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Quantum Material and Catalysis
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12Hideo Hosono
Tokyo Institute of Technology, 4259 Nagatsuta, Midori, Yokohama 226-8503, Japan
2 National Institute for Materials Science, 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan

Abstract

Last decade our group has concentrated on application of quantum materials to catalysis, seeking
unique catalytic activity for demanding chemical reactions. The quantum materials chosen are
electride and topological insulators, and the chemical reactions focused are ammonia synthesis (N2
activation) and organic urea synthesis at mild conditions, and efficient H, ortho-para conversion.
This talk reports recent results on these researches along with the approach.

I. Introduction

Quantum materials and catalysis have been studied in the different academic discipline, i.e.,
condensed matter physics and chemistry. The role of catalysts is of quite importance for resolving
energy and zero-carbon emission, and innovative idea for novel catalysts is required to meet these
issues. Although traditional material combined with transition metal have extensively studied to
date, I think introduction of non-traditional materials is pivotal for realizing innovative catalysts for
the above targets

I1. Electride catalysts for green NHs synthesis [1]

Electride is a material in which electrons serve as anions, and is a novel conceptional solid.
Various types of electride materials have been synthesized since our first report on RT stable
electride, C12A7:e, in 2003. A unique property of our electride materials is to have both low work
function and chemical/thermal stability unlike alkali metal. We utilized transition metal (TM)-
loaded electride as catalyst for NHssynthesis at mild conditions toward green NHs synthesis. Strong
electron-donating power of electride combined with the ohmic contact nature (contact of
TM/conventional support is Schottky-type) with TM nanoparticles successfully activates N>
adsorbed and the activation barrier for N2 dissociation is reduced to almost the half of the previous
catalysts. Fig.1 summarizes our progress in electride materials and electride-based catalysts.

Fig.1. Progress in electride-based catalysts for NHz synthesis.



I11. Topological catalyst for RT organic urea synthesis

The unique quantum properties of BioSes make it a promising catalyst for the synthesis of organic
ureas, Thanks to its topological surface states, the proposed catalyst exhibits remarkably high
catalytic activity and durability when used for the synthesis of various urea derivatives, which are
usable as nitrogen fertilizers. We found that the spin state of the O, molecule is changed from
triplet to singlet by the local magnetic field arising from the strong spin—orbit interaction of Bi and
the singlet O> with much higher reactivity pulls hydrogen out from the amine, reducing energy
barrier for the desired reaction. This catalytic effect is a result of the unique features of topological
materials and the appropriate element choice of Bi and Se for this reaction.

Fig.2 Reaction mechanism for organic urea synthesis from amine, CO and O; on Bi.Ses
(015) surface. Singlet O is stabilized on Bi and extracts H from amine adsorbed on Se to
give rise to urea bonding.

I11. Exploration for catalysts for Hz ortho-para conversion [3]

Research on Hz 0-p conversion catalyst has a long history but the designing concept is still unclear.

We performed extensive catalyst screening of ~170 materials ranging non-magnetic insulating
oxides to magnetic metals. The results show magnetic metals do not exhibit high activity,
suggesting the most influential factor is electric field gradient around H> adsorbed on insulating
material.

References

[1]Review: Hosono and Kitano, Chem. Rev. 121, 3121-3185(2021); Hosono, Faraday Discuss.,
243, 9-26(2023),

[2] Li, Wu, Tada, Kitano ---,and Hosono, Sci. Adv. 9, eadh9104 (2023).
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MATERIALS INFORMATICS FOR PERMANENT MAGNET DESIGN

IT. Schrefl, A. Kovacs, 1C Wager, *Q. Ali, 1J. Fischbacher, 'D. Bohm, ‘L. Breth
2M. Yano, 2N. Sakuma, ?A. Kinoshita, >T. Shoji, ?A. Kato

