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Abstract: Thermoelectric materials have widely used applications in technological areas such 

as electronic devices and data storage. TlInSe2 and TlInTe2 compounds are among these 

thermoelectric materials. In this study, while the structural, electronic, and optical properties of 

TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2 compounds have been examined with 

the WIEN2k program based on DFT, their thermoelectric properties have been calculated with 

another program BoltzTrap. The electronic calculations show that, all compounds exhibit 

indirect band gap properties. In addition, the band gap energy of Tl0.75Na0.25InSe2 is shifted in 

the electromagnetic spectrum. The optical properties are found to change depending on the 

direction for all compounds. Finally, the thermoelectric parameters have been calculated 

depending on temperature. It is thought that especially the results for Na-doped compounds 

will be a leading reference for experimental studies. 
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Na Atomunun TlInSe2 ve TlInTe2 Bileşikleri Üzerindeki Etkisi 

Öz: Termoelektrik malzemeler, elektronik cihazlar ve veri depolama gibi teknolojik alanlarda 

yaygın olarak kullanılan uygulamalara sahiptir. TlInSe2 ve TlInTe2 bileşikleri bu termoelektrik 

malzemeler arasında yerini almaktadır. Bu çalışmada TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 ve 

Tl0.75Na0.25InTe2 bileşiklerinin yapısal, elektronik ve optik özellikleri DFT tabanlı WIEN2k 

programı ile incelenirken, başka bir program olan BoltzTrap ile termoelektrik özellikleri 

hesaplanmıştır. Band yapısı hesabından tüm bileşiklerin dolaylı bant aralığı özellikleri 

gösterdiği bulunmuştur. Tl0.75Na0.25InTe2 bileşiğinin bant aralığı enerjisinin elektromanyetik 

spektrumda yer değiştirdiği tespit edilmiştir. Optik özelliklerin tüm bileşikler için yöne bağlı 

olarak değiştiği bulunmuştur. Son olarak sıcaklığa bağlı olarak termoelektrik parametreler 

hesaplanmıştır. Özellikle Na katkılı bileşikler için elde edilen sonuçların deneysel çalışmalar 

için öncü bir referans olacağı düşünülmektedir. 

Anahtar kelimeler: WIEN2k, Elektronik, Termoelektrik, Optik 

1. Introduction 

Increasing global energy demand day by day, it is desired to convert wasted thermal 

energy into useful electrical power. One of the important factors in obtaining efficient 

thermoelectric materials (TE materials) is low thermal conductivity [1, 2]. Materials with 

low thermoelectric properties have widely used applications in technological areas such 

as electronic devices and data storage [3, 4]. In this study, TlInSe2 and TlInTe2 

compounds have been investigated in terms of electronic, optic, and thermoelectric 

properties.  Ding et al. emphasized that TlInTe2 compound could be one of the promising 

materials with thermoelectric efficiency [5]. Moreover, TlInSe2 compound is a widely 

studied compound due to its superior thermoelectric properties [6]. Isik and Gasanly have 
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reported that, there is a decrease in the band gap as a result of the increase in Tl content 

in the Tl1+(TlxIn1-x)
3+Se2 compound [7]. XRD investigations of the TlInSe2 compound 

studied under high pressure by Jabarov et al. have reported the stability of the tetragonal 

phase structure over the entire pressure range examined [8].  When the literature is 

examined, it has seen that these compounds are widely studied, and they are materials 

worth examining in terms of their thermoelectric properties. Besides, it is thought that 

they can help the emergence of new materials by doping or defects. In line with this 

information, TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2 compounds have 

been investigated as theoretically in this manuscript.  

 

2. Material and Method 

  

The first principle investigation have been conducted by using WIEN2k code [9–11] 

which is based on density functional theory (DFT) [12]. Perdew-Burke-Enzerhof (PBE) 

generalized gradient approximation (GGA) is used as the electronic exchange-correlation 

potential [13]. In addition, TB-mBJ method has been carried to improve band structure 

and density of state calculations [14, 15]. RMT*KMAX parameter is set to 7. Another 

parameter is adjusted as 12. The cut-off energy is set to -6.0 Ry. The definition of cut-off 

energy is energy for separating core from valence state. The 1000k point have been used 

for calculations. Finally, BoltzTrap code has been used to determine the thermoelectric 

properties.  

