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Jahn-Teller Steering Committee (2009-)

“An Open-shell, Luminescent, Two-dimensional Coordination Polymer with a Honeycomb
Lattice and Triangular Organic Radical”, Shun Kimura, Uejima Motoyuki, Wataru Ota, Tohru
Sato*, Shinpei Kusaka, Ryotaro Matsuda, Hiroshi Nishihara, and Tetsuro Kusamoto, J. Am.
Chem. Soc. 143, 4329-4338 (2021).

“A Theoretical Investigation into the Role of Catalyst Support and Regioselectivity of Molecular
Adsorption on a Metal Oxide Surface: NO Reduction on Cu/y-Alumina”, Wataru Ota, Yasuro
Kojima, Saburo Hosokawa, Kentaro Teramura, Tsunehiro Tanaka, Tohru Sato*, Phys. Chem.
Chem. Phys. 23,2575-2585 (2021).

“Origin of Aggregation-Induced Enhanced Emission: A Role of Pseudo-Degenerate Electronic
States of Excimers Formed in Aggregation Phases”, Wataru Ota, Ken Takahashi, Kenji
Higashiguchi, Kenji Matsuda, Tohru Sato*, J. Mater. Chem. C 8, 8036-8046 (2020).

“Fluorescence via Reverse Intersystem Crossing from Higher Triplet States in a Bisanthracene
Derivative”, Tohru Sato*, Rika Hayashi, Naoki Haruta, Yong-Jin Pu, Sci. Rep. 7 4820 1-9 (2017).

“Thermodynamical vibronic coupling constant and density: Chemical potential and vibronic
coupling in reactions”, Tohru Sato*, Naoki Haruta, and Kazuyoshi Tanaka, Chem. Phys. Lett.
652, 157-161 (2016).
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1987 4 3 A EECKZTHVIFERHE LR TRARE 7

19874 7 H HESRZFILH#EL

1987 £ 10 A bl K # IR T

1990 /£ 4 H REBRZE T A50B0F

1997 4 7 H FESKZE AW R B %
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fbifEs HAR LSS, AMER, 7 AU YR, BE XAFS 558, HEHEEE,

WEEVRER

1.

[

. Dynamics of the Lattice Oxygen in a Ruddlesden—Popper-type Sr3Fe207 —

Ultra-long Distance Hydrogen Spillover Enabled by Valence Changes in a Metal Oxide
Surface

T. Kamada, T. Ueda, S. Fukuda, T. Yumura, S. Hosokawa, T. Tanaka, D. Kan, Y. Shimakawa, J.
Am. Chem. Soc., 2023, 145, 1631-1637.

. Emergence of Dynamically-Disordered Phases During Fast Oxygen Deintercalation Reaction

of Layered Perovskite

T. Yamamoto, S. Yamaguchi, T. Kosuge, A. Sugai, N. Tsunoda, Y. Kumagai, K. Beppu, T.
Ohmi, T. Nagase, K. Higashi, K. Kato, K. Nitta, T. Uruga, S. Yamazoe, F. Oba, T. Tanaka, M.
Azuma, S. Hosokawa, Advanced Science, 2023, 2301876.

. Kinetic Study of Heterogeneous Photocatalytic CO2 Reduction: Development of a General

Formula for Relations between Activity and Reaction Conditions

M. Morishita, H. Asakura, S. Hosokawa, T. Tanaka, K. Teramura, ACS Catal., 2023, 13, 6966-
6973.

. Oxygen Storage Capacity of Co-Doped SrTiO; with High Redox Performance

Y. Yoshiyama, S. Hosokawa, H. Asakura, K. Teramura, T. Tanaka, J. Phys. Chem. C, 2022,
126, 4415-4422.

. Tuning Ag-modified NaTaO; to Achieve High CO Selectivity for the Photocatalytic

Conversion of CO, Using H,O as the Electron Donor
X. Xu, H. Asakura, S. Hosokawa,T. Tanaka, K. Teramura, Appl. Catal. B, 2022, 320, 121885.

. Designing Reactive Bridging O2- at the Atomic Cu—O—Fe Site for Selective NH3 Oxidation

X. Guan, R. Han, H. Asakura, Z. Wang, S. Xu, B. Wang, L. Kang, Y. Liu, S. Marlow, T.
Tanaka, Y. Guo*, F. R. Wang, ACS Catal., 2022, 12, 15207-15217.

. Shift of Active Sites via In-situ Photodeposition of Chromate Achieving Highly Selective

Photocatalytic Conversion of CO, by H,0 over ZnTa,Oq
X. Xu, K. Teramura, H. Asakura, S. Hosokawa, T. Tanaka, Appl. Catal. B, 2021, 298, 120508.

. Strong Metal-Support Interaction in Pd/Ca2 AIMnO5+ 0 : Catalytic NO Reduction over Mn-

doped CaO Shell

S. Hosokawa, Y. Oshino, T. Tanabe, H. Koga, K. Beppu, H. Asakura, K. Teramura, T.
Motohashi, M. Okumura, T. Tanaka, ACS Catal., 2021, 11, 7996-8003.

0 Catalyst
during NO Oxidation

K. Tamai, S. Hosokawa, K. Ohnishi, C. Watanabe, K. Kato, H. Okamoto, H. Asakura, K.
Teramura, T. Tanaka, ACS Catal., 2020, 10, 2528-2537.




I

#HE (2023)

(3) E#EHE

[K4 (50 2370)]
(k4 ]

Gi

((ERGR R

[FAX]

[EFA—1LT KL 2R]
[R—2s—3]

(4 ]

7E
[(BUEDH LR E]
1%

i

I8

&

[BFem s — v — K]

[“7 1]

[(“#(r]

(s ]

(GHEESS)

(78, il
(32 5 4FLIA)

SPA BEKER (TH T 5
B E

FERR AR TEWER > T LK

FATZ5D)

075-383-2559
075-383-2561
teramura.kentaro.7r@kyoto-u.ac.jp

http://www.moleng kyoto-u.ac jp/~moleng_04/
fi AL 2E

CO2 &k

CO2, efllt, MM, KFB(LAUE, XAFS

SRR 1T AR (1999 ) 3 A HUERRF LRl LRAL AR AR
SRR 13 4F (2001 4F) 3 H BERRE R TERFERN ) T LA e L 1
W16 47 (2004 4F) 3 A BUBKER B LD T LA I LR IR AR

FEE IR
Bt (I9
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HERZER AR AE L=y N G ZaT v Ty D) -
e+
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ReEBh#E BRAZEER)

HHERER ALYy N (G227 hT v D) -
FEEEE GRFS, RREEEIIC B W T A FEIEUEIC L %)
R PR EGE L PE R F LK - il (=2
7S, S FHi)

2011 4£ 10 A 2015 4 3 A  FlIAEANREEERE S 22000 - B GRY)
20134 4 A 2021 4F 11 A BUARKZERZEBE TR - Lo IR - e
2021 FE 12 H - FECKRFRERG: THUITER ) T TR - #i%
20124F 2 H -20124F 5 H FEEA v I AT +— RK-ZEWIEE (Prof. Dermot O’Hare)

2004 £F 4 7 2005 £F 5 A
2005 £F 6 A -2006 £F 11 A

2006 £ 12 A -2007 4 3 H

2007 4 4 H 20114 3 A

2009 £ 4 H 2011 4 3 H

2011 4 4 H 20134 3 H

AR LTS, 7T AV ks, 72V BERETS, 7 AU YRS, fliys,
Sk, BRIETR, AAEZ Iy 7 A, AilFs, AAXAFS #fis, if
b, 7V —r 7 I A MY =%, PFAREES, SPring-8 FII# kS
1. Fourteen-membered macrocyclic cobalt complex for low-concentration CO, electrolysis
with high faradic efficiency towards CO
Inada, Takeshi; Iguchi, Shoji*; Moriya, Makoto; Ohyama, Junya; Nabae, Yuta; Naniwa,
Shimpei; Tanaka, Tsunehiro; Teramura, Kentaro*
Catalysis Science & Technology in press
DOI: 10.1039/D3CYO01177A
ChemRxiv (2023), 1-4
DOI: 10.26434/chemrxiv-2023-Ocrqz

2. Mg-doped SrTiO; photocatalyst with Ag-Co cocatalyst for enhanced selective conversion
of CO, to CO using H,O as the electron donor
Nakamoto, Takechi; Iguchi, Shoji*; Naniwa, Shimpei; Tanaka, Tsunehiro; Teramura, Kentaro*
Catalysis Science & Technology (2023), 13(15), 4534-4541
DOI: 10.1039/d3cy00576¢
ChemRxiv (2023), 1-40
DOI: 10.26434/chemrxiv-2023-x7zgc
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. Kinetic Study of Heterogeneous Photocatalytic CO, Reduction: Development of a

General Formula for Relations between Activity and Reaction Conditions

Morishita, Masashige; Asakura, Hiroyuki; Hosokawa, Saburo; Tanaka, Tsunehiro; Teramura
Kentaro*

ACS Catalysis (2023), 13(10), 6966-6973

DOI: 10.1021/acscatal.2c05823

. Hydrogenation of CO, over Mn-Substituted SrTiO, Based on the Reverse Mars-van

Krevelen Mechanism

Matsuo, Hiroki; Kobayashi, Minori; Naniwa, Shimpei ; Iguchi, Shoji; Kikkawa, Soichi ;
Asakura, Hiroyuki; Hosokawa, Saburo ; Tanaka, Tsunehiro ; Teramura, Kentaro*

Journal of Physical Chemistry C (2023), 127(19), 8946-8952

DOI: 10.1021/acs.jpec.3¢01183

. Highly Selective Photocatalytic Conversion of Carbon Dioxide by Water over Al-SrTiO,

Photocatalyst Modified with Silver-Metal Dual Cocatalysts

Wang, Shuying; Teramura, Kentaro*; Hisatomi, Takashi; Domen, Kazunari; Asakura,
Hiroyuki; Hosokawa, Saburo; Tanaka, Tsunehiro*

ACS Sustainable Chemistry & Engineering (2021), 9(28), 9327-9335.
DOI:10.1021/acssuschemeng.1c02126

. Dual Ag/Co cocatalyst synergism for the highly effective photocatalytic conversion of

CO, by H,0 over Al-SrTiO,

Wang, Shuying; Teramura, Kentaro*; Hisatomi, Takashi; Domen, Kazunari; Asakura,
Hiroyuki; Hosokawa, Saburo; Tanaka, Tsunehiro*

Chemical Science (2021), 12(13), 4940-4948.

