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1. Introduction

Halide (KCoF3) as well as chalcogen (BaSnO3) perovskite materials have tremendous industrial
applications, some of which include use in the production of sensors, batteries, fuel cells and
photovoltaics. They have recently garnered rapid scientific growth. In 2016 [1] for example,
perovskite solar cells were described as the fastest advancing solar technology, serving as better
photovoltaic cells than the common silicon cells. Since then, perovskite materials have attracted
even more research interest. Perovskite is generally a material with a crystal structure following the
formula ABX3. From the chemical formula, atoms 'A" and 'B' are two cations that are often of very
different sizes with the 'A' atoms larger than the 'B' atoms. At the same time, ‘X’ is an anion that
generally can be an oxide, a chalcogen, a halide, a nitride, etc. that bonds to both cations. [20] There
are 576 compounds experimentally characterized as perovskite materials at ambient conditions.
Bartel et al (2019) [2] showed the different elements permissible within these compounds.

Barium Stannate (BSO or BaSnO3) have been researched recently because of its high electron
mobility, excellent thermal stability, high transparency, structural versatility, and flexible doping
controllability at room temperature hence it has potential use in the manufacturing of optoelectronic
devices and experimenting on novel electronic quantum states [3]. Experimental results showed that
barium stannate has a stable structure with a lattice parameter of 4.116A. Using the PBE-GGA
functional, the study suggests that BaSnO3 is a semiconductor with a band gap of 0.98eV. A
comparative study of the cation effect on KCoF3 fluoride was investigated to examine its
electromagnetic character in the cubic (Pm-3m) phase [4]. Using L(S)DA+U approach and
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ferromagnetic configuration, results from the study showed that KCoF3 fluoride has a steady
structure and a lattice parameter of 4.035A. The fluoride’s unique electronic properties allow it to
be a potential candidate in optoelectronic, spintronic, and solar cell devices. Babalola et al (2019)
[17] employed the ab initio calculation to investigate the physical and thermodynamic properties of
XCrBi (X=Hf, Ti, and Zr) half-Heusler alloys. The alloys TiCrBi and ZrCrBi possess half-metallic
characteristics; HfCrBi shows metallic behaviour in both up and down spin channels. Calculations
showed that all three half- Heusler alloys considered were mechanically and thermodynamically
stable and had a magnetic moment of 3uB. Iyorzor et al (2019) [18] carried out first-principle
calculation of the structural, mechanical, electronic, lattice dynamic, and magnetic properties of LiO
in Caesium Chloride, Rocksalt, and Zinc Blend structures in the cubic phases and determined that
at the equilibrium lattice constants, LiO is ferromagnetic in the three phases and is chemically
unstable. Also, in the Zinc Blend structure, LiO is brittle while ductile in others.

Based on the desire to advance the understanding of perovskite materials and contribute to the
broader scientific knowledge of materials science as a field, considerations are given in this study
to compute using the Perdew-Burke-Ernzerhof generalized gradient approximation (GGA)
formalism and verify that both BaSnO3 and KCoF3 are structurally stable in the simple cubic (SC)
form, to examine if these materials are mechanically and electronically stable and confirm that
computational results agree with other theoretical results. Accordingly, this study presents an ab
initio computation of the structural, mechanical and electronic properties of BaSnO3 and KCoF3
perovskite structures.

(b)

Figure 1. Crystallographic structures. (a). BaSnOs and (b). KCoFs Perovskite
compound

