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Utilizing Artificial Intelligence and Automated Experimentation to Explore the Embodiment in
Experimental Chemistry (Materials Science and Engineering, School of Materials and
Chemical Technology, Institute of Science Tokyo) (OKan Hatakeyama-Sato

In experimental chemistry, embodiment refers to the influence of a researcher’s intuition,
experience, and physical operations on experimental outcomes. For Al to truly approach human
experimental chemists, it is essential to replicate this comprehensive capability, including
embodiment, and to develop an understanding of the experimental process. This presentation
introduces recent research examples that address this challenge through the utilization of
foundational models and automated experimentation technologies.

Keywords : Materials informatics, generative Al, robotics, laboratory automation
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Fig. 1 Symbolic and embodied information.

AL 235 %, ANEOFBRILFE ORNTIBIET 57201213, 2SR & Sk

© The Chemical Society of Japan - [EJF401-1pm-01 -



[E]F401-Tpm-01 BAlL2a B105ESE4 (2025)

MEaE L2 MR N 2 A L, 7 vt X 2 I B 28RN AR AT R
Lhs,

AFER T, HEETVOIEH L BBERBEINOMASIZEY . ZOFEMEEZ R A
NTERRA 72558k 7 o AP % B Bl OB 2R3 5, 2l kv, 5ok
BINCIE, /R DA v T F~T 4 7 AFETIIRZERNEE TH - - ZBRZEF OFE L . %
AUTES S H LWAERROAIN 2 BfE T EM 2 & 2 5,

Ble LT, EREDODFH AV 2T T I NT A ATHEL, TOHFE~ILFE—
VTR AR AL THRNTT 2 FIEIZOW TG T 5, — R E & 5SSuE ik 4 BRI s
LI eT VAT Z LT FRET NV TF a—=0 73252 Ll Eh
EEDR %2 —ERME TR TE 5, ERFOFELZ IV T LZ A L TRIEL, ¥%E
METHHRTZHEICHAN -S> TRk L2y, 7 —F ¥y — FOETELEOET LWV
STANEENREB L >oH 5,

HALR LU AN RY 73 E Ry b7 —L2 AW R T 2 v 7 Rk
TOFHEBER S AT MOV THEWRET Y, ZOVAT A ATBL R~ LT
E—H AR KRB EEETVERETHLICEY AR EREGERICE=2 1
7L, ZOiRfEE BB ORI RiER T & 72,

FEERIFFRITE A L2 T T VO3 208 L, EBR TRt < 2R 0 8N 8
fbEind & & bio, EREFOFIMES A LFE—E—7 n e 20ME%E 272 <,
Pz e BRI EO FIESCFEEN/Y >IN LD LI ESND,
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Competition in research and commercialization and co-evolution of real and digital (‘Material
Infinity Inc., *Advanced Technology Acceleration Corporation) OTakayoshi Kawakami'?

Amid intensifying global research competition, maximizing limited resources and improving
productivity are essential to enhancing research competitiveness. Sharing research facilities
enables broader access to experimentation, while consolidation enhances resource efficiency
and supports the establishment of specialized organizations for experimentation, measurement,
and evaluation. These organizations allow for effective use of diverse expertise and increase
investment efficiency in automation and autonomy. Automating and autonomizing these
processes accelerates research speed and generates valuable data. When combined with
computational science, this data enables further speed and efficiency improvements.
Accelerated and optimized research processes directly strengthen international competitiveness
and foster greater innovation capacity.

Keywords : Sharing; Consolidation, Professional Operators; Automation and Autonomy;
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Frontiers of Data-Driven Polymer Materials Research by Automated Molecular Simulation
(!The Institute of Statistical Mathematics, Research Organization of Information and Systems)
O Yoshihiro Hayashit

In recent years, data-driven materials design techniques, known as materials informatics,
have been rapidly introduced into the field of materials research. Needless to say, the most
important resource of data-driven research is data. However, the amount of data on polymeric
materials is overwhelmingly small, and at present there is practically no polymer property
database that contributes to data-driven research. In order to develop a database of polymer
properties based on molecular simulations, we have developed RadonPy,*? a Python library
that supports the automation of polymer property calculations based on molecular dynamics
(MD) simulations. RadonPy fully automates a series of processes required to perform MD
calculations, including initial structure generation, charge and force field assignment,
equilibration and nonequilibrium MD calculations, and calculation of physical properties. The
vast computational resources of Fugaku and the industry-academia collaboration of 5
universities and 30 companies, led by the Institute of Statistical Mathematics, are producing
data with the aim of constructing a database that includes more than 10° polymer skeletons.

Equilibration  calculations ~ for  about (s mp simulation

137,000 data and about 87,000 unique cr , Linearexpansion costcient
polymers were completed by the end of 2024 .. w7 e gmam S
using RadonPy. Comparison of the calculated © ™ % .~ =

ﬁﬁﬁﬁﬁ

and experimental values showed that there .. & om0
were large systematic biases and variations in =~ = P
specific heat and coefficient of linear Pt ied kg
expansion_. The gap between the calculated (b} Transfor lsaming Recucing bias and.vardance
and experimental values can be corrected by a e Linsar axpanaion cosficient
machine learning method called transition i | Comon] e
learning, as shown in Fig. 1. To quantify the :w.

value of the database from simulations, we ‘%::j )
observed a scaling law for the prediction .. /
accuracy of transition learning with respect to —‘— s o T 0w
the number of simulated data. This scaling . o
law has been shown to theoretically follow a
power law, and we observed that the
prediction accuracy improves in accordance with the power law for the RadonPy simulation
data, as shown in Fig. 2. This scaling curve enables us to estimate the number of data required
for the database and the achievable prediction performance, which is an important guideline
for constructing the database. In addition, Bayesian optimization and automatic simulation
using RadonPy are combined to design polymers with desired properties.
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Figure 1. Calibration of MD calculated values by

the transfer learning.
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Keywords : Figure 2. Scaling law of transfer learning using simulation data.

Materials Informatics; Polymer Informatics; Molecular Dynamics Simulation; Transfer
Learning; Industry-Academia Collaboration
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1) Y. Hayashi,J. Shiomi, J. Morikawa, R. Yoshida, npj Comput. Mater. 2022, 8, 222.
2) https://github.con/RadonPy/RadonPy
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Materials design using multiscale simulation and data science
("JSOL Corporation) OTaku Ozawa'

In materials design, it is necessary to pay attention to the multiscale structures inside materials,
i.e., to which scale the target properties are caused. The same care must be taken when applying
computer science (simulation and data science) methods.

In the case of simulations, it is necessary to apply the appropriate theory and methods for each
scale. For example, quantum chemistry-based methods such as molecular orbital and density
functional theory are applicable to properties related to electronic states, molecular dynamics
based on classical mechanics and its coarse-grained models are applicable to dynamics of
molecular aggregates, and phase-field models are applicable to meso-scale phenomena such as
phase separation.

In addition, the linkage between data science and simulation includes the use of the results of
a large number of simulation data runs as training data and the use of surrogate models to
accelerate simulations.

This presentation will provide an overview along with recent software trends.

Keywords : Multiscale simulation, molecular simulation, molecular modeling, data science,
material design
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