DOI:10.1039/d1sc00206f

. Enhanced CO evolution for photocatalytic conversion of CO, by H,0 over Ca modified

Ga,0,

Pang, Rui; Teramura, Kentaro*; Morishita, Masashige; Asakura, Hiroyuki; Hosokawa,
Saburo; Tanaka, Tsunchiro*.

Communications Chemistry (2020), 3(1), 137

DOI: 10.1038/s42004-020-00381-2
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Kenji Matsuda

Professor (Adjunct Professor)

Fukui Institute for Fundamental Chemistry

Room A4-321, Katsura Campus

075-383-2738

075-383-2739

kmatsuda@sbchem.kyoto-u.ac.jp

http://www.sbchem.kyoto-u.ac.jp/matsuda-lab

Physical Organic Chemistry

Physical organic chemistry for molecular electronics and highly functional materials

Physical Organic Chemistry, Photochromism, Molecular Electronics, Supramolecular
Assemblies, Open-Shell Molecules

B. S., Chemistry, Graduate School of Science, The University of Tokyo (1992)
M. S., Chemistry, Graduate School of Science, The University of Tokyo (1994)
Ph. D., Chemistry, Graduate School of Science, The University of Tokyo (1997)

Doctor of Science from the University of Tokyo

Assistant Professor, Department of Chemistry, The University of Tokyo, 1994-1995

Assistant Professor, Institute for Fundamental Research of Organic Chemistry, Kyushu
University, 1995-1998

Assistant Professor, Department of Chemistry and Biochemistry, Kyushu University, 1998-2004
Associate Professor, Department of Chemistry and Biochemistry, Kyushu University, 2004-2008
Professor, Department of Synthetic Chemistry and Biological Chemistry, Kyoto University,
2008-present

JSPS researcher, University of Illinois, USA, 2001-2002

PRESTO research project leader, 2003-2007

Invited Professor, University of Rennes 1, France, 2011

Invited Professor, ENS Cachan, France, 2015

Chemical Society of Japan, American Chemical Society, The Japanese Photochemistry
Association, The Society of Physical Organic Chemistry, Japan, The Society of Synthetic
Organic Chemistry, Japan, Kinka Chemical Society, The Japan Society of Applied Physics

Executive Director, The Japanese Photochemistry Association (2022-2025)

Secretary General (Executive Director), The Society of Physical Organic Chemistry, Japan
(2022-2024)

Chairman of Electronics Division, Kinka Chemical Society (2018-2021)

1.Y. Hiroyasu, K. Higashiguchi, C. Shirakata, M. Sugimoto, K. Matsuda, Kinetic Analysis of
the Photochemical Paths in Asymmetric Diarylethene Dimer, Chem. Eur. J. 29, ¢202300126.
(2023)

2.Y. Nakakuki, T. Hirose, H. Sotome, M. Gao, D. Shimizu, R. Li, J. Hasegawa, H. Miyasaka, K.
Matsuda, Doubly Linked Chiral Phenanthrene Oligomers for Homogeneously 7 -Extended
Helicenes with Large Effective Conjugation Length, Nat. Commun. 13, 1475 (2022).

3. R. Yasui, D. Shimizu, K. Matsuda, Large Enhancement of the Single Molecular Conductance
of a Molecular Wire through a Radical Substituent, Chem. Eur. J. 28, 202104242 (2022).
(front cover)

4.Y. Kotani, H. Yasuda, K. Higashiguchi, K. Matsuda, Re-entrant Photoinduced Morphological
Transformation and Temperature - Dependent Kinetic Products of a Rectangular - Shaped
Amphiphilic Diarylethene Assembly, Chem. Eur. J. 27, 11158-11166 (2021).

5.Y. Sumiya, K. Higashiguchi, K. Matsuda, A Diarylethene Annulated Isomer as a Highly-
Conductive Molecular Wire Evaluated by the Exchange Interaction between Two Nitroxides,
Chem. Commun. 56, 2447-2450 (2020).

Inoue Research Award for Young Scientists, 1999

Chemical Society of Japan Award for Young Scientist, 2004
Nozoe Memorial Award for Young Scientist, 2006

Teaching Award, School of Engineering, Kyushu University, 2008
Japanese Photochemistry Association Award, 2016
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Hirofumi Sato

Professor

Department of Molecular Engineering, Graduate School of Engineering
A4-026

075-383-2548

075-383-2799

hirofumi@moleng.kyoto-u.ac.jp
http://www.riron.moleng.kyoto-u.ac.jp/

Theoretical Chemistry, Quantum Chemistry, Statistical Mechanics
Theoretical Chemistry, Physical Chemistry

Chemical reaction, Self-assembly, Solvation

March 1993, Master of Sci., Graduate School of Science, Kyoto University
May 1996, Doctor of Sci., Graduate School of Science, Kyoto University

Doctor of Science from Kyoto University

August 1996, Research Associate (Assistant Professor), Institute for Molecular Science, Okazaki
National Research Institutes

May 2002, Lecturer, Graduate School of Engineering, Kyoto University

May 2004, Associate Professor,

July 2010, Professor, Graduate School of Engineering, Kyoto University

April 2019-March 2023, Director, Fukui Institute for Fundamental Chemistry

June 2004-December 2004, Academic Visitor, PTCL, Oxford University

The Chemical Society of Japan, Japanese Association for Molecular Science, Japanese Society
of Theoretical Chemistry, The Japan Association of Solution Chemistry

Director (2022-2024), The Chemical Society of Japan

Executive Director (2012-2014, 2020-2022, 2024-2026), Committee member (2012-2016, 2018-
2022), Japanese Association for Molecular Science

Vice president, Japan Society of Theoretical Chemistry (2019-2021)

Committee member, The Japan Association of Solution Chemistry (2015-)

1. Satoshi Takahashi, Satoru Iuchi, Shuichi Hiraoka, and Hirofumi Sato, “Theoretical and
computational methodologies for understanding coordination self-assembly complexes”, Phys.
Chem. Chem. Phys., 25, 14659 (2023).

2. Kaho Nakatani, Masahiro Higashi, and Hirofumi Sato, “Extraction of local spin-coupled states
by second quantized operators”, J. Chem. Phys., 157, 014112 (2022).

3.Yuichiro Yoshida, Satoru Tuchi, and Hirofumi Sato, “A quantum chemical model for a series of
self-assembled nanocages: the origin of stability behind the coordination-driven formation of
transition metal complexes up to [M,,L,,]**"”, Phys. Chem. Chem. Phys., 23, 866-877 (2021).

4.Tomoaki Yagi and Hirofumi Sato, “Density functional theory for molecular liquids based
on interaction site model and self-consistent integral equations for site—site pair correlation
functions”, J. Chem. Phys., 153, 164102 (2020).

The Academic Award, The Japan Association of Solution Chemistry (2009)

Morino Foundation for Molecular Science (2008)

The Award for the Young Distinguished Scientist of the Japan Society for Molecular Science
(2000)

The Chemical Society of Japan Award for Young Chemists (2002)
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Jahn-Teller Steering Committee (2009-)

“An Open-shell, Luminescent, Two-dimensional Coordination Polymer with a Honeycomb
Lattice and Triangular Organic Radical”, Shun Kimura, Uejima Motoyuki, Wataru Ota, Tohru
Sato*, Shinpei Kusaka, Ryotaro Matsuda, Hiroshi Nishihara, and Tetsuro Kusamoto, J. Am.
Chem. Soc. 143, 4329-4338 (2021).

“A Theoretical Investigation into the Role of Catalyst Support and Regioselectivity of Molecular
Adsorption on a Metal Oxide Surface: NO Reduction on Cu/y-Alumina”, Wataru Ota, Yasuro
Kojima, Saburo Hosokawa, Kentaro Teramura, Tsunehiro Tanaka, Tohru Sato*, Phys. Chem.
Chem. Phys. 23, 2575-2585 (2021).

“Origin of Aggregation-Induced Enhanced Emission: A Role of Pseudo-Degenerate Electronic
States of Excimers Formed in Aggregation Phases”, Wataru Ota, Ken Takahashi, Kenji
Higashiguchi, Kenji Matsuda, Tohru Sato*, J. Mater. Chem. C 8, 8036-8046 (2020).

“Fluorescence via Reverse Intersystem Crossing from Higher Triplet States in a Bisanthracene
Derivative”, Tohru Sato*, Rika Hayashi, Naoki Haruta, Yong-Jin Pu, Sci. Rep. 7 4820 1-9 (2017).

“Thermodynamical vibronic coupling constant and density: Chemical potential and vibronic
coupling in reactions”, Tohru Sato*, Naoki Haruta, and Kazuyoshi Tanaka, Chem. Phys. Lett.
652, 157-161 (2016).
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1. W. Sakai, L. Gonnet, N. Haruta, T. Sato, M. Baron, “Theoretical study on mechanochemical

2021
2021 4F
2020 4F
2019 4
2019 4
2019 4F
20134 11 A

reactivity in the Diels-Alder reactions”, Phys. Chem. Chem. Phys. 26, 873 (2024)

T. Kato, N. Haruta, T. Sato, “Vibronic Coupling Density: Understanding Molecular Defor-
mation”, Springer, 2021.

N. Haruta, P. F. M. Oliveira, T. Sato, K. Tanaka, M. Baron, “Force-induced dissolution of
imaginary mode in mechanochemical reaction: dibenzophenazine synthesis”, J. Phys. Chem.
C123,21581 (2019).

A. Kuzume, M. Ozawa, Y. Tang, Y. Yamada, N. Haruta, K. Yamamoto, “Ultrahigh sensitive
Raman spectroscopy for subnanoscience: Direct observation of tin oxide clusters”, Science
Adv. 5, eaax6455 (2019).

T. Tsukamoto, N. Haruta, T. Kambe, A. Kuzume, K. Yamamoto, “Periodicity of molecular
clusters based on symmetry-adapted orbital model”, Nature Commun. 10, 3727 (2019).
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1974 4% 3 H 5GERRF T WEFERHMNEHM L S X i 3 BT BB

1974 £ 5 A T4 GRUERR)

1974-1975 £ HF 4 - TILN—4 KFHELHIZE R, 1988 £F - 1993 F £ 1 B K FHET
BAZ. 1993 £ - 2009 FH LR FER AR L E R RS AL EHBEIZ. 2004 4 - 2006
R TR R ER T RFERIERIE « TEE. 2007 4£ - 2009 £ UK Z#RI%E.
PEER, 2009 4F 4 A - 2010 4 6 A BLZAWEICIIERT AR, 2010 4F - 2018 4F H{L220F5E
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2006 4F - 2012 4 International Academy of Quantum Molecular Science (IAQMS, Menton)

Secretary General

2004 4 - 2012 4 Asia Pacific Association of Theoretical & Computational Chemists

(APATCC) President

1. The verification of delta SCF and Slater’s transition state theory for the calculation of core

ionization energy. Hirao, K.; Nakajima, T.; Chan, B.; Lee, H-J. J.Comput. Chem. 2024, 45,
183-192.

