 
from the ground state minimum total energy according to the equations 
reported in the literature [22]. The negative ΔHf values shown in Table 1
suggest that the K2SbAu ternary compound is thermodynamically stable 
and can be experimentally synthesised. Moreover, the computed ΔHf 
values show that the GGA method predicts a more thermodynamically 
stable K2SbAu structure than the LDA method.

3.2. Electronic properties

The electronic band structure and projected density of states of the 
K2SbAu ternary compound are plotted in Figs. 2 and 3, using GGA and 
LDA as representatives. Figs. 2 and 3 show the separation gap between 
the valence and conduction bands, implying the semiconducting nature 

Fig. 1. Conventional crystal structure of the K2SbAu ternary compound.
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of the K2SbAu ternary compound. The valence band maxima and the 
conduction band minima lie on different high-symmetry points, X–Γ, in 
the first Brillouin zone, suggesting that the K2SbAu ternary compound is 
an indirect band gap semiconductor [23]. The obtained values of the 
band gap using GGA and LDA are 1.10 eV and 0.97 eV, respectively, 
which are lower than the 1.47 eV reported in the Materials Project 
database. Upon applying the SOC effect to the GGA and LDA methods, 

the band gaps of the K2SbAu ternary compound were significantly 
reduced to 0.91 and 0.78 eV. The GGA and LDA methods are known to 
underestimate the electronic band gaps [24,25]. Therefore, meta-GGA 
functionals were employed to improve the band gap accuracy. The 
band gaps obtained using RSCAN and Tb-mBJ were 1.40 and 1.84 eV, 
respectively. Besides DFT, the machine learning technique predicted a 
band gap value of 1.11 eV, slightly higher than that predicted using LDA 
and GGA. As observed in the projected density of states plots (Figs. 2 and 
3), the valence band of K2SbAu is mainly formed by the hybridization of 
the Sb2p and Au3d states, whereas the hybridization of the Au2p states 
primarily forms the conduction band. All the other states contribute 
insignificantly to the band formation.

3.3. Elastic and mechanical properties

The K2SbAu ternary compound has an orthorhombic crystal system 
which features 9 independent elastic constants, as presented in Table 3. 
The necessary and sufficient conditions for born elastic stability of the 
orthorhombic systems are expressed in Equation (1) [27],. 
⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

C11 > 0; C11C22 > C2
12,

C11C22C33 + 2C12C13C23

− C11C2
23 − C22C2

13 − C33C2
12 > 0,

C44 > 0; C55 > 0; C66 > 0

(1) 

The elastic constants in Table 3 satisfy the elastic stability criteria in 
Equation (1), suggesting that the studied compound was mechanically 
stable. The mechanical properties were deduced from the computed 
elastic constants using the Voigt-Reuss-Hill approximation, as presented 
in Table 4.

The bulk modulus describes the ability of a material to resist volume 
deformation [28]. As shown in Table 4, the B values of the K2SbAu 
ternary compound are relatively low, indicating that it is a soft material. 
The Young’s modulus and shear modulus describe a material’s uniaxial 
tension and plastic deformation [28]. The K2SbAu ternary compound 

Table 1 
The structural properties of the K2SbAu ternary compound.

GGA GGA +
SOC

LDA LDA +
SOC

Experimental 
[14]

Lattice 
parameter 
a0 (Å)

10.596 10.573 10.240 10.224 10.445

Lattice 
parameter 
b/a

0.757 0.755 0.752 0.749 ​

Lattice 
parameter 
c/a

0.629 0.626 0.627 0.624 ​

Energy of 
formation 
ΔHf (Ry)

− 223.13 ​ − 222.99 ​ ​

Table 2 
The electronic band gaps of the K2SbAu ternary compound 
calculated using different approximations.

