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Abstract: 

Introduction: This work presents a first-principles investigation of the 

electronic structure and thermoelectric transport coefficients of LiYN(Y = 

Be, Mg, Ca, Sr, and Ba) half-Heusler(hH) compounds. 

Materials and Methods: Density Functional Theory calculation is carried 

out to investigate the thermoelectric properties of LiYN(Y = Be, Mg, Ca, Sr, 

and Ba) half-Heusler(hH) compounds. 

Aim The work determines the electronic and thermoelectric properties of 

these compounds. 

Results and Discussion: The bandgaps of these compounds range from 

2.80eV for LiBeN to 1.01 for LiBaN, and the gap decreases down the group. 

The band structures of these compounds reveal mixtures of the flat band 

and parabolic bands. This mixture of bands enhances high-performance 

thermoelectric behaviours. The thermoelectric transport coefficients 

calculated in this work are electrical conductivity, thermal conductivity, 

Seebeck coefficient, power factor, and the dimensionless figure of merit. 

The figure of merit of LiCaN is 0.99 at the temperature of 1000K; this high 

figure of merit is due to the perfect flat band and parabolic band in these 

compounds’ conduction band. 

Conclusion: From the results obtained in this calculation, these 

compounds are high-performance thermoelectric candidates. 

Keywords: thermoelectric, electronic, half-Heusler, compounds, calculation 
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1 INTRODUCTION 

The global energy economy needs improvement by renewable energy alternatives to fossil fuel[1]. The choice of colossal 

dependence on fossil fuel calls for urgent attention from materials scientists. A vast amount of waste heat always 

accompanies the conversion of fossil fuel to energy. The valuable power obtained from this fuel is greatly reduced by a 

large portion of the fuel that is converted to waste heat [2]. The conversion of waste heat from fossil fuel combustion needs 

to be earnest to maximize energy output from fossil fuel. If well addressed, these facts mentioned will reduce the 

consumption of fossil fuel and thereby reduce the adverse effects of this fuel on the environment and the lives on earth. By 

minimizing the damaging effects of fossil fuels, the global warming effect will be at the barest minimum. 

Thermoelectric generators will convert waste heat to energy. Thermoelectric materials convert waste heat directly to 

electricity by Seebeck effect[3]-[4]. The thermoelectric materials studied nowadays are compounds and alloys[5]-[11]. The 

half Heusler compounds are widely studied thermoelectric materials because of their interesting properties like high bulk 

modulus, high thermal stability, simple crystal structure, high band degeneracy, and tuneable electronic structure[12]-[13]. 

The half Heusler compounds that are of great importance to the thermoelectric generation of electricity are 8 or 18 electrons 

Valence Electron Counts(VEC), these 8 or 18 VEC half Heusler compounds are semiconductors, charge carriers of these 

compounds have high effective mass[14]-[17]. Half of Heusler’s compounds belong to space group number 216(F43m) with 

chemical formula XYZ. The atoms X, Y, and Z are usually at Wycoff’s positions (0.50 0.50 0.50), (0.25 0.25 0.25), and (0.00 

0.00 0.00), the atomic positions are optimized to know the most stable structure. The conventional Heusler compounds 

consist of two transition elements X and Y, and main group elements Z, with element Y the heaviest among the three 

elements occupying position (0.25 0.25 0.25). The VEC 8 half Heusler compounds are topological insulators, thermoelectric 

and optoelectronic materials. The most studied of 8 VEC half Heusler compounds are I-II-V group compounds[18]-[21] with 

few reports on their thermoelectric properties.  

In the literature, there are few reports on the thermoelectric properties of ”Nowotny–Juza” compounds; most of these 

compounds are promising candidates for optoelectronic industries. Tremendous research works on these compounds 

centred around electronic and optical properties[22]-[23]. Due to little work on these compounds, the study of hypothetical 

half-Heusler compounds LiYN(Be, Mg, Ca, Sr, and Ba) will give the necessary data and properties of ”Nowotny-Juza” half-

Heusler compounds. The electronic band structure, Seebeck coefficient, the figure of merit(ZT), and Electronic Fitness 

Function(EFF) of these compounds were obtained in this work. Some of the properties calculated in this work are not 

available in the literature. From the available literature, this work presents the thermoelectric properties of LiBeN, LiMgN, 

LiCaN, and LiBaN for the first time. 
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Figure 1: Crystal structure of LiBaN 

 

2 MATERIAL AND METHODS 

First-principles Density Functional Theory(DFT) within Generalised Gradient Approximation as implemented in Quantum 

ESSPRESSO package[25]-[27] was used to calculate structural and electronic properties of LiYN(Be, Mg, Ca, Sr and Ba). 