. The core-level 2s and 2p binding energies of third-period elements (P, S, and Cl) calculated

by Hartree-Fock and Kohn-Sham DSCF theory, Hirao, K.; Nakajima, T.; Chan, B. J. Phys.
Chem. A, 2023 127,7954-7963.

. The core ionization energies calculated by delta SCF and Slater’s transition state theory,

Kimihiko Hirao, Takahito Nakajima, Bun Chan, and H-J. Lee, J. Chem.Phys. 2023, 158,
016112

. Higher-Order Transition State Approximation,

Takahito Nakajima, Kimihiko Hirao, and Bun Chan, J.Chem.Phys. 2022 156 114112.

. Is charge-transfer excitation through a polyalkane single-bond chain an intramolecular

charge-transfer? EOM-CCSD and LC-BOP study
Jong-Won Song and Kimihiko Hirao, Chem.Phys.Lett. 2022 796 139563 (6 pages)

. Vertical Ionization Potential Benchmarks from Koopmans Prediction of Kohn-Sham Theory

with Long-Range Corrected (LC) Functional.
Kimihiko Hirao, Han-Seok Bae, Jong-Won Song, and Bun Chan, JPCM (Enrico Clementi
Memorial Issue) J. Phys.: Condens. Matter 2022 34 194001 (9 pages)

. Taking Advantage of a Systematic Energy Non-linearity Error in Density Functional Theory

for the Calculation of Electronic Energy Levels,
Bun Chan, William Dawson, Takahito Nakajima, Kimihiko Hirao, J. Phys. Chem. 4 2021
125 (49), 10507-10513
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8.

10.

11.

12.

An Improved Slater’s Transition State Approximation
Kimihiko Hirao, Takahito Nakajima, and Bun Chan, J.Chem.Phys. 2021 155 034101.

Koopmans-Type Theorem in Kohn—Sham Theory with Optimally Tuned Long-Range
Corrected (LC) Functionals

Kimihiko Hirao, Han-Seok Bae, Jong-Won Song, and Bun Chan, J. Phys. Chem. 4 2021,
125,16, 3489-3502.

Rapid prediction of ultra-visible spectra from conventional (non-time-dependent) density
functionak theory calculations,
Bun Chan and Kimihiko Hirao, J. Phys. Chem. Lett. 2020, 11, 7882.

Charge-transfer Excitation Energies Expressed as Orbital Energies of Kohn—Sham Density
Functional Theory with Long-range Corrected Functionals

Kimihiko Hirao, Bun Chan, Jong-Won Song, and Han-Seok Bae J.Phys.Chem.A 2020 124,
8079-8087.

Core level Excitation Energies of Nucleic Acid Bases Expressed as Orbital Energies of
Kohn—Sham Density Functional Theory with Long-range Corrected Functionals

Kimihiko Hirao, Takahito Nakajima, Bun Chan, Jong-Won Son, and Han-Seok Bae
J.Phys.Chem. A4, 2020 124, 10482—10494.

(Award, Fellowship)

2002 International Academy of Quantum Molecular Science (Menton, France)

2005 Chemical Society of Japan Award

2007 Fukui Medal, Asia Pacific Association of Theoretical & Computational Chemists
2008 Mukai Award

2010 ICCMSE Award, European Society of Comp. Methods in S&E
2018 Hyogo Prefectural Uplifting Award
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SF - mOTOETHN. BETHEEEMEL RTHEHIE
1978 4 3 A UK 2= LA Fe R A b 22 U R T
1978 fE 3 H Tt (GUIKR#)

1979 6 AKEITF—2— - aA2N—=2 3> « INA AV —F I A -, 1981
12 AFERR T #RB T, 1988 AE 12 [ Bh#Z. 1996 £ 11 H IHEB K F K2
Bt TR BB, 2012 4F 4 A SRk sl &gt > 4 — RO, 2015 4 4
AR RFELZHIZ 2 5 NICEBREEH L ektr o Yy — =27 U —F T
O—., 2019 4F 4 H» 5 B RKFRIFH LML > Y —FIFCU S —F 7 20—,
2021 4F 4 Bn 6 SR FE S i atgEt o ¥ =g B, 2022 4 7 A0 S /NEETE
EAFEEIN R > 4 —HEE

AAfE=
HALE=

1. New Polymeric Materials Based on Element-Blocks ( #£3& , Springer Nature, Singapore, 2019)

2. Theoretical Chemistry for Experimental Chemists — Pragmatics and Fundamentals” ( B |
Springer Nature, Singapore, 2020).

3. Organic Semiconductors for Optoelectronics ( :3& , John Wiley & Sons, Ltd., Chichester, West
Sussex, UK, 2021)

(PAEES)

1. fb¥ohon&
25 (2019).

2. fLFEONDONE e 203 (B3 ) 1k2F 74, No. 2, 28 (2019).

3. fpEononE B =E BWHOBIEE (BE ) {62 74, No. 3, 55 (2019)

4, OF7)R-FRmIXELICHL 2B2BEA TEAERET 21213 (HF) B
No. 1, 24-27 (2019).

5. I ab—Ta MR —BFEESIELETICEEESRNWEREKR—
Roald Hoffmann (iR ) Bif{L No. 1, 28-32 (2019).

Bt —E O7ILRRTY I A R (HE ) (L5 74, No. 1,
Bt m

6. fLFEONDONE F_fwE ATbh>THo65 I & (HE) (b 74, No. 4, 45
7. gzto‘;‘g%ho“hﬁ B TRl ETEEN (B ) kY 74, No. 5, 59 (2019).

8. fb¥oNDONE HE_tANE TLERETEWIERET) (B3 ) (b 74, No. 6, 43
9. gig%hﬁmﬁ EohR HMEEAEEKRIIE (HEF) {574, No. 7,53
10.%250‘%‘129’))%’)‘%% BA\E SEOMTEE & O (B ) L% 74, No. 8, 26
ni%%h'jh% BT uE BLRITAD OHEE (HE) b2 74, No. 9, 19




I F%R& (2023)

12. (¥ DN DN E

13. b DN DONE

14 AL¥EO>NONE
40-41 (2019).

15. (¥ DN DONEL

16. (L DN DONEL

17. ¥ >N Nk
(2020).

18. {bL¥ DN DONEL
36 (2020).

19. kDN DN E

20 fbEDN DN E

BT MER & HEBROML (HE ) (k¥ 74, No. 10, 35 (2019).
= @ SEEDERED Z & (H3%) {b%% 74, No. 11, 35 (2019).
B+ UTF T LAF > ZOREM (B3 ) k% 74, No. 12,

Z=mE SERRRHMR OB (B3 ) (k% 75, No. 1, 25 (2020).

=FE REMFEOMEE (HE ) (b 75, No. 2, 21 (2020).
=tHE A O BARE (BE) k5 75, No. 3, 39

B=TKE AW [ OAFTF (HE) L% 75, No. 4,

=R BEES ADERFEN (HE) (K 75, No. 5, 57 (2020).
BHoA\E FR OO 1)) ARYYE & E O (BE ) b

%75, No. 6, 23 (2020).

21. (LD DONE

R ALFEDOINDONE
(2020).

23 {fbFEDODNDONE
(2020).

24 AbFEDNDONE
10, 47 (2020).

25 (¥ DN DONEL

26. b HONONE

FEoAE LB ICED & (HE) (B 75, No. 7, 39 (2020).
EE HAOILFEEREAOER (HEF) 1k 75 No. 8, 35

Ehu+—m PR FEIC DWW T (HE) L 75, No. 9, 29
O+ E S HBRZICE DD S ENH () (L2 75, No.

BT =[] CNT BIH# DY T 5k (B3 ) {b# 75, No. 11, 37 (2020).
ErrE PR TOMY N7 I A Ey (HE) b

75, No. 12, 48 (2020).

27. {bFEDNDONE

28 ALFEDONONE
(2021).

29 fbEDN DN E

30 fLFEDNDNE

3 {EEONONE

2. bEO>NONE

3B ALFEDODNDONE

34 (LEDN DN

35.{bFEONONE

36. {b¥EONDONE

37. {6 DN DN E

38 ALFEDODNDONE
(2021)

39 {b¥EDONDONE
33 (2022)

40. b DN DN
(2022)

a1 ArFE-O>NON&
41 (2022)

D AbEODN DN
(2022)

3. {bFEo >N oONn&

44 AbFEDONDONE

45 bFDONDONE
(2022)

46. {L¥DONDONEL

47 fb¥FDONDONEL

48. {bEDN DN
(2022)

49 {L¥DONDONEL

50. fbF DN DN E

51 {fb¥EDO>NONE

52 {b¥EONONE

53.{b¥oNnoONnE
(2023)

SOt REEE (B ) (k5 76, No. 1, 33 (2021)
BrtRE 7T —=HA1TENDI O (HE) L 76, No. 2, 41

BUtE FOS&AENT (HE ) (B 76, No. 3, 47 (2021).
FEIUF /AR FNTHZWEmX (BE ) {65 76, No. 4, 23 (2021)
BRSO (HE ) (k¥ 76, No. 5,31 (2021)
BHAE BOHOWE 2 (HEF ) (k% 76, No. 6,41 (2021)
EHT—E JESEAERE more (B3 ) (L2 76, No. 7, 37 (2021)
R E ERRARESE(L (B ) (% 76, No. 8, 29 (2021)
Wht=lE EEIBR O —F (B ) (K 76, No. 9, 49 (2021)
EHTWME KIT/AR2AE=D (HFEF ) 1L 76, No. 10, 35 (2021)
WEHTRE 5F (B ) (k2 76, No. 11, 41 (2021)

EHARNE SED ) —~)VEEE (BE) 8% 76, No. 12, 59

FAHTLRE HMEEZEEZET I L more (HE ) L% 77, No. 1,

BHA/UE —BES T hoE— (EEF) L% 77, No. 2, 35

BOtAuE EEEREER SR E S TR 2 (B3 ) (B 77, No. 3,

BAthE F—¥aL 7 MNOBEAI (HEE) L% 77, No. 4, 29

ENT | EETHR? (B ) 1k 77, No. 5, 57 (2022)
FATE HEHFOWEE more (B ) L2 77, No. 6, 41 (2022)
AT =R mXEREEL U ISR (EFE) LY 77, No. 7, 32

B NFEAEEANU T A (B ) B 77, No. 8, 55 (2022)
R THE BFHWANA (B ) (K 77, No. 9, 47 (2022)
BANTAE F—HWE Aagain ? (HE) {L2 77, No. 10, 31

HRTEE T2 hoE—FSME (BEF) L% 77, No. 11, 23 (2022)
N\ FARIRENZ)AR (Hi% ) (k2# 77, No. 12, 45 (2022)
FARTIE BNEZ LD 2 (HE ) B 78, No. 1, 59 (2023)
HLAml FEEFLIH & RKIRAT A (B3 ) b2 78, No. 2, 47 (2023)
Bttt —E BEEEEOEOY U R (BEF) L 78, No. 3, 25

54, FHLETE (B ) AP REE 56, No. 11, 431-440 (2020).
55%%%&@/~&»k?§%%;m9(E%)a%k%I%fﬁ'Bmﬁ)mzo

(2020).