 

3. Results 

3.1. Structural properties 

The TlInSe2 and TlInTe2 compounds space group are I/4mcm and their crystal structure 

is tetragonal [16]. In addition, the Bravais lattice of both compounds is the body centered 

tetragonal (BCT). The formation of the doped crystal structures has been provided that 

one Tl atoms at (0.5, 0.5, 0.25) point has been removed from the crystal structure and 

doped with the Na atom instead of. It is known that the ion charges of Tl, In, Se and Te 

are (+1), (+3), (-2) and (-2), respectively. Because of this TlInSe2 and TlInTe2 compounds 

have a zero charge. The Na atom has an ionic charge of (+1), just like the Tl atom. In this 

way, the replacement of the Tl atom by the Na atom does not disturb the total charge 

balance of compounds whose charges become zero, just like in undoped compounds. The 

crystal structure of TlInSe2, TlInTe2 Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2 have been 

presented in Fig. 1. 

The structural properties of undoped compounds at the ground state energy have been 

calculated and compared data with the literature [16]. In addition, structural parameters 

at the ground state energy are calculated using the Murnaghan equation of state (EOS) 

which are defined as the following equations [17]; 

𝑃 =
3𝐵(1 − 𝑥)

𝑥2
exp⁡[(

3

2
𝐵′ − 1) (1 − 𝑥)] 

(1) 

𝑃 =
𝐵

𝐵′
[(

𝑉0

𝑉
)
𝐵′

− 1] 
(2) 
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Figure 1. The crystal structure of a) TlInSe2, b) TlInTe2 Tl0.75, c) Na0.25InSe2 and d) Tl0.75Na0.25InTe2 

 

The optimization graph of all compounds is presented in Fig. 2. The results of the GGA 

methods are compared with the literature, given in Table 1. The GGA method is in good 

compromise with other studies for TlInSe2 and TlInTe2. Obtained lattice parameters 

compatible with the experimental data are important to obtain accurate results in 

electronic, optical, and thermoelectric calculations. Na doping to TlInSe2 and TlInTe2 

compound caused minor changes in lattice parameters. It is observed that these small 

changes in lattice parameters do not cause any change in the c/a ratio. 

 
Figure 2. The optimization graph of a) TlInSe2, b) Tl0.75Na0.25InSe2, c) TlInTe2 and d) Tl0.75Na0.25InTe2  
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Table 1. The obtained lattice parameters, c/a ratio, bulk modulus (B), pressure derivatives of bulk modulus (dB/dP) 

Compound a (Å)  c (Å) c/a B (GPa) dB/dP References 

TlInSe2 

8.1993 6.9403 0.84 42.5845   4.4561 This work 

8.0750 a 6.8470 a 0.84a - - a[16] 

TlInTe2 

8.6651 7.2875 0.84 35.14 4.45 This work 

8.4940b 7.1810 b 0.85 b - - b[18] 

8.4940 a 7.1810 a 0.85 a - - a[16] 

Tl0.75Na0.25InSe2 8.1348 6.9545 0.85 42.7873 4.2268 This study 

Tl0.75Na0.25InTe2 8.6815 7.2544 0.84 33.0782 4.9708 This study 

 

3.2. Electronic properties 

The band structure and density of states calculations have been made to reveal electronic 

properties of TlInSe2 and TlInTe2. The band structure of TlInSe2, TlInTe2, 

Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2 have been shown in Fig. 3, respectively.  The 

maximum of valence band is at H symmetry point and minimum of conduction band is 

between  and P symmetry points. It means that, the TlInSe2 has an indirect band gap 

energy whose energy is 1.08 eV. On the other hand, the TlInTe2 has two minimum points 

on conduction band and one of them corresponds to H symmetry points and the other is 

between  and P symmetry points, is presented in Fig. 3(b). In addition, the maximum of 

valence band is at H symmetry point. It is indicated that TlInTe2 has a direct and indirect 

band gap energy whose energy are 1.02 eV and 1.03 eV respectively. Moreover, the 

reported band gap values of TlInSe2 are 1.02 eV [19], 1.10 eV [20], 1.35 eV and 1.07 eV 

[21]. The reported band gap values for TlInTe2 are 1.03 eV and 0.99 eV [21], 1.13 eV 

and 0.97 eV [22]. The obtained results are compared with the literature; it is possible to 

say that the results of the theoretical study are acceptable. In addition, the mBJ method 

has given compatible values with the experimental results. The calculated band gap 

energies have shown that, these compounds are very close to the narrow band gap energy 

limit. Because of these, semiconductor materials with a small band gap are used as 

infrared detectors or thermoelectric materials. The band structure of Tl0.75Na0.25InSe2 and 