Generalized Gradient Approximation (GGA) with Perdew-Burke-Ernzerhof(PBE) parameterization flavour[28] was used to 

treat exchange-correlation(XC) potential functional. Projector Augmented Wave(PAW) pseudopotential generated by 

”atomic” code was used[29] with optimized kinetic energy cut-off of 80Ry to expand plane wave. Brillouin zone (BZ) 

integration was done by tetrahedron method over a particular set k-points mesh of 12X12X12 using the standard k-point 

technique of Monkhorst and Pack[30]. Semi-classical Boltzmann theory as implemented in BoltzTrap code[31] with constant 

relaxation time was used obtained thermoelectric transport coefficients such as Seebeck coefficient, electrical conductivity, 

electronic thermal conductivity, power factor, and figure of merit, according to the following equations[32]; 

 

 

 

The transport distribution function σ¯αβ which appears in equations 1-3 is defined as 

 

 

 PF = S2σ (5) 

 zT = (S2σ/k)T (6) 

where S, σ, k, PF, and zT are the Seebeck coefficient, electrical conductivity, thermal conductivity, power factor, and 

dimensionless figure of merit. T, µ, Ω, ε, and τ are temperature, chemical potential, volume, band energy, and relaxation 

time. 
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3 RESULTS AND DISCUSSION 

3.1 Optimised Structure of LiYN(Be, Mg, Ca, Sr and Ba) 

The optimized structures of LiYN(Be, Mg, Ca, Sr, and Ba) are obtained by total energy minimization of three phases of 
these compounds. The phases optimized are as follows; α with Li atom at 4c, Y atom at 4b and N atom at 4a, the β with Li 
atom at 4b, Y atom at 4a and N atom at 4c, and the γ with Li atom at 4a, Y atom at 4c and N atom at 4b. Table 1 gives The 

result obtained from the structural optimization of the phases. The most stable phase is the β phase; this is in good 
agreement with previous results on these compounds. From Table 2, the equilibrium lattice constants obtained in this work 
for β phase are in excellent agreement with the calculation earlier done on similar Nowotny–Juza phase of half Heusler 
compounds [32]-[34]. The equilibrium lattice constant of the most stable phase of LiYN(Be, Mg, Ca, Sr, and Ba) increases 
linearly. The equilibrium lattice constants increase down the group, and this increment varies from 0.34-0.62Å. Reduction in 
the increment of equilibrium lattice constant is due to the sizeable electrostatic attraction between the electrons and the half 
Heusler compound’s ionic core. The equilibrium lattice constants obtained in this calculation are in excellent agreement with 
previous theoretical and experimental results shown in Table 2. 

3.2 Band Structure 

The electronic band structures of LiYN(Y=Be, Mg, Ca, Sr, and Ba) are obtained along high symmetry points X − W − K − L 

−Γ− X in the first Brillouin zone, which is displayed in Figure 2. This work’s band structures show all semiconductor band 

structures with energy bandgap and degenerate bands in the valence band. For LiBeN, the highest occupied band in the 

valence band, and the lowest unoccupied band in the conduction band occur at Γ high symmetry point in the Brillouin 

Zone(BZ); therefore, LiBeN has a direct bandgap of 2.80eV. The bandgap of LiBeN obtained in this work is in good 

agreement with previous calculations [37]. The band at Γ degenerates into flat and parabolic bands, and the flat band is 

along with Γ − X and Γ − L Directions. The degenerate flat band has a heavy effective mass, which is responsible for holes in 

the valence band. The heavy holes enhance this compound’s thermoelectric performance and give a high rise value of the 

Seebeck coefficient. The parabolic band has an effective light mass that contributes to this compound’s conductivity and is 

responsible for the high value of electrical conductivity. As reported in the literature, the combination of light holes and 

heavy holes yields high-performance thermoelectric properties. The band structure of LiMgN is given in Figure 1, and this 

band structure has the same features as the band structure of LiBeN. LiMgN has a direct bandgap of 2.37eV that occur at Γ 

point. The gap is given in Table 1 and is in excellent agreement with previous theoretical results compared with the 

available work in Table 1. As in the LiBeN band structure, the valence band at Γ point is degenerate into the flat band and 

parabolic band along Γ− L and Γ− X directions. The flat band in the case of LiMgN is flatter than that of LiBeN. The presence 

of these flat bands and parabolic implies high thermoelectric performance. The band structure of LiCaN is displayed in 