IChristian Doppler Laboratory for magnet design through physics informed machine learning, UWK,
Viktor Kaplan-Stralie 2E, 2700 Wiener Neustadt, Austria

2Advanced Materials Engineering Division, Toyota Motor Corporation,
Susono, Shizuoka, 410-1193, Japan, Japan

Abstract

In materials science, it is difficult to establish reliable machine predictions due to the limited
available data. Accurate physics simulations based on electronic structure and micromagnetic
theory are time-consuming even on modern hardware. Similarly, gathering experimental data that
relates to the structure and property of magnetic materials is cumbersome. In this talk, | will propose
strategies to address these problems. | will discuss several approaches for data generation and data
analysis which may form building blocks for artificial intelligent assisted magnet design.

I. INTRODUCTION

Classical artificial intelligence algorithms, such as genetic optimization?®, facilitate the inverse
design of materials. This process begins with the desired target properties, and then alterations are
made to the chemical composition and microstructural features to achieve optimal design points. A
crucial requirement for this process is the rapid evaluation of the objective function. This typically
necessitates the substitution of experimental measurements and physics simulations with surrogate
models, which can quickly provide estimates of the desired properties. To construct reliable models,
data must be collected from a variety of sources.

I1. COMBINING DATA

A strategy for constructing data-driven
predictors involves the integration of data from
diverse sources. | will present the use of partial
least square regression for estimating the intrinsic
magnetic properties, which combines data from
both ab-initio simulations and experimental
measurements.? The method utilizes projection to
latent space for reducing dimensionality. It is a
traditional machine learning method in the field of
materials informatics.> When this technique is
paired with a predictor for the hysteresis
properties of a core-shell grain, it enables us to

optimize both the chemical composition, . o . N
Fig. 1 Minimizing materials costs and maximizing
(Nd,La,Ce)z(Fe,Co)uB, and the Core_'She“ coercive field by multi-objective optimization using
geometry for hot-deformed magnets. Fig. 1. machine learning models (ML) as surrogate. ML1
shows a scenario where the goal is to achieve the  predicts the intrinsic magnetic properties from the
highest possible coercivity while simultaneously  chemical composition; ML2 predicts the coercive field
minimizing costs. This is relevant in cases where ~ from the intrinsic properties and the geometry. The

tain defect inevitable. F | right part shows the Pareto fronts for a fixed soft
certain aefects are Inevitable. For example, a magnetic defect thickness of 2 nm or 5 nm. The results

defec_t shell (Fe-contai_ning grain boundary _phase) show the Nd-content of the core can be reduced
of a fixed thickness might surround the grains. significantly.



I11. STATISTICAL MICROSTUCTURE MODELS

Reliable predictions of magnetic properties require computational models that accurately represent
the granular structure of a magnet. I will present a method that extracts statistical features from
Scanning Electron Microscopy (SEM) images and tunes the parameters for synthetic microstructure
generation to statistically match the

experimental images. The process

includes image segmentation using U-

net neural networks* to identify grains,

grain  boundaries, and secondary

phases. A Bayesian optimizer is then

used to minimize the Euclidean norm

between the power spectra derived

from the SEM image and the model. Fig. 2 Synthetic microstructure generation based on SEM images.

IV. INFORMATION RETRIEVAL WITH LARGE-LANGUAGE MODELS

Valuable data is hidden in documents including scientific papers, internal reports, and datasets from
experiments and simulations. These documents are mostly unstructured which make it difficult to
automatically search and extract material properties. I will show how open-source language models
combined with semantic search allow users to extract relevant data from unstructured documents.
Fine-tuned prompts® for chain-of-thought retrieval help to find correct values of material properties
and avoid hallucination.
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Materials research DX activities in the Digital Transformation Initiative
Center for Magnetic Materials

K. Sodeyama

National Institutes for Materials Science,
1-1 Namiki, Tsukuba, Ibaraki305-0054, Japan

Abstract

As the activities of the Digital Transformation Initiative Center for Magnetic Materials (DXMag)
in the Data generation and utilization materials Research and development projects (DxMT),
experimental and computational data are accumulated in the RDE system developed by NIMS. In
order to use these data from different researchers, it should be integrated for the materials
informatics analysis. To integrate the data, we create common vocabulary lists of magnetic
materials and sets up measurement rules. In this presentation, such activities will be introduced.

