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Introduction of Data Science in the Development of
Electrochromic Polymers

(! National Institute for Materials Science, *Graduate School of Information Science and
Technology, Osaka University) OAiwei Zhao'?, Dines Chandra Santra!, Kenji Nagata!,
Junya Sakurai', Masahiko Demura', Masayoshi Higuchi'-

Keywords: electrochromic, coloration efficiency, data-science

Materials informatics has emerged as a powerful tool for developing functional
materials, offering the potential to streamline polymer synthesis with tailored properties,
enhancing efficiency and specificity in material engineering. Machine learning, a subset of
Al uses algorithms to learn from data for predictions or decisions.! Bayesian optimization,
widely used in materials science, optimizes objective functions and is particularly useful in
hyperparameter tuning for machine learning models.?

In this presentation, we report our approach to discovering electrochromic (EC)
metallo-supramolecular polymers (MSPs) using materials informatics. Four MSP
components were evaluated, and selected combinations synthesized via an orthogonal table.
Four machine learning model categories, including tree-based, kernel-based, linear, and
neural network models, were trained to predict MSP properties effectively. This study
achieved a high coloration efficiency of 1281 cm?C, which surpassed the values reported in
our previous study.’ This statistics-based approach demonstrates its effectiveness in the
rapid identification of polymers with enhanced EC properties.

Our Previous Work:

Design of Experiment

Molecular w (DoE)
encode Machine Learning

Prediction

M = Fe(ll), Co(ll), Ru(ll), Os(Il)
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Technology Development Fund (JPMEERF20221M02) from Environmental Restoration
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1) Jordan, M. I.; Mitchell, T. M. Science, 2015, 349, 255. 2) Snoek, J.; Larochelle, H.; Adams, R. P.

Adv. Neural Inf. Process. Syst., 2012, 25, 2951. 3) Hu, C.; Sato, T.; Zhang, J.; Moriyama, S.; Higuchi,
M. ACS Appl. Mater. Interfaces, 2014, 6, 9118.
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Ab Initio Study of Electron Spin-Lattice Relaxation of Triplet
Oligoacenes

(‘Graduate School of Science, Kyoto University, *CREST, JST, *FOREST, JST) OXatsuki
Miyokawa,' Yuki Kurashige,'*"

Keywords: Electron Spin-Lattice Relaxation; Triplet State; Quantum Chemical Calculation;
Redfield Theory; Oligoacene

Organic chromophores are converted into triplet species through photoexcitation
followed by intersystem crossing (ISC). Focusing on the spin sublevel degrees of freedom,
the anisotropy of ISC rate constants for each sublevel can generate a highly spin-polarized
state, which can be achieved even under room temperature and low magnetic fields.
Pentacene doped in p-terphenyl host crystal is often used as a polarizing source and applied
to recently emerging quantum technologies such as (1) dynamic nuclear polarization (DNP)',
which improve the sensitivity of NMR and MRI, (2) MASER?, and (3) high sensitivity
quantum sensing™*. For the molecular design of the polarizing agents, it is important to
understand the mechanism of spin polarization dynamics.

Electron spin-lattice relaxation (SLR) is the process of equilibration of the population
between spin sublevels and determines the lifetime of spin polarization. Despite the
importance of the SLR for polarizing agents, the anisotropy of the kinetic rates of the SLR
depends on the surrounding complex vibrational environment, making its mechanism
elusive. Recently, spin dynamics combined with ab initio quantum chemical calculations
has been applied to the molecular qubit systems and successfully revealed the microscopic
mechanism of the SLR®. Therefore, in this study, we conducted ab initio simulations of the
SLR of triplet oligoacenes using the Redfield relaxation theory where the phonon
frequencies and spin-phonon couplings were determined through quantum chemical
calculations. By examining the contributions of each phonon mode to the rate constants, it
was suggested that the experimentally observed characteristic fast SLR between Ty and Tz
states in pentacene originates from the out-of-plane low-frequency vibrations.

Pentacene in p-terphenyl ~ — P=Pr  — P-F2 Al O t-of-plane (bsg)
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[1] A. Henstra, P. Dirksen and W. Wenckebach, Phys. Lett. A 1988, 134, 134. [2] M. Oxborrow, J. D.
Breeze and N. M. Alford, Nature, 2012, 488, 353. [3] A. Mena, S. L. Bayliss et al., Phys. Rev. Lett.
2024, /33, 120801. [4] H. Singh, A. Ajoy et al., arXiv:2402.13898. [5] A. Lunghi, S. Sanvito et al.,
Nat. Commun. 2017, 8, 14620.
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New Electron Density Distribution analysis of MgsBN3 High
Pressure Phase and Low Pressure Phase via Modified Three-

Dimensional Discrete Cosine Transform and Maximum Entropy
Method

('The Institution of Professional Engineers, Japan) OHideo Hiraguchi '
Keywords: Modified 3-dimensional Discrete Cosine Transform; Maximum Entropy method,
Magnesium Boron Nitride

The previous researches'-® have shown that the precise electron density
distribution of Mg3BNj3 high pressure phase (MgiBN3(H), Orthorhombic Pmmm)
which has both a center of symmetry and planes of symmetry can be calculated via
the Maximum Entropy method®” incorporating the normal 3-dimensional Discrete
Cosine Transform® (3D-DCT) (Fig. 1). However, because Mg;BN3 low pressure
phase (Mg3BN3(L)»*) has a center of symmetry and a glide plane, the modified 3D-
DCT? is needed to calculate the electron density distribution. Therefore, in this

Electron density / A3

Electron density / A3

c-axis 144

20-10 ®10-20 ©20-30 #30-40 ®40-50 ®50-60 = 60-70 W70-80 H0-1 M1-2 m2-3 5 3-4 m4-5 W5-6 22

Fig. 1 An Electron density distribution map of Mg;BN,(H) calculated Fig. 2 An electron density distribution map of ma; of Mg;BN;(L)

by Maximum Entropy method incorporationg normal 3D-DCT vianormal 3D-DCT (Negative values were replaced by 0.001).

