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A theory of resonance and off-resonance Raman scattering based on the crude adiabatic
representation ('Fukui Institute for Fundamental Chemistry, Kyoto University, *Faculty of

Engineering, Kyoto University, *Graduate School of Engineering, Kyoto University) O
Takumi Yagi,'* Wataru Ota,"* Naoki Haruta,'* Tohru Sato'

Conventional theoretical studies of the Raman scattering are based on the Born-
Oppenheimer representation’. In the Born-Oppenheimer representation, vibronic coupling is
considered by expanding the electronic wave function in terms of the time-independent
perturbation theory, and this treatment is different from that for electron-photon coupling as a
time-independent perturbation. In this study, a formula for the Raman scattering was obtained
based on the crude adiabatic representation where the role of vibronic coupling is more
straightforward than the Born-Oppenheimer representation. In the crude adiabatic
representation, the electron-photon and vibronic coupling are expressed as time-dependent
perturbations in the same way. In other words, in the crude adiabatic representation, the effect
of the vibronic coupling on a radiative process is determined by the order of the vibronic
coupling as a time-dependent perturbation, and furthermore, radiative and non-radiative’
processes could be clarified by the order of the electron-photon coupling and vibronic coupling.
Considering the vibronic coupling up to lst-order, the Raman intensity was regarded as the
sum of 2-photons and 2-photons-1-phonon terms, which are called the Franck-Condon term
and the Herzberg-Teller term respectively.

Keywords : Raman Scattering; Vibronic Coupling; Crude Adiabatic Representation
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1)a) A. C. Albrecht, J. Chem. Phys. 1961, 34, 1476. b) H. Ma, et al., J. Chem. Theory Comput.

2012, 8, 4474.
2) W. Ota, et al., Bull. Chem. Soc. Jpn. 2024, 97, uoad020.
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Theoretical investigation of chemical reaction pathways based on normal mode
analysis for Cope rearrangements
(* Graduate School of Science, Osaka University)
Hayato Nakanishi', Shusuke Yamanaka', Takashi Kawakami'!, Mitsutaka Okumura'

Keywords: chemical reaction pathways, cope rearrangement
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Identifications of reaction paths is essential for molecular design. In recent years, the
automated search methods such as GRRM have been established in the field of computational
chemistry. However, there are few studies on the analysis of the chemical reaction paths such
as the relationship among the structural changes and activation energies of the reactants (RC),
transition states (TS), and products (PC).

In this study, we investigated the relationship among the structural changes, bond-orders, and
energies on the RC-TS-PC reaction paths based on vibration analyses of RC, TS, and PC
structures. We limited the targets of the study to the Cope rearrangement and Claisen
rearrangement reactions. We found from our computational results that the reaction paths of
these reactions can be divided into three regions: two of which the reaction paths can be well
approximated by the harmonic oscillator models at RC and PC structures, and the other in
which the paths involves structural changes due to the bond alternations in the vicinity of TS
structures.  Specifically, in the harmonic oscillator regions, the reaction paths mainly consist
of the lowest modes at RC and PC structures. In reaction region, the paths deviate from the
harmonic oscillator models, but change the directions towards the imaginary directions at the TS
structures, which correspond to the bond alternations. We also examined the substitution

effects on this picture of the chemical reactions.
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Informatics analysis on molecular properties contributing to the circular polarized
luminescence of helicene derivatives based on knowledge graph ('School of Advanced Science
and Engineering, Waseda University, *Waseda Research Institute for Science and Engineering,
Waseda University, *SANKEN, Osaka University, *Suez Canal University, Egypt) O Yusuke
Sugenami,! Mikito Fujinami,> Mohamed S. H. Salem,** Shinobu Takizawa,> Hiromi Nakai'*?

A knowledge graph (KG) is a framework that represents the connections between concepts
with graph structure. Recently, data-driven methods for discovering new scientific knowledge
based on KG have attracted attention. In this study, KG-based data analysis methods are applied
to clarify key factors of the circularly polarized luminescence (CPL) property of
oxaza[7]dehydrohelicene derivatives, which are organic molecules with helicene-like
structures and have possibility to exhibit high CPL property. A KG was constructed based on
quantum chemical calculations of oxaza[7]dehydrohelicene derivatives and was utilized to
analyze the CPL property.

Keywords : Circularly Polarized Luminescence;, Knowledge Graph; Helicene
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[1] M. Fujiwara, M. Fujinami, M. S. H. Salem, S. Takizawa, and H. Nakai, J. Comupt. Chem. Jpn., 23, 37 (2024).
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Discriminability and robustness of crystal structure identifiers using graphs
(‘Graduate School of Engineering, The University of Tokyo) oTaku Tanimoto,' Koki Muraoka,’
Akira Nakayama'

In recent years, numerous materials databases have been constructed, aggregating results
from experiments and first-principles calculations. However, each database uses its own unique
identifiers, making it challenging to utilize data across multiple databases. To integrate these
distributed data, the development of structural identifiers is desired.

We have developed Graph ID, which assigns a unique identifier to crystal structures,
enabling rapid identity determination. Graph ID converts a crystal structure into graph
structures, repeatedly embedding coordination information into nodes. This method is less
susceptible to numerical errors in atomic positions and symmetry breaking, and it can
accurately determine topological differences in various crystal structures. We conducted a
detailed accuracy verification of Graph ID using broad datasets, evaluating its precision and
robustness. As a result, we identified rare pairs of structures that Graph ID could not distinguish.
By applying these insights, we developed and validated multiple new structural identifiers with
different levels of precision and robustness.

Keywords : Graph; Materials informatics; Crystal structure; Graph isomorphism
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1) Jain, A. et al. Commentary: The Materials Project: A materials genome approach to accelerating
materials innovation. APL Mater. 1, 011002 (2013). 2) Zagorac, D. et al. Recent developments in the
Inorganic Crystal Structure Database: theoretical crystal structure data and related features. J. Appl.
Crystallogr. 52, 918-925 (2019). 3) Saal, J. E., Kirklin, S., Aykol, M., Meredig, B. & Wolverton, C.
Materials Design and Discovery with High-Throughput Density Functional Theory: The Open Quantum
Materials Database (OQMD). JOM 65, 1501-1509 (2013). 4) Scheidgen, M. et al. NOMAD: A
distributed web-based platform for managing materials science research data. J. Open Source Softw. 8,
5388 (2023). 5) Calderon, C. E. ef al. The AFLOW standard for high-throughput materials science
calculations. Comput. Mater. Sci. 108, 233-238 (2015). 6) https://matfinder.net
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Evaluation of Errors in Energy Gradients via Data-Driven Clustering of Atoms Based on Local
Environments ('Advanced Science and Engineering, Waseda University, *Waseda Research
Institute for Science and Engineering, SENEOS Corporation) O Aoi Miyazaki!, Yuya
Nakajima??, Junji Seino'*?

We have developed a method that utilizes machine learning to cluster atoms while considering
their surrounding environments, enabling a pre-assessment of the computational accuracy for
local molecular properties. In this study, we extended this method to evaluate energy gradients
to assess the accuracies of various functionals and machine learning potentials.

Keywords : DFT functionals, Machine learning potential; Energy gradient; Clustering, Error
database
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Fig. 1. Heatmap of MAE:s for 11 functionals in 6 categories.
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