I F%RE (2023)

56. 7O E 2 —4 OftfA (HE ) BILULEE No. 6, 38-44 (2020).

57. atEALFE AN Bk e & DA L— X stk 2 BE L T 1 Find K ONREIB R o E
DOHfR (B ) BAREY, No. 4, 66-69 (2020).

58. GHEALFEAM Bt E DAL — AR EHIEL C2 WM& &b al—F1 >
A= (HE ) HAESE , No. 5, 70-73 (2020).

59. FIEALZE AP B EE & DA L— Xzl a HIFEL T3 BB ARG THEEIZDONT
(HFE ) BRL% , No. 6, 70-73 (2020).

60. HEALFAM B L FE DA L — X TxiEm 2 HIEL T 4 R OEUG & HE
(H#F) BRYE, No. 7, 64-67 (2020).

61. FIEALZEAM B L E DA L— X E BIEL C 5 o PG O &REl (HE)
HALS |, No. 8, 67-70 (2020).

62. RHEALE AP B L2, & O A L — XT3 ik Hig L T 6 T DETIKREN S DFEH
(B ) BRYE, No. 9, 54-59 (2020).

63. FHEALFEAM B b2 E DAL — X3 E BIEL T T 0 TOH DAL REEIC
WTOEH (Hi3E ) B, No. 10, 70-74 (2020).

64. GHEALEAM BER(bE & DA L— X izHEki 2 BIE L T 8 0 T OB T & DR
(B3 ) B, No. 11, 66-70 (2020).

65. STREALE A Mam ﬂ:%ao)sz Az BIEL T INMR A7 MLIZDNWT
DHEGRBIFAT () BIRE: , No. 12, 55-59 (2020).

66. sTEALFAM BER(LF & DX L— X 7a ki 2 HiE LU T 10 LRI EFOLITDNT (1)
(B ) BIR{LF , No. 1, 59-64 (2021).

67. st EALEAM f%ﬁﬂ:‘?&@xA—fﬁ%ﬁ% HiEL T 11 BRI EFERITDNT (2)
(B ) BRL% , No. 2, 55-59 (2021).

68. BIEAL =AM B b & DA L —XlsiEmia Hig U T 12 (LSO PN A
SHEMAIER (BE ) B, No. 3, 73-77 (2021).

69. At AL AM b & DA L — Rtk Z HIEL T 13 LGB BEZHD
(B ) BRI, No. 4, 62-65 (2021)

70. FHEALF A Him L E DAL — X R A2 HIEL T 14 2P OZRE (HE)
BAAE2 , No. 5, 71-75 (2021)

71 GTEALE AN BEbsE & DX L — XTaiEmie Ba U T 15 BUadiisg () Bif1L
%%, No. 6, 56-60 (2021)

72. ”r%iﬂi%)\la'ﬂ Mt EDAL— A EHIELTCl6 7 F I alb—a >
(B3 ) BUEE , No. 7, 56-61 (2021)

73. GIEAL AN HE b E DR L— Xt ki zZ Bie L C 17 KERST (HF) B
{b% , No. 8, 54-57 (2021)

74. ;ﬁrﬁﬂz%J\Fﬁ HE P E DA L— X Ta ki 2 HE L T 18 1 RICHERHR 2 KIThS i
DFNTT (HEF ) BEY:, No. 9, 56-61 (2021)

75 LD =D DEFEAM 1 *ﬂﬁ%c‘:rf"’iﬁ(ﬁ%‘)fﬁfﬂb% No. 1, 64-67 (2022)

76. ALZE D= DEFEA 2 &F 1% S msr (B ) TRIEFE , No. 2, 64-68 (2022)

T1ACED T2 DECFE A 3 WMo AR (HE ) BUUEYE, No. 3, 63-67 (2022)

T8 AL DT DEFEAM 4 BT I1EITHBIT B E M HRER ( ﬁ%) BRI, No. 4,
68-73 (2022)

19 AL D =0 DEFEA 5 BT 1F#ICBT M HERO (HE ) T, No. 5,
64-68 (2022)

80. (LF D= DEHFAM 6 BFIFITBT 2w HERQ (HE) BHMLZ, No. 6,
65-71 (2022)

81 L D7D DEHEAM 7 BT HHTBT 2 RMH HEAG (HE ) HMAUE, No. 7,
63-68 (2022)

82. LD 7= DEEAM 8 AWM HEHD (B ) BUULEF , No. 8, 62-67 (2022)

83. (L D7D DEEAM 9 EAMRHE @ (HiEE ) B, No. 9, 65-69 (2022)

84. (LD =D DX A 10 178 175 RO ( HZF ) HRILF |, No. 10, 63-67 (2022)

85. (L ED =D DECFEAM 11 15 EATHIAD (HE ) BUUES: , No. 11, 68-73 (2022)

86. {LF D 7= DEE AP 12 JHFRE & Bam ( H3 ) BILEZ , No. 12, 67-73 (2022)

87. AL D 7= DECEAM 13 HAWREROME (3 ) BILY:, No. 1, 73-78 (2023)

88. (L E D7 DECFEAM 14 #iat & (B ) BIL , No. 2, 66-73 (2023)

89. (LD 7= DEE A 15 RICMH & 7 — & WEE (B ) B2, No. 3, 67-71
(2023)

90. DeepMind21 2SWVERIEICH 7= 598 (HEF) LY, No. 6, 53-55 (2022)

91 Lo DONE B+ m 1 X0 (B3 ) L2 78, No. 4, 50 (2023)

N ALEDNDONE HLT=E ME LW (HE ) L% 78, No. 5, 31 (2023)

B ALEDONDONE FHLFWE NA AT X EFERE (HEE ) (L2 78, No. 6, 35 (2023)




I F%R& (2023)

(A BE R D 52 E 72 &)

9. (¥ ONONE FL M Moore DiEAI&E H DA EIK (HE ) {2 78, No. 7,
31 (2023)

95. kO ONE  HE+s5E Climb Every Mountain ( i3 ) {k2% 78, No. 8, 36 (2023)

96. L FDONDONE B LR 5 EEEER/NT ? (HEF) (K 78, No. 9, 52 (2023)

97. (LFDONDONE FL /el FHEOEWMRN>T? (HEF) {L2% 78, No. 10, 38
(2023)

98. fbEONDONE HLtinl k&E/KE (HFE) (L5 78, No. 11, 50 (2023)

9. fbEDONDNE /TR XTIV T—)L R EEYEE (BE) L% 78, No. 12, 32
(2023)

100. fbk¥ONONE FE/A+—E o/ X—= 3> - Ry 7 ABHET (EE) (L
79, No. 1,27 (2024)

101 {b%ONONE  FH/\H A  Schrodinger-Zimmer ( B35 ) b5 79, No. 2, 25 (2024)

102 % DNDONE  FH/\T=E HEOETIE (HE ) B 79, No. 3, 53 (2024)

103. &3 — I FE &R, 1936-1988 ( F4ER 1940-1982)) BHiL & t&HHH 404
EHEERT T—HA TXFEALEE (I3 ) (B2 78, No. 9, 12-16 (2023)

104 (L FHBEDE 14 FEEE 1 REMFHEE F o6l 5 727D/ —N)ULFE
BB RL (B3 ) b2 & T3 76, No. 7, 462-464 (2023)

105 EASKRHYZ LR ARk ALIC K - THERILY: - FHE(LAIIED S0 (HE) Bfb?
No. 8, 39-40 (2023)

106. 70> 7« THER G &1 204 EEE (HE ) BIUES No. 11, 51-55 (2023)

(CA ERISTHe R

1. Force-Induced Dissolution of Imaginary Mode in Mechanochemical Reaction:
Dibenzophenazine Synthesis (N. Haruta, P. F. Marques de Olivieira, T. Sato, K. Tanaka, and M.
Baro) J. Phys. Chem. C, 123, 21581-21587 (2019).

2. Tellurophene-Containing 7t -Conjugated Polymers with Unique Heteroatom—

Heteroatom Interactions by Post-Element-Transformation of an Organotitanium Polymer
(H. Nishiyama, F. Zheng, S. Inagi, H. Fueno, K. Tanaka, and 1. Tomita) Polym.
Chem., 11, 4693-4698 (2020).

3. Hydrogen Adsorption/Desorption Properties of Anhydrous Metal Oxalates; Metal = Mg and
Ca’" (M. Matsumoto, T. Kita, and K. Tanaka) Bull. Chem. Soc. Jpn. 93, 985-987 (2020).

