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Abstract. The results of first-principles theoretical study of structural, elastic, electronic and 
thermodynamic properties of KTaO3 compound, have been performed using the full-potential 
linear augmented plane-wave method plus local orbitals (FP-APW+lo) as implemented in the 
Wien2k code. The exchange-correlation energy, is treated in generalized gradient 
approximation (GGA) using the Perdew–Burke–Ernzerhof (PBE96) and PBEsol, Perdew 
2008 parameterization. Also we have used the Engel-Vosko GGA formalism, which 
optimizes the corresponding potential for band structure calculations. The calculated 
equilibrium parameter is in good agreement with other works. The elastic constants were 
calculated by using the Mehl method. The electronic band structure of this compound has 
been calculated using the Angel-Vosko (EV) generalized gradient approximation (GGA) for 
the exchange correlation potential. We deduced that KTaO3-perovskite exhibit an indirect 
from R topoint. To complete the fundamental characterization of KTaO3 material we have 
analyzed the thermodynamic properties using the quasi-harmonic Debye model. 
Keywords: DFT, ab initio calculations, elastic properties, Debye model, thermodynamic 
properties. 
 

 

1. INTRODUCTION 

Materials that adopt perovskite structure are of 
a great interest because of their electrical properties, 
magnetic and optical behavior.  These properties 
are sensitive to temperature, pressure and phase 
changes. The perovskite structure of higher 
symmetry is a structure of cubic symmetry and its 
space group is 3 . Many ABO3 compounds like 
KTaO3have a perovskite structure with cubic 
symmetry at room temperature [1]. It is well known 
that KTaO3 undergoes no ferroelectric phase 
transition like other perovskites . Therefore, this 
cubic perovskite has been the object of many far-

infrared reflectivity (IR) and Raman studies as its 
lowest longwavelength optical phonon softens with 
decreasing temperature.  

2. METHOD OF CALCULATION 

In this paper, the full potentiel-linearized 
augmented plane wave plus local orbital (FP-
LAPW)+lo approach has been used to investigated 
structural, elastic, electronic and thermodynamic 
properties of KTaO3-perovskite within the 
framework of the density functional theory (DFT) 
[2] as implemented in the Wien2K code [3]. The 
GGA approximation [4] has been employed for 
exchange-correlation potential to calculated 
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structural properties of KTaO3 compound. 
Concerning the electronic properties, we have used 
the EV GGA [5] approximation which describes 
much better the latter properties. We expand the 
basis function up to RMT.Kmax= 8.5, where RMT is 
the plane wave radii and Kmax is the maximum 
modulus for reciprocal lattice vectors. The 
maximum value for partial waves inside atomic 
spheres is lmax= 10. The k integration over the 
Brillouin zone is performed up to a (10, 10, 10) grid 
in the irreducible Brillouin zone [6]. The muffin–tin 
radii of KTaO3 compound chosen in our calculation 
are 1.9, 1.7, and 1.6 for K, Ta, and O respectively.  

 
3. RESULTS AND DISCUSSIONS 
3.1. STRUCTURAL AND ELASTIC 

PROPERTIES  

We have calculated structural parameters 
using both FP-LAPW. The total energy is obtained 
as a function of lattice parameters and fitted to the 
Murnaghan equation of state to obtain equilibrium 
lattice constant (a), bulk modulus (B0), and its 
pressure derivative (B’). We present, in Fig. 1, 
structural optimization curves obtained by using the 
FP-LAPW method. We report, in Table 1, our 
calculated values along with results of other 
theoretical and experimental works. 

For our compounds, the equilibrium lattice 
constant is overestimated than the experimental 
value as is evident with the use of GGA method. 
Ours calculated results are similar with the 
experimental [8, 9] and theoretical study [7].  
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Fig 1 : Total energy versus volume curve for KTaO3. 