Figure 1. The maximum occupied state in the valence band occurs at X, and the minimum unoccupied state in the 

conduction band occurs at Γ points of LiCaN band structure, i.e. LiCaN is a direct bandgap compound. The value of the 

bandgap of LiCaN is 2.30eV and is in good agreement with the previous theoretical result as it is compared as shown in 

Figure 2. The valence band of LiCaN is degenerate into flat bands at Γ point; the flat band contains heavy holes and 

contributes to the Seebeck coefficient’s high value. The band structure of LiSrN is given in Figure 1, it has an indirect 

bandgap between K and Γ point. The bandgap of LiSrN is 1.25eV and this value is in good agreement with previous 

work[?]. The band of LiSrN at Γ degenerates into flat bands, and these flat bands are parallel to the Fermi level. The 

parabolic bands are absent in the band structure of LiSrN. The band structure of LiBaN is displayed in Fig 1, and it has an 

indirect band of 1.01eV that occurs between X point and Γ point. 
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Table 1: Table of Structures, total energy and equilibrium lattice constants of LiYN(Y = Be, Mg, Ca, Sr and Ba) 

Comps Phases 
Lat. 
constant 

Etot 

 α 4.39 -49.98995835 

LiBeN β 4.37 -50.23873147 

 
γ 4.33 -50.14184439 

 
α 4.86 -184.65282069 

LiMgN β 4.99 -184.80694627 

 
γ 5.05 -184.65378981 

 
α 5.26 -176.82092470 

LiCaN β 5.52 -176.92975996 

 
γ 5.57 -176.76451325 

 
α 5.60 -303.30515615 

LiSrN β 5.88 -303.59843891 

 
γ 5.92 -303.44347820 

 
α 5.98 -479.39819470 

LiBaN β 6.22 -479.48803298 

 γ 6.23 -479.34924388 

 

 

The valence band of LiBaN degenerates to flat bands without any parabolic band. Due to the GGA underestimation of the 

bandgap, the bandgaps obtained in this calculation are underestimated by 1.5±0.5eV. The bandgaps of LiYN(Y=Be, Mg, 

Ca, Sr, and Ba) decrease down the group of Y atoms and the largest bandgap with LiBeN and the smallest bandgap with 

LiBaN. The nature of the bandgap also changes from direct to indirect bandgap down the group. The degenerate bands 

change from a mixture of parabolic bands and flat bands to purely flat bands down the group. 
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Figure 2: Band structure of LiYN (Y = Be, Mg, Ca, Sr and Ba) 

Compounds a(Å) Eg(eV ) 

LiBeN 4.37[20] [37] 2.80[37] 

LiMgN 4.99[33][38] 2.37[39] 

LiCaN 5.52[21] [40] 2.30[40][20] 

LiSrN 5.88[34] 1.25[34] 

LiBaN 6.22 1.01 
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                                                Figure 3: Seebeck coefficient of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 

 

 

 

Figure 4: Electrical conductivity of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 

3.3 Thermoelectric Properties of LiYN(Be, Mg, Ca, Sr and Ba) 

The performance of thermoelectric materials depends on the Seebeck coefficient(S), electrical conductivity(σ), thermal 

conductivity(k), power factor(PF), and dimensionless figure of merit(ZT). The values of S and σ depend on the combination 

of flat band and parabolic band, which has been observed to enhance thermoelectric performance materials[35]. The flat 

band enhances the Seebeck coefficient value while the parabolic band contributes to the value of electrical conductivity. 
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Figure 2 gives the Seebeck coefficient of these compounds. The HH compounds are at best performance around the 

temperature of 1000K. The Seebeck coefficient obtained in this work increases with an increase in temperature, as 

displayed in Figure 2. The values of Seebeck coefficients of LiYN(Y=Be, Mg, Ca, Sr, and Ba) at 1000K are 508.13µV/K for 

LiBeN, 700.01µV/K for LiMgN, 983.19µV/K for LiCaN, 706.47µV/K for LiSrN and 577.18µV/K for LiBaN. From the band 

structures in Figure 1, it’s observed that the degenerate parabolic band in the LiBeN band structure starts to flatten. Pure 

flat band and flatten parabolic band are observed in the band structure of LiCaN; the mixture of these bands is responsible 

for the highest value of the Seebeck coefficient of LiCaN among these compounds. 

