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First-principles thermodynamics for optimal design of atomic structure and
properties of grain boundaries in ceramic materials
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This work attempted to integrate density-functional-theory (DFT)
calculations and machine-learning models and to efficiently determine free energies of grain
boundaries, in order to understand their thermodynamic stability in ceramics materials. For this
purpose, artificial-neural-network potentials were implemented and then combined with lattice
dynamics and molecular dynamics simulations.In order to evaluate the predictive power,grain
boundaries of Al were chosen as model systems,and their lattice vibrational modes and energetics
were predicted by the ANN potential. As a result,our ANN potential was found to accurately predict
the finite-temperature properties with the DFT level and practical computational cost, even for
grain boundaries absent in training datasets.
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