The elastic properties define the properties 
of material undergoes stress, mechanical 
deformation, and then its returns to its original 
shape after stress ceases. These properties play an 
important part in providing valuable information 
about the binding characteristic between adjacent 
atomic planes, anisotropic character of binding and 

structural stability. Hence, to study the stability of 
this compound in perovskite structure, we have 
calculated the elastic constants at equilibrium lattice 
parameter. The elastic moduli require knowledge of 
the derivative of the energy as a function of the 
lattice strain. It is possible to choose this strain in 
such a way that the volume of the unit cell is 
preserved. In the case of cubic system, there are 
three independent elastic constants, named, C11, C12, 

and C44. Thus for their calculation, we have used 
the Mehl method [10]. 

To calculate the coefficients C11 and C12, 
we have used the volume-conserving orthorhombic 
strain tensor [11]. 

0 0
0 0

0 0
                                         (1) 

The application of this strain changes the 
total energy from its unstrained value to: 
 E (δ) = E (0) + (C11 − C12) Vδ

2                            (2)               
Where E(0) is the energy of the unstrained lattice at 
the equilibrium volume.  
For the calculation of the elastic constant C44, we 
used the volume-conserving monoclinic strain 
tensor: 

0 2 0

2 0 0

0 0 1

                         (3)                            

This changes the total energy to:   
E(δ) = E(0) + 1/2(C44) Vδ

2.                                   (4)               
In the present study, δ = 0.01, 0.03 and 0.05 are 
applied for all the cases. 
The traditional mechanical stability conditions (P= 
0 GPa) in cubic crystals on the elastic constants are 
known as: C11 − C12 > 0, C11 > 0, C44 > 0, C11 + 
2C12 > 0, C12 < B < C11 . 
Table 1. Calculated lattice parameter a ( Å), the 
cohesive energy (eV/cell) , bulk modulus B0 (GPa) 
and its pressure derivatives B’ and the elastic 
constants C11, C12, C44 (GPa) of KTaO3 compared 
to some experimental and other theoretical works. 

a0 

Present work: GGA(PBE96) 4.042 
Present work: GGA(PBEsol, Perdew 2008) 3.991 

Experiment 3.988 [8] 
Other  works 3.950 [7] 

B0 

Present work: GGA(PBE96) 183.5106 
Present work: GGA(PBEsol, Perdew 2008) 198.9307 

Experiment 218 [9] 
Other  works 224.85[7] 

B’ 

Present work: GGA(PBE96) 4.364 
Present work: GGA(PBEsol, Perdew 2008) 4.3754 

Experiment - 
Other  works 3.695[7] 

Ecoh 

Present work: GGA(PBE96) 34.231 
Present work: GGA(PBEsol, Perdew 2008) 35.969 

Experiment - 
Other  works - 
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C11 

Present work: GGA(PBE96) 422.113 
Experiment 431 [8] 

Other  works 
440.75 

[7] 

C12 
Present work: GGA(PBE96) 64.209 

Experiment 103 [8] 
Other  works 65.58 [7] 

C44 
Present work: GGA(PBE96) 169.27 

Experiment 109 [8] 
Other  works 85.55 [7] 

 

3.2.   ELECTRONIC PROPERTIES 

The calculated electronic band structure 
for KTaO3  along high-symmetry directions in the 
BZ and total (TDOS) densities of states are shown 
in Fig.2. , where symmetry points 0, 0, 0), X(1, 0, 
0), M(1, 1, 0) and R(1, 1, 1) are indicated in units of 
π/a along with the symmetry axes: Δ(x, 0, 0), Z(1, 
x, 0), Σ(x, x, 0) and   Λ(x, x, x), x being in the range               
0 < x < 1.We found that they have an indirect band 
gap with the maximum of the valence band lying at 
the R-point and the minimum of the conduction 
band lying at the -point. It is well known that the 
GGA usually underestimate the energy gap [13, 14, 
15]. The important features of the band structure 
(main band gaps and valence band widths) and a 
comparison of our results with the experimental and 
other theoretical data are given in Table.2. Our 
calculated energy gaps are about 42 % smaller than 
the experimental ones for the GGA (PBE96) ,43 % 
for the GGA (PBEsol, Perdew 2008) and  30 %  for 
the GGA-EV. Our results for the valence band 
widths are similar to those found experimentally. 

