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In this paper, the full potential linearized augmented plane wave method implemented in the WIEN2K 

code with first principles-based density functional theory are used to investigate the structural, elastic, 

electronic and thermoelectric properties of TaCoSn, TaIrSn and TaRhSn. The structural and elastic con-

stants are calculated using the generalized gradient potential developed by Perdew-Burke-Ernzerhof 

(GGA-PBEsol). The electronic structures are performed by means of GGA-PBEsol and improved by Tran-

Blaha modified Becke-Johnson (TB-mBJ) potential. Our results show that the studied compounds are sem-

iconductors with indirect gaps. On the other hand, we investigated the thermoelectric properties at differ-

ent temperatures with respect to the chemical potential. The results show that the thermopower factors 

are more important for p-type doping than those for n-type doping and the maximum value of these factors 

indicates the optimal hole-doping level which gives rise to high thermoelectric performances of these mate-

rials. Finally, we note that the best thermopower values are found for the TaRhSn compound with optimal 

doping levels of (75.76, 175.60 and 238.92)  1014 W cm – 1 K – 2 s – 1 at temperatures of 300, 600, and 900 K, 

respectively. 
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1. INTRODUCTION 
 

At present, with an average yield of about 30 %, 

most energy resources are consumed as thermal ener-

gy. The remaining 70 % is lost and the remainder of 

this residual energy is emitted as thermal energy to the 

environment. Although the performance of thermoelec-

tric devices is generally low, they are irreplaceable for 

certain applications as in the of telecommunications 

field such as power supply of communication relays or 

emergency communication systems in remote locations, 

cooling of detection cells in the infrared, cooling of 

emission laser diodes used in fiber optic telecommuni-

cations, and infrared cameras or thermal imagers, 

High-performance thermoelectric material research is 

one of the most important axes of renewable energy 

sources at present [1], different materials with different 

crystal structures possess thermoelectric properties 

such as skutterudite, Clathrates, half-Heusler com-

pounds, Chalcogenides and materials based on complex 

oxide. These materials are used in thermoelectric de-

vices that have shown great promise in the transfer of 

waste heat so between the various major heat convert-

ers they can directly transform heat into electricity. 

The efficiency of thermoelectric materials can be char-

acterized by the dimensionless figure of merit 

ZT  TS2/κ, a quantity in which S is the Seebeck coef-

ficient,  the electrical conductivity, κ the thermal con-

ductivity and T the temperature. However, the devel-

opment of highly efficient thermoelectric materials is 

still a great challenge sense it requires the decoupling 

of , S and κ, which are often unfavorably interdepen-

dent according to the Wiedemann-Franz law [2]. 

Recently, R. Gautier et al. [3] predicted the existence 

of 18 stable compounds by determining the energy dis-

tance in ABX systems. These materials are synthesized 

and studied by X-ray powder diffraction and transmis-

sion electron microscopy (TEM). Among these materials, 

materials TaXSn (X  Co, Ir and Rh) have been identi-

fied as typically single-phase crystalline in the form of a 

cubic structure of LiAlSi-type with a space group  

F4-3m. In this paper, we report a theoretical study of 

the structural, elastic, and electronic properties of  

TaCoSn, TaIrSn, and TaRhSn semiconductors using the 

density functional theory (DFT) implemented in the 

WIEN2k package. On the other hand, by mean of 

BoltzTraP code [4], the thermoelectric performances of 

these compounds such as Seebeck coefficient, electrical 

and thermal conductivity, and thermoelectric power 

factor with optimal doping concentration are also calcu-

lated and discussed in detail at temperature range be-

tween 300 and 900 K. 

 

2. COMPUTATIONAL DETAILS 
 

We used the calculations of the first principle of the 

functional density theory (DFT) within the linearized 

augmented plane wave method (FP-LAPW) [5] imple-

mented in the WIEN2K code [6]. The generalized gra-

dient potential developed by Perdew-Burke-Ernzerhof 

for solids (GGA-PBEsol) [7] was used to calculate the 

structural, elastic and electronic properties of the Ta-

CoSn, TaIrSn and TaRhSn compounds. In order to im-

prove the deviations of the prohibited energy bands of 

the electronic structures, we used the potential of Tran-

Blaha’s modified Becke-Johnson (TB-mBJ) because it is 

http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
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very precise to determine the energy gaps of semicon-

ductors [8]. On the other hand, the BoltzTraP program 

was employed to determine the thermoelectric proper-

ties based on analytical expressions of the electronic 

bands, which are mounted in Boltzmann’s semi-

classical model [4]. 

