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Highlights

v We have developed the theory and the efficient computational scheme of structural optimization at finite temperature based on self-consistent phonon (SCP) theory.
v We applied the method to BaTiO, and succeeded in reproducing its three-step structural phase transition and the P — T diagram.

v" The presented methodology is applicable to a wide range of materials. It is expected to be an essential tool in exploring exotic properties near the structural phase
transition or in computational material discoveries at finite temperature.

Background and Introduction

Calculation scheme
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v" The finite-temperature method (molecular
dynamics, ...) are computationally expensive. e o o v" No need for expensive DFT calculations
— cannot be applied to complex crystals il deplcemnt, i in the structural optimization loop.
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Crystal structures at finite temperature v" Both the atomic positions and the shape of
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Results and Discussion

v A wide range of materials show structural phase transition by varying
temperature and pressure.

. - Free energy of the four phases
v" Exotic phenomena are observed near the structural phase transition.
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v The ”mean field theory” of phonon anharmonicity. e ot v" The three phase boundary
v" Based on variational principle of the free energy. curves reach 0 K as pressure
F = —kpTlog Tre o + (H — H,)., . Sl is applied.
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