Tl0.75Na0.25InTe2 have been shown in Fig. 3(c) and Fig. 3(d), respectively. As can be 

clearly seen from figure 3. that, Na doping to TlInSe2 and TlInTe2 compound has caused 

an increment in band gap energies. Also, shifts are observed at high symmetry points for 

minimum of conduction band and maximum of valence band. Moreover, the band gap 

energy of Na doped TlInSe2 is shifted from infrared region to visible region on the 

electromagnetic spectrum. The calculated band gap energy of Tl0.75Na0.25InSe2 and 

Tl0.75Na0.25InTe2 are 2.19 eV and 1.65 eV, respectively. 

 

The total density of states (TDOS) and partial density of states (PDOS) calculations have 

been made to explain the valence and conduction band formations. The density of states 

versus energy graphs have been presented for TlInSe2 and Tl0.75Na0.25InSe2 in Fig. 4. 

TDOS calculations have shown that these materials are semiconductors, like band 

structure calculations. The valence band have occurred between -5.74 eV and Fermi Level 

for TlInSe2. The density of states has approached almost zero at about the -3.17eV level, 

it has divided the valence band almost in two. The weak effect of Tl and In atoms has 

prevented this splitting into two. Moreover, the s-states of Tl atoms are dominant between 

-5.74 eV and -3.17 eV. The d-states of Tl atoms and p-states of Se atoms have a weak 

effect on their formation. After 3.17 eV, the s-states of Se atoms are more effective in the 

formation of the valence band between -3.17 eV and the Fermi Level. The s-, p-, and d-

states of other atoms are seen in this energy range, but they are rather weak. In addition, 
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the s-states of In and the p-states of Se atoms are effectively dominant in the formation 

of the conduction band between 1.07 eV and 2.08 eV. After this energy value, all other 

states are seen in the formation of the conduction band in dominant and weak ratios. 

Although the Na contribution does not cause a great change in the valence band, it causes 

an increase in the band gap energy by shifting the conduction band. With this increase, 

the band gap energy is transferred from the infrared region to the visible region.  

 

 
Figure 3. The calculated band structure graph of all compounds 

 

 
Figure 4. The TDOS and PDOS graphs of a) TlInSe2 and b) Tl0.75Na0.25InSe2 

 

The density of states versus energy graphs have been presented for TlInTe2 and 

Tl0.75Na0.25InTe2 in Fig. 5. The valence band of TlInTe2 is formed between -6.92 eV and 

Fermi Level. It has almost divided the valence band into two, around -3.93 eV. However, 
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the weak effects of the p- and d-states of In atoms have prevented the division of the 

valence band. The p-states of Te atoms are dominant in the valence band between -3.93 

eV and Fermi level. The p-states of Tl, the s- and p-states of In and p-states of Te atoms 

are dominant in the conduction band. The states of other atoms are seen in this conduction 

band, but they are rather weak. Na doping has caused a narrowing in the valence band 

energy range on the TlInTe2 compound but also has caused an increment in the band gap 

energy. However, the band gap energy corresponds to the infrared region, like the band 

gap energy of an undoped TlInTe2 compound. 

 

 
Figure 5. The calculated TDOS and PDOS a) TlInTe2 and b) Tl0.75Na0.25InTe2 

 

3.3. Optic properties 

The optical properties of a material are explained by its dielectric function.  The dielectric 

function consists of two parts which are real 𝜀1(𝜔) and imaginary 𝜀2(𝜔) parts. The 

general expression of the dielectric function is as follows 𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔). 𝜀1(𝜔)  
and 𝜀2(𝜔) can be obtained from the following equation [23, 24];  

 

ε1(ω) = 1 +
2

π
𝐩∫

ω′ε2(ω
′)dω′

ω′2 − ω2

∞

0

 (3) 

𝜀2(𝜔) =
𝑉2𝑒2

2𝜋𝑚2𝜔2
𝑥 ∫𝑑3𝑘 ∑|𝑘𝑛|𝑝|𝑘𝑛′|2𝑓(𝑘𝑛)𝑥[1 − 𝑓(𝑘𝑛′)]𝜕(𝐸𝑘𝑛 − 𝐸𝑘𝑛′ − 𝜔)

𝑛𝑛′

 (4) 

The behavior of the material in the electromagnetic field is due to two types of electron 

transition. The first is the intra-band transitions that occur in each individual band that 

crosses the Fermi Level. Such a transition is more likely at low energy. The other type of 

transition is the transition between bands that occurs from one band to another. When the 

energy required to excite an electron is sufficient, the electron can jump to the other band, 
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and the transition between bands occurs when the electron jumps to the upper band. 