Mg research, the electron density distribution of
% Mg3BN3(L) (Fig. 3) has been calculated via
>4 . . .
£5 s the Maximum Entropy method incorporating
g 2 e . .
R . the modified 3D-DCT by using a starting
£ 0° NVmg 8 5 .
£ s o normal 3D-DCT map whose negative electron

HO-1 W12 W23 N34 8§ g B0
Fig. 3 An electron density distribution map oFMéBBEﬂL)calculated by
Maximum entropy method incorporating Modified 3D-DCT (still in the

process of convergence).

densities were replaced by 0.001 A~ (Fig. 2).

1) H.Hiraguchi, The 104" CSJ Annual Meeting, H937-2pm-07, 2023. 2) H.HIRAGUCHI, O.SAKATA,
H.HASHIZUME, A.TAKENAKA, O.FUKUNAGA.(1990). J. Cryst. Soc.Jp. OB-11, 32. 3) H.
HIRAGUCHI, H. HASHIZUME, O. FUKUNAGA, A. TAKENAKA, M. SAKATA.(1991). J. App!.
Cryst. 24. 4) H. HIRAGUCHI, H. HASHIZUME, S. SASAKI, S. NAKANO, O. FUKUNAGA. (1993).
Acta Cryst. B49. 5)H. HIRAGUCH]I, (2021).J.Appl.Cryst. 6) M. Sakata & M. Sato, Acta Cryst. A46,
263-270, 1990. 7) M. Sakata, R. Mori, S. Kumazawa, M. Takata & H. Toraya, J. Appl. Crvst. 23, 526-
534, 1990. 8) H.Hiraguchi, IUCr2023 in Melbourne.
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Novel Material Discovery and Synthesis Prediction using Genetic Algorithm (' Toyota Motor
Corporation) ONatsuki Kikuchi,! Koki Nakano,' Hisatsugu Yamasaki,' Makoto Saito!

With the advancement of Materials Informatics, the search for novel materials not listed in
existing databases is accelerating. This study aims to establish simulation-based techniques for
material discovery without synthesis attempts and to predict synthesis methods for new
candidate materials. We developed a material exploration workflow for ionic conductive
materials, combining genetic algorithms (GA) to generate novel crystal structures with the
M3GNET machine learning force field for property prediction. Using this approach, we
discovered metastable materials with high ionic conductivity (Fig. 1, 2). To validate these
results, we attempted to synthesize the discovered materials by utilizing PIRO!" for precursor
search and heat treatment temperature prediction, but a more stable alternative material was
produced, preventing successful experimental validation. Metastable candidate materials are
often obtained in new material discovery, highlighting the importance of synthesis prediction
techniques. This presentation will discuss the theory behind synthesis prediction tools,
intermediate data, and directions for improvement.

Keywords : Materials Informatics, Evolutionary Algorithm, Novel Material Discovery,
Computational Materials Science, Synthesis Route Prediction
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Mass Spectrum Prediction by Deep Learning Model Using Quantum Chemical Computational
Data (Tokyo Metropolitan University) (OTakahiro Kuroda, Naoki Nakatani

Accurate prediction of mass spectra (MS) used in the structural elucidation of organic
molecules is a critical challenge, particularly from the perspectives of library augmentation and
automated analysis of unknown samples. Machine learning-based predictive models have been
developed to address this issue. In this study, we investigated whether the incorporation of
quantitative information—such as bond energies and atomic charges, which were not
considered in conventional models—calculated through quantum chemical methods could
enhance prediction accuracy. Additionally, we computed the contributions of each descriptor.

For training, we utilized 5,043 EI-MS datasets from MassBank' along with their
corresponding molecular structures. We examined an MPNN? model that included existing
explanatory variables, such as atom types and connectivity, in addition to previously reported
bond energy prediction models? and atomic charges in neutral and cationic states derived from
quantum chemical calculations.

Although the model developed in this study did not improve prediction accuracy, we found
that the combination of natural atomic charges in neutral molecules and the differences in
natural atomic charges between neutral and cationic molecules exhibited high levels of
contribution compared to existing explanatory variables. This suggests that incorporating
information related to the ionization process into the explanatory variables is beneficial.
Furthermore, analysis using molecular fingerprints revealed a very weak correlation between
the number of similar molecules in the training data and prediction accuracy, indicating that
prediction accuracy does not depend on specific molecular structures or substituents.
Keywords : Mass Spectra, Quantum Chemical Calculation, Deep Learning, Organic Molecules
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[1] MassBank Open Access records on GitHub. https://github.com/MassBank/MassBank-data (accessed

2024-05-14). [2] Shree S. S. V. et al., Digital Discovery 2023, 2, 1900. [3] Gilmer J. et al., Proceedings
of the 34th International Conference on Machine Learning 2017, 70, 1263.
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