For the new materials search through big materials
data, DXMag is accumulating experimental data,
mainly from XRD, VSM and SEM, to the RDE
system. To accumulate data in the RDE, the data
structure is determined in advance for each
measurement. Especially for the table data, it is
necessary to perform format conversion in advance
and we have prepared the scripts for the usage.

The accumulated data itself can be immediately used

for MI analysis without uploading process for the

RDE. In order to proceed with the material DX, the

data from different researchers are neeed to be  Fig. 1 Big table integrated by different
integrated. Specifically, the constructing large table  researchers materials data

data, as shown in Fig. 1, should be carried out. At this

point, if the data held by researchers A and B are completely independent, it is difficult to integrate
the data, and the non-diagonal components of the big table will contain only blanks. However, even
if the data are from different researchers but using the same features obtained by the same
measurements or the same samples, it is possible to extend the searching space.

Here, when different researchers use different vocabularies for the same physical phenomenon, it
is difficult to integrate the data items correctly for making the big table. To overcome this difficulty,
DXMag is making a vocabulary list for magnetic materials. All the vocabulary used by each
researcher is listed, and the information about the relationship between the vocabularies which have
similar meaning is stored. Furthermore, the MatVoc system, which is developed by the NIMS data
platform center, is used for the integration of the data obtained in the whole centers in DXMT. A
unique ID is assigned to each vocabulary and the relationships between vocabulary words are stored
together with their descriptions and thesauri.

Another difficulty in data integration is the difference in experimental conditions of the
measurement data. For example, if the measurement range of the spectrum measured by researcher
A is different from that of researcher B, it is difficult to use them together; DXMag has determined
recommended values for the measurement ranges of XRD and SEM. Regarding this measurement
rules, we will refer the ARIM’s treatment.



----- <Keitaro Sodeyama>, <National Institute for Materials Science>

<CVv>

Keitaro Sodeyama is the field director of Data-driven Materials Research Field, Center for Basic research on
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Toward DX
~ Common measurement condition for Material map ~
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12T, Shoji

Toyota Motor Corporation, Advanced Data Science Management Div. Otemachi Bldg. 6F, 1-6-1 Otemachi,
Chiyoda-ku, Tokyo, Japan

2DXMag PI,

Abstract

Recent rapid evolution of computational power and generalization of Al technology make us
easier to access data analytics for material science. Using dimensionality reduction properly, one
can project high dimensional spectrum data into lower dimensional space. When one create this
like space by material structural data, e.g. XRD, one can draw Material Map as common latent
space for gathering data. In order to do so, one has to recognize range and dimension of data
records. In this talk, I will introduce data management activities in DXMag to establish Material
Map for magnetic materials.

I. Introduction

Recent rapid evolution of computational power and

generalization of Al technology enables information

extraction from variety types of data. Commonly,

material researchers and engineers tend to recognize

Al technology as tools for machine learning for table

data in their material R&D scene. But most important

point of material informatics is how to access

meaningful descriptor buried in high dimensional

material measurement data which is difficult to

quantify. Moreover, material data have multi-scale

and multi-modal problem. This fact makes data

utilization more difficult. In order to get over this situation, we focused on wave number “g-space”
expression for handling multi scale structural data, as shown in Figure 1. Using g-space
expression, we can connect from atomistic diffraction information to structural scattering
information based on principle of diffraction and scattering. In low g range, we can use power
spectrum of microscope image instead of low-q scattering measurement. Based on this fact, we
can recognize that we can express multi-scale structural information in one curve which is consist
of scattering, or power spectrum, and diffractionl!]. To extract information from multiscale dataset,
we utilize dimensionality reduction technique for high dimensional multiscale data.

