
*e-mail: murataycibin@yyu.edu.tr 

Research Article     GU J Sci32 (4): 1283-1291 (2019)                                  DOI: 10.35378/gujs.460883 

Gazi University 

Journal of Science 
 

http://dergipark.gov.tr/gujs 

Li2SrTa2O7 Compound: Theoretical Study of Electronic and Optical propertıes    
 

Murat AYCIBIN1*  

1Van YuzuncuYil University, Faculty of Science, Department of Physcis,65080, VAN, TURKEY   

 

Highlights 
• Li2SrTa2O6 belongs to Ruddlesden-Popper (RP) layered perovskite family. 

• Li2SrTa2O6 has wide forbidden energy band gap. 

• Li2SrTa2O6 is semiconductor with indirect transition for two phases. 

• Optical properties depend on axes due to structural properties. 

• Broad spectra of the complex dielectric function show high absorption. 

 

ArticleInfo 

 

Abstract 

The electronic structures and optical properties of Li2SrTa2O7 belongs Ruddlesden-Popper layered 

perovskite family are studied by first-principles self-consistent local density calculations in its 

orthorhombic and tetragonal phases. The exchange-correlation potential were introduced within a 

framework of the generalizedgradient approximation (GGA). In both phases, the conduction band 

minimum is at the zone center while the valance band is located at H and N high symmetry 

pointsfororthorhombicand tetragonal phases, respectively. The dynamic dielectric function, optical 

properties such as reflectance, refractivity and extinction coefficient for two phases are reported for 

energy range 0-50 eV. The variation in electronic and optical properties can be interpreted to 

attribute to higher symmetry, coordination number or Li, Sr and Ta atoms and packing density in 

tetragonal phase than in orthorhombic phase.  
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1. INTRODUCTION 

 

Ruddlesden-Popper (RP) layered perovskite family [1] has been attracted researchers due to its exciting 

properties such as photocatalysts [2], ion-exchange and intercalation [3-5], ionic conductivity [6] etc… 

Above stated properties of RP make these type materials be good candidate in technological applications. 

Li2SrTa2O7 (LSTO) [7]  belongs to RP family.  In literature, there are so limited studies related with this 

compound and all studies, we came cross, were performed experimentally [2, 7-9]. In these studies, 

researchers synthesized [7]  or investigated photocatalysts properties [2],  ion-exchange, intercalation, 

grafting [8]  and phase transition [9] properties of compound. In the first time, LSTO was synthesized by 

Floros et al. [10] and Fourquet et al. [7]. First study devoted on LSTO to obtain structural parameters  was 

carried out by Floros et al. [10]. They determined space group of LSTO as a Cmcm and gave lattice 

parameters related with space group. Meanwhile, Fourquet et al. also performed experimental study to 

investigate structural parameters of LSTO [7]. They used x-ray diffraction method to perform structural 

analysis. According to their finding, space group of compound is I4/mmm. There is a disagreement between 

two studies done by Fourquet and Floros. In order to clarify situation, Crosnier-Lopez et al. performed 

complete structural study to determine compound structure via several techniques [9]. They showed that 

LSTO occurs in orthorhombic phase (Cmcm at room temperature) and observed that the compound 

undergoes a transition to the tetragonal phase (I4/mmm at 300 °C).  

In this work, the result of a detailed performance on the electronic structure and optical properties of two 

phases LSTO compound were reported. Intense search in literature reveals that either theoretical or 

http://dergipark.gov.tr/gujs
https://orcid.org/0000-0002-2634-3082


1284 Murat AYCIBIN/ GU J Sci, 32(4): 1283-1291 (2019) 

experimental studies on the electronic and optical properties of LSTO have been performed. Therefore, this 

study will cover the lack of theoretical data and serve as a guide to researchers who like to use LSTO 

compound in industrial application. 

 

 

2. COMPUTATIONAL METHOD 

 

All the calculation were carried out using the Wien2k [11] which is embedded in the framework of Density 

functional Theory (DFT) and uses Linearized Augmented Plane Wave (LAPW)[12]. Before starting to 

compute physical properties of materials, Wien2k software requires some initial parameters to construct 

structural file. One way to get required parameters is to obtain them from previously performed 

experimental study. Therefore, the required parameters such as the atomic position, space group and lattice 

constants were taken from Crosnier-Lopez`s work [9]. The electronic configuration of the compound is Li 

[He] 2s1, Sr [Kr] 4s2,Ta [Xe] 4f14 5d3 6s2  and O [He] 2s2 2p4.  

 

After constructed structure file for Wien2k, initial calculation was run.  For this aim, the cut of energy, 

which is the separation between valence band and conduction band, was set to - 9 Ry energy value and 648 

high symmetry k points were generated in 17x17x16 grid for the density in Brillion zone (BZ).There are 

four embedded potentials to be used for exchange-correlation effect in Wien2k  namely the local spin 

density approximation(LSDA)[13], the generalized gradient approximation (GGA) using the Perdew-

Burke-Ernzerhof[14], WC-GGA [15, 16] and PBEsol-GGA [17]. After all the parameters wereobtained, 

physical properties of compoundcan be calculated. 

 

 

3. RESULT & DISCUSSION 

 

3.1. Structural Properties 

 

LSTO is in orthorhombic phase with space group Cmcm at Room Temperature (RT) and tetragonal phase 

with space group I4/mmm at 300 °C. The necessity compound structural information (lattice parameters, 

space groups and atomic position) was taken from Crosnier-Lopez`s paper [9]. The volume-energy 

optimization processwas run to obtain theoretical lattice constantsto determine suitable potential embedded 

in Wien2k for exchange-correlation potential. Then, the Birch-Murnaghan equation of state [18, 19] was 

used for fitting purpose to obtain theoretical values of the lattice constant. The obtained theoretical lattice 

constants depending on selected potential were inserted in Table-1. According to obtained results, PBE-

GGA gave best lattice constants which are the closest to experimental values (Figure 1). 
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Figure 1. Total energy versus unıt cell volume by chosen potentıal for LSTO at room temperature 

 

 

Table 1. Calculated ground state lattice constants of LSTO depending chosen pseudo-potential at room 

temperature 

Lattice 

Constant (Å) 
PBE-GGA LSDA WC-GGA PBEsol-GGA 

Experimental 

values[9] 

a 18.000 17.273 17.727 18.546 18.182 

b 5.785 5.552 5.698 5.961 5.844 
c 5.301 274.07 5.441 5.692 5.580 

 

To be consistent for the rest of calculation, PBE-GGA potential was used. 

3.2. Electronic Properties 

 

Figure 2 shows the top of valence and the bottom of conduction band structure of LSTO in two phases at 

zero pressure. In general, the band structure of two phases is very similar and has semiconductor character. 

Forbidden Energy Band Gap value (FEBG) is obtained as a 2,131 eV for Cmcm space group at Room 

Temperature (RT), and 2,079 eV for I4/mmm space group at 300 C. As seen from Figure 2, the separation 

between valence and conduction band decreases from orthorhombic phase to tetragonal phase. Furthermore, 

while bottom of the conduction band is located at Γ high symmetry point in the BZ for both phases, top of 

the valence band is located at H high symmetry point for orthorhombic phase and N high symmetry point 

for tetragonal phase. In both cases, indirect band transition takes place. 
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Figure 2. Calculated electronic band structure of LSTO for two phases 

 

Materials with wide band gap have technological application areas such as  aerospace, power system and 

high-temperature operations [20]. To compare value FEBG of  Li2CaTa2O7 [21]with LSTO, it is seen that 

the  value of FEBG of Li2CaTa2O7in three phases are higher than LSTO compound in two phases. This is 

expected situation due to heavier atom of LSTO compound. LSTO compound has Sr element, which is 

heavier than Ca atom, therefore, it has narrower band gap than Li2CaTa2O7. 

 

 
Figure 3. Calculated TDOS of LSTO compound  for two phases 

 

The electronic density of states (DOS) and the atom resolved partial density of states (PDOS) of LSTO at 

zero pressure were also shown in Figure 3 for two phases. The semiconductor characteristic is observed 

firstly. Second observing from DOS is that forbidden energy band gap is getting smaller, from 2,131 eV to 

2,079 eV from orthorhombic phase to tetragonal phase. This confirms electronic band structure. However, 

the partial contribution of atoms has not been changed for two cases. As seen from Figure 3 that Ta atom 

contributes not only valance band, but also conduction band. The main contribution to valance band comes 

from O atom regardless of O atom position in structure. Contribution of Li and Sr atoms is ignored 

comparing with rest of the atoms in compound.  

 

3.3. Optical Properties 

 

To explain compound optical properties which is response of material to incoming electromagnetic 

radiation, the complex dielectric function equation, 𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔), is used. In the complex 

dielectric formula, 𝜀1(𝜔) related to the electronic polarizability of material represents the real part of the 

dielectric function, 𝜀2(𝜔) associated with the electronic absorption of material is known as the imaginary 

part. The real and imaginary part of dielectric function 𝜀1(𝜔) and 𝜀2(𝜔)can be analytically and separately 

deduced according to Kramers-Kronig transformation [22]. 
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The rest of the optical constant such as the refractive index𝑛(𝜔), extinction coefficient𝑘(𝜔), Reflective 

index 𝑅(𝜔)are obtained with real and imaginary parts of the complex dielectric function.   

 

The material structure has to be taken into account, if someone wants to calculate the complex dielectric 

function of material.  LSTO has orthorhombic structure at RT and tetragonal structure at 300 °C,  so,  all 

diagonal components of the dielectric tensor depending on axes must be calculated (Figure 4 a-b) at RT 

and (Figure 5 a-b) at 300 °C.  

 
Figure 4. Optical constant of LSTO compound axes dependence a) real part and b) imaginary part of 

dielectric function c) Refractive index d) extinction coefficient e) Reflective index at RT 
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Figure 5. Optical constant of LSTO compound axes dependence a) real part and  b) imaginary part of 

dielectric function c) Refractive index d) extinction coefficient e) Reflective index at 300 °C 

 
To understand electronic structure of the dealing compound, the dielectric function is calculated. The 𝜀1(𝜔) 
and 𝜀2(𝜔) components for both LSTO in two phases are plotted in Figures 4 a-b and 5 a-b in the wide range 

of energy, 0-50 eV. Their similarity is a direct reflection of the density of state for both phases (Figure 3). 

The major band located around 4 eV is attributed to interband transition from O-2p valence band to Ta-5d 

conduction band (Figures 4a and 5a). 

 

The dispersion of 𝜀1
𝑥(𝜀1

𝑦
) function of tetragonal phase could be distinguished from𝜀1

𝑧 considering 

anisotropy. Moreover, the anisotropy in the dielectric function, specifically in the range of 8-17 eV, is more 

pronounced for orthorhombic phase (Figures 4 a b and 5 a b).   The static values of the real part of dielectric 

constant, which are the electronic part, are inserted in Table 2. While the value of 𝜀1
𝑦(0)is highest,𝜀1

𝑥(0)has 

the smallest value at RT. At 300°C, compound undergoes phase transition. Therefore, real part values of 

complex dielectric function alters, 𝜀1
𝑥(0) = 𝜀1

𝑦(0) = 1.25 and 𝜀1
𝑧(0) = 1.24 (Table 2). Furthermore, at RT, 

real part of dielectric function goes to negative value between 12-12.5 eV and 23.4-24 eV where  compound 

behaves like metal and reflect all incident electromagnetic light back to coming direction. However, the 

value of 𝜀1(𝜔) does not go to negative value at 300 °C. 
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Table 2. Calculated real part of optical dielectric constant,andrefracive index of  LSTO in two phase 
 Room Temperature (Cmcm) 300 °C      (I4/mmm) 

ε1
x(0) 2.99 1.25 

ε1
y(0) 3.14 1.25 

ε1
z(0) 3.5 1.24 

nx(0) 1.86 1.121 

ny(0) 1.77 1.121 

nz(0) 1.73 1.122 

 

The imaginary part of the dielectric function has five peaks which are responsible transition from valence 

band to conduction band (Figure 4b and 5b).  Until 2.13 eV at RT and 2.07 eV at 300°C, there is no energy 

dissipation. After this point, we can see dramatic increasing at 2.13 and 2.07 eV, where transition takes 

place, at RT and 300 °C, respectively. Broad spectra of the complex dielectric function show high 

absorption in different regions of the energy spectrum. 

 

The light propagates through the material can be defined by refractive index. The knowledge about 

refractive index is important quality to use material in the optical devices such as photonic crystal, 

waveguides, solar cells etc…. Figures 4c and 5c show the refractive index along the crystal axes for RT 

and 300 C, respectively.  Obtained the static values of refractive index depending on interested axis are 

inserted in Table 2. It is seen from Table 2 or Figures 4c and 5c, refractive index value of selected axes 

varies. The reason of variation is structural phase transition.  

 

Extinction coefficient is the sum of scattering and absorption, so it represents total effect of medium on 

radiation passing the medium. Figures 4d and 5d represent extinction coefficient of materials at RT and 300 

°C, respectively. First glance indicates similarity between imaginary part of the complex dielectric function 

and extinction coefficient.  

 

Finally, we plotted the reflectivity versus the energy in Figures 4e and 5e.  Carefully and detailed analysis 

Figures 4e and 5e reveals that 20 % reflection occurs through 5- 12 eV at room temperature, while it ensue 

at 2 %   at 5 eV for 300 0C.  

 

4. CONCLUSION 

 

In summary, the electronic and optical properties of Li2SrTa2O7in orthorhombic and tetragonal phases were 

calculated within GGA. The calculated electronic band structure reveals that compound is semiconductor 

and has indirect band gap. According to density of state graph, while main contribution to conduction band 

comes from Ta element, contribution of O element is mainly to valence band. Furthermore, optical 

properties of LSTO are also discussed. Unfortunately, there are a few studies, which focused on synthesized 

and characterized structure of compound,   in literature and none of them have investigated electronic or 

optical properties of LSTO either experimentally or theoretically. Therefore, we have not made any 

comparison obtained results with experimental or theoretical data.  
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