The atomic radii are taken to be 2.50 for Ta and Sn, 

2.00, 2.18 and 2.22 for Co, Rh and Ir respectively, 

which are chosen so that the muffin-tin spheres do not 

over-lap. The valence wave functions inside the spheres 

are extended to the lmax  10. The particular choices of 

muffin-tin radii are made in such a way that the inter-

stitial region between the different atomic spheres is as 

small as possible to ensure rapid convergence. The cut-

off energy corresponds to the RMT  Kmax taken to be 8. 

The integration of the Brillouin zone was conducted 

using the Monkhorst-Pack mesh [9, 10] of (15  15  15) 

k-points for all compounds. Convergence has been 

achieved for the total energy in 10 – 5 Ry. Finally, to 

obtain more accurate results for the thermoelectric 

properties of our compounds, the BoltzTraP code is 

used with a mesh of (34  34  34) k-points. 

3. RESULTS AND DISCUSSION 
 

3.1 Structural Properties 
 

By optimizing their equilibrium energies in the LiAlSi 

cubic structure with an F4-3m space group, we deter-

mined the structural properties of the TaCoSn, TaIrSn 

and TaRhSn compounds. The structural parameters of 

these compounds, such as the equilibrium lattice con-

stant (a), bulk modulus (B) and its pressure derivative 

(B'), were obtained by fitting the total energies as a 

function of the equilibrium volumes with the Murnaghan 

state equation [11], given by the following formula: 
 

 

'

0
0

1
( ) 1

1

B
VBV

E V = E +
B' B V

  
  

    

, (1) 

 

where E0, B, B, and V0 are the energy, the bulk modu-

lus, its pressure derivative, and volume, respectively at 

equilibrium. The calculated values of structural param-

eters together with other theoretical and experimental 

data [3] are listed in Table 1. 
 

Table 1 – Calculated lattice constant a in (Å), B the bulk modulus (in GPa) and the pressure derivatives of the bulk modulus B' 

for TaCoSn, TaIrSn and TaRhSn 
 

Compound a (Å) B (GPa) B' 

Our calculations with GGA-PBEsol 

TaCoSn 5.901 185.00 4.64 

TaIrSn 6.182 202.82 4.61 

TaRhSn 6.137 182.69 4.76 

Other calculations  

TaCoSn 5.975b   

TaIrSn 6.175a, 6.233 b   

TaRhSn 6.201b   
a Experimental values [3] 
b Theoretical Values [3] 

 

The lattice constants of TaCoSn, TaIrSn and 

TaRhSn are in good agreement with the experimental 

values and theoretical calculations of Gautier et al [3], 

due to the success of the GGA-PBEsol potential for op-

timizing structural properties with the hybrid function 

of Heyd Scuseria and Ernzerhof (HSE06) [12]. 

 

3.2 Elastic Properties 
 

The mechanical properties are defined by Taylor’s 

development of the total energy of a system under 

stress, expressed by the following relation [13, 14]: 
 

0 0( , ) ( , )
1

2
i i i ij i i j ji ijU V U V V V C        

   
 

  ,(2) 

 

where U(V0, 0) is the energy of the unconstrained sys-

tem, V0 the equilibrium volume, τi is an element of the 

stress tensor and ξi is a factor which is taken into ac-

count by the Voigt index. We adopted the commonly 

used Voigt-Reuss-Hill (VRH) approximation [15], in 

which the bulk modulus B and the shear modulus G 

are defined as follows: 
 

 11 12( 2 ) / 3VOIGTB C C  , (3) 
 

 1
11 12(3 6 )REUSSB S S   , (4) 

 1/ 2( )HILL VOIGT REUSSB B B  , (5) 
 

 11 12 44( 3 ) / 5VOIGTG C C C   , (6) 
 

 1
11 12 445(4 – 4 4 )REUSSG S S S   , (7) 

 

 1/ 2( )HILL VOIGT reussG G G  , (8) 
 

where S  C – 1. 