Methods Band gaps (eV)

GGA 1.10
GGA + SOC 0.91
LDA 0.97
LDA + SOC 0.78
RSCAN 1.40
TB-mBJ 1.84
ML 1.11
Other works [26] 1.47

Fig. 2. Band structure and projected density of states of K2SbAu ternary compound computed using the GGA approximation.
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was predicted to have higher values of shear resistance (G) and stiffness 
(E) using the LDA method compared to the GGA method. It is also 
observed that the E values are larger than the B values, suggesting that 
the K2SbAu ternary compound is more resistant to tension than 
compression. The B/G and n ratios describe the ductility and brittleness 
of materials. The materials are said to be ductile if their B/G ratio is 
larger than 1.75; otherwise, they are brittle [29]. The investigated 
compound exhibited ductile behaviour. In addition, a material is said to 
be ductile if its n is larger than 0.26, and brittle if it is lower than 0.26 
[29]. As observed in Table 4, the n values of the K2SbAu ternary com
pound computed using the LDA and GGA methods were 0.3 and 0.28, 
respectively, further suggesting its ductile nature. In addition, n can be 
used to study the bonding behaviour within solids. A value of n close to 
0.25 implies that the material is an ionic crystal [30]. The computed n 
values in this study indicate that the K2SbAu ternary compound is ionic. 
The isotropic/anisotropic behaviour of the K2SbAu ternary compound 
was established by calculating the anisotropy factor. For orthorhombic 
crystal systems, the anisotropy factor is obtained using Equation (2)
[12]. 

A=
C33(C11 + C22) − 2C2

23
C11C22 − C2

23
(2) 

A value of A = 1 indicates elastic isotropy. Any deviations below or 
above demonstrate anisotropy. The calculations in Table 4 show A value 
of 1.09, implying that the K2SbAu ternary compound is elastically 
anisotropic. A spatial dependency analysis of the Young’s modulus, 
shear modulus, and Poisson’s ratio was performed to obtain better in
sights into the isotropy and anisotropy characteristics of the K2SbAu 
compound, as illustrated in Fig. 4(a–c). Fig. 4(a) shows the spatial de
pendency of the Young’s modulus and shows that it is strongly aniso
tropic, which is explained by the extent of deviation from a perfect 
circle. The distortions in the xy and xz planes clearly show that the de
viations are strongest in the x-direction, while in the case of the yz plane, 
the deviations are fairly linearly symmetrically equal in all quadrants, 
depicting strong anisotropic behaviour. The representation of the shear 
modulus and Poisson’s ratio is plotted in a similar manner, whereby the 
colour code of green, when used, means the parameter had positive 
values, while when red colour was used, it showed that the parameter 
being calculated was negative. This shows that the linear compressibility 

Fig. 3. The band structure and projected density of states of the K2SbAu ternary compound computed using the LDA approximation.

Table 3 
Elastic tensor (Cij) in GPa for K2SbAu orthorhombic crystal structure.

C11 C12 C13 C22 C23 C33 C44 C55 C66

GGA 35.93 9.68 4.89 35.17 17.70 23.32 15.47 5.26 5.48
LDA 41.20 12.49 5.12 43.25 22.19 26.04 18.16 6.64 4.31

Table 4 
Mechanical properties: bulk modulus B, Young’s modulus E, Shear modulus G, Pugh’s ratio B/G, Poisson’s ratio n, Anisotropy factor A, Debye velocity (Vm), and Debye 
temperature (θD) of the K2SbAu ternary compound.

B E G B/G n A Vm (m/s) θD (K)

GGA 16.83 21.32 8.28 2.03 0.28 1.09 1438.32 131.05
LDA 19.76 23.30 8.95 2.21 0.30 ​ 1414.32 133.27
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of K2SbAu is positive when the shear modulus and Poisson’s ratio are 
considered, and the results obtained by Young’s modulus computation 
confirm that the mechanical properties of the materials are anisotropic.