Optical properties like the absorption coefficient 𝛼(𝜔), the refraction index, 𝑛(𝜔), 

reflectivity, 𝑅(𝜔), and optical conductivity have differed in such band transitions which 

are calculated using the dielectric function [25].  

 

𝑛(𝜔) = 2−1/2(√𝜀1
2(𝜔) + 𝜀2

2(𝜔) + 𝜀1
2(𝜔))1/2 (5) 

𝛼(𝜔) =
21/2𝜔

𝑐
(√𝜀1

2(𝜔) + 𝜀2
2(𝜔) − 𝜀1

2(𝜔))1/2 (6) 

𝑅(𝜔) = |
√𝜀(𝜔) − 1

√𝜀(𝜔) + 1
|

2

 (7) 

Fig. 6 (a) shows plots of the real parts of the dielectric function as a function of photon 

energy. The dielectric constant at zero energy have differed according to the direction.  

Because of this, these materials could be candidates for nonlinear optical applications. 

The static dielectric constants 𝜀𝑥𝑥(0) and 𝜀𝑧𝑧(0)  are equal to 7.55 and 9.13 for the 

TlInSe2, respectively. Similarly, the static dielectric constants 𝜀𝑥𝑥(0) and 𝜀𝑧𝑧(0)  are 

calculated 10.12 and 11.16 for TlInTe2, respectively. The calculated 𝜀𝑥𝑥(𝜔), 𝜀𝑧𝑧(𝜔) for 

Na-doped TlInSe2 and TlInTe2 are 6.89, 7.63 and 9.48,10.59, respectively. In addition, 

the 𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔)  values have negative values in some energy ranges. It means that 

this compound has metallic characteristic in this range.  𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔)  have reached 

its maximum values at 11.89 and 19.99 for TlInSe2, respectively. The energies 

corresponding to these values are 1.70 eV and 2.84 eV, respectively. While  

𝜀𝑥𝑥(𝜔)⁡reaches a maximum at the infrared visible region boundary, 𝜀𝑧𝑧(𝜔)  reaches a 

maximum within the visible region for TlInSe2. On the other hand, for TlInTe2, the 

maximum values are 16.22 and 21.21 for 𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔), respectively. Their 

corresponding energy values are 2.44 eV and 2.54 eV, respectively, it reaches its 

maximum in the visible region in both directions. The plots of the imaginary parts of the 

dielectric function as a function of photon energy is presented in Fig. 6 (b). The imaginary 

part of dielectric function 𝜀𝑥𝑥(𝜔) for TlInSe2 have four peak whose values are 6.19, 5.60, 

7.68 and 8.10, respectively. Their corresponding energy values are 1.86 eV, 2.35 eV, 3.66 

eV and 5.56 eV, respectively. In line with this information, we can say that, the first two 

peaks have occurred in the visible region, whereas the other two peaks are formed 

ultraviolet region. When we look for the TlInSe2 in the 𝜀𝑧𝑧(𝜔) direction, two peaks are 

seen whose values are 20.80 and 13.45, respectively. These peaks are formed 3.36 eV and 

4.26 eV, respectively. It means that they have reached to maximum in ultraviolet region. 

When it has been examined for the other compound, TlInTe2, it has been calculated those 

three peaks occurred in the 𝜀𝑥𝑥(𝜔) direction, while it has been found that there is only 

one peak in the 𝜀𝑧𝑧(𝜔) direction. Moreover, all peaks have been formed in the ultraviolet 

region. In addition, these peaks have explained which energies the intraband transitions 

will consist of. Although the doping of the Na atom on TlInSe2 and TlInTe2 has caused 

small energy changes at the maximum peaks, the corresponding region in the 

electromagnetic spectrum has remained constant. 
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Figure 6. The calculated dielectric function for all compounds a) Real epsilon and b) Imaginary epsilon 

 

Refraction index and reflectivity can be calculated by the real part of the  dielectric 

function. The refraction index graph depending on energy has presented in Fig 7. (a). The 

refraction index values for TlInSe2 at zero energy are 2.75 and 3.02 for  𝜀𝑥𝑥(𝜔) and 

𝜀𝑧𝑧(𝜔), respectively. These values are 2.63 and 2.76 for Tl0.75Na0.25InSe2, respectively. 

