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Abstract: Structural, electronic, elastic and dynamic properties of Li2TlIn were 

studied for the ground state (i. e. P = 0 kbar) and under pressure value of 4.53 

kbar, using Density Functional Theory (DFT). The electronic band and density 

of states (DOS) calculations reveal that Li2TlIn crystal is in a metallic structure. 

Focusing on the elastic properties has shown that this compound is a ductile and 

mechanically stable material for both ground state and under pressure of 4.53 

kbar. In addition, the phonon dispersion curve and the phonon DOS were 

obtained by density functional perturbation theory. Li2TlIn has negative 

frequency values both in the phonon distribution curve and phonon DOS graphs 

which indicate that Li2TlIn compound is dynamically unstable in the ground 

state. However, our results show that, when a pressure of 4.53 kbar is applied, 

the Li2TlIn crystal becomes dynamically stable. 
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Öz: Li2TlIn'in yapısal, elektronik, elastik ve dinamik özellikleri, taban durum  

(P = 0 kbar) ve 4.53 kbar basınç değeri için, Yoğunluk Fonksiyonel Teorisi 

(DFT) kullanılarak incelenmiştir. Elektronik bant ve durum yoğunluğu 

hesaplamaları, Li2TlIn kristalinin metalik bir yapıda olduğunu ortaya 

koymaktadır. Elastik özelliklere odaklanmak, bu bileşiğin hem taban durumu 

hem de 4.53 kbar basınç altında esnek yapıda ve mekanik olarak kararlı bir 

malzeme olduğunu göstermiştir. Ayrıca yoğunluk fonksiyonel pertürbasyon 
teorisi ile fonon dağılım eğrisi ve durumların fonon yoğunluğu elde edilmiştir. 

Li2TlIn, hem fonon dağılım eğrisinde hem de durumların fonon yoğunluğu 

grafiklerinde negatif frekans değerlerine sahiptir ve bu, Li2TlIn bileşiğinin taban 

durumunda dinamik olarak kararsız olduğunu gösterir. Ancak, sonuçlarımız 

4.53 kbar'lık bir basınç uygulandığında Li2TlIn kristalinin dinamik olarak 

kararlı hale geldiğini göstermektedir. 
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1. Introduction  

 

Full-Heusler compounds in the 225 (𝐹𝑚3̅𝑚) space group with Cu2MnAl crystal structure can 
be formulated as A2BC. This structure was discovered by German mining engineer Fritz Heusler 
(Heusler, 1903). A and B atoms are transition or rare-earth elements, and C atom is the main group 
element. The atomic coordinates of full-Heusler crystals are (1/4, 1/4, 1/4) and (3/4, 3/4, 3/4) for the A 

atom and (1/2, 1/2, 1/2) for the B atom and (0, 0, 0) for the C atom (Gilleßen & Dronskowski, 2010). 
These structures can be semiconductors, metals, topological insulators or semi-metals (Chen & Ren, 
2013). There are many studies in the literature that full Heusler compounds are suitable materials for 
optoelectronic (He et al., 2016), shape memory (Blum et al., 2011), spintronic applications (Bosu et 
al., 2011; Lei et al., 2011; Galehgirian & Ahmadian, 2015) and thermal barrier coatings 
(Rasheduzzaman et al., 2021). Therefore, half Heusler (Gupta et al., 2019, 2020 and 2021; Majumder 
et al., 2020; Majumder & Mitro, 2020) or full Heusler type compounds or alloys have been the subject 
of researches (Gupta et al., 2022). Ayhan & Kavak Balcı (2019) investigated the properties of the 

