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Real-system Computational Chemistry for Data-driven Materials Development and Its
Applications to Multi-elemental High Entropy Materials (Research Initiative for Supra
Materials, Shinshu University) OMichihisa Koyama

The challenges in applying materials informatics to functional materials are to predict not only
functionality but also stability, and to realize activity prediction that incorporates the
heterogeneity of the active site structure of the real system. The author has clarified the origin
of the properties that differ from those of the bulk by first-principles calculations of real systems
that incorporate the real system structure without simplification by using a supercomputer. In
addition, about 10,000 data points have been accumulated using nano-alloy structural models.
In order not only to discover active new materials but also to create materials useful to society,
it is important to construct a digital twin corresponding to physical space (physical space) in
virtual space (cyberspace) to explore and evaluate materials at a throughput that surpasses that
of experimental science. The author will present the details of ongoing efforts and future
prospects, based on concrete examples in the multi-elemental materials.

Keywords : Computational Chemistry, Multi-element material; Real-system; Digital Screening
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1) Unfolding adsorption on metal nanoparticles: Connecting stability with catalysis, J. Dean, M. G.
Taylor, G. Mpourmpakis, Sci. Adv. 2019, 5, eaax5101.
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Analysis of Atomic Arrangement and Electronic States in Multi-element Nanoalloys using
SPring-8 (‘JASRI, “Shimane University) ONaomi Kawamura,' Yasumasa Takagi,' Shogo
Kawaguchi,l Hiroki Yamada,' Ibrahima Gueye,1 Hirotaka Ashitani,’ Koji Ohara,” Kei Hiroi,’
and Osami Sakata '

Multi-element nanoalloys are materials composed of many elements, and their crystal
structures (including local atomic arrangements) and electronic states are of interest because of
the potential for innovative functions that differ from the properties of each element. X-ray
diffraction (XRD) to determine crystal structure and atomic arrangement, photoelectron
spectroscopy (PES) and X-ray absorption spectroscopy (XAS) to determine element-specific
electronic states are effective tools. In the case of multi-element nanoalloys, it is difficult to
obtain detailed information on the atomic arrangement and electronic states. However, XRD,
hard X-ray PES (HAXPES), and X-ray absorption and emission spectroscopy (XAS & XES)
can be used for highly efficient and accurate analysis by utilizing their properties owing to
SPring-8 with the low-emittance and high-brilliance synchrotron radiation X-rays emitted from
undulator light source. Currently, in order to provide information for materials informatics,
atomic arrangement and element-specified electronic states are analyzed by applying these
methods to multi-element nanoalloys by promoting high-throughput and automation of these
measurement methods. In this talk, we will introduce these techniques to elucidate the unique
functionalities of multi-element nanoalloys from the viewpoint of atomic arrangement and
electronic structure.

Keywords : Multi-element Nanoalloys;, X-ray Diffraction, Hard X-ray Photoelectron
Spectroscopy, X-ray Absorption and Emission Spectroscopy
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Fig. (a) High-throughput XRD measurement system at BL13XU, (b) HAXPES measurement
system under actual reaction environment at BL46XU, and (c) High-efficience XES
measurement system at BL39XU.

© The Chemical Society of Japan -A1431-3pm-02 -



A1431-3pm-03 BALES E104EFES (2024)

R/ AEOFNICRTEEFEMERTOSEL

(Rﬁ%IKRﬁﬂﬁ%%ﬁﬁ%ﬂy&%ilﬁﬁﬁﬁﬁOﬁiﬁﬁ“-MKﬁ—
Ve I RPE—RR 2 - ARASE

Advanced Transmission Electron Microscopy for the Studies of Multi-Element Metal
Nanoparticles (‘Department of Applied Quantum Physics and Nuclear Engineering, Kyushu
University, *The Ultramicroscopy Research Center, Kyushu University, *National Institute of
Technology, Kurume College) O Yasukazu Murakami,'? Tomokazu Yamamoto,'? Youichiro
Kawami,” Syo Matsumura®

Progress in the science and technologies of multi-element metal nanoparticles inspires
further development in the scientific measurements which allow for high-throughput data
collection and analysis of the catalytic nanoparticles. Transmission electron microscopy can be
a powerful tool for the multidisciplinary research of multi-element metal nanoparticles in terms
of the morphology, crystal structure, chemical composition, valency, etc. However, it remains
yet challenging to achieve the automated data collection/analysis in transmission electron
microscopy, as the data quality is highly dependent on the proficiency of scientists. To tackle
this problem, the authors attempt to develop basic methods regarding the automated data
collection/analysis of catalysts nanoparticles using scanning transmission electron microscopy
(STEM).

As displayed in Fig. 1, STEM provides an element-sensitive image, in which metallic
nanoparticles can be highlighted due to the difference in the cross section of inelastic electron
scattering from that of support material. To determine the positions of nanoparticles in a STEM
image, the authors applied the method of objective detection with the aid of deep learning. The
other method referred to as segmentation enabled further advanced image analysis: that is, the
latter method identifies the unfavored portion in STEM, in which two nanoparticles are
overlayed with reference to the incident electrons. Application of those methods to analytical
electron microscopy promotes high-throughput collection of chemical maps obtained by
energy-dispersive X-ray spectroscopy (EDS) and other such useful data.

This study was partly supported by “Demonstration Project of Innovative Catalyst
Technology for Decarbonization through Regional Resource Recycling” from the Ministry of
the Environment, Japan.

Keywords : Electron Microscopy,; Deep Learning, Nanoparticle; Catalyst; Image Analysis
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Fig.1 Schematic illustration of automated transmission electron microscopy for multi-
element metal nanoparticles.
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Efficient Materials Discovery for Exhaust Gas Purification Alloy Catalysts Using Process
Informatics (' Honda R&D Co., Ltd) OHitoshi Mikami,' Hiroto Tsuchiya,' Azusa Kamiyama,'
Masafumi Sakota,’

High-entropy alloys (HEAs) consisting of five or more constituent elements have been
applied to catalysts, and multi-element nano-alloy catalysts with specific reactivity and
durability have been reported. HEAs, unlike conventional alloys, is characterized by
incorporating a diverse array of elements. This alloy not only constitutes isoatomic fraction
solid solution alloys but also encompasses compositionally complex alloys with non-uniform
element ratios, alloys containing multiple principal elements, and precipitates with non-
uniform ratios. Consequently, there exists the potential for the emergence of a novel alloy
system that deviates from traditional alloy frameworks, offering anticipated superior properties.

In the discovery for HEAs catalysts, there is a huge search space for element and composition
selection and optimization of synthetic conditions. In addition, alloy catalysts have alloy-
specific degradation issues such as alloy separation and degradation of support materials due
to separated elements, making it difficult to screen only by digital space and initial activity.

We have developed a high-throughput screening evaluation system with the ability to
evaluate purification performance in consideration of durability and to collect, store, and
analyze large amounts of data, coupled with efficient exploration of elements, compositions,
and synthetic conditions using process informatics. This article introduces effective automotive
exhaust gas purification catalysts for low-temperature activity and low cost, as well as practical
applications and future developments.

Keywords : high-throughput screening, initial degradation, Automotive catalyst, multi-element
nano-alloy
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Catalytic performance on HEA catalysts Comparison of Initial and Durability performance
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