4. How to Explain an SN, Reaction ? (M. Murakami and K. Tanaka) J. Synth. Org. Chem., Jpn,
79, 1073-1076 (2021).

(A B2 im0

2002-2007 4 BN IR ELEARS (JST) O HRKAYAIEFTEHERE F3€ (CREST) [H% 0 T3
FHZE D F /BT TN ARE] R EH

2004-2005 4 SCHEFHAB RN Y 5 X8 —BILHE¥E (58T /700 525 —] OFJ
7V IKFERFE T —< [mRNA OEHFR R R 7 N O LMY —EX 0%
R IREE




I F%RE (2023)

(K4 (50073)]
(4]

(A=)

(F7E=]

(=R

(FAX]

(BEF AT RLA]
(F—LuX—2]
(WF5E 70 8]

(BIE DL E]
(FENEF—T — K]
(“4FE]

(EZA

(W IEE)

GlEE=S

(“FRIEE]

(EaEE, Fims
GAZX 5 FELIN)

[SEZIPS

27U —F T d—

EHHR a2y —

209

075-711-7902

075-711-7902

kaztak@fukui.kyoto-u.ac.jp

http://mns2.fukui.kyoto-u.ac.jp

M b, LB %M, TR

FEWTEVE T A K DAL A SO0, IR L, EAIREBIC BT DL o i
LB 1% - BTECRE 1% - EWBABIRORE: - L —F—{L#
1978 4F 3 H  KBRKRFRZFRLHEAE T AR RME 2R B UCA A BG4 3
Tt

1978 4F 8 H J—AXF XM KRF HHKE

19794 9H A7) 7 TRRFELHEE

1982 4F 1 A RAIEENT 3L FIWF 7S o R # i ge i B am i o2 R Bh 7

1987 £ 4 H AHBRFHEBERE (GiTRKFRZER TFEUZERE K OB 22137

Bl fH21)
1992 4F 4 H AR KRR N SR A e 8%
1997 4£ 10 A — 2016 & 3 H HEECRPERZAGTRR G SULIFFER
1998 4 4 H— 2016 4 3 A HEEKFEIE MPERMERMLEER G
2001 4 4 H— 2016 4 3 B HAREHTEHERE S TR AEIT IR GRE(D)

2016 4F 4 H— 20214 3 A @\E—Famitry— UV —FU—4¥—
2021 % 4 A— &AL Y- =7 UY—F T 00—
HAb%E, HAWESRES, 7 AU Mb%E, 0 T7R%s, Hamb¥s

SRS TREMAIAE Q01643 AXT). SEHIZAERZE (GEARM), Chem.

Phys. b= B
i 3

1. Kazuo Takatsuka,” Maupertuis-Hamilton least action principle in the space of variational
parameters for Schrodinger dynamics; A dual time-dependent variational principle” J. Phys.
Comm. 4, 035007 (16 pages) (2020)

2. Kentaro Yamamoto and Kazuo Takatsuka “Charge separation and successive reconfigurations
of electrons and protons driving water-splitting catalytic cycle with tetranuclear Mn oxo
complex. On the mechanism of water splitting in PSII.” Phys. Chem. Chem. Phys., 22, 7912-
7934 (2020)

3. Kazuo Takatsuka and Yasuki Arasaki, “Energy Natural Orbitals” J. Chem. Phys. 154, 094103
(2021). (14 pages).

4. Kazuo Takatsuka “Electron dynamics in molecular elementary processes and chemical
reactions” Bull. Chem. Soc. Jpn. 94, 1421-1477 (2021).

5. Kazuo Takatsuka and Yasuki Arasaki “An orbital picture extracted from correlated electronic
wavefunctions for symmetry-forbidden and nonadiabatic chemical reactions: 70 years of
Fukui frontier orbital theory and beyond.” J. Chem. Phys. 155, 064104 (2021). (18 pages)

6. Kazuo Takatsuka “Time-dependent variational dynamics for
nonadiabatically coupled nuclear and electronic quantum
wavepackets in molecules” Eur. Phys. J. D 75, 252 (2021).

7. Kota Hanasaki and Kazuo Takatsuka, “Spin current in chemical reactions” Chem Phys. Lett.
793, 139462 (2022) (7 pages)




I F%R& (2023)

(A B R D2 E 73 £

8. Kazuo Takatsuka, “Quantum chaos in the dynamics of molecules”
Entropy, 25, 63 (2023) (52 pages) (open)

9. Kazuo Takatsuka and Yasuki Arasaki, “Electronic-state chaos, intramolecular electronic
energy redistribution, and chemical bonding in persisting multidimensional nonadiabatic
systems” J. Chem. Phys. 159, 074110 (2023)

10.Kazuo Takatsuka, “Schrodinger dynamics in length-scale hierarchy: from spatial rescaling to
Huygens-like proliferation of Gaussian wavepackets”
J. Phys. A: Math. Gen. 56 (2023) 445302 (22 pages)

11.Kazuo Takatsuka, “Geometrical decomposition of nonadiabatic interactions to collective
coordinates in many-dimensional and many-state mixed fast-slow dynamics” J. Chem. Phys.
160, 044112 (2024) (7 pages)

GFRESE Q0134), HA{LY¥2E (2014 4F), Mizushima-Raman Lectureship
Award (2016 4F), Fukui A %)L (2019 4F)




I F%RE (2023)

(K% (5DH7)]

(4]

(P i)

(WF7E=]

(&30 5]

[FAX]

(BT A=Y RLX]

(Wt5E57 BF]

(RIEDOHFFERRE]

(BFFP%F— 7 — K]

(W& JEE)

QLSS

(EEE. il )
(B 5 FLIN)

(B R D2 E T E]

Tatsuhisa Kato

Part-time Researcher

Fukui Institute for Fundamental Chemistry

Room 202

075-711-7843

075-711-7838

kato.tatsuhisa.6e@ kyoto-u.ac.jp

Molecular Spectroscopy

Spin Chemistry of Radical Molecules

Spin chemistry, Radical molecule, Electron spin resonance

March 1979, Master of Sci., Graduate School of Science, Kyoto University

July 1984, Doctor of Science from Kyoto University

April 2019, Professor Emeritus, Institute for Liberal Arts and Sciences Kyoto University

Chemical Society of Japan, Society of Molecular Science Japan, Society of Electron Spin
Science and Technology Japan

1. Y. Mizuhata, W. Ijichi, R. Nishino, T. Kato, E. Kayahara, S. Yamago, and N. Tokitoh,
“Synthesis and characterization of novel hydrodigermenide and digermyne radical anion “,
Polyhedron, 2023, 244, 116614. (DOI: 10.1016/j.poly.2023.116614)

The Society Award from the Society of Electron Spin Science and Technology Japan in 2017.




I F%R& (2023)

(KA (5007)]
Ui #4]
(P i)

(WF7E=]

(FAX]
(BEFA-IT RLX]
(BFFE5) )

(BIE OB E)
(BN F—T — K]
(2]

CZIA

(&)

GIEE=S)|

CESEL)!

(EEE, i)
GHZ 5 FLAN)

(AR R D2 E 72 &)

W OMAE (XTI XIE)

WA

R amE >y —

M —raitt > 5 — 104

075-711-7708

075-781-4757

msasai@fukui.kyoto-u.ac.jp

IR OERLF

JURT > OEYME - 5 NI ETAFI T A

7 DNLIKKE - 7O F U RAAL S - WHY XL - BIETRY hT—2
1985 4 3 H 5UER K 2EBR2ARF O RHE 138 WIRRAR M PR 2258 — B T i 3R =7
1985 £ 5 A Bl2AfEE UK
1985 £ 8 H
1991 4E 4 A
1998 4 4 A
2006 4 4 A

2022 4E 4 A
2022 % 6 H

DTREEEET BT

HERRFAEL BB

AT BRARAGE N SRR B%
HERRERA G LR B
HEBRFARAGR AR R
FERAEHIHR et >y — BIEAR

HALEY A2,
Biophysical Society

HAMHE A2,

AAS AR (201748 10 H -2023 £ 9 )

] B K OV B8 & (TUPAP) Biological Physics Commission (C6) Chair (2022 4
1 A -2024 412 A)

PRAL SRS A e BE R A2 & > 4 — Advisory Council & B (201844 H -2024 4E3 )

1. S.S. Ashwin, Tadasu Nozaki, Kazuhiro Maeshima, and Masaki Sasai,
Organization of fast and slow chromatin revealed by single-nucleosome dynamics. Proc. Natl.
Acad. Sci. USA 116, 19939-19944 (2019).

2. Bhaswati Bhattacharyya, Jin Wang, and Masaki Sasai, Stochastic epigenetic dynamics of gene
switching. Phys. Rev. E 102, 042408 (2020).

3. Masaki Sasai, Mechanism of autonomous synchronization of the circadian KaiABC rhythm.
Scientific Reports 11,4713 (2021).

4. Shin Fujishiro and Masaki Sasai, Generation of dynamic three-dimensional genome structure
through phase separation of chromatin. Proc. Natl. Acad. Sci. USA 119, €2109838119 (2022).

5. Tadasu Nozaki, et al., Condensed but liquid-like domain organization of active chromatin
regions in living human cells. Science Advances 9, eadf1488 (2023).

6. JHEHT , I, o~ F EEIN DL BT ) LNIARKEE
YR 64(2), 78-84 (2024) DOI: 10.2142/biophys.64.78

2003 4 10 H A ERKRFZEHELREIE
2008 4 9 H  EEEEUIZERE KIAS 25 5 —




I F%RE (2023)

(K% (500378)]

(4]

(Fir i)

(FF7E%]

(BT A=Y RLX]

(R—LR—2]

(BF5E57 8]

(RIEDOHFFERRRE]

(BFFP%F — 7 — K]

GilEE=S

(EREE, FilamixX]
(B 5 F£LIN)

Hie R (b E T E)

e ro—

fEHHR e EE >y — mEII—T

HEORFEY S v 2 /N 16 5B 525A

yasuki_arasaki@fukui.kyoto-u.ac.jp

http://mns2.fukui.kyoto-u.ac.jp/~arasaki/

HEm L

FETELE) ) 2F BRI K DAL ROR

FEMTEMH AR, 7 5 ALY —, hiEIREE 1%

2000 £ 9 A REURZARZAREH & SUEWIFERELRRRE T

2000 49 A L (i) GREIRS)

200010 H HRERFEA>TFTUP> b EFTUY - IR MY —EKER

2002 4F 10 H  HECKZERZRBESUEFER %R
2017 45 4 A fEHEE a4y —

O FRRER

WF9E7 zo—

1. Andres Tehlar, Aaron von Conta, Yasuki Arasaki, Kazuo Takatsuka, and Hans Jakob Worner,

Ab initio calculation of femtosecond-time-resolved photoelectron spectra of NO, after
excitation to the A-band, J. Chem. Phys. 149, 034307 (2018, 13 pages).

.Y. Arasaki and K. Takatsuka, Chemical bonding and nonadiabatic electron wavepacket

dynamics in densely quasi-degenerate excited electronic state manifold of boron clusters, J.
Chem. Phys. 150, 114101 (2019, 18 pages).

. K. Takatsuka and Y. Arasaki, Energy natural orbitals, J. Chem. Phys. 154, 094103 (2021, 14

pages).

. Y. Arasaki and K. Takatsuka, Energy natural orbital characterization of nonadiabatic electron

wavepackets in the densely quasi-degenerate electronic state manifold, J. Chem. Phys. 158,
114102 (2023, 21 pages).

.Y. Arasaki and K. Takatsuka, Sonification of molecular electronic energy density and its

dynamics, RSC Adv. 14, 9099-9108 (2024).