Figure 3 gives electrical conductivity as a function of carrier concentration at 300K, 600K, and 1000K. The electrical 

conductivity of these compounds has an inversely proportional relationship with temperature. These compounds’ electrical 

conductivity is maximum in the carrier concentration range of 1.95 − 4.67x1020cm−3 . The maximum value of electrical 

conductivity of these compounds at 1000K are 3.34S/sm at 1.95x1020cm−3 , 12.16S/sm at 2.14x1020cm−3 , 5.93S/sm at 

2.34x1020cm−3, 1.24S/sm at 4.67x1020cm−3 and 1.44S/sm at 2.00x1020cm−3 for LiBeN, LiMgN, LiCaN, LiSrN, and LiBaN 

respectively. The electrical conductivity of LiBeN is the highest among these compounds, and this is due to the parabolic 

degenerate valency band in the band structure of LiBeN. The parabolic bands have light-effective mass carriers, and the 

light-effective mass carriers enhance conductivity. The electrical conductivity of LiCaN is the least and is due almost to 

flatten band in the valence band. The flattened band is parallel to the Fermi level, and it has heavy effective mass carriers 

responsible for low conductivity. 

Figure 4 gives these compounds’ thermal conductivity follows the same trend as that of the electrical conductivity. Thermal 

conductivity obtained here increases with an increase in temperature. LiBeN has a thermal conductivity of 28.65W/msK, 

which is the highest thermal conductivity of LiYN(Y = Be, Mg, Ca, Sr and Ba), and the lowest value of thermal conductivity 

is that of LiCaN with the value of 2.16W/msK. The thermal conductivity of these compounds makes them potential 

candidates for microelectronics in which they can be used as heat absorbers. 

Figure 5 gives the power factor of LiYN(Y = Be, Mg, Ca, Sr, and Ba.) as a function of carrier concentration. The maximum 

values of the power factor of these compounds are 12.28W/msK2 , 19.04W/msK2 , 11.86W/msK2 , 11.42W/msK2 and 

17.30W/msK2 for LiBeN, LiMgN, LiCaN, LiSrN, and LiBaN respectively. The power factor of 19.04W/msk2 for LiMgN is in 

good agreement with the value obtained in previous work [32]. The power factor obtained increases with temperature, and 

all the compounds have the highest power factor at 1000K. The power factor of LiMgN at 1000K is the highest in this work 

because LiMgN has a relatively high Seebeck coefficient and high electrical conductivity.  

The dimensionless figure of merit of LiYN(Y = Be, Mg, Ca, Sr, and Ba) is displayed in Figure 6. The figure of merit 

measures the performance of materials such as  
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Figure 5: Thermal conductivity of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 

thermoelectric materials. The figure of merit of these compounds at 1000K as a function of carrier concentration are 0.94 at 

5x1015cm−3 for LiBeN, 0.96 at 4x1016cm−3 for LiMgN, 0.99 at 1x1018cm−3 for LiCaN, 0.95 at 5x1017cm−3 for LiSrN and 

0.95 at 6x1017cm−3 for LiBaN. The results of the figure of merits obtained in this work show that LiCaN has the highest 

value due to the perfect flat band and moderate parabolic band in the band structure of LiCaN. The highest value of the 

Seebeck coefficient of LiCaN results from a perfect flat band in the valence band. 

The Electronic Fitness Function  (EFF) of LiYN (Y = Be, Mg, Ca, Sr, and Ba) is displayed in Figure 7. EFF is an important 

parameter that is used to screen thermoelectric materials [36]. The inverse relationship between the Seebeck coefficient 

and electrical conductivity poses a difficulty. EFF annul the difficulty in optimization of electrical conductivity and Seebeck 

coefficient, therefore, it is necessary to calculate EFF of materials. The EFF of these compounds at 1000K are 

1.3x10−19W−5/3ms−1/3K−2, 1.0x10−19W−5/3ms−1/3K−2, 0. 0.65x10−19W−5/3ms−1/3K−2, and1.1x10−19W−5/3ms−1/3K respectively for 

LiBeN, LiMgN, LiCaN, LiSrN, and LiBaN. 

 

 

 
Figure 6: Power factor of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 
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Figure 7: Figure of merit of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 

 

 

 

 

 

Figure 8: EFF of LiYN(Y = Be, Mg, Ca, Sr and Ba.) 
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4 CONCLUSION 

The structural properties of LiYN (Y = Be, Mg, Ca, Sr, and Ba) have been calculated, and the most stable phase of these 
compounds is reported in this work. The band structures of these compounds have been critically examined in relation to 
thermoelectric properties. The transport coefficients like the Seebeck coefficient, electrical conductivity, electronic thermal 
conductivity, power factor, EFF, and merit figure have been calculated. From the results obtained in this work, all these 
compounds are candidates for high-performance thermoelectric material. LiCaN with the highest value of ZT will be the 
best thermoelectric candidate among these compounds. 
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