2. Methodology

The structural optimization and prediction of properties of BaSnO3 and KCoF3 ternary compounds
are performed by adopting the Quantum Espresso (QE) code similarly used in Gainnozi et al [5].
This calculation, based on the ultra-soft pseudopotential (USPP) method within the framework of
the density-functional theory (DFT) and exchange-correlation was calculated using the Perdew-
Burke-Ernzerhof generalized gradient approximation (GGA) formalism. [6] To achieve
convergence, a plane-wave basis set with a kinetic energy cut-off (ecut) of 80 Ry, a charge density
cut-off of 320 Ry, and a convergence threshold of 1.0 X 10-6 was applied in both BaSnO3 and
KCoF3 structures. Lattice parameters of 4.1842A and 4.0065A were applied in BaSnO3 and KCoF3
structures respectively. The crystal structures used in this calculation are shown in Figure 1 above.
The ground state properties of BaSnO3 and KCoF3 structures were obtained by performing the
structural optimization for the lattice parameters through energy minimization as shown in Figure 2
below. Figure 2 shows that BaSnO3 is more structurally stable than the two structures in the simple
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cubic form, the clear difference in the chemical composition of these structures accounts for their
large energy separation on the graph.
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Figure 2. Total energies as functions of lattice parameters for
BaSnO3; and KCrFsperovskite structures.

3. Results and Discussion
3.1.  Structural and mechanical properties

Calculations were performed on the total energy as a function of the lattice constant of both BaSnO3
and KCoFs structures. Results obtained and other available literature results are summarized in
Table 1. It was observed that a fair agreement exists between the present results and experimental
results from other literature reports. [7, 8]. The elastic constants are functions of the stability and
stiffness of both perovskite structures as recorded in the present calculation. The mechanical
properties of both BaSnO3z and KCoFs perovskite structures are computed and presented in Table 2.

Table 1. The structural properties: the lattice
constant, a (A), and bulk modulus, B (GPa) of
BaSnO3 and KCoF3 perovskite compounds.

Perovskite structures a(A) B (GPa)
BaSnO; 4.18 276.6
BasSnO;" 4.12 -
KCoF; 4.01 83.6
KCoF;" 4.01 90.7

*Results from experimental analysis on BaSnOs [7] and
KCoFs [8] structures respectively.

The mechanical stability of a solid depends on the structural features and the corresponding elastic
constants [9]. There are three independent elastic constants for cubic phases, C11, C12, and C44.
The mechanical stability is measured by the following conditions: C11 + 2C12 >0, C11 - C12 >
0, C44 >0, and C11 > 0 [10]. The results in Table 2 show that both perovskite structures satisfy
the necessary conditions hence, both compounds are mechanically stable. The bulk modulus B,
Young modulus E, and shear modulus G are the parameters that are used to quantify the
mechanical properties of solids. They show the extent of resistance of the alloys to volume and
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shear deformation respectively. The higher their values, the stronger the deformation resistance
offered by the alloys.

Table 2. Mechanical properties: The Young Modulus, E (GPa), the
Shear Modulus, G (GPa), the Poisson ratio n, the ratio of the Bulk
Modulus, B (Gpa) to the Shear Modulus, G (GPa), the Zener Anisotropy
A, the Cauchy pressure Cyp, and the Elastic constants Cii, Ciz, Cas (GPa)
of BaSnO3 and KCoF; perovskite structures.

Mechanical property BaSnO; KCoF;
E 182.2 103.8
G 75.7 40.1
n 0.2 0.29
B/G 3.65 2.08
A 1.19 0.75
Cun 193.4 146.7
Ci2 57.3 52.1
Cus 80.8 35.4
Cy -235 16.7
Cu +2Cp 308 250.9

From Tables 1 and 2, the results of the bulk, Young and shear moduli show that BaSnO3 have higher
resistance to compressive deformation than KCoF3. An empirical relation to determining the plastic
properties of materials is given by the ratio of the bulk modulus to the shear modulus B/G. The
critical threshold value of the ratio for delineating ductile from brittle materials is about 1.75 [11].
From the results presented in Table 2, it is obvious that both BaSnO3 and KCoF3 perovskite
structures are ductile with BaSnO3 having the higher ductility. The anisotropy factor, A is a measure
of the degree of anisotropy in solid structures [12]. For perfectly anisotropic materials, the
anisotropy factor is 1. If the value of A is zero, then the material is said to be isotropic. But when
the values are deviating from zero and approaching unity it indicates high elastic anisotropy. The
Zener anisotropy values as shown in Table 2 indicate that both BaSnO3 and KCoF3 perovskite
compounds are very close to being perfectly isotropic i.e. they are both very close to being uniform
in all orientations with KCoF3 having a higher variation. These results are obtained using the
relation from equation (1), as recorded in [13],