The θD can be used to describe the thermal behaviour of solids. It is 
mathematically expressed in the form of Equation (3) [31]: 

θD =
h
k

[
3n
4π

(
NAρ
M

)]1/3

Vm (3) 

Where h, k n, NA, ρ, and M refer to Plank’s constant, Boltzmann’s con
stant, the number of atoms, Avogadro constant, charge density and 
molecular weight, respectively. The computed Debye temperature for 
the K2SbAu compound using GGA and LDA approximations was 131.05 
K and 133.27 K, respectively. The high Debye temperature values 

suggest high thermal conductivity in the K2SbAu compound. Further, 
the thermodynamic properties of K2SbAu compound are discussed in the 
next section.

3.4. Thermodynamic properties

The variations in vibrational energy, vibrational free energy, en
tropy, and heat capacity with temperature for K2SbAu are presented in 
Fig. 5. Fig. 5(a) illustrates the variation in the vibrational energy with 
temperature for the K2SbAu ternary compound. The plot demonstrates a 
progressive increase in vibrational energy with increasing temperature, 
reflecting the enhanced atomic motion within the lattice. This trend 
aligns with the theoretical expectation that as the temperature increases, 
phonons gain more energy, leading to higher vibrational states. Fig. 5(b) 

Fig. 4. Spatial dependence of the mechanical properties (a) Young’s modulus, (b) shear modulus, and (c) Poisson’s ratio for the K2SbAu ternary compound.
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presents the vibrational free energy as a function of temperature. At very 
low temperatures (0–250 K), the vibrational free energy remained pos
itive, indicating that the system was thermodynamically stable in this 
regime. However, beyond 250 K, the vibrational free energy transitioned 
to negative values. This shift suggests that, at higher temperatures, the 
energy distribution among vibrational modes decreases the free energy 
of the system, a characteristic behaviour observed in many solid-state 
materials within the Debye framework. Entropy (S) illustrates the dis
tribution of matter and energy and is microscopically defined as a 
measure of disorder in a system. Fig. 5(c) shows the relationship be
tween S and temperature of the K2SbAu ternary compound. As the 
temperature increases, the particles gain more heat energy, thereby 
increasing entropy. At 800 K, the entropy of the K2SbAu ternary com
pound was 625 J/K/N mol. Fig. 5(d) shows the heat capacity at a con
stant volume (Cv) of the K2SbAu ternary compound as a function of 
temperature. The heat capacity is correlated with vibrational modes and 
their energies. Numerous phonon modes contribute to Cv within the 
100–400 K temperature range, and the vibrational energy of the crystal 
lattice increases with increasing temperature (Fig. 5(a)). Most of the 
low-energy phonon modes have previously been thermally stimulated at 
400 K. When the temperature rises above 400 K, Cv tends to level, and a 
further temperature rise does not excite the phonon modes.

3.5. Optical properties

The optical properties describe the behaviour of a material towards 
the incident light energy. The optical properties of the K2SbAu ternary 
compound were calculated within the photon energy range of 0–14 eV 
to establish its potential application in optoelectronic fields. The com
plex dielectric function of the studied compound can be represented by 

Equation (4) [32,33]. 

ε(ω)= ε1(ω) + iε2(ω) (4) 

where ε1(ω) and ε2(ω) refer to the real and imaginary components of the 
dielectric wavefunction, respectively. From the complex dielectric wave 
constants, the refractive index n(ω), extinction coefficient K(ω), ab
sorption coefficient α(ω), reflectivity R(ω), and energy loss function L(ω) 
can be computed using the equations reported elsewhere [34–37]. The 
computed optical properties are shown in Fig. 6. The real dielectric 
function describes the polarisation characteristics of a material, whereas 
the imaginary dielectric function defines the ability of the material to 
absorb light [38]. Fig. 6(a) shows the appearance of the highest ε1 (ω) 
peak for K2SbAu (8.8) at 1.76 eV. Thereafter, the ε1(ω) spectra decrease 
with an increase in energy and attain negative values in the 5.5–6.6 eV 
energy range when K2SbAu is reflective. The static dielectric function ε1 
(0) describes the magnitude of charge recombination in the materials. 
Higher dielectric functions imply reduced recombination of charges 
within a material and vice versa [38]. The ε1 (0) value obtained for 
K2SbAu was 6.46, suggesting weaker charge recombination and, hence, 
enhanced optoelectronic performance. The ε2(ω) peaks describe the 
interband transitions from the valence band to the conduction band 
within a material. The ε2(ω) spectral threshold is consistent with the 
computed GGA band gap of 1 eV in the visible region. This narrow band 
gap is desirable for faster charge transfer, making the K2SbAu compound 
suitable for solar cell applications. The ε2(ω) spectra increase with the 
increase in energy and attain their highest value of 22.3 at 2.42 eV, and 
thereafter decrease exponentially. As anticipated, the n(ω) spectra 
(Fig. 6(b)) resembled ε1(ω) in Fig. 6(a). The initial value of the refractive 
index of K2SbAu is 2.54. Beyond this value, the n(ω) spectra increase 
with increasing energy, attaining a maximum of 3.78 at 2.42 eV. Above 