The bands between -17,45 and -15,72 eV 
are mainly the contribution of O 2s , Ta 6s and Ta 
5d ,the second region below the Fermi level is 
between -11,19 and -10,65eV is only the 
contribution of K 3p, The  valence bands lying 
between -5,51 eV and the Fermi level are mainly 
due to O 2p states hybridized with Ta 5d , which 
means the existence of a covalent type bond 
between the O and the Ta. 

 

We calculated the total valence charge 
densities in the [110] direction as show in Fig 3. 
The charge occurs from the Ta atoms to O atoms 
because the latter is more electronegative. While, 
the K-O band is characterized by covalent bond 
character.  
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          Fig 2 : The total density of states and the 
band structure for KTaO3. 

 
Table 2: Calculated bandgap and the 

valence band widths of KTaO3. 
 

Eg (eV) 

Present 
work 

 

GGA(PBE96) 2.151 

GGA(PBEsol, Perdew 2008) 2.133 

GGA-EV 2.6164 

Experiment 
3.75[17] 
3.42[18] 

Other  works (LDA) 2.158[7] 

UVBW 

Present 
work 

 

GGA 5.4375 

GGA(PBEsol, Perdew 2008) 5.5566 

GGA-EV 5.1358 
Experiment 5.5 [16] 

Other  works (LDA) 5.637 [7] 
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Fig.3. Calculated charge density along the [110] 
direction of  KTaO3. 
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3.3THERMODYNAMIC PROPERTIES 

To investigate the thermodynamic properties of 
KTaO3, we apply the quasi-harmonic Debye model 
[19], The thermal properties are monitored in the 
temperature range from 0 to 500 K at various 
pressures from 0 to 10 GPa , where the quasi-
harmonic model is probably valid, since we are far 
from the melting temperature. Temperature and 
pressure effects on the cell volume are shown in 
Fig.4 .At a fixed pressure, the volume increases 
monotonically with temperature, but the rate of 
increase is very moderate. On the other hand, at 
affixed temperature, the volume decreases when the 
pressure augments.  
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Fig 4: Variation of lattice parameter as function of 
temperature for KTaO3 at different pressures. 

 

In Fig.5, we present the evolution of bulk 
modulus as function of temperature in the 0-500 K 
range at various pressures from 0 to 10 GPa. The 
shape of the curve is nearly linear. The increased of 
bulk modulus following the increase in pressure at 
given temperature. The results are due to the fact 
the effect of increasing pressure on material is 
similar as decreasing temperature of material. It is 
clear that the increase in temperature on material 
causes a significant reduction of its hardness.  
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Fig 5: Variation of the bulk modulus versus 
temperature at various pressures for KTaO3. 

 
4. CONCLUSIONS 

The structural, elastic, electronic and 
thermodynamic properties are investigated using 
(FP-LAPW)+lo approach based on density-
functional theory. The exchange- correlation 
potential was calculated with the frame of 
generalized gradient approximation (GGA) and (EV 
-GGA).Our total energy calculations for ground-
state show that KTaO3 compound adopt perovskite 
structure. The calculated lattice parameter is in 
good agreement with the experimental and 
theoretical reports. The bulk modulus and its 
pressure derivative were predicted. All elastic 
constants calculated obey to stability criteria. The 
partial contribution from each atom to the total 
density of states was calculated. From the band 
structure, KTaO3-perovskite exhibits an indirect 
from R to Г point. Finally, we have conducted a 
detail analysis of thermodynamic properties using 
the quasi-harmonic Debye-model. 
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