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High-throughput Computation and Machine Learning on Oxygen Vacancies (‘Institute of
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Oxides are used in a variety of applications because they exhibit various mechanical,
electrical, and optical properties. Although oxygen vacancies are known to play important roles
in these functions, previous researches focused on individual oxides and its general knowledge
has not yet been obtained. We therefore performed high-throughput calculations for oxygen
vacancies and used the database to regress the point defect formation energies by machine
learning.

As shown in Fig. (a), the neutral oxygen vacancy formation energy is found to be distributed
in a wide range of 7 eV. We also performed random forest” machine learning on the oxygen
vacancy formation energies (Fig. (b)), and confirmed that we could predict them with an
accuracy of 0.3 eV. Furthermore, the importance for neutral oxygen vacancies (Figs. (c) and
(d)) is mainly related to stability and electronic structure of the oxide, whereas that for divalent
ones, the quantities related to the electrostatic energy, such as the ionicity and dielectric
constant of the oxide, are important factors.
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(a) Neutral oxygen vacancy formation energy distribution and (b) comparison of calculated and predicted
results by machine learning. (c, d) Importance of neutral and divalent oxygen vacancy formation energies.
1) Random Forests, L. Breiman, Machine Learning 2001, 45, 5.
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