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T-USPEX - novel method for crystal structure prediction at finite temperatures
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Due to the ever-increasing demands on the materials with enhanced properties, the task of searching for them using atomistic
modeling methods is becoming increasingly important. The problem of designing novel materials comes down to finding a global
minimum in a very noisy landscape in a multi-dimensional space (potential energy surface). This problem can be solved using several
methods, yet the USPEX [1,2,3] evolutionary algorithm proved its effectiveness. The USPEX limitations are calculation at zero
temperatures and small number of atoms in the unit cell, since the calculation of the energy of the structures (and their selection) takes
place within the framework of the density functional theory (DFT). Here we present a new method (T-USPEX) which is capable of
finding stable structures at finite temperatures and pressures.

T-USPEX is based on the previously developed evolutionary algorithm USPEX. The main differences come from crystal structure
relaxation at finite temperature and from the way of fitness function calculation (in this case — Gibbs free energy). Relaxation part is
done using molecular dynamics in the NPT ensemble with pressure corrections considered. Gibbs free energy is calculated using
thermodynamic integration with the corrections from thermodynamic perturbation theory. For these methods a big supercell is needed,
so MTP [4] machine learning interatomic potentials are used. In this talk results for high-temperature phases of Al, Fe, Ti, U and

MgSiO3 will be presented.
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