Fig. 5. Thermodynamic properties of the K2SbAu ternary compound: (a) vibrational energy, (b) vibrational free energy, (c) entropy, and (d) heat capacity as a 
function of temperature.
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this photon energy, the n(ω) spectra decreased. Similarly, the K(ω) 
spectra increase from zero energy, reach the highest value of 2.95 at 
2.42 eV, and decline thereafter with an increase in photon energy. The 
α(ω) provides valuable insights into optical energy absorption per unit 
length [39]. Optical absorption occurs when the frequency of an 
incoming photon resonates with the transition frequency of an atom. 
Optical absorption involves an electron transition from the valence band 
to the conduction band. Fig. 6(c) shows that the α(ω) threshold reflects a 
band gap of approximately 1 eV in the near-infrared region, implying the 
high transparency of K2SbAu to near-infrared light. The α(ω) spectra 
experienced growth from the threshold point and remained high in the 
2–10 eV energy region. This high absorption in the ultraviolet–visible 
region is desirable for optimum light absorption, making K2SbAu a 
suitable absorber for light energy devices. Reflectivity describes the 
ability of a material to reflect energy from its surface [40]. As shown in 
Fig. 6(d), the static reflectivity, R (0), was 0.19. The R(ω) spectra in
crease with increasing energy, attaining a maximum of 0.52 at 2.41 eV. 
This shows that photon reflection grows with an increase in energy. 
Beyond 2.41 eV, the reflectivity decreases. The L(ω) describes an in
elastic scattering process in materials [41]. Fig. 6(d) shows that inelastic 
scattering is insignificant in the low-energy regions. Analyses of Fig. 6(c) 
and (d) suggest that the threshold values of the α(ω) and the L(ω) are in 
good agreement, implying that the scattering process becomes more 
prominent when the K2SbAu ternary compound absorbs incident light. 
The L(ω) spectra increase exponentially with energy, attaining a 
maximum of 1.1 at 9 eV, and then decrease. Overall, across the ultra
violet–visible region (0–14 eV), the K2SbAu ternary compound shows 
good optical properties that are desirable for photovoltaic applications.

3.6. Thermoelectric properties

The Seebeck coefficient (S), electrical conductivity (σ/τ), and elec
tronic thermal conductivity (ke/τ) were calculated utilising the Boltz
TraP code [42] within the 100–800 K temperature range. The Seebeck 
coefficient represents the majority carrier in a material [43]. As shown 
in Fig. 7(a), the Seebeck coefficient values obtained for the K2SbAu 
ternary compound are positive, implying that most charge carriers are 
holes; thus, they are p-type semiconductors. The Seebeck coefficient 
increased with increasing temperature. At approximately 500 K, the 
Seebeck coefficient for K2SbAu attains its highest value of 238 μV/K; 
beyond 500 K, it decreases. This behaviour depends on the material’s 
variables, and in some materials, it might be favourable for thermo
electric field applications. Fig. 7(b) shows the electronic conductivity of 
the K2SbAu ternary compound. The plot shows that the electronic con
ductivity also increased as the temperature increased. This increase in 
electronic conductivity suggests semiconducting behaviour. At 800 K, 
the highest recorded value of electronic conductivity was 4.66 × 1018 

