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Mining materials science data: Understanding and Design
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DAM Hieu-Chi
Japan Advanced Institute of Science and Technology
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(2015).
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Tsuda, Hieu—Chi Dam, “Machine learning reveals orbital interaction in crystalline materials”,
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Extraction of hidden topology in disordered materials
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Description method of material structure using topological data analysis
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Combining First-Principles DFT Calculations and Informatics to Search for Novel Fast

Tonic Conductors

Randy Jalem®b-c4
2 Center for Green Research on Energy and Environmental Materials & Global Research Center for
Environment and Energy based on Nanomaterials Science (GREEN), National Institute for Materials
Science (NIMS), Tsukuba, Japan
5 PRESTO, Japan Science and Technology Agency (JST), Saitama, Japan
¢ Center for Materials research by Information Integration (CMI"2), Research and Services Division
of Materials Data and Integrated System (MaDIS), NIMS, Tsukuba, Japan
4 Elements Strategy Initiative for Catalysts & Batteries, Kyoto University, Kyoto, Japan

Discovery and development of novel fast ionic conductors is now become a major interest in the
field of next—generation energy conversion and storage devices. For example, the all-solid—state
ion battery concept requires a high—conductivity solid electrolyte so that desired multiple
properties (e.g., high corrosion resistance, nonflammability, a wide operating temperature window,
good operating stability, and longer service life can be achieved. Although several promising new
fast ionic conductors such as sulfides, garnets, NASICON—-/LISION-type materials, etc., have been
reported, it is still challenging to have any one of them be able to satisfy most, if not all, of the
required properties for practical application. Thus, new solid electrolytes are still continually sought.
Density functional theory (DFT) calculations has now become a common practice for aiding in the
discovery and theoretical evaluation of fast ionic conductors. Moreover, state—of-the—art
informatics—based techniques are now becoming increasingly popular as well in extending the reach
of DFT-based material evaluations and in providing robust platforms for establishing structural and
structure—property relationships. Such methods enable the efficient screening and analysis of
candidate materials, for example, with low ion migration energy barrier in the host framework, which
is critical for the materials functioning as an ionic conductor.[1,2,3] Not only promising
compositions can be identified but also the important material descriptors a given property of
interest can be determined as well systematically.

In this talk, recent efforts related to the development of efficient computational search/screening
methods to find novel fast ionic conductors will be presented. The first part includes a proposed

Bayesian—optimization—driven DFT-based material search framework, applying it to a
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search/screening problem over a model material system with composition (Li/Na)MX0O.Z (M: group
2,3, 4, 13; X: group 14, 15, 16; Z: F, Cl, Br, I), with DFT-based ion migration energy (Ey) as a
main search/screening criterion.[4] The approach only requires ~30% of the total DFET-E,
sequential evaluations on the average to recover the optimal compound ~90% of the time. For
screening compounds with E,<0.3eV (a criterion referred from typical values of reported solid
electrolytes), the recovery performance of the method is ~2 times better than the random search.
A procedure for transfer learning will also be explained in which the knowledge/information gained
from tavorite—type Li ion conductors is leveraged to efficiently survey for tavorite—type Na ion
conductors. Another topic that will be shown is about the development of general material
descriptors for crystalline solids for potential use in large—scale material exploration and discovery,
based on combined real feature values from Voronoi tessellation of crystal structures and atomic
property data.[5] The proposed representation was validated in terms of predictive accuracy on
various DFT—calculated material properties such as cohesive energy, material density, electronic

band gap, and thermodynamic decomposition energy.

References
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[2] R. Jalem, M. Nakayama et al., Journal of Materials Chemistry A 2, 720 (2014).
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8, 5845 (2018).
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Liquid electrolyte search for Lithium-ion batteries with materials informatics technique
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Calculation, analysis, and prediction for catalyst and surface adsorption systems with

informatics techniques and automated reaction path search
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