/NS B (Yu Komatsu)

FifE (Domain) YEFIZFEIF5EE (Domain of Materials Science and Engineering)

@ W% T—< (Research theme)
OERIREICH T2 RICDERHETE
(Theoretical Prediction of Chemical Reactions under Extreme Conditions)
QFRILFEHMFEEDRLE
(Integration of Computational Chemistry and Machine Learning)

OFFEILFEMFETRAVO T, BIEROESETHEDIERIRE -
=BT BILE RGO BRILHEET>TNVD, RIEHRE > S e
BEBALNZT 12, BRIREERICEIUERRGEE CH:0 + CHy N, S
RFZEFRAL. RISDAN=ZXLERIFTL TS, HIZ (S, 18 ¢ ®  Mcmoc, [faco
ERRETTCOERSFOERBREDHEELTH>TEY (K Nt
1), RISBEADESLZEAN NS, " 5 » [z
We use computational chemistry to theoretically predict chemical f/" il ° N8
reactions and material properties under extreme conditions, such as § f A = e
ultralow temperatures and high pressures. By employing automated "™ CHI0 -+« CHs 505
reaction path search techniques based on transition state theory, we {‘ _é, >
can systematically identify reaction pathways and quantitatively
evaluate reaction mechanisms. For example, we have simulated the Fig. 1 Chemical reaction network for the
formation pathways of organic molecules under low-temperature formation of organic molecules under cryogenic
conditions, revealing key steps in their reaction mechanisms (Fig.  conditions (Komatsu and Furuya, 2023),
1). This methodology is applicable to reaction design in
experimentally challenging systems.
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o o We are developing a methodology that combines computational chemistry and
[,a v‘efﬂ f@} [ /C)I W ] machine learning for improving computational efficiency to enable applications
R T | to large-scale systems, and identifying key features (Fig. 2). For example, by

Large-Scale Identify Key training deep learning models on first-principles molecular dynamics data, we
Systems Features reproduce interatomic potentials for use in classical molecular dynamics,
Fig. 2 An Image to combine enabling efficient simulations of large systems. This approach supports catalyst
computational chemistry and design, and materials development.

machine learning.
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