(Ωms) − 1. This trend can be attributed to an increase in temperature, 
which increases the charge carrier density. Fig. 7(c) shows the electrical 
thermal conductivity of the K2SbAu ternary compound. The electrical 
thermal conductivity increased with temperature over the 100–800 K 
temperature range. At 100 K, it exponentially increases from 1.73 × 1012 

to the highest value of 2.8 × 1014 W/Kms at 800 K. The lattice thermal 
conductivity κl was computed using the phono3py module [44] and 
Quantum Espresso. The lattice thermal conductivity in Fig. 7(d) shows 
an inverse relationship with temperature. As temperature increases from 
100 K to 800 K, kl decreases monotonically from 1.27 × 106 W/Kms to 
1.23 × 105 W/Kms. This decrease in kl is attributed to increased phonon 

Fig. 6. Optical properties of K2SbAu ternary compound computed using GGA approximation. (a) ε1(ω) and ε2(ω), (b) n(ω) and K(ω), (c) α(ω), and (d) R(ω) and L(ω).
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scattering [45]. The low kl contributes to enhanced thermoelectric ef
ficiency of materials to convert heat into electricity [46].) Fig. 7(e) de
picts the temperature-dependent dimensionless figure of merit of the 
K2SbAu ternary compound. The figure of merit describes the 
power-generation efficiency of thermoelectric devices, defined as ZT =
S2σT/K [47]. K is the sum of the electronic and lattice thermal con
ductivities. ZT steadily increases for the 100–800 K temperature range, 
reaching the highest value of 0.71. This indicates that the K2SbAu 
ternary compound can be used in the thermoelectric field.

Fig. 8 displays the chemical potential-dependent thermoelectric 
properties of K2SbAu at temperatures ranging from 100 to 800 K using 
GGA-PBE. The Seebeck coefficient shown in Fig. 8(a) varies between 0.2 
and 2.6 mV/K near the Fermi level (5.0 eV). All Seebeck coefficient 
values for K2SbAu are positive at the Fermi level, indicating a p-type 
semiconductor. The perpendicular component of S is greater in magni
tude, which is advantageous for thermoelectric properties. The electrical 
and electronic thermal conductivities approach zero around the Fermi 

level and increase as the temperature rises.

4. Conclusion

Using first-principles methods, we thoroughly investigated the 
structural, electronic, elastic, optical, and thermoelectric properties of a 
K2SbAu ternary compound. The negative enthalpy of formation in
dicates that this compound is thermodynamically stable and can be 
experimentally synthesised. Band structure and projected density of 
states calculations indicate that the compound is a semiconductor with 
an indirect band gap ranging from 0.78 to 1.84 eV, desirable for opto
electronic applications. The projected density of states further shows 
that the Au3d and Sb2p states primarily form the valence band, whereas 
the Au2p states dominate the formation of conduction bands in the 
K2SbAu ternary compound. The K2SbAu ternary compound fulfilled 
Born’s elastic stability criterion, establishing its mechanical stability. 
Considering its Pugh and Poisson ratios, the studied compound displays 

Fig. 7. The thermoelectric properties of the K2SbAu ternary compound. (a) Seebeck coefficient (S), (b) Electrical conductivity (σ/τ), (c) Electronic thermal con
ductivity (ke/τ), (d) Lattice thermal conductivity (kl), and (e) Figure of merit (ZT).
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ductile and ionic characteristics. With high absorption coefficient values 
in the ultraviolet–visible spectrum, the K2SbAu ternary compound is 
suitable for optoelectronic applications such as solar cells. The K2SbAu 
ternary compound appears to be well-suited for thermoelectric appli
cations because of the high values observed for the Seebeck coefficients, 
electrical conductivity, and figure of merit. This study advances our 
understanding of the K2SbAu ternary compound and contributes to 
ongoing efforts to discover and develop zintl phases with excellent 
qualities for optoelectronic and thermoelectric applications.
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