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Investigation of thermal and optical properties of perovskite materials by
advanced phonon calculations
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We have developed a phonon calculation and finite temperature structure
optimization method that can be used for material systems with strong anharmonicity of lattice
vibrations. We have proposed a method to incorporate the frequency shift due to 3-phonon scattering,

which is neglected in the conventional self-consistent phonon (SCP) method, under the quasiparticle
approximation, and have successfully predicted the anharmonic phonon frequencies of perovskite
materials with high fidelity. The effect of 4-phonon scattering on phonon linewidths and thermal
conductivities was also investigated. Furthermore, we developed a finite temperature structure
optimization method based on the quasi-harmonic approximation and the SCP method, and have
successfully predicted the structural phase transitions and thermal expansion of ZnO and BaTiO3 with
reasonable accuracy. These application studies demonstrated the effectiveness and versatility of
the developed method.
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