I1. Dimensionality Reduction

For example, we start with 35 different composition and
nanostructure Light Rare Earth alloyed nano structured
Nd2Fe14B rare-earth magnet samples and measure X-ray
diffraction (XRD)!?l. One XRD data consists of 3500
dimensions. Commonly known that XRD spectrum
consist of diffraction information from atomistic
configuration and small angle scattering information from
nano and microstructure. To extract feature from these 35
XRD data, we use PCA, principal component analysis, to
decompose 10 independent vectors as shown in Figure 2.
In this case cumulative contribution ratio is more than



0.95 with these 10 vectors. Looking at

decomposed vector with knowledge of

diffraction and small angle scattering, one

can understand meaning of each vector. In

this case, 1st principal component (PC)

corresponds to difference of scattering by

nanostructure and part of peak shape

change and 2nd PC corresponds to peak

shift of RE2Fe1sB phase, this means that

change of lattice parameter by alloying

Light Rare Earth element in Nd:Fe1sB

phase. 3rd PC represent change of peak width. Then we use coefficient of each PC as descriptor
for magnetic performance machine learning model. Coefficient of PC seems to works well as
good descriptor shown in Figure 3.

From our attempt, one can recognize dimensionality reduction is good tool to extract features
from high dimensional data set.

I11. Material Map

One more way to use dimensionality reduction is drawing Material Map. If one chooses
dimensionality reduction technique like UMAP or t-SNE, or defining more complicated
embedding space, one can define common latent space in relatively secure manner. Using this
space for projecting material structural data like XRD, we, or member of DXMag call this latent
space as Material Map. To draw Material Map, data management activities are very important.
Currently, we trying to set common rule for measurement and calculation conditions. Also, we are
trying to define DX routine as standard workflow to accumulate data. During carrying out brush
up data management activity, our understanding of material data become deeper. For example,
*accuracy” and “precision” for first principle calculation, difference of pixel resolution of micro-
scope images, scattering and diffraction information included in XRD, etc. We are now trying to
understand what we have to take into consideration for data acquisition and data utilization and
integration among DXMag members. Hopefully, our activity become one of the solutions for next
generation data utilization R&D activity.
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New Energy Materials and Devices Research with 1000 comrades in UTokyo
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The University of Tokyo. 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656 Japan

Abstract

Among the Sustainable Development Goals, energy is of the highest priority in order to share
advanced information technology with billions of humans. Towards the challenge, three
independent groups in the University of Tokyo, specialized in Nanofabrication, Nanoanalyses, and
Information Technology form the ARIM “Energy Five Star” one team, in collaboration with
Hiroshima University and JAEA spokes. The speaker is leading Nanofabrication since 2003 in
Takeda Sentanchi Supercleanroom. In the talk, the new vision of UTokyo ARIM NanoHub center
on the Energy Materials and Devices Research with his 1000 comrades will be discussed.

I. INTRODUCTION

When talking about “Energy Device”, one can intuitively imagine (1) electricity generators such
as photovoltaic cells, Seebeck electricity generator, and MEMS energy harvesters. Another one
may imagine (2) electricity storages such as battery, supercapacitors, and flywheels. Of course these
are all important devices; however, these points of views are only highlighting a limited aspect of
energy. In an electro information system, in fact, both increasing the energy providing capability
and decreasing the energy loss and consumption works equally. The UTokyo ARIM group is aware
of the principle and have identified three other domains under “Energy” umbrella: (3) Transporting
devices such as inverter-converters and matching circuitry and devices, (4) Using devices such as
sensors, processors, and actuators with reduced energy consumption. By naturally extending the
consideration, one can reach the conclusion that the real goal to share advanced information
technology with billions of humans is to (5) increase the amount of functionality with the available
energy. We call it Energy Five Stars (Fig.1). In the talk, a couple of supporting examples composing
the energy five stars, will be presented such as monolithic series-connected photovoltaic cells! and
high-sensitivity integrated Piezoelectric MEMS Ultrasound Transducer (PMUT) 2, all developed in
the UTokyo Takeda Supercleanroom by using CMOS-MEMS scheme?®.