LiX2Ge (X = Rh, Cu, Pd, Ni) Heusler phase crystals with the first-principles method. Uzunok et al. 
(2020) examined the physical properties of the LiGa2Rh crystal with the first-principles method. Rai et 
al. (2016) calculated and compared the electronic and magnetic properties of X2YZ and XYZ type 
Heusler compounds using DFT for different exchange-correlation potentials. Khelfaoui et al. (2018) 
investigated some physical properties such as magnetic and transport properties of Zr2PdZ (Z = Al, Ga 
and In) Heusler compounds with the Generalized Gradient Approximation (GGA). Galdun et al. 
(2018) have synthesized the intermetallic Co2FeIn Heusler alloy and suggested that it can be used in 

spintronic applications. Zipporah et al. (2017) focused on the structural, electronic and magnetic 
properties of half-Heusler CoVIn and full-Heusler Co2VIn crystals using DFT and reported that both 
crystals are semi-metallic materials as a result of their studies. Kamlesh et al. (2021) examined the 
structural, electronic, optical and thermoelectric properties of XScZ (X = Li, Na, K and Z = C, Si and 
Ge) half-Heusler compounds and suggested that they may be suitable for photovoltaic devices and 
thermoelectric applications. Hussain et al. (2018) analyzed the electronic and magnetic properties of 
Zr2NiZ (Z = Ga, In, B) crystals using DFT. Rahman et al. (2020) studied on half-Heusler compounds. 

They reported some physical properties of ScTiX (X = Si, Ge, Pb, In, Sb, Tl,) compounds. Li et al. 
(2018) determined the electronic and magnetic properties of half-metallic Hf2VZ (Z = Ga, Tl, In, Si, 
Ge, Sn and Pb) compounds with first principle computation. In addition, compounds and alloys 
containing lithium (Li) - thallium (Tl) or lithium (Li) -indium (In) in their structure have been the 
subject of research. Dogan & Gulebaglan (2021a) analyzed and declared the electronic, elastic and 
dynamic properties of LiInSi crystal using DFT. Pauly et al. (1968) investigated the structures of 
Li2CuTl, Li2AgTl and Li2AuTl alloys experimentally. Yahagi et al. (1975) experimentally investigated 
lattice parameters and structure of LiAlIn and LiAl1-xInx alloys. Jolayemi et al. (2021) determined the 

thermoelectric properties of LiAlSi crystal using Boltzmann transport theory and DFT. Dogan & 
Gulebaglan (2021b) examined and compared the electronic and dynamic properties of Li2AlIn and 
Li2AlGa materials in the Heusler structure. Shah et al. (2018) demonstrated optoelectronic and 
transport properties of semiconductor LiBZ (B = Al, In, Ga and Z = Si, Ge, Sn) crystals. Siemek et al. 
(2020) investigated the defect LiInSe2 crystal by optical and positron annihilation spectroscopy. 
Gavrilova et al. (2021) declared dielectric and pyroelectric properties for lithium-thallium tartrate 
monohydrate material at temperatures between 2-100 Kelvin. Dogan & Gulebaglan (2022) computed 

the structural, electronic, elastic, optical and dynamical properties of full Heusler Li2TlSb and Li2TlBi 
crystals. 

According to our detailed literature search, Li2TlIn Heusler compound has not been examined. 
Its physical properties are not studied, so the physical properties of Li2TlIn are not known. Only its 
lattice parameter is given in the “materials Project” web page (Jain et al., 2013). Therefore, in this 
study we wanted to examine main physical properties of this Heusler compound.  The main purpose of 
this study is to obtain the main physical properties of Li2TlIn compound, such as structural, electronic, 

elastic and dynamic properties by using DFT within GGA, before it is synthesized in the laboratory. 
After calculating the structural and electronic properties the elastic and dynamic properties of Li2TlIn 
compound were also computed. All these calculations performed for the ground state (P = 0 kbar) and 
under a pressure value (P = 4.53 kbar). To date, no extensive researches have been done for the 
Li2TlIn compound.  
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2.  Material and Methods 