The calculated refraction index values for 𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔) at zero energy are 3.18 and 

3.34 for TlInTe2, respectively.  These values are 3.08 and 3.25 for Tl0.75Na0.25InTe2, 

respectively. The refraction index for TlInSe2 depending on 𝜀𝑥𝑥(𝜔) has reached 

maximum in infrared region about 1.72 eV. On the other hand, the maximum value of 

refraction index for TlInSe2 depending on 𝜀𝑧𝑧(𝜔) have occurred in the visible region 

about 2.88 eV. For the TlInTe2, the refraction index has reached maximum in visible 

region about 2.49 eV and 2.67 eV for 𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔), respectively. The energy-

dependent percentage reflectivity graphs have been shown in Fig. 7(b). The reflectivity 

calculations are one of the important parameters that give information about the 

transmittance of the material. For this reason, reflectivity is inversely proportional to 

transmission. The percentage reflectivity for TlInSe2 at zero energy are 22% and 25% for 

𝜀𝑥𝑥(𝜔) and 𝜀𝑧𝑧(𝜔), respectively. These values are 27% and 29% for TlInTe2, 

respectively. In addition, the percentage reflectivity is maximum in the ultraviolet region 

for both compound and directions. According to these results, we can say that, depending 

on the direction, the refraction indices and percentage reflectivity have differed depending 

on direction. According to these results, all compounds can be used for non-linear optic 

applications. 

 

The absorption coefficient and optical conductivity are directly related to the imaginary 

part of the dielectric function. In particular, the absorption coefficient is one of the 

parameters that determine whether a material can be used as a solar cell. The absorption 

coefficient and optical conductivity versus energy graph is presented in Fig. 8. As can be 

clearly from figure that, there is an absorption limit for both compounds and direction. In 

addition, their maximum values have corresponded to ultraviolet region. The region 

where absorption and optical conductivity begin corresponds to the infrared region, which 

agrees with the band gap energy calculations. 
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Figure 7. The calculated (a) refraction index and (b) percentage reflectivity for all compounds  

 

 
Figure 8. The calculated (a) absorption coefficient and (b) optical conductivity for all compounds 

 

3.4. Thermoelectric properties 

Boltztrap code is one of the program used to analyze thermoelectric properties like 

electrical conductivity and the Seebeck coefficient [26]. Their formula is given following. 

The equations are dependent on chemical potential (𝜇) and temperature (K). 

𝜎𝛼𝛽(𝑇, 𝜇) =
1

𝛺
∫𝜎𝛼𝛽 ⁡[−

𝜕𝑓0(𝑇, 𝜀, 𝜇)

𝜕𝜀
] 𝑑𝜀 (6) 

𝑆𝛼𝛽(𝑇, 𝜇) =
1

𝑒𝑇Ω𝜎𝛼𝛽(𝑇, 𝜇)
∫𝜎𝛼𝛽(𝜀)(𝜀

− 𝜇) [−
𝜕𝑓0(𝑇, 𝜀, 𝜇)

𝜕𝜀
] 𝑑𝜀 

(7) 

𝜎𝛼𝛽(𝜀) =
1

𝑁
∑ 𝜎𝛼𝛽(𝑖, 𝑘)

𝑖,𝑘

𝛿(𝜀 − 𝜀𝑖,𝑘)

𝛿(𝜀)
 

(8) 

𝜎𝛼𝛽(𝑖, �⃗� ) = 𝑒2𝜏𝑖,𝑘𝑣𝛼(𝑖, �⃗� )𝑣𝛽(𝑖, �⃗� ) (9) 

The electrical conductivity curves depending on temperature is presented in Fig 9. (a). It 

is seen that the electrical conductivity has linearly increased with increasing temperature 
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owing to the transition of excited electrons from valence band to conduction band.  At 

room temperature (300K) value of electrical conductivity is 0.41x1018 (Ω.m.s)-1, 

0.37x1018 (Ω.m.s)-1, 0.94 x1018 (Ω.m.s)-1 and 5.02 x1018 (Ω.m.s)-1 for TlInSe2, TlInTe2, 

Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2 respectively. At 800 K, these values are 1.70 x1018 

(Ω.m.s)-1, 1.59 x1018 (Ω.m.s)-1, 4.01x1018 (Ω.m.s)-1 and 9.69x1018 (Ω.m.s)-1 respectively. 