I1. Methods for sustainable development in the University’s open platform

In Dec. 2003, Takeda Sentanchi Supercleanroom was open to UTokyo researchers. Since 2007,
MEXT has been sponsoring Takeda SCR to open it to external users. In 2022, 186 independent
research groups worked actively. They are composed of UTokyo School of Engineering, Other
Faculties of UTokyo, Other Universities and Public Research Institutes, and companies. The potion
is approximately 1:1:1:1, thereby underlines the unique value of Takeda: A Real Open Platform.
The number of comrades (not “clients”, and more than “users”, because they accept the “common
value” of open platform) is around 1000. To handle such a big number of projects, the only way is
“to be successful in the minimum trials”. For that purpose, “DX” has become one of our core
interests. The UTokyo NanoFab hub site tries to realize “minimum trial” by three steps, as shown
in Fig.2: (1) provide as-is available process data, (2) receive the feedback of individual process,
then (3) improve the process data by ARIM engineers. In the talk, some initial attempts as well as
similar attempts in worldwide open platforms will be presented.
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“Energy Five Stars” concept. Not only generating and storing but also matched transport and use can contribute.
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“Provide, feedback, and improvement” can store excellent process recipes and will lead 1000 users’ success with
minimum trials.
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World-Class Materials Database provided by NIMS

I. Kuwajima, T. Itoh, A. Matsuda, M. Ishii, Y. Xu, Y. Ono, K. Sawada and M. Demura

Materials Data Platform, Research Network and Facility Service Division
National Institutes for Materials Science (NIMS),
1-1 Namiki, Tsukuba, Ibaraki, 305-0054, Japan

Abstract

NIMS serves as a core data center in an initiative to establish materials DX platforms across Japan
led by the Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT). The
materials data platform, DICEY, plays a pivotal role in the imitative. As one of the DICE services,
we offer the NIMS Materials Database (MatNavi)? available via the internet to contribute to the
development of new materials and material selection.

The MatNavi is an integrated database system comprising 8 materials databases. As shown in Table
1, MatNavi is the world's largest and can be regarded as the one and only materials database. The
Polymer DB, PoLyInfo, provides the information curated from academic papers such as the chemical
structures of monomers and polymers, the physical properties, the polymerization conditions together
with additional characterization data obtained by our own experiments. We offer two types of
inorganic materials databases: AtomWork (free version) and AtomWork-Adv® (paid version). The
AtomWork-Adv have much more data than AtomWork as well as various viewing features and data
download capabilities, which are not available in AtomWork. Both the Inorganic Material DBs
includes crystal structures, phase diagrams, physical properties curated from academic papers. The
Metallic Material DB, Kinzoku, provides the reliability information of commercially used metallic
materials such as the creep and fatigue properties as well as the fundamental mechanical properties.
These data are provided in the form of datasheet as the NIMS Structural Materials Data Sheets (4
types: creep, fatigue, corrosion, space use materials). Note that these data on metallic structural
materials are obtained by our own experimental testing lasting over 40 years.

In addition to the conventional use of searching and browsing material data and referring to the
results, in recent years, data-driven research has attracted attention as a dataset for use in machine
learning and other applications. To respond to these requests, we are considering and providing rules
for the use of data as a single dataset.

Table 1. Data sources, number of data and characteristics of representative databases (As of 28 October 2023.)

Database name Data source Number of data Characteristic

Polymer structures: 29,004

Polymer Database From academic i World-class polymer data
(PoLyInfo) papers Polymer samples: 150,351 with no comparison
Properties data points: 494,837
Crystal structures: 364,668
Inorganic Material Database | From academic X-ray diffraction: 659,240 Integrated handling of
(AtomWork-Adv) papers Phase diagrams: 46,607 world-class data

Properties data points: 459,238

Materials: 500

Metallic Materials Database | NIMS original Different condition samples: 3,500

(Kinzoku) experimental data

Properties data points: 82,700 Systematic experimental
Creep DS: 61 books data using a standardized
NIMS Structural Materials | NIMS original Fatigue DS: 134 books test method
Data Sheets experimental data | Corrosion DS: 7 books
Space Use Materials DS: 32 books
References

[1] DICE: https://dice.nims.go.jp/
[2] MatNavi: https://mits.nims.go.jp/
[3] AtomWork-Adv: https://atomwork-adv.nims.go.jp/



Research activities at Digital Transformation Initiative for Green Energy
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Abstract

In order to achieve carbon neutrality in 2050, it is essential to introduce large amounts of renewable
energy power generation and replace fossil fuels with hydrogen. To achieve this, it is necessary to
develop ultra-large capacity, low-cost storage batteries and water electrolyzers at low cost without
using rare metals. It is required that this be realized using suitable materials. In DX-GEM, the
University of Tokyo and 11 research partner institutions will collaborate to develop data-driven
advanced research methods that incorporate data science techniques and efficiently create these
innovative materials.

Fig. 1 Fig. 2

Battery and hydrogen: indispensable pieces for carbon Interdisciplinary study focusing on electrochemical

neutrality “interfaces’

Fig. 3 Fig. 4

Technology trends and work packagesin DX-GEM Two “loops’ in material development powered by data
science
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Cloud data storage and sharing system with worklows to structure materials
research data for Ml

Y. Hideki, 1J. Fujima and R. Murakami

INational Institutes for Materials Science,
1-1 Namiki, Tsukuba, Ibaraki305-0054, Japan

I. INTRODUCTION

The Materials DX Platform concept by the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) promotes the strategic collection, accumulation, distribution, and use of
structured materials research data with their schema. The Research Data Express (RDE) cloud data
storage and sharing system, which allows materials research data to be registered online, structured
and shared [1]. Figure 1 shows a conceptual diagram of the workflow in the RDE.

1. WORKFLOW AND DATA ACCUMULATION

The RDE has a workflow for automatically extracting, visualizing and registering metadata and
features, used for Materials Informatics (MI), from the data files produced by the experimental
equipment. The RDE then structurizes the materials research data in an Ml-ready form, making it
easy to perform data-driven materials research on the registered data. The RDE is responsible for
automating routine pre-processing and efficiently storing data until it can be linked to advanced
uses such as machine learning. This functionality can be shared among users as workflow templates.

I11. SHARING

The data recorded in the RDE is stored in a common schema for each record, which is a unit for
storing a group of structured data. Since the schema definition file is registered together with the
data, the structure of the registered data is also explicitly shared. The RDE also has the ability to
set the shared range of the dataset flexibly. The accumulated datasets can therefore be used in areas
dedicated to the research group or shared with other research groups. With these features, RDE
supports the digital transformation of materials research and development.

References
[1] Research Data Express (RDE), https://dice.nims.go.jp/services/RDE/

Figl. Conceptual diagram of the workflow in the Research Data Express (RDE).



MInt and pinax: Systemsfor Data-Driven Resear ch and Development for

M aterials Science
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Abstract

The materials data platform DICE [1] operated by National Institutes for Materials Science
(NIMS) has become a system that supports a wide range of research data accumulation and
application, including MatNavi [2], one of the world's leading materials databases. As a system for
data accumulation and structuring, RDE [3] collects data from measurement devices nationwide and
experimental data from researchers. As a system for data application, prediction models based on
materials engineering theory or experiments are equipped in Mint [4]. In this report, we introduce
Mint, a main data applicattion system, and pinax [5], a new system for developing machine learning
models using DICE data.