In a cubic crystal, the mechanical stability is ob-

tained when the elastic constants (C11, C12 and C44) veri-

fy the following conditions [16]: 
 

 
11 12 11 44 11 12

12 11

2

and 

C C C C C C

C B C

         

 
 (9) 

 

The calculated values of these parameters and the 

elastic constants are summarized in Table 2 where it can 

be clearly seen that the conditions of the mechanical 

stability given by the relations (9) are well verified 

for TaCoSn, TaIrSn and TaRhSn compounds in the cubic 

phase of LiAlSi. We can also define the B/G ratio pro-

posed by Pugh [17], which is an index of ductility and 

fragility of a material. Indeed, if Pugh ratio is less than 

or equal to 1.75 then the material is brittle. Our calcu-

lated B/G ratios are 1.68 for TaCoSn which is at the limit 

of fragility and 2.22 and 2.45 for TaIrSn and TaRhSn 
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respectively which indicates that these two compounds 

are ductile. Note that the ductility decreases from 

TaRhSn to TaIrSn to TaCoSn. Another important factor, 

which is Young module E, given by the expression: 
 

 9 / (3 )E BG B G  . (10)

 

Table 2 – The calculated elastic constants C11, C12, C44 (in GPa), shear moduli GV, GR and GH (in GPa), Young modulus E (in GPa), 

Poisson ratio (υ), B/G ratio, and anisotropy elastic A 
 

Compounds 
Constants 

C11 C12 C44 B GV GR GH E υ B/G AG (%) 

TaCoSn 336.77 109.11 106.87 185.00 109.65 109.55 109.60 274.58 0.25 1.68 0.04 

TaIrSn 293.13 157.66 110.85 202.82 93.60 88.35 90.97 195.54 0.30 2.22 2.28 

TaRhSn 270.57 138.75 80.76 182.69 74.82 74.08 74.45 196.64 0.32 2.45 0.50 
 

The Poisson's ratio (υ) is an additional parameter 

which describes the isotropy of a material; it is given by 
 

 (3 2 ) / 2(3 )B G B G    . (11) 
 

The value of the Poisson coefficient that can be ob-

tained in the case of a perfectly isotropic material is 

close to the Cauchy value of 0.25, thus representing a 

material of ionic character. The predicted values of the 

Poisson coefficient are respectively 0.25, 0.30 and 0.32 

for TaCoSn, TaIrSn and TaRhSn respectively, which are 

close to 0.25, indicating that our materials are isotropic 

with ionic bonds. An important factor is the anisotropy 

factor [18] AG which measures the anisotropy of a mate-

rial, defined as: 
 

 ( ) / ( )G VOIGT REUSS VOIGT REUSSA G G G G   . (12) 
 

The material shows an elastic isotropy when AG is 

close to 0 % VOIGT REUSSG G , while a value of 100 % cor-

responds to a largest anisotropy. It is clear that the 

calculated factors for anisotropy presented in Table 2 

are close to 0 %, confirming the isotropic nature of the 

compounds. 

 

3.3 Electronic Properties 
 

The electronic configurations used for the TaXSn 

compounds (X  Co, Ir, Rh) are [Xe] 4f14 5d3 6s2 for Ta, 

[Ar] 3d7 4s2 for Co, [Xe] 4f14 5d7 6s2 for Ir, [Kr] 4d8 5s1 for 

Rh and [Kr] 4d10 5s2 5p2 for Sn. The total (DOS) and 

partial (PDOS) densities of states of TaCoSn, TaIrSn 

and TaRhSn materials present similar shape and are 

shown in Fig. 1. 

For all the compounds, the sharp peaks at the bot-

tom of the valence band between about – 9 and – 7 eV is 

mainly due to the Sn 4s states. On the other hand, it is 

clear from the figure that the maximum contribution to 

the valence band is related to 3d, 5d and 4d states of Co, 

Ir and Rh atoms respectively, while the conduction band 

is mainly dominated by the Ta 5d states with a small 

contribution of 5d, 4d and 3d states of Rh, Ir and Co 

respectively. 

The densities of the state’s behavior near the energy 

gaps calculated at the points of high symmetry with 

other theoretical data [3] are summarized in Table 3. 

Our results show that all of these compounds are semi-

conductors with indirect band gaps of 1.08, 1.146 eV at 

L-X points for TaCoSn and TaIrSn respectively, and 

1.145 eV at Γ-X points for TaRhSn. It can also be seen 

that the band structures show a flat band near the 

Fermi level along the Γ-L direction. These flat bands 

result from the rapid variation of the DOS the Fermi 

level determines the thermoelectric performance of the 

materials. 

