
COMPUTATIONAL DETAILS
In this work, the structure relaxation and self-consistent field

calculations are performed using plane wave-based DFT method

(Perdew et al., 1996) as implemented in the open-source Quantum

espresso suite (P. Giannozzi et al., 2017; Paolo Giannozzi et al.,

2009).

The hybrid Perdew-Burke-Ernzerhof functional (PBE0) is used to

describe the exchange correlation energy of the interacting electrons.

The Monkhorst−Pack method (Monkhorst & Pack, 1976) is used to

sample the k-points in the Brillouin zone. The brillouin zone is

sampled with the Γ-centered k-point grid of 10×10×10.

The k-space integral and the plane-wave basis are chosen to ensure

that the total energy is converged at 0.1m Ry level. The kinetic energy

cut off for the plane-wave expansion is found to be optimal at 60 Ry.

The solution of the Murnaghan equation is obtained by fitting optimal

cell volume, bulk modulus and the derivative of bulk modulus to

predict calculated total energies at different lattice constants.

In order to ensure that the relationship between external pressure and

cell volume is accurate, the fitted structural properties are ensured to

have chi-squared errors of less than 0.001.

The Wannier 90 code was used to plot bandstructures. (Pizzi et al.,

2020)

Effects of pressure on the electronic properties of 

KSnX3 (X=Cl,Br,I) perovskites

O.M. Oshakuade and E. Oyeniyi
Department of Physics, University of Ibadan, Ibadan, Nigeria.

RESULTS

References
Eperon, Giles E et al. 2016. “Perovskite-Perovskite Tandem Photovoltaics with Optimized Band Gaps.” Science 354: 861–65.

https://www.science.org/doi/abs/10.1126/science.aaf9717 (May 24, 2022).

Giannozzi, P. et al. 2017. “Advanced Capabilities for Materials Modelling with Quantum ESPRESSO.” J. Phys.: Condens.

Matter 29(46): 465901.

Giannozzi, Paolo et al. 2009. “QUANTUM ESPRESSO: A Modular and Open-Source Software Project for Quantum

Simulations of Materials.” Journal of physics. Condensed matter : an Institute of Physics journal 21(39): 395502.

http://www.ncbi.nlm.nih.gov/pubmed/21832390 (July 9, 2014).

Khan, Karina, Jagrati Sahariya, and Amit Soni. 2021. “Structural, Electronic and Optical Modeling of Perovskite Solar Materials

ASnX3 (A = Rb, K; X = Cl, Br): First Principle Investigations.” Materials Chemistry and Physics 262(June 2020): 124284.

https://doi.org/10.1016/j.matchemphys.2021.124284.

Kohn, W., and L. J. Sham. 1965. “Self-Consistent Equations Including Exchange and Correlation Effects.” Physical Review

140(4A): A1133. https://journals.aps.org/pr/abstract/10.1103/PhysRev.140.A1133 (May 25, 2022).

Mcmeekin, David P et al. 2016. “A Mixed-Cation Lead Mixed-Halide Perovskite Absorber for Tandem Solar Cells.” science.org

351: 151–55. https://www.science.org/doi/abs/10.1126/science.aad5845 (May 24, 2022).

Monkhorst, Hendrik J., and James D. Pack. 1976. “Special Points for Brillouin-Zone Integrations.” Physical Review B 13(12):

5188–92.

Perdew, John P., Kieron Burke, and Matthias Ernzerhof. 1996. “Generalized Gradient Approximation Made Simple.” Physical

Review Letters 77(18): 3865. https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.77.3865 (May 24, 2022).

Pizzi, Giovanni et al. 2020. “Wannier90 as a Community Code: New Features and Applications.” Journal of Physics:

Condensed Matter 32(16): 165902. https://iopscience.iop.org/article/10.1088/1361-648X/ab51ff (May 24, 2022).

Sholl, David S., and Janice A. Steckel. 2009. “Density Functional Theory.”

Wang, Xinyu et al. 2021. “Pressure Effects on the Structures and Electronic Properties of Halide Perovskite CsPbX3(X = I, Br,

Cl).” Physical Chemistry Chemical Physics 23(5): 3479–84.

CONCLUSION
The effect of hydrostatic pressure on the electronic properties of KSnX3 has been studied using DFT-PBE.

All the systems were found to be semiconducting within the pressure considered except KSnI3 that exhibited

metallic behavior at 40 GPa. The band gap was found to decrease with pressure. The systems under pressure

can absorb in the visible region making them potential materials for solar cell and optoelectronic applications.

INTRODUCTION

The halide perovskites are known to have good power conversion efficiencies and hence can be utilized for various opto-electronic applications such as photovoltaics, light emitting diodes, sensors,

lasers and radiation detectors. (Eperon et al., 2016; Khan et al., 2021; Mcmeekin et al., 2016). The effect of pressure on enhancing the electronic properties, has been widely studied for halide

perovskites (Wang et al., 2021). One of the common tools in atomistic simulations is Density functional theory (DFT) (Sholl & Steckel, 2009), which is based on the Kohn-Sham equations (Kohn

& Sham, 1965) and a solution of the Schroedinger equation. Khan et al. applied DFT studied the electronic property of KSnCl3 and KSnBr3, Perdew-Burke-Ernzerhof Generalized Gradient (PBE-

GGA) and Tran-Blaha modified Becke-Johnson (TB-mBJ) approximations. (Khan et al., 2021). The interest in KSnX3 (X=Cl,Br,I) perovskites is because it is a potential material for solar cell

applications. Hence, the goal of this work was to study the electronic properties of KSnCl3, KSnBr3 and KSnI3 perovskites under pressures ranging from 0 to 50 GPa.
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KSnCl3

Unit volume: 1069.04 a.u.3

Bulk Modulus (B): 38.5 GPa

KSnBr3

Unit volume: 1214.00 a.u.3

Bulk Modulus (B): 33.9 GPa

KSnI3

Unit volume: 1500.56 a.u.3

Bulk Modulus (B): 25.2 GPa

Figure 3: Electronic Bandstructure for KSnCl3 Figure 4: Electronic Bandstructure for KSnBr3

Figure 5: Electronic Bandstructure for KSnI3

Figure 6: Dependence of Energy band gap on pressure

Table 1: Comparison of results with similar work

Figure 1: KSnX3 perovskite crystal
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• E – Energy

• E0 – Energy at 

ground state

• P – Pressure

• S – Entropy

• B0 – Bulk modulus

• B0’ – Pressure 

derivative

of the Bulk 

modulus

• V – Volume

• V0 – Volume at 

ground state
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Figure 2: Dependence of total energy on cell volume