I F%R& (2023)

(K% (5D72)]

(4]

(A ]

(WF7E%]

(BT AT FLA]

(WF5E 50 B ]

(HRAE DS E]

(HFFENAF—7 — K]

(/]

GlEE=S)|

(EEE, il

ek

IEPN

W7 ro—

R asEt > —

fEHk— R et > & — 303

khanasaki88@gmail.com

st HERILE

BT OB A AE L 2 b

JEWTEAE St AE AL BT T I VIR

2014 3 A REURZARR G SULHIFERNA SR 2 H i LR E T

[ 1))

2014 4£ 8 A Deutsches Elektronen Synchrotron (DESY), Center for Free-electron Laser
Science (CFEL) 1 LHF9EE

2016 £ 7 A RACKZAHAERHMU AR B R L A 7E 2 R R

2018 4F 4 i KA i@t >y —mERE Uiy co—

2020 4 8 A University of California, Riverside, Nanoscale & Mesoscale Energy Material
Group THELIFIEE

2022 F 9 H H#ERFEEIR i agit >y —mERE WY o—

2024 42 A University of Ziirich, Department of Chemistry, Luber group 1#L-#/5¢ &

RIS

1. K. Hanasaki and K. Takatsuka, “Relativistic theory of electron-nucleus-radiation coupled
dynamics in molecules: Wavepacket approach”, J. Chem. Phys. 151, 084102 (2019).

2. K. Hanasaki and K. Takatsuka, “Relativistic formalism of nonadiabatic electron-nucleus-
radiation dynamics in molecules: Path-integral approach”, Phys. Rev. A 100, 052501 (2019).

3. K. Hanasaki and K. Takatsuka, “On the molecular electronic flux: Role of nonadiabaticity and
violation of conservation”, J. Chem. Phys. 154, 164112 (2021).

4. K. Hanasaki and K. Takatsuka, “Spin current in chemical reactions”, Chem. Phys. Lett. 793,
139462 (2022).

5. K. Hanasaki, Z. A. Ali, M. Choi, M. Del Ben, and B. M. Wong, “Implementation of real-time
TDDFT for periodic systems in the open-source PySCF software package”, J. Comput. Chem.
44,980 (2023).

6. K. Hanasaki and K. Takatsuka, “Spin current in the early stage of radical reactions and its
mechanisms”, J. Chem. Phys. 159, 144111 (2023).




I F%RE (2023)

(K% (5DH7)]

(4]

(P i)

(WF7E=]

(ET ALY RLX]

(BF5E57 8]

(BAE DR E]

(e EF—7 — K

[2£1)

(%#41)

(& HE)

(Fr@~t=

(EEE, Film )
(G2 5 £ELIN)

B o (ALCLA LA)

RrEmst B

fEHHk—RarEt >y —

208

075-711-7894

sfij@fukui.kyoto-u.ac.jp

L

BRAEMICTBT B 7 0~ T > EiE RGO B R

ek, ZOxT 2, BEHIE, RSP, BEIal— 3>

2019 £ 3 At BR AR AU E R AT T I iR A AT SR 2

201643 A TH#EL (BHHEKRD

2019 4F 4 A — 2020 3 H ATERRFZRZER T AWIERE I i B
2020 £ 4 H— 202245 A A BERERFER TEMARA R
2022 % 6 A— FESKZFERHASE et > ¥ —REWRE

HAE B2

Fujishiro, S. & Sasai, M. Generation of dynamic three-dimensional genome structure through
phase separation of chromatin. Proc. Natl. Acad. Sci. U.S.A. 119, ¢2109838119 (2022).
Nagashima, R., Hibino, K., Ashwin, S. S., Fujishiro, S. et al. Single nucleosome imaging reveals

loose genome chromatin networks via active RNA polymerase II. J. Cell Biol. 218: 1511-1530
(2019).




I F%R& (2023)

(K% (50073)]

(4]

(P i)

(WF7E=]

(BT AT RLA]

(WF7E57 5F)

(RIEDHFFERRE]

(FENEF—T— K]

(E72EE, Film )
GHZE 5 FLAN)

S HK (hRED IOV

W7 ro—

IR ari >y — ek BT — T

il BRI HEVITI 601

kanemaru.kodai.5Sh@kyoto-u.ac.jp

M, FHREALY

WRIKD TR DNA AT U 7LD

BR DR R R, ST NAAYTUTI

2023 4F 3 HHEFHLEHIRIE LR (B 1)

2023 4F 3 AMZA L UK

2024 4 4 AfaHak—il et >y —sE T o —

1. Kodai Kanemaru, Yoshihiro Watanabe, Norio Yoshida, and Haruyuki Nakano, “Solvent effects
in four-component relativistic electronic structure theory based on the reference interaction-
site model” J. Comput. Chem. 44(1), 5-14 (2022)

2. Kodai Kanemaru, Yoshihiro Watanabe, Norio Yoshida, and Haruyuki Nakano, “Application of
the reference interaction site model self-consistent field method based on the Dirac—Hartree—
Fock wave function to a chemical reaction”lOP Conf. Ser.: Mater. Sci. Eng. 1280, 012002/1-4
(2023)




I F%RE (2023)

(K% (5DH7)]

(4]

(P i)

(ET AT L X]

(BF5E57 8]

(BAE DR FEARE]

(BFFP%F — 7 — K]

(ARA&FIEE)

GiEE=S)!

(F2EE))

(EREE, FilamxX]
(&2 5 £ LIN)

WE  —f (RxE »TH)

RrEmst B

fEHHk—RarEt >y —

yamada.kazuo.8r@kyoto-u.ac.jp

stEAL: - BEm L

AR XTTF R OB

ERED T, BRIV F—GE T8N ¥ e Ialb—2a >

2016 4F 3 A JUNR R BB AT Py B s o i 3 S B B AR

2016 4F 5 B H2EtE L (JUNKR)

2016 £ 4 A RERRFEBE T AR RHEVIIE R
2023 4E 4 RUERFEIFR o et > 4 —REigia

PSR BT Ial—da R,
L T2, B T2

1. K, Yamada and N. Matubayasi, “Chain-Increment Method for Free-Energy Computation of a
Polymer with All-Atom Molecular Simulations” Macromol. 53, 775-788(2020).

2. K, Yamada and N. Matubayasi, “Chain-Increment Approach to the Mutual Miscibility of
Polymers with All-Atom Molecular Simulation” Macromol. 56, 3857-3872(2023).




I ARLHES (2023)

I RS ERIEED

1. E@BHF—REMRE 24— KT L
H R 20244F2H6H (k) 13:00 — 17:55
% B REEAT WAty — 3B KRaE=E
i 7 13:05—14:05
A B GUERS: kRl amsit >4 —)
NEEEHREHES @O . LTV 7 by —0Wi]
JEE ¢ e B GREBR SRR L2EFSE R
14:15—15:15
7 5% G R (L2EHIErT)
(R SR O P — &R DH - @1 DR B G BRIE D BT & 2 O Wik - B RE O iRt B |
R BH ER GURRZERFR LR
RAZ—tvar 15:30—17:20

2. #HEADT Y M) —FEE
(1) 20234 [FEEEAD-HDERLFFEE] OREfE

e ZER2I12id, Effzon] wHsH - ELOhEREFOBITEENDS Z>NTZE
5N, REMCFRIIPBITLEMEHOFRZE NINZELFERELOFTE, ZO0Bk%E
L., EXTHABEZITRD ToNSENE - MAFOHERNFE L [FEHEN
MO OEEMbFEE] 2 2019FEICHGE,. J0 Mmoo h Bz CHFEEHE LU 72,
K - WEBZMODO/NA 7Yy RARXEZHA L7726 BOEZFHEL. BRBESZETNS
DBMHED, ON17280%#H LTz,

3. BHFR—RHEOEBRRCEHEDRS
R - LOEREEZEA, HENS, [LFORKRDOFERED7ZDITITETFIIEE OF K
DRYSZHNWTB S NEHHLOFEZRA ER(EFE HimlbF 00 B THEERIE
K2 BT I T EE 28R T 2RIk — 32 2 P Rk29F T AR L 72,
SHEE DL EZIEN S T,

4.zt
(1) FRERKEHEEET7—HA4 TICLD2EHAR

https://www.rra.museum.kyoto-u.ac.jp/archives/2824/



I WHFLEHES (2023)

198141/ —N)Ub P E Z ZE U IR — 215 U 72 iF9e B K CE BRI B R
ZERHE, 1979 ICH ChE I Nz 583 RE L EPR43 International Congress
of Quantum Chemistry] DYEfERE TR S N2 XFEPLEM, BHIT 194004870 5 80
FROMBEAEELMEE EOEM, HLRREOFREZEAET, E<ITH@mMNEHE
BRICOZDILHRIEA T, BN T —< 2L LAHBEL 7 71V EINTS
D, EHH—DOELDOLES RS ZERHENSH D ZENTEET, GUEBKZEMITER
7 —HhA 7 HP &D)

RS E

[HEMRFREEDE 12— AL & —] Nob8IZ T, 7—h1 7{icBbsn/-HP—%
Jo EVEARERIE A DX AR S N,

/e, [MEERY — 7+ 7@fE] @1 2T [7—ha TXER (65)  Hp—FbkeA &
PEARERIEAEICH S [MEHHR—UZEERL 1936-1988 (F41K1940-1982)] (Ge&hi |
AN/NG =W A Wl

https://www.rra.museum.kyoto-u.ac.jp/news/3600/



V % ERE (2023)

N HREE

1. 5EHE

ik Tt
Hix

1. SEEOHMENDEL
Pd/Sr3Ti2O7 il D NO & eiE

Sr3Ti,O7 R FAERF L 7= PAO fiiE(PAO/ST-32)1 %, ARl O i B B BAE RIS FED 5T v
— I FIC LD, AR OBEESIIHIS I, BV NO B TiE A2 /R T 28NS Q0D ShIC, BT
BT B EE(STEM)IZ LD, PAO 1 (2 BRER ORRAEAR A H i I S 25 88 J8 B 1 3 ) &
TS, ABFFECIL, 8L % (DFT) RIS IS T 2o M8 JE i & 230 R S AR AR IC &
DRBLTHZ AR, £o, BEBEEOREL NO EIILiEMH oM RICFH 5T 5284 R0LT,

BIREE ST, B B LB B R (DFT) IS S W THT o 7=, ILEIERIC IR, PBE+U {E[1]12 W,
PBE+U ® U fifi% HSE06 ILESEL 212k~ THESIT- PAO i D/ R Yy T2 FHH 5O E LT,
DFT 512, 353y —2 2 LT, Quantum ESPRESSO[3]% IV =,