The very large density of state values of TaCoSn, 

TaIrSn and TaRhSn compounds near the Fermi level 

play an important role in its high electrical conductivi-

ty. The calculated band structures of TaCoSn, TaIrSn 

and TaRhSn along the directions of high symmetry in 

the Brillouin zone are illustrated in Fig. 2. 
 

 
 

Fig. 1 – The Total and partial densities of state calculated with 

TB-mBJ potential for TaCoSn (a), TaIrSn (b) and TaRhSn (c) 
 

Which implies an effective mass of very dense electrons 

leading to a constitutively increase of the thermoelectric 

factor and consequently the thermoelectric properties. 

 

3.4 Thermoelectric Properties 
 

The three semiconductors calculated band struc-

tures suggest the presence of flat bands, which reveals 

good electrical transport properties. Fig. 3 illustrates 

the calculated thermoelectric properties of TaCoSn, 

TaIrSn and TaRhSn as a function of chemical potential 

() in the range energy of – 2.5 eV to 2.5 eV at different 

temperatures of 300, 600 and 900 K. The undoped com-

pound is considered for zero chemical potential 

(  0 eV) fixed in the middle of the band gap. The posi-
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tive value of  represents n-type doping, while the neg-

ative ones describe p-type doping. 

 

3.4.1. Seebeck Coefficient 
 

It is well known that for a better thermoelectric de-

vice, a high Seebeck coefficient is required. The calcu-

lated Seebeck coefficients as a function of chemical po-

tential () at temperatures of 300, 600 and 900 K are 

shown in Fig. 3. 

 

Table 3 – Energy gaps in (eV) at points of high symmetry for TaCoSn, TaIrSn and TaRhSn 
 

Compounds Gap type 
Points of 

Symmetry 

Gap (eV) 

GGA-PBEsol TB-mBJ Other calculations 

TaCoSn 

 

 

 

 

Direct gap 

 

 

 

 

L→L 

X →X 

W→W 

Γ →Γ 

K →K 

 

 

2.398 

1.540 

1.985 

2.5938 

2.067 

 

1.63a 
 

 

 Indirect gap L → X 1.07 1.08 1.37a 

TaIrSn Direct gap 

 

 

 

 

L → L 

X → X 

W → W 

Γ → Γ 

K → K 

 2.427 

1.762 

2.267 

3.095 

2.688 

 

 

 

2.26a 

 

 Indirect gap L→ X 

Γ → X 

0.961 1.146 

1.271 

1.55a 

TaRhSn Direct gap 

 

 

 

L→L 

X →X 

W→ W 

Γ → Γ 

K →K 

 2.439 

1.534 

2.138 

2.503 

2.309 

 

 

 

1.76a 

 

 Indirect gap Γ → X 

Γ → L 

1.091 1.145 

2.335 

1.109b,1.40a 

a Theoretical values HSE06 [3]  
b Theoretical values GGA-WC [19] 
 

 
 

Fig. 2 – Band structures calculated with TB-mBJ potential for 

TaCoSn (a), TaIrSn (b) and TaRhSn (c) 
 

For non-doped compounds (  0), the values of the 

Seebeck coefficients S are 600, 1120 and 617 V K - 1 for 

TaCoSn, TaIrSn and TaRhSn, respectively. Large and 

positive values of S lead to p-type doped compounds. 

The Seebeck coefficients are positive due to the flat 

valence bands along the Γ-L direction, as shown in the 

band structures. The peaks are obtained between – 0.8 

and 0.6 eV, while outside this range, the curves quickly 

tend towards zero. We can also see that the three mate-

rials exhibit approximately the same behavior of the 

Seebeck coefficient and have the maximum values at 

300 K. The Seebeck coefficients in the p-type region 

have the maximum values of 1820, 1930 and 

1940 V K – 1 at room temperature for TaCoSn, TaIrSn 

and TaRhSn, respectively, thus providing good thermo-

electric properties. 

Moreover, for all compounds, the equilibrium value 

of S decreases as the temperature increases. For the n-

type region, the maximum values of S are observed at  

– 1720, – 1800 and – 1840 V K – 1 for TaCoSn, TaIrSn 

and TaRhSn, respectively, which are lower than those 

of the p-type. Thus, p-type doping, TaCoSn, TaIrSn and 

TaRhSn materials give better thermoelectric perfor-

mance. 

 

3.4.2. Electrical Conductivity 
 

Fig. 4 illustrates the calculated electrical conductiv-

ities /τ (where τ is the relaxation time in seconds) as 

function of the chemical potential () at temperatures 

of 300, 600 and 900 K for the three compounds. Note 

that the shape of the representative curves is similar at 

given temperatures and /τ increases with  in the 

same way for all temperature values. An increase in  

is affected by increasing the carrier concentration, lead-

ing to high conductivity. 
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Fig. 3 – Seebeck coefficients S (V K – 1) and power factor as a 

function of chemical potential  at temperatures of 300, 600, 

and 900 K for TaCoSn, TaIrSn and TaRhSn 
 

Electrical conductivity has a greater value for nega-

tive than positive , indicating that p-type doped com-

pounds have higher conductivity than n-type doped 

ones. Between about – 0.50 and 0.60 eV, the electrical 

conductivities are zero for p-type and n-types doped 

compounds, beyond these points, the electrical conduc-

tivity increases where TaCoSn, TaIrSn and TaRhSn 

compounds can provide the best thermoelectric proper-

ties. In addition, the maximum calculated values of the 

electrical conductivities at – 0.95 eV are 3.69  1020  

Ω – 1m – 1s – 1, at – 1.07 eV is 3.96  1020 Ω – 1m – 1s – 1 and 

at – 1.02 eV is 3.71  1020 Ω – 1m – 1s – 1 with positive 

doping for TaCoSn, TaIrSn and TaRhSn, respectively. 

 

3.4.3. Thermal Conductivity 
 

As mentioned above, a low thermal conductivity is 

necessary to obtain a good material for thermoelectric 

technology. The variation of the thermal conductivity 

(Кel/τ) with respect to the chemical potential () at dif-

ferent temperatures of 300, 600 and 900 K of TaCoSn, 

TaIrSn and TaRhSn compounds is depicted in Fig. 4. It 

is easily observed that Кel/τ increases with  for all 

temperatures. On the other hand, the thermal conduc-

tivities are zero between – 0.55 and 0.60 eV for Ta-

CoSn, – 0.60 to 0.75 eV for TaIrSn and – 0.60 to 0.75 eV 

for TaRhSn over the whole temperature range. In these 

regions, our materials are expected to provide thermoe-

lectric devices with very good performance. Outside 

these ranges of chemical potential, a considerable in-

crease is observed in the electronic thermal conductivi-

ties of these compounds. 

At 300 K and for p-type doping, the thermal conduc-

tivity reaches peak values of 24.16  1014, 27.41  1014  

 
 

Fig. 4 – Electrical conductivity /τ (1020/Ωms) and thermal 

conductivity Кel/τ (1014 W/mK s) for TaCoSn, TaIrSn and TaRhSn 

at temperatures of 300, 600 and 900 K 
 

and 25.51  1014 W K – 1m – 1s – 1 for TaCoSn, TaIrSn and 

TaRhSn, respectively. 

 

3.4.4 Figure of Merit 
 

The figure of merit (ZT) reflects the performance  

of a thermoelectric material, which is related to the 

Seebeck coefficient, electrical conductivity and thermal 

conductivity by the following relationship: 
 

 2 /ZT S T К , (13) 

 

where  is the electrical conductivity, S is the Seebeck 

coefficient, T is the temperature and κ is the thermal 

conductivity. 

Materials are considered good elements for thermo-

electric devices if their ZT is greater than or equal to 

unity [20]. The ZTs as a function of chemical potential 

at different temperatures of 300, 600 and 900 K for 

TaCoSn, TaIrSn and TaRhSn are displayed in Fig. 5. It 

can be noted that the ZTs of all these materials are 

very close to unity at room temperature, which reveals 

that the materials TaCoSn, TaIrSn and TaRhSn are 

promising candidates for thermoelectric applications. 