_ 2C44 (1)

C11—C12

The stability of the material against shear stress can be determined from the value of Poisson's ratio
of the material. It also discloses the nature of the bonding forces. The value range is of the order 0
<n <0.5[13]. The low value of Poisson’s ratio indicates a large volume compression of the material
and whenn= 0.5 no volume change occurs. The higher the Poisson's ratio, the better the
malleability. From the calculated results of the Poisson's ratio in Table 2, it is clear that both BaSnO3
and KCoF3 perovskite structures are positive showing that both structures have steady tensile
deformation rather than compressive deformation with KCoF3 possessing a higher value of n than
BaSnO3. The Cauchy pressure as described in the works of Niu et al (2012) [14], Xing et al (2017)
[15], and Hu et al (2016) [16] is defined in terms of the single crystal elastic constants of a cubic
material in equation (2).

Cp = Clz - C4_4, (2)
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A positive Cauchy pressure is considered to indicate ductile behaviour, while a negative pressure
implies brittle behaviour. Table 2 shows that BaSnO3 possess brittleness while KCoF3 is observed
to be ductile.

3.2 Electronic properties

Electronic properties of BaSnO3 and KCoF3 have been explained based on band structure and
density of states using GGA. Figures 3 and 4 show the band structure and PDOS of BaSnO3 and
KCoF3 materials respectively. There is no energy gap around the Fermi level in the band structure
of both compounds suggesting metallic properties which implies that both BaSnO3 and KCoF3
materials are conductors. Regarding the PDOS, the Co-3d orbital in Figure 4 has the greatest
contribution to its metallic nature around the Fermi level. Outside the Fermi level, it is observed that
F-2p orbital plays a dominant role in the valence band. Also, at the conduction band, it is seen that
there is a hybridization between the K-3s, K-4p, Co-5p, and F-1s orbitals suggesting high molecular
stability. Considering Figure 3, the contribution of O-2p orbital at the Fermi level suggests
semiconductor properties which are also indicated by some studies [19] but the contribution of Sn-
2s orbital around and slightly on the Fermi-level indicates metallicity in BaSnO3. In the conduction
band, there is an interplay of metallic orbitals showing strong hybridization with the Ba-3d orbital
having the highest bonding contribution. There is also a relatively weaker hybridization of all 6
orbitals just below the Fermi level in the valence band.
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Figure 3. Electronic band structure and density
of state for BaSnOs perovskite structure.
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Figure 4. Electronic band structure and density
of state for KCoFs perovskite structure.

4. Conclusion

In the present work, the structural, mechanical, and electronic properties of BaSnOz and KCoF3
perovskite structures were examined, by performing ab initio calculations. The lattice parameter
optimizations using energy minimization were reported in this study and suggests that BaSnOs is
most structurally stable of the two compounds. It was observed that the lattice constants and the bulk
modulus for both structures are in fair agreement with experimental studies. Calculations show that
both compounds at their equilibrium lattice parameters have energy gaps of 0eV which implies that
they both are metallic. It was found that both BaSnO3s and KCoF3 perovskite structures satisfied the
mechanical stability conditions for cubic phases. Following calculations of the shear and Young
moduli, the Poisson's ratio, and the Zener anisotropy, it was observed that BaSnOs and KCoF3
structures are mechanically stable. The B/G ratio suggests that the two structures are ductile with
BaSnOs having a higher ductility. The Cauchy ratio relation reveal that KCoFz is ductile while
BaSnQOs is brittle. The PDOS of both compounds confirm that Sn-2s orbital has the highest bonding
contribution for BaSnOs being conductive while Co-3d orbital has the highest bonding contribution
for KCoF3 around the Fermi level. Finally, it was established from table 2 that the structures are
isotropic and they are fairly plastic with KCoFs showing higher plasticity as observed from the
Poisson's ratio calculations.
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