The second thermoelectric parameter examined in this study is thermal conductivity. The 

capacity of a material to conduct heat is called thermal conductivity. It is directly related 

to lattice vibrations and electron mobility. Therefore, it should be optimized and 

minimized in order to be used in thermoelectric device. In this study, the thermal 

conductivity is plotted against the temperature, is presented in Fig. 9. (b), indicates that, 

it is not high in the low temperature region for both compounds. On the other hand, the 

thermal conductivity rapidly increases in the high temperature region, whose values at 

800K are 1.28x1014 (W/m.K.s), 1.17 x1014 (W/m.K.s), 1.79 x1014 (W/m.K.s) and 3.76 

x1014 (W/m.K.s) for TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2, 

respectively. In addition, the temperature region 300K- 800K, this increment occurs 

linearly. Another thermoelectric parameter is Seebeck coefficient. The Seebeck 

coefficient versus temperature graph for TlInSe2 and TlInTe2 is presented in Fig. 9 (c) 

which shows that, it is decreased from 50 K to 150 K, whereas it changes nonlinearly 

between 150 K and 800 K. The maximum value of the Seebeck coefficient is 4.11x10-4 

(V/K) and 6.15x10-4 (V/K) for TlInSe2 and TlInTe2, respectively. In addition, it is almost 

equal to each other at 300 K whose values are 2.3215x10-4 (V/K) and 2.3115x10-4 (V/K), 

respectively. On the other hand, Na-doped compounds have differed. While the Seebeck 

coefficient of Na doped Tl0.75Na0.25InSe2 has shown a rapid decrease between 50K and 

200K, the decrease has occurred very slowly between 200K and 800K. In the 

Tl0.75Na0.25InTe2 compound, on the other hand, the Seebeck coefficient has shown a linear 

increase from 50 K to 150 K, while after this point it has shown a nearly constant state. 

Between 500K and 800K, the Seebeck coefficient is calculated to vary between 1.80 x10-

4 (V/K) and 1.85 x10-4 (V/K). The final thermoelectric parameter calculated in this study 

is power factor which parameter used to indicate the efficiency of the material. The power 

factor increases linearly with the increasing temperature, is presented in Fig. 9 (d). The 

room temperature values of TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 and Tl0.75Na0.25InTe2, 

respectively are 0.22x1011, 0.19x1011,0.83x1011 and 1.17x1011 respectively. At 800 K, the 

power factor reaches maximum and the power factor values corresponding to 800 K are 

1.04x1011, 0.74x1011, 1.83x1011 and 3.33x1011for TlInSe2, TlInTe2, Tl0.75Na0.25InSe2 and 

Tl0.75Na0.25InTe2, respectively. 

 

4. Conclusion and Comment 

 

This theoretical study on Na doped TlInSe2 and TlInTe2 compounds is done with the 

WIEN2k program. It has been determined that the GGA method used lattice parameter 

calculations is compatible with the experimental results for TlInSe2 and TlInTe2 

compounds. In addition, the lattice parameter “a” has decreased while lattice parameter 

“c” has increased for Tl0.75Na0.25InSe2. On the other hand, lattice parameters “a and c” 

have increased together for Tl0.75Na0.25InTe2 compound. Despite this change in lattice 

parameters, there is almost no change in the c/a ratio. As a result of this, Na adding to the 

compounds does not change the tetragonality. The mBJ method have been used for 

electronic and optic properties. The calculations for TlInSe2 and TlInTe2 have been shown 

that, it is suitable thanks to giving data consistent with experimental results. Na doping to 

TlInSe2 and TlInTe2 compounds has caused an increment in band gap energies. Moreover, 

the band gap energy of Na-doped TlInSe2 is shifted from the infrared region to the visible 

region. One of the relevant features of optical materials is non-linear optical applications. 

It has been determined that the optical parameters of the pure doped materials change 

depending on the direction. These materials can be used for non-linear optic applications. 
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Especially, Tl0.75Na0.25InTe2 compound can be one of the compounds that can be used in 

infrared technology. In addition, this compound has a high electrical conductivity, 

thermal conductivity, and power factor compared to other compounds. 

 

 
Figure 9. The obtained thermoelectric parameters for TlInSe2 and TlInTe2 (a) Electrical conductivity, (b) 

Thermal conductivity (c) Seebeck coefficient and (d) Power factor 
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