The figure of merit varies sharply in the vicinity of 

0 eV and the peak values are observed between – 0.30 

and 0.16 eV for TaCoSn, from – 0.15 to 0.15 eV for 

TaIrSn and from – 0.17 to 0.15 eV for TaRhSn. Indeed, 

in these ranges, the thermal conductivity is almost zero 

and the Seebeck coefficient reaches the maximum val-

ue. Finally, ZT vanishes when the chemical potential 

exceeds 1.50 eV in the p-type region for all materials, 

which it is obvious since in this region the electrical 

conductivity is zero. 
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Fig. 5 – Figure of merit (ZT) as a function of chemical potential 

() at temperatures of 300, 600 and 900 K for TaCoSn, TaIrSn 

and TaRhSn 

 

3.4.5. Thermopower Factor and Optimal Doping 
 

The thermoelectric performances of a material are 

also evaluated by its thermoelectric power factor de-

fined with respect to the relaxation time as (S2/τ). This 

factor must have important values to improve the elec-

tric transport properties in order to obtain excellent 

thermoelectric materials. As we have seen, the Seebeck 

coefficient S is higher for negative values of , implying 

that p-type doping will provide better thermoelectric 

behavior compared to n-type doping for these com-

pounds, this result prompt us to study the doping of 

these materials in order to determine the optimal dop-

ing level leading to maximum thermoelectric power 

factors for the TaCoSn, TaIrSn and TaRhSn materials. 

To reach this goal, we calculated the Seebeck coefficient 

and electrical conductivity as a function of different 

doping concentrations in the range of 1019 to 2.41  1022 

cm – 3 for the n- and p-type doping levels with a 

0.1  1019 cm – 3 doping pitch. 
 

 
 

Fig. 6 – Variations of the thermoelectric power factor S2/τ 

(1014 W/cm K2 s) as a function of the carrier concentration 

(carrier/cell unit) at temperatures of 300, 600 and 900 K for 

TaCoSn, TaIrSn and TaRhSn, n-type (a), p-type (b) doping 

 

Table 4 – Thermoelectric power factor S2/τ (1014 W/cm K2 s) and corresponding optimal doping level (carrier/cell unit) for the p- 

and n-type doping, temperatures of 300 K, 600 K and 900 K for TaCoSn, TaIrSn and TaRhSn 
 

 
Temperature 

p-type doping n-type doping 

Doping level Power factor Doping level Power factor 

TaCoSn 300 

600 

900 

0.149519 

0.221453 

0.252282 

058.69 

160.13 

224.78 

0.0210663 

0.0621714 

0.1186909 

14.78 

42.97 

79.89 

TaIrSn    300 

   600 

   900 

0.2192254 

0.2133164 

0.2251345 

053.95 

152.57 

226.78 

0.278315 

0.337406 

0.325588 

16.21 

34.90 

56.94 

TaRhSn    300 

   600 

   900 

0.2259361 

0.2432713 

0.2663850 

075.76 

175.60 

238.92 

0.13348144 

0.14503827 

0.16815194 

19.31 

55.01 

100.57 
 

The variations of the thermoelectric power factors 

as a function of the concentrations of the charge carri-

ers at temperatures 300, 600 and 900 K are plotted in 

Fig. 6 for the p-type doping and n-type doping. Table 4 

summarizes the maximum calculated factors with the 

corresponding optimal doping levels for the materials 

TaCoSn, TaIrSn and TaRhSn. It is clear that the peak 

values of these factors are more important for the  

p-type doping compared to n-type doping; this is proba-

bly due to the high density of states at the maximum of 

the valence band where the electrical conductivity has 

a high value, unlike the conduction band where the 

density of states is lower. 

In addition, it can be seen that thermoelectric pow-

er increases with increasing temperature and TaRhSn 

compounds has the highest power factor for the whole 

temperature range and we can say that p-type doping 

gives the highest values of the power factor of 

53.95  1014 W cm – 1K – 2s – 1 at 300 K for the TaIrSn 

and up to 238.92  1014 W cm – 1K – 2s – 1 at 900 K for 

TaRhSn. 

 

4. CONCLUSIONS 
 

By using FP-LAPW method with the GGA-PBEsol 

approximation and applying the TB-mBJ potential, we 

calculated the structural, electronic, elastic and ther-

moelectric properties of TaCoSn, TaIrSn and TaRhSn. 
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These materials are found to be mechanically stable 

semiconductors in the LiAlSi type cubic structure, duc-

tile and isotropic with ionic bonds. The three TaCoSn, 

TaIrSn, and TaRhSn compounds have an indirect band 

gap of 1.08, 1.146, and 1.145 eV, respectively. We have 

found that the maximum power factor is given by the 

TaRhSn compound with p-type doping. Moreover, the 

results of the optimal doping level show that high 

thermoelectric powers are given by TaXSn (X = Co, Ir, 

and Rh) wit p-type doping. Therefore, TaCoSn, TaIrSn 

and TaRhSn semiconductors are predicted to be perfect 

candidates for thermoelectric applications. 
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