 
With the DFT, many physical properties of crystal structures can be studied without being in 

the laboratory environment. With these reviews, both time and cost savings can be achieved. Here, the 
structural, electronic and dynamic properties of the Li2TlIn compound, which has not yet been 
synthesized in the laboratory, were investigated with the Quantum Espresso program (Giannozzi et al., 
2009) and the elastic properties were calculated with the Abinit (Gonze et al., 2002) program. Both of 
these programmes are based on DFT. In order to examine the properties of the Li2TlIn compound, the 
GGA proposed by Perdew-Burke-Ernzerhof (Perdew et al., 1997) was used. The energy cutoff value 
was taken as 80 Ry for both programmes and the charge density cutoff energy value was taken as 320 
Ry. The Kohn-Sham (1965) equations were determined using Monkhorst & Pack’s (1976) special k-

points, which is a set within the Brillouin region. These k-points were used as 12x12x12. Phonon 
frequencies were analyzed using the linear-response method. Dynamic matrices were created by using 
Brillouin region 4×4×4 q-points in phonon frequency calculations. Spin-orbit interactions were not 
considered in the calculations for all the investigated properties. The reason for this is that there is no 
spin-orbit connection at the pseudopotentials used in the calculations. In order not to make any 
mistakes in the calculation, care was taken to ensure that the mean error of the energy was less than 
1.0 × 10-8 Ry. 

 
3. Results and Discussion 

 

In the beginning, structural properties of the Li2TlIn (with the space group: 𝐹𝑚3̅𝑚 No: 225) 
were investigated. The structural properties of a material are very important as they provide valuable 
information about all the physical properties of this material. The coordinates of the four atoms that 
make up the Li2TlIn compound are Li(1) (0.25, 0.25, 0.25 ), Li(2) (0.75, 0.75, 0.75), Tl (0.00, 0.00, 
0.00) and In (0.50, 0.50, 0.50). The unit cell form and the bond structure of the Li2TlIn compound are 
investigated by Vesta software. The unit cell structure of the Li2TlIn compound is given in Figure 1. It 
is noticed that the bond length of Li and In is equal to the bond length of Li and Tl, which is 2.9697 Å. 

By using the determined cutoff energy and k-point values, data on the variation of the total 
energy of the Li2TlIn compound as a function of volume were created. By fitting these results to the 
Birch-Murnaghan equation (Birch, 1947), the lattice constant, Bulk modulus (describes the resistance 
of a material to the compressibility) and the derivative of the Bulk modulus with respect to the 
pressure (related to the thermoelastic properties of the material) were calculated for the ground state. 
The Birch-Murnaghan equation is a temperature-independent isothermal equation and is one of the 
equations frequently used to determine the isothermal behavior of solids that are under pressure.  
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Here, E0, V0, B0 and 𝐵0
′  are the total energy, volume, Bulk modulus and the first derivative of 

the Bulk modulus relative to pressure, respectively (Table 1). In this study, the Bulk modulus was also 

calculated in the elastic properties part (Table 3). The two Bulk modulus results within this study are 
in good agreement with each other. The lattice constant value for the Li2TlIn compound calculated in 
this study is aLi2TlIn = 6.77 Å which is in good agreement with the previous result (Jain et al., 2013). 
The lattice parameter is directly proportional to the volume of that material. If the volume is large, the 
lattice parameter is also large. However, the Bulk modulus is inversely proportional to the volume or 
lattice parameter. If the lattice parameter is large the Bulk modulus becomes small in value. In other 
words, for a bigger material, the Bulk modulus is small, which means that the resistance of a material 

to compressibility is small for materials having long lattice parameters. Additionally, the derivative of 
the Bulk modulus is inversely proportional to the Bulk modulus itself. The derivative of the Bulk 
modulus is small when the Bulk modulus is high. The values of structural properties are compatible 
with our previous studies (Dogan & Gulebaglan, 2021a and 2022).  
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Figure 1. Optimized crystal structure of Li2TlIn. 
 

