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Materials have degrees of freedom in their composition and structure, resulting in a vast
chemical space represented by their combinations. To accelerate the discovery of novel
materials, effective methods for exploring promising compositions and their stable structures
are needed. In this study, we propose an efficient method for crystal structure prediction that
complementarily utilizes a universal machine learning potential and first-principles
calculations, along with two machine learning models designed to identify promising
compositions within this vast chemical space. Based on these approaches, we conduct an
exploration of novel polar oxides.

By employing the universal machine learning potential M3GNet? in the early stages and the
first-principles calculation code VASP ¥ in the later stages, we achieved a balance between
speed and accuracy in crystal structure prediction. We constructed a machine learning model
to estimate the existence probability of unreported compositions and another model to predict
the polarity based on compositional information, narrowing down the comprehensively
generated unreported compositions to 18 candidates. Subsequent crystal structure predictions
for these 18 compositions identified three candidates for polar compounds that are
thermodynamically and dynamically stable. Since all these candidates have unreported
structures, further expansion of chemical space using this method is anticipated.
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