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The work presents the results of the modeling of the adsorption of tellurium on the surface of 2×1×1 TlInTe2 structure. 

The research was carried out by computer modeling using the Atomistic Toolkit software. The calculations were performed at 

different degrees of coverage of the TlInTe2 surface with adatoms to find out the effect of these structural changes on the 

energy. The paper includes models of the studied objects, along with tables presenting the adsorption energy and the magnitude 

of the distance between the adsorbate and the atoms. 
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1.  INTRODUCTION 

 

The structural and electronic properties of the 

TlInTe2 are investigated experimentally [1] and 

theoretically [2,3,4]. Upon defect formation of the 

TlInTe2, as well as during the substitution of both 
cations and anions can be changed properties of 

compound. The structure of TlInTe2 can be described 

as composed of two subsystems, namely, the indium 

subsystem with a negative charge (In3+Te2-
2), which is 

arranged in parallel with crystallographic axis c and 

form chains, and the unstable thallium subsystem 

located between the chains. The weak Tl–Te bond in 

the thallium sublattice is one of the reasons for its 

instability, being nearly two times weaker compared to 

the In–Te bond according to the provided data [5]. 

The interatomic distances for Tl–Te and In–Te 

bonds in the structures are 3.6Å and 2.82Å, 
appropiately [6]. Zintl compounds such as InTe [7], 

TlSe [8], and TlInTe2 [9] exhibit both covalent 

(stronger) and ionic (weaker) substructures within 

them. The presence of such hierarchically bonded 

sublattices makes Zintl compounds ideal for 

intrinsically ultra-low thermal conductivity. 

The [10] work demonstrates that the 

stoichiometric excess of the additive atom in the 

TlInTe2 crystal with a chain structure allows to 

purposeful control the anisotropic properties of 

materials. This method holds potential for application 
in the development of fast conversion system. 

The purpose of this study is the ab initio 

calculation of the energy of Te adsorption by the 

surface of TlInTe2 supercells. Theoretical 

investigations on the adsorption of tellurium on the 

TlInTe2 surface reveal that the calculated adsorption 

energy characteristics depend on several factors, 

including the calculation technique, adatom structure, 

adsorption site (top, bridge, or hollow position), the 

bond distance (d) between the adatom and the surface, 

and the nature of the interaction between the adatom 

and the TlInTe2 structure. 

 2. ODEL AND CALCULATION PROCEDURE 

 

Firstly, we perform a structural optimization for 

Te adsorbed on TlInTe2 supercell within the framework 

of DFT using Perdew–Zunger (PZ) exchange 

correlation functional, as implemented in the Atomistix 
ToolKit. The kinetic cut-off energy is set to 150 Ry. 

During the structure optimization, the reciprocal space 

is sampled by a 5x5x5 k-point mesh. The primitive cell 

of TlInTe2 was relaxed and optimized with force and 

stress tolerances of 0.01eV/Å and 0.01eV/Å3, 

respectively. The geometry, electron band structure and 

adsorption energy Te adsorbed on TlInTe2 supercell 

have been studied theoretically.  

 

3. RESULTS AND DISCUSSION 

 

TlInTe2 belongs to the TlSe-family and has a 
simple tetragonal crystal structure with the space group 

I4/mcm. Fig. (a) presents the atomic structure of 2×1×1 

TlInTe2 supercell, (b) and (c) corresponds to the bridge 

and hollow adsorption sites of Te adsorbed on 2×1×1 

TlInTe2 supercell. Each In3+ makes four covalent bonds 

with its four nearest Te2- ions forming the anionic 

chains along the tetragonal c-axis. Each Tl+ cation is 

surrounded by eight Te2- ions, forming skewed cages 

referred to as Thompson cubes [11,12]. The relaxed 

lattice parameters are a = 8.7Å and b= 7.33Å, in 

agreement with previous calculations and experimental 
measurements [11,12]. Due to the sp3 hybridized In, 

TlInTe2 adopts a Zintl-like structure and exhibits 

semiconducting properties. 

Adsorption energy can be defined as the 

decreasing energy while two materials are combined 

under the adsorption process in which an atom, ion, or 

molecule (adsorbate) is attached to the surface of a solid 

(adsorbent). This energy is mainly used when 

calculating the chemical engineering properties, 

exploring the adsorption mechanism, or determining 

the energetic heterogeneity of the surface of a solid 

[13]. 
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To analyze the Te atom adsorption on the TlInTe2 

surface, we used the following formula for the energy. 

Eads=Etotal[Teads + TlInTe2]  -E[Teads] –E[TlInTe2] 

Etotal[Teads + TlInTe2]  is the total energy of a TlInTe2 

system adsorbed by a Te atom. E[TlInTe2] is the total 

energy of a TlInTe2, and E[Teads] is the energy of one 

atom Te.  

The energies Etotal[Teads + TlInTe2]  and 

E[TlInTe2]  were obtained from a system with an 

optimized structure using the DFT method. The 

adsorption energies are different because the total 

energies with and without optimization take different 

values. Thus, whether the adsorption is more stable or 

not depends on the optimization of the system. 

 

 
 

Figure. Atomic structure of 2×1×1 TlInTe2 supercell (a). The B (b) and H (c) correspond to the bridge and hollow  

             adsorption sites of Te adsorbed on 2×1×1 TlInTe2 supercell.

                                                                                                                                                                Table.  
Adsorption energy and bond length 

Te  adsorbed 

on 2×1×1 
TlInTe2 
supercell 

Position of 

the adatom 

 

Etot (eV) 

 

Ead (eV) 

 

dTe-In (Å) 

 

dTe-Te (Å) 

 

dTe-Tl 
(Å) 

with an 
optimized 
structure 

 

B 
 

-21393.27271 -53.97494 
 

1.1204 2.8977 2.8721 

H -21380.21787 -40.9201 

 

2.3091 1.3574 -- 

without an 
optimized 
structure 

B 
 

-18998.4731 -64.52765 
 

1.5729 -- -- 

H 
 

-18959.47645 -25.531 
 

1.894 2.0283 -- 
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In the bridge adsorption site (B), there is a bond 

between Te and In before optimization. However, after 

optimization, a bond forms not only between Te and In 

but also with Tl and Te atoms. Therefore, in this case, 

the value of the adsorption energy (Table) with an 

optimized structure is greater than that without an 

optimized structure. On the other hand, in the hollow 

adsorption site, the situation is reversed. It is known 

that in the case when the adsorption energy is negative, 

the system under study is characterized by stability. 

Thus, in connection with this statement, it follows that 

all the considered configurations of adsorption of Te 

adatoms on the surface of the TlInTe2 supercell are 

stable at any degree of coverage. 
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