Table 1. Structural parameters for the Li2TlIn Heusler compound 

 a (Å) B (GPa)   𝐵0
′
 

Li2TlIn (Present Work) 6.77 27.1 7.65 

Ref. (Jain et al., 2013) 6.96   

 
Then, the electronic band structure was investigated for the Li2TlIn compound to examine its 

electronic properties, and the energy band diagram for the Li2TlIn compound is given in Figure 2. The 

electronic band diagram is drawn along the high symmetry points of Γ→X→W→L→Γ→K→W→U 
in the first Brillouin region. In the band structure graph for Li2TlIn, the Fermi level is set to an energy 
level of 0 eV. As can be seen in Figure 2, the core electron states are seen at energies around - 10 eV. 
The minimum energy value of the conduction band is below the Fermi level. Also, the maximum 
energy value of the valance band is over the Fermi level, which indicates that Li2TlIn Heusler alloys 
are metallic in structure. Also for semimetals, there is an overlapping of the valance and the 
conduction bands, however, this should be a slight overlapping. Also, we can decide whether a 

material is a metal or semimetal by looking at the DOS graph. For a semimetal, the DOS value at the 
Fermi level must be very small but for metal, it must be large. In Figure 3, it is clearly seen that the 
DOS value at the Fermi level is very large, so Li2TlIn is of metallic nature, which is also compatible 
with the literature (e.g. Gupta et al., 2020 and 2022). The total DOS and the partial DOS (PDOS) of 
the Li2TlIn crystal were investigated with the Abinit program using GGA. The Fermi energy level is 
also shown in the DOS and the PDOS graphs with a vertical red line. The DOS graph is compatible 
with the electronic band diagram. Also from the DOS graph, it is seen that this compound has no 

bandgap. In order to identify the contributions of the Li, Tl and In atoms to the electronic band 
structure individually, the PDOS graphs of those atoms were also plotted as given in Figure 3. The 
heavy contribution to the conduction bands comes mainly from the Li (1) and Li (2) atoms with the p 
(dominantly), s and d states. Both Li atoms slightly contribute to the valance band with p and s states. 
The contribution of Tl and In atoms look like each other. Both have a peak value with s state in the 
valance band. These atoms have also contributions to both valance and conduction bands with s and p 
states.  

The dynamic properties of Li2TlIn compound were also studied in the ground state and under 

the pressure value of 4.53 kbar. The pressure of 4.53 kbar is necessary to make the compound 
dynamically stable because in the ground state Li2TlIn compound is dynamically unstable. We 
investigated the impact of this amount of pressure on the electronic structure of the Li2TlIn compound. 
We found that the pressure of 4.53 kbar did not have an effect on the electronic properties of the 
Li2TlIn compound. The electronic band diagram, DOS, and PDOS graphs are almost the same for 
both; the ground state and 4.53 kbar pressure. Therefore, it is noticed that this small amount of 
pressure does not affect the electronic properties of the Li2TlIn compound. 



YYU J INAS 27 (3): 521-534 

Aydin and Kilit Doğan / Focusing on Some Physical Properties of Li2TlIn: an Ab Initio Study 

 

525 

 

-10

-5

0

5

10

15

 

 

E
n

e
rg

y
 (

e
V

)

 X W L K W U

Li2TlIn

 

Figure 2. Calculated electronic band diagram of Li2TlIn compound. The Fermi energy level is                            
matched to 0 eV and given with horizontal line. 

 
Afterwards, we focused on the elastic properties of Li2TlIn. First, the elastic constants (𝐶𝑖𝑗𝑘𝑙 ) 

were calculated. Elastic constants are four rank tensors and they have 81 components. Because of 

some symmetry properties of elastic constants (𝐶𝑖𝑗𝑘𝑙 = 𝐶𝑗𝑖𝑘𝑙  and 𝐶𝑖𝑗𝑘𝑙 = 𝐶𝑖𝑗𝑙𝑘) and by using a matrix 

notation the number of components decreases to 36 (Nye, 1985). By using matrix notation, elastic 

constants can be shown with two indices such as 𝐶𝑚𝑛, but it is not a “two rank tensor”. However, since 

𝐶𝑚𝑛 = 𝐶𝑛𝑚 , the number of independent components decreases to 21. According to the crystal 
structures, the number of elastic constants changes. For cubic structures, there are 3 independent 
components of elastic constants, namely, C11, C12 and C44. C11 gives information about the stiffness 
against primary strains, C12 is related to the transverse expansion and C44 shows the amount of 
opposition to the shear deformation. In this study, the elastic constants in the ground state and under 
4.53 kbar pressure values are calculated and compared with each other (Table 2). When pressure 
increases, the elastic values increase as seen from Table 2. By using elastic constants the elastic 

properties, mechanical stability and ductile-fragile property of a compound can be revealed. Here the 
Bulk, Shear and Young modulus, Poisson ratio, Flexibility (Pugh’s ratio) coefficient and Debye 
temperature of Li2TlIn for ground state (P = 0 kbar) and under 4.53 kbar pressure value were 
calculated and all of them are given in Table 3. Bulk modulus shows the physical phenomena of 
compressibility. If the Bulk modulus value is high, its compressibility property gets low. Shear 
modulus is related to the resistance of that material to the deformation of the shape. It also gives 
information about the hardness of the material. The shear modulus and stiffness constant C44 are 

related to the hardness and the resistance to shear deformation (Gilman, 1997). Our calculations 
indicate that shear modulus and C44 are not very high, meaning that the Li2TlIn is not very hard 
material. However, increasing the pressure to a small amount (i. e. 4.53 kbar) makes Li2TlIn harder 
since shear modulus and C44 increases with the pressure.  

Young’s modulus is equal to the ratio of the tensile stress to the tensile strain which shows the 
stiffness of the compound. The Poisson ratio is very useful to better understand the ductile or brittle 
properties of a material. If the Poisson ratio is smaller than 0.26, the material is said to be brittle. 
However, if the ratio is higher than 0.26, the material is said to be ductile. Also, we calculated the 

Flexibility coefficient which is also known as Pugh’s ratio. This flexibility coefficient is also important 
to understand again the ductile or brittle structure of a material. If the calculated value is bigger than 
1.75 that material is ductile otherwise that material is brittle in structure. The Debye temperature is 
directly related to the energies of the high-frequency modes. In this study, we calculated the Debye 
temperature as 72.72 K for the ground state and as 80.91 K under 4.53 kbar pressure. The energies of 
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the high-frequency modes above the Debye temperature become equal to kBT and under the Debye 
temperature, they would be frozen (Turney et al., 2009).   

 

Figure 3. The total DOS and partial density of states (PDOS) graphs of the Li2TlIn compound. The 
Fermi level is shown with a vertical red line at 0 eV. 

 
There are approaches used to calculate the Bulk and Shear moduli, such as Voight, Reuss and 

Hill. For the Voight approach, elastic stiffness constants (C ij) are used, meanwhile for the Reuss 
approach the elastic compliance constants (Sij) are used. The relation between the elastic stiffness 
constant and the compliance constant can be given as, 1 = Cij.Sij. The Hill approach is the average 

value of Voight and Reuss’s approaches. The values of Bulk modulus are equal to each other within 
the three approaches and also with the value that is obtained during the investigation of the structural 
properties of the Li2TlIn compound. The Shear modulus values are also very akin to each other within 
three approaches. As seen in Table 3, when the pressure increases, the values of all elastic properties 
increase.      
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Table 2. The elastic constants of Li2TlIn compound 

Pressure 

(kbar) 

C11 (GPa) 

(= 𝐶22 = 𝐶33) 

C12 (GPa) 

(= 𝐶13 = 𝐶21 =
𝐶23 = 𝐶31 = 𝐶32) 

C44 (GPa) 

(= 𝐶55 = 𝐶66) 

0 43.34 27.18 29.16 

4.53  53.55 32.62 35.17 

 
Table 3. The Bulk, Shear, Young modulus, Poisson ratio, Flexibility coefficient and Debye 

temperature of Li2TlIn compound  

Elastic Property of Li2TlIn Symbol (unit) P = 0 kbar P = 4.53 kbar 

Voight Bulk Modulus BV (GPa) 32.57 39.60 

Reuss Bulk Modulus BR (GPa) 32.57 39.60 

Hill Bulk Modulus  BVRH (GPa) 32.57 39.60 

Voight Shear Modulus GV (GPa) 20.73 25.29 

Reuss Shear Modulus GR (GPa) 14.27 18.09 

Hill Shear Modulus  GVRH (GPa) 17.50 21.69 

Young Modulus E (GPa) 44.52 55.02 

Poisson Ratio v (-) 0.27 0.27 

Flexibility Coefficient K = BVRH/GVRH (-) 1.85 1.84 

Debye Temperature (K) ϴD 72.72 80.91 

 
If a material satisfies the Born criterias (Mouhat & Coudert, 2014), then that material is 

mechanically stable. These criterias are given in the following: 
 

                                                   i) 𝐶11 + 2𝐶12 > 0, 

                                                   ii)  𝐶44 > 0, 

                                                   iii) 𝐶11 − 𝐶12 > 0 ,                                                         

                                                   iv)   𝐶11 > 0     

                                                   v)  𝐶12 < 𝐵 < 𝐶11 

 

(2) 

where B is the Bulk modulus. Since the elastic constants satisfy these criteria, Li2TlIn compound is 
mechanically stable for ground state and under 4.53 kbar pressure value.  

The calculated Poisson ratio and flexibility coefficient show that Li2TlIn is ductile in the 
ground state and under 4.53 kbar pressure. Because the values above 1.75 for flexibility coefficient 
and 0.26 for Poisson ratio show that material is ductile. As a result, it can be concluded as Li2TlIn is a 
ductile (elastic) in structure, and it is not very hard. 

The Debye temperature also gives information about the thermal conductivity of a compound 
(Toher et al., 2014). If the thermal conductivity property is high, the Debye temperature of that 
compound is also high. The thermal conductivity of the Li2TlIn increases by increasing the pressure.  
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Figure 4. Phonon dispersion graph of the Li2TlIn compound in the ground state. 
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Figure 5. The phonon DOS graph of the Li2TlIn in the ground state. 
 
Afterwards, we concentrated on the dynamical properties of the Li2TlIn compound. The 

phonon dispersion curve and phonon DOS graphs were obtained, which are given in Figures 4 and 5, 
respectively. Since in its unit cell, Li2TlIn has 4 atoms, 12 phonon modes occur. The 3 of them are 
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acoustic modes, and the 9 of them are optic modes. The acoustic modes have the lowest photon 
frequency. Two of them are transverse acoustic (TA) and one of them is longitudinal acoustic (LA) 
mode. The transverse modes have smaller frequencies than longitudinal modes. Similarly, 3 of the 

optic modes are longitudinal optic (LO) modes, and 6 of them are transverse optic (TO) modes.  
The phonon dispersion curve of the Li2TlIn compound in the ground state was obtained by 

plotting the phonon energies with respect to the Γ→X→W→L→Γ→K→W→U high symmetry points 
(Figure 4). The phonon DOS graph was also obtained in the ground state. Both of these graphs have 
shown that the Li2TlIn compound has negative frequency values, indicating the Li2TlIn compound is 
dynamically unstable. The net force on the atoms that compose Li2TlIn is not equal to zero, which 
means, this compound is not decisive in the ground state (P = 0 kbar). If one exerts a force on a 
compound, that compound may become stable. By increasing the value of the pressure the phonon 

frequencies increase, and negative phonon frequencies become positive. We wanted to find that 
pressure value, which makes this compound dynamically stable when exerted on it. We found that 
when 4.53 kbar pressure is exerted on Li2TlIn, it becomes dynamically stable because the phonon 
dispersion curve (Figure 6) and the phonon DOS graphs (Figure 7) have no negative frequency values 
under P = 4.53 kbar.   
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Figure 6. Phonon dispersion curves of the Li2TlIn compound under thr pressure of 4.53 kbar.  
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Figure 7. Phonon DOS of the Li2TlIn compound for the pressure of 4.53 kbar.  
 

When one examines Figure 6 (and Figure 7), it is seen that there are almost three phonon 
bands. The first one with the smallest frequency is composed of 3 acoustic (2 TA and 1 LA) and 3 
optic (2 TO and 1LO) modes. This is the band that has the biggest contribution to the phonon DOS 
(Figure 7). The second band occurred around 100 cm-1 frequency value and was composed of three 
optic modes (2 TO and 1 LO). The third band with the highest frequency values has a very wide 
frequency width, nearly 200 cm-1, composed of 3 optic modes.    

Phonon dispersion graphs (Figures 4 and 6) show that there is a degeneracy between the TA 
modes and also there are degeneracies on consecutive TO modes, which clearly explains the symmetry 

property of the Li2TlIn compound is very high.    
The other effect of the increasing pressure is increasing the frequency of the longitudinal optic 

mode with high frequency. Because when pressure is exerted on a compound, its lattice parameters 
become smaller. A smaller lattice parameter gives a force constant a higher value that causes to 
increase in phonon frequency. When one examines Figures 4-7, it is clear that when the pressure is 
applied the maximum value of the phonon frequency is increased by 50 cm-1.  

A factor group analysis was also performed in order to obtain the irreducible representation of 

Γ for the Li2TlIn compound by using the Bilbao crystallographic server (Aroyo et al., 2006). The space 

group of Li2TlIn is 𝐹𝑚3̅𝑚 (No: 225) and the point group is 𝑂ℎ (𝑚3̅𝑚). The irreducible representation 

of Γ is obtained as follows: 
                                                                                              

                                                Γ = Γ𝑎𝑐𝑜𝑢𝑠𝑡𝑖𝑐 + Γ𝑜𝑝𝑡𝑖𝑐  
(3) 

                                                                                               

                                                Γ𝑎𝑐𝑜𝑢𝑠𝑡𝑖𝑐 = 𝑇1𝑢  
(4) 

                                                                                               

                                                Γ𝑜𝑝𝑡𝑖𝑐 = 𝑇2𝑔 + 2𝑇1𝑢  (5) 

 

In the elastic properties part, the Debye temperature was argued and it was mentioned that 
Debye temperature is related with the thermal conductivity of a material. Transverse acoustic modes 
are directly related with the thermal conductivity of a compound. If these TA modes are not scattered, 
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then that material has a high thermal property (Neilsen et al., 2013). If transverse optic (TO) modes 
and TA modes coincide together, TA modes are scattered. Figure 6 shows that TO modes do not 
coincide with TA modes. But with a detailed examination, TA and TO modes take the same frequency 

values at W high symmetry point. This means Li2TlIn has a thermal property but it is not very high. 
Also calculated Debye temperature value satisfies this result.  
 

4. Conclusion 

 

In this study, some physical properties of the Li2TlIn compound were investigated in the 
ground state and under the pressure value of P = 4.53 kbar by using DFT within GGA. The calculated 
lattice parameter of Li2TlIn is in a good agreement with the previous study. Also, the Bulk modulus 
and the derivative of the Bulk modulus with respect to the pressure were investigated. The electronic 

band diagram, the total DOS and partial DOS are investigated in the ground state and under 4.53 kbar 
pressure. Since the electronic properties were not affected by this amount of pressure, here we only 
gave the plots of the ground state. The electronic band diagram and the DOS graphs show that Li2TlIn 
is a metal. By calculating the elastic properties, it is noticed that the Li2TlIn compound is not fragile, it 
is ductile material and it is mechanically stable both in the ground state and under pressure. Finally, 
the dynamic properties were investigated by plotting the phonon dispersion and phonon DOS graphs. 
For the ground state (P = 0 kbar) Li2TlIn is dynamically unstable, however, we showed that under 4.53 
kbar pressure Li2TlIn becomes dynamically stable. The phonon dispersion graph and calculated Debye 

temperature value revealed that Li2TlIn has a low thermal conductivity property. Only the lattice 
parameter value could be compared with the literature. The rest of the results are performed for the 
first time in the literature. Therefore, it is believed that this study will be very useful for researchers in 
future studies.    
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