1RO, ST-32 Fifk EIZ PAO 2 =X X v /Li2E L72(5 X 1)PAO/ST-32 AT 7 €T )V aERLT-, ST-
32 REIFLRERAEETHVHLIM4], ST-32 BoKIT=jgLL7z, FHEIZI-oTHELNIZGX
1)PdO/ST-32 AT 7T VO b, ERCBIEZESNT Pd OREMMIEDOEMNZ IKHEBL,
K 11Z(5 X 1)PAO/ST-32 AT 7 ETI)VOSINIER KL R T, o4 BTICLYEASN T ST-32 O
BB E N 5 &2 le o722 85, ST-32 25 PO ~DE - BEINELDHZ L0 )30 -T2, Bader &
WHRATIC LD B BEIRIL 0.94 Th-oT-, L723-> T, ST-32 H#H{kL PAO iR o> 58\ VEE i % B AR AL
TER L. ZHUTEOREERERIC XY RN T o — B [ E R SNA TN h o7,

3p— 1 -
f s Pd N Pd
% : Electron transfer :
o Pdo ........... O Pdo ...........
2 " . from ST32to PdO
Sr 3 Sr
> TR Lol = '
2 O in ST32 ........... Q
R e e 4 8o
I e 5
e Lk S c
L i L

=

-1

Fig 1. Projected density of states (PDOS) for the (5x1) Pd/ST-32 slab model. The PDOS is broadened using

the Gaussian function with a linewidth of 0.14 eV.
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1. 58EDOMRDOER

[RY A% 2% L— Mz X 5 ZBLRFEBE BT 2 BRI ]

ATHER & O NI AR IARCTHR THRE LT TCE LT =4 oWy I A2 —%R U F%
VAHZL— K (POM) &9, U4, Hayashi 512KV, Ta @ Lindgvist T POM N RAHE AL S 417~
D, TEOWICENE, T I TFAT =00 F AL (TBA) &7 v o NEMLL TR,
FEBIE TBA, sHs. 7Tag0 Td> D, Z D Ta O POM (X R IR FBEEALS KT L C VRS M 2 7=
TZENZDoTNDN, T OMBIEEOFRBEEIIAIHATH L, A TIE, AFLoAFy
R (S0) % HW = TR LR FE B ELROGSE BN & V. Ta O POM Z filtfit & U 72 BOGHFRES & R E L.
IR T IR LIEREDME T3 2 R A o N T2 2 L2 HIYE LTz,

FHRLAS TBAHTag01 & 725 X 912, O %R D Tagdiy 2724 DD TBA L 4 5D 7 1 b &HENL S
B, mbEWRE (SRR OFT NI T AX—%{ER L (Tab), IR HIC X
V. ZOREMEERT (Fig. 1),

Fig. 1 The optimized structure of Tab.

FHE L1 B3LYP/3-21G (H, C, N, 0). LanL2DZ (Ta) & L7=, ¥iZ. Ta6 ¢ HOMO & SO O
LUMO D FEZR W N KR EL 22D K 1T, RISHIIBFE OB 2B IR L, BRIRIEIRE K O IRC FHA %
1To7c, EORER, 2 BFEDOFBRIE B2 D RIS oo 72 (Fig. 2), 1BMEHE TIX, =
REY FORBIFRA BB T2 FNTN Tab O RIGIEHEIR 7 L CO, DRFFFNKEL, TR
VRAHET S, 2B TR, =X Y FRREZEORFIRT & CO, DBMBERF1fE L. AF L
YRR FRAERRT D, BURBEMEIE 1 BB OOSTH Y | Z OTEMHEALIEREE 92.9 k]/mol
Eleolo, ZAUE, MUEESFE L WGEIZ BT DIEMEILIERE (200 kJ/mol) DF43LL F DK X
SThob,
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92.9 kJ/mol

Energy

Fig. 2 The reaction profile of C02 fixation catalyzed by Ta6. TBAs are not displayed

for clarity.

[ =2 "V ERELKICEIT S Jahn-Teller 2]

S AI Gy 73 2 8L Cglls D BMAVEOSIE, ¥ 2 N B 2 S TokE & R 38 0y F DR FFH B
ORMDHLOE L THEEEINTWD Y, R EOMBTEE T T, o 0037 27 VI Mk
+T5, CEHRF SN OREMTIT, BEREOREIC LY . BIEEAERLNZT 50 (Fig.
3) ., BHIEOBTHRMEICLDbDOLEZLNTND, AIFETIE, a2V EELIZBIT2
BERIENREEZAONCTD I EEZANET 5,

R
" aggio,, BN
Agclo, ! R
) +#2"0~
R 3
2 R,
2,6-disubstituted  1,3-disubstituted
R;, R, =CO,Me 20 : 1
Rl = CHon, .
Rz i COzMe : ’ 2
COMe
7 ._45_27',8 C—C cleavage
3

MeO,C” Me0,C”

Gp_y/ CH:OH

C—C cleavage

MeO,C” MeO,C”
Fig. 3 TIsomerization of the disubstituted cubane?.
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ERIRRERESR & IRCFHBEIZE D . Fa U7 X T R T D RISRE ZRE Lz, 0D
%@%%&%ﬁ%&@%®£%ﬁﬁ«&hw%ﬁm%~bkb\%;A/@%E%~v;%
52T, KnE—FICEENLIEEEE— FOFIEEZ RO, FHH L ~ULIXB3LYP/6-31G
L L. Gaussian 16, Rev. C. 01 % 7=,
#;Ayﬁqu%fbéﬁW%ﬁ’iofﬁ%ﬁym¢é& L ARD C-CHEANBRRT D,
AR BERETRIC . 230 meV DFEREZEEZ TH 5 1 KD C-CHREBDBHAEL &*7yﬂ$&¢5ﬁ
ﬁ,%ﬁ%Ehko_@ﬁm%~b%%;h/@%ﬁ%~‘_% Lzl 2 A, C-ClfEr b5
e, (DE—FRBRIROLRERFLEEFOZENbDNoTz, ZOF— RE, F =230 HOMO 2> & & faf
BE) L7ZEED Jahn-Teller (JT) ZESHMEERT JTIHEHEE—RD 1 >ThD, ¢ (1)EF— FIZH
T2 IJTART U VE TR, WO C-CREAMVHAT 2L - T, BEOREMENHND
D, EEMOITE Sk (BER) (S4BT L X =290 meV ThoTz, iz, KT — NIZIFE
ORLIUIKIET D e, (2)F—RFRbRERTFLEEZFR>TWe, T4bL, ZORERMKIET
E. BTF A AL S TLARD C-CHREEMZAE LT2t2, JT AT > ¥ v /vl EO#EHAIZ X - T,
B 1IARD C-CHFEANBHEAE LSO, BEORINE—RIZL-oT, C-CHREEDMARBEZNEKZ Y
I RTUNERT S Fig. 4, ZOFRRIT. F o kT AEBREE AN JTRTF v v LVE %
EFEH, K CCHREAGORAED LT INIEEMIT/D 2 LT, BEEOERILICENELD Z &
LRSS,

=N
N

C6-C7

CL{Q
dawqw

pseudo
rotation

Fig. 4 Schematic diagram of isomerization of cubane.

[ Sciik]
1) S. Hayashi et al., J. Phys. Chem. C, 122, 29398 (2018).
2) H. Takebe and S. Matsubara, Eur. J. Org. Chem. 27, 202300891 (2024).
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2. HRE

Kimihiko Hirao

Research Director

(1) Summary of the research of the year

The core-level 2s and 2p binding energies of third-period elements (P, S, and Cl) calculated by
Hartree-Fock and Kohn-Sham ASCF theory

We investigate the use of the ASCF method and Slater's transition state (STS) theory to
calculate the binding energies of the 2s and 2p electrons of third-period elements (P, S, and CI). Both
the Hartree-Fock (HF) and Kohn-Sham (KS) approximations are examined. The STS approximation
performs well in reproducing the ASCF values. However, for the ASCF method itself, while the
binding energy of the 2p electrons is accurately predicted, the results for 2s are fairly sensitive to the
functional, exhibiting significant variations due to self-interaction errors (SIE). Nonetheless, the
variations in chemical shifts between different species remain relatively small, and the values agree
with experiments due to the cancellation of SIE. A notable observation is that the chemical shifts of
the 2s and 2p electrons are similar, indicating a comparable perturbation caused by the valence
electrons. The error in the absolute binding energy of KS ASCF against experiment is nearly constant
for the same element in different molecules, and it depends largely on the functional owing to SIE. A
shifting scheme previously developed can be employed to reproduce the experimental 2s and 2p
binding energies, with dependence on the functional and atom but not on the molecule even for 2s
KS ASCF binding energies. Upon obtaining the corrected binding energies, we find that the gap
between 2s and 2p binding energy is nearly independent of chemical environment for a given element:

57.5 eV, 63.9 eV, and 70.9 eV for the elements P, S, and Cl, respectively.
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Binding energy gaps between 2s and 2p electrons are

constant in each element and are independent of the
molecular environments

80
70.48 eV

63.85 eV
60 57.48 eV
51.21 eV
40
20
0
Si P S Cl

Third-period element

Binding energy gaps in eV

Development of the LC2gau-core DFT unctional

In the previous work, LCgau-core-BOP, which includes the short-range interelectronic Gaussian
attenuating Hartree—Fock (HF) exchange to the long-range HF exchange, showed high accuracy core-
excitation energies from 1s orbitals of the 2nd-row atoms (Is — z*, Is — ¢*, Is — r*, and 1s —
Rydberg), but underestimates the core-excitation energies from 1s orbitals of the 3rd-row atoms. To
improve this, we added one more Gaussian attenuating HF exchange to LCgau-core-BOP. We named
it LC2gau-core-BOP, which achieves a mean absolute error (MAE) of 0.6 and 0.3 eV for core
excitation energies of the 2nd- and 3rd-row atoms of the tested small molecules, respectively. We
found that the inclusion of the short-range interelectronic HF exchange at a distance ranging from 0.2
to 0.6 a.u. contributes to the increase of performances on Is orbital energy calculations of the 2nd-

row atoms while the inclusion of more short-range interelectronic HF exchange at a distance ranging
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from 0 to 0.2 a.u. does to the increase of performance on 1s orbital energy calculations of the 3rd-row
atoms.
Here, we simply represent the two-electron exchange operator 1/ry, divided into short- and long-

range parts mentioned earlier as follows

DFT
1= [i— OHF(Hz)] + 01 (1)

T12 T12

(2) where 0%F(r;,) is the two-electron operator for HF exchange integral, which is expressed as

below in the LC, LCgau, and LC2gau schemes

0fF (ry,) = % (in LC scheme), 3)
OFcZau(le) = % +p e~ aTi2 (in LCgau scheme), 4)

and
O1t2gau(ri2) = w + Be~@t2 + B'e~@'Th2 (in LC2gau scheme). (5)