I. Overview of MInt and pinax systems

Materials research and development reveals the linkage between the process of experimental
work, the structure of the material, its intrinsic properties, and its environment-dependent
performance. Mint, a data-driven materials development system, flexibly connects various
predictive calculation tools, called modules, to predict from process (P), through structure (S) and
properties (P), to performance (P) on the same environment. Conversely, the process conditions
can be optimized from the desired performance as an inverse problem to facilitate research and
development.

The pinax system was newly developed to provide a place for developing explainable machine
learning models for materials research. It has an ability to record histories of model creation,
including the sources of data used by the data scientist to develop a model and relationships
between data, as well as an ability to share prediction models developed among specific
researchers or with researchers across Japan.

[l. Linkage image between MInt and pinax in DICE system

An example of the linkage image between

Mint and pinax in a DICE system is shown in Fig. .
1. In this example, Mint is used as iterative ‘1 Experimental 3. Optimized ML model
computational resources to optimize prediction data
models [6]. v PN

- o 5 - & &
2. Experimental data are structured by RDE to by ¥ "
produce data on the structure of the material in s Prediction Recul '
the PSPP linkage. Those structured data are then T O eSS o

. 2. Machine-learning (ML)
sent to pmax. ‘ Model in development

3. In the pinax, machine learning model iS  Fia. 1. Schematic of a linkaae between MInt. pinax and RDE

developed to predict the property data from the
structural data of materials.
4. The developed model is brought to Mint, which performs optimization calculations to maximize
the performance of the prediction model. The optimized model is then brought back to pinax for
more accurate predictions. By returning these predictions to user, the system can provide better
insight and suggest next actions to the researcher.

We consider that the above-mentioned data utilization and improving accuracy of analysis are
essential for the development of materials.
References
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Bayesian optimization and evolutional algorithm for new structure search
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Abstract

To extend the target area in computational materials designing, we adopted Bayesian optimization
and an evolutional algorithm (EA) for the search of stable ionic configurations in binary compounds
including dopants. We present a trial result on defect configuration/structure search in dielectric
materials composed of Al and N.

I. INTRODUCTION

Developments of first principles methods have accelerated the theoretical research on stable,
reactive, and functional materials in the atomistic point of view. The high precision of the first
principles method is a theoretical foundation for detailed materials designing, although the
relatively large computational costs of the first principles method sometimes limit the scope of
theoretical research. To extend the theoretical targets for materials explorations, further theoretical
developments combined with data science and artificial intelligence are required.

Il. METHODS

In our group, we have developed a

computational method for large-scale and

long-term dynamics simulations; over micro-

sec dynamics for one-million atoms that are

atomistically modeled for batteries and

catalysts are now aveilable!. However, to

execute such a dynamical simulation, we

firstly need precise structural information of

target materials; e.g., ionic configurations,

defect structures, interfacial structures, and so

on. Structural investigation so far has been

conducted mainly based on knowledge and

intuition of researchers, but there are limits in

such a strategy. Thus, we have adopted

Bayesian optimization for searching stable . . .
ionic configurations, and an evolutional Fig. 1 Schematic of the workflow for Bayesian

algorithm (EA) for new (unexpected) structure ~ OPtimization, evolutional algorithm (EA),
generation®. In this presentation, we present a  2nd neural-network potential method for big
trial result on defect configuration/structure ~ data generation and inspiration.

search in dielectric materials. Since all the

electronic structure calculations in the structure search were done with first principles method, an
acceleration on computational time is required to execute the structural exploration in wider
configurational space. Thus, we also introduce a promising framework (Fig. 1) including the atom-
centered neural-network potential approach invented by Behler and Parrinello.

References
[1] H. Nakata and T.T., et al., Sci. Technol. Adv. Mater.:Methods, 1 (2021), pp. 109-122.
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