12

The a, B, a’, and f’ parameters related to a Gaussian function exquisitely control the inclusion of the
short-range HF exchange.
In the LC scheme, the short-range exchange functional may be computed by modifying the usual

exchange energy expression from
1
Ey = =% [ py° K,d*R (6)
into
1 3 8 1
B = =280 [ 05" Ko {1 =S a, |V erf (1) + 2a, (b, — o) |} &°R, (7)

where a,, b,, and c, are defined as

ay = Z=ps K, ®)

b, = exp (— é) -1, ©)
and

Co = 2aZby +. (10)
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K, is called the enhancement factor and the use of K, allows the modification of generalized
gradient approximation (GGA) functionals. The Gaussian correction gives an additional contribution

to the short-range exchange energy of a very similar form to Eq. (7),
ESRO (q,B) = — 2%, [ pal* K, x 2B \/_d [ﬁ erf (- ) +(2d, — 16d3)e, — 4da] d3R,

(11)

where d; and e, are defined as

Va  -1/3,,1/2
dy = 220y K (12)
1
es = exp (- E) —1, (13)

and the total short-range DFT exchange energy of the LC2gau scheme may be obtained as a

subtraction of two different parameterized Eq. (11) from Eq. (7) [E; SRLCZgaun ESREC —

E;‘R,Gau(a’ B) _ E;:R,Gau(ar’ﬁ/)]‘

Exact HF exchange in the LC, LCgau, and LC2gau schemes is incorporated via integrals such as
1 *
E;%R'LC == 520 nie Z?CC ff wia(r1)¢]a(7”1) Or F(7'12)1/)10(Tz)¢]a(r2)d37"1d3rz, (14)

R0 = — =3 0% 20 [ 15 (W56 (1) O (o) Whio (o) () dPrydBry, - (15)

and

LR,LC2gau
E g

x ‘ = ZO’ ZOCCZ?CC ff lpm(rl)lpja(rl) OLCZgau(rlz)l/)ia(rz)lpja(rz)dgrldsrz (16)
where Y, is the ith o-spin molecular orbital.

Finally, the total exchange energy is given as the sum of the short- and long-range energies as

LC2gau SR, LC2gau LR,LC2gau
E/ 9% = et g nettd (17)

LC2gau-core-BOP shows deviations of less than 0.8 eV from experimental values for all the core-
excitation energies of the tested medium-size molecules consisting of thymine, oxazole, glycine, and
dibenzothiophene-sulfone. Moreover, by optimizing one parameter of the OP correlation functional,
LC2gau-core-BOP provides atomization energies over the G3 test set with accuracy comparable to

B3LYP.
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The study will be published in Journal of Chemical Theory and Computation.

Original paper

1. The verification of delta SCF and Slater's transition state theory for the calculation of core
ionization energy. Hirao, K.; Nakajima, T.; Chan, B.; Lee, H-J. J.Comput.Chem. 2024, 45, 183-
192.

2. The core-level 2s and 2p binding energies of third-period elements (P, S, and Cl) calculated by
Hartree-Fock and Kohn-Sham ASCF theory, Hirao, K.; Nakajima, T.; Chan, B. J. Phys. Chem.

A4,2023 127, 7954-79
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FHIZELR Y ~—DHRRCUELRFT STV D
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0.254 eV

LU (a,,) ——— -0.157eV

\_
a HO (ay,) —d)—@— -8.645 eV
HO-1 (t2u)—®—@— —Cb—@— —@)—@—-9.394 Y,

.

Fig. 2. Frontier orbital diagrams and patterns of POSS.

UbEZEZEDES &, L0 LS REMAZ > POSS ® LUMO ([ 2 FRIFETF 42 IN% L7- POSS
T =F v, KT POSS T =A L DA Y I —D A BRI BRE Y, ARFZE TIX Fig. 3 IR
LM ODAF U UHEEN L THRELT POSS A ) I~—%2T7 =4 fbs¥5 2 L 5F 1,
POSS 7 =4 MIZH T 5 A MBI OWTOHERMNRERZITI ZEICk - T, ZTOER kIC
& 5 o TRNER ORI CofE# 2B Z Lic Lz,

a

Fig. 3. Models of (a) ferromagnetic spin correlation of the POSS dimer dianion connected by dimethylenes, (b)

antiferromagnetic spin correlation, and (c) diamagnetic state of the neutral system.
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EARROZE THHIEN 53730, DUV CHRS—E I, Pk — BEHONAIIARELE TR > TN D, FI-BHik
ZHIED 5D SOMO, BLUFHFE—FIED >0 SOMO IZFNZFIFEEL THY , LB ETE O A
BLE = VX — TR BRLS TR EIL L TVD, ZOIIITHEIRL TWHAZEND, Zhb S DBk
1Tl Hund OBLHIAZHANT = EIEIREENZ ELL THY, MiiiEIZ3175 POSS MEEAENSELITK 10
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X =N RNLE THHILEND, —DDLEHOMO)I7ED 7= —H D AR E DO EIE AL
BILVL RNEENEL 2D T 2 e 05,

Table 1. Characteristic values of three-kinds of states of POSS dimer dianions.
Orbital Energy of the

Spedes Sy Betonie el OV possross
the HOMO (eV)

Open-shell 1.4474 (a-SOMO)

Triplet Con *Bu 0 1.4496 (0-SOMO) 9.9363
Open-shell , 2.6939 (a-SOMO)

Singlet C. A 711 2.6950 (3-SOMO) 10.0040
Closed-shell

. Con 1Ag 9.16 2.8844 (HOMO) 9.9624
Singlet

'Distance between the two POSS centers, defined by that of eight Si atoms in each POSS.

ARAFFEC BT DAEFRLL T, POSS2EIRT 7 =4
VNZBRITF DAY AL, BCRENERY < SR RENERY
<BRIEMER DNAIZABENL &0 D Z L3R CE 5, Fig.
3(a), (b) (ZIFAECAGI TR PR 3 OV R
FHEIB [RIF ISR L CTUWD, EHIZ Fig 4 1R 891
POSS 7 — LIS DE S ITIT AT EAE A R
DIEELZR, Ko T D2 BEZ SO ITIERE L T
HIHPOSS 7 =4 D—RILHBL O IR ILHIR
V=D R T A A AR DT Ll o TR
KOFRFF EEELE XN, 5l & EMNT21T->C
WDETZ,

Fig. 4. Spin density of the open-shell triplet state
of POSS dimer dianions.
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Kazuo Takatsuka

Senior Research Fellow

1. Summary of the research of the year

I have been studying nonadiabatic electron wavepacket dynamics for molecules, which have the densely
quasi-degenerate electronic-state manifold and are supported by persisting multiple multi-dimensional
nonadiabatic transitions. In these states, we often face very tough problems that are not met otherwise. This
field, so to say time-domain quantum chemistry, explores a new field of theoretical chemistry beyond the
framework of the Born-Oppenheimer framework. The notions of potential energy surface and the adiabatic
electronic wavefunction as well lose the sense. Yet, the multi-dimensional nonadiabatic electron dynamics
offers novel laws and concepts, which are in fact found to be essential to study excited state chemistry far
beyond the Born-Oppenheimer paradigm.

The difficulty in understanding the dynamical wavepackets, which are usually represented in complicated
linear combinations of configuration state functions (or Slater determinant), demands to figure out
methodologies that can reduce them in a compact form. The Energy Natural Orbital (ENO) analysis is one of
them as such [“Energy Natural Orbitals”, Kazuo Takatsuka and Yasuki Arasaki, J. Chem. Phys. 154, 094103
(2021).] The latest progress relevant to a new class of molecular representation utilizing ENOs is sonification
of chemical events like chemical reactions.[6] [Herman states that “Sonification conveys information by using
non-speech sounds. To listen to data as sound and noise can be a surprising new experience with diverse
applications ranging from novel interfaces for visually impaired people to data analysis problems in many
scientific fields” in his book T. Hermann, A. Hunt, J. G. Neuhoff, et al., The Sonification Handbook, Logos
Verlag Berlin, 2011, vol. 1.] Our work broke through the wall of quantum chemistry (electronic state theory)
to guide it to the world of sound.

The nonadiabatic electron wavepacket theory has been applied to excited state of boron clusters [1,2]. Many
interesting phenomena have been discovered such as quantum chaos in electron dynamics, intramolecular
nonadiabatic electronic energy redistribution (INER), intra-molecular energy dissipation, turbulence of
spontaneous electron flow and electronic energy flow, and so on. We have also studied for the first time the
real-time spin wave current in nonadiabatic chemical reactions.[3] (See K. Takatsuka “Quantum chaos in
the dynamics of molecules” Entropy, 25, 63 (2023) (52 pages, open)
https://doi.org/10.3390/e25010063 for a review of molecular chaos.) To transform the multi-

dimensional and many-state nonadiabatic interactions in an succinct form, we have developed a method of
collective coordinate decomposition of the nonadiabatic coupling elements.[4] For instance, the method has
been applied to identify the mechanism of our found quantum chaos of nonadiabatic electron dynamics. We
refer to this new class of chaos as “nonadiabatic chaos”. The concept of nonadiabatic resonance and
nonadiabatic burst also follow from the collective coordinate analysis.
I have long been studying chemical dynamics and quantum chaos in the level semicalssical mechanics. Very
recently, I have found a new theoretical pathway stepping from semiclassical mechanics into full quantum

dynamics.[5] This study would be useful in practical applications. Yet, the main aim is to analyze the genuine
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factors that distinguish the Schrodinger dynamics from classical and semiclassical ones. This work will be a
main piece of my on-going work on the interpretation about the Schrodinger dynamics and Schrodinger

functions.

Below are the short abstracts of our relevant studies carried out in FIFC for the academic year of 2022.

[1] Energy natural orbital characterization of nonadiabatic electron wavepackets in the densely quasi-
degenerate electronic state manifold

Dynamics and energetic structure of largely fluctuating nonadiabatic electron wavepackets are studied in
terms of Energy Natural Orbitals (ENOs) [K. Takatsuka and Y. Arasaki, J. Chem. Phys. 154, 094103 (2021)].
Such huge fluctuating states are sampled from the highly excited states of clusters of 12 boron atoms (Bi»),
which have densely quasi-degenerate electronic excited-state manifold, each adiabatic state of which gets
promptly mixed with other states through the frequent and enduring nonadiabatic interactions within the
manifold. Yet, the wavepacket states are expected to be of very long lifetimes. This excited-state electronic
wavepacket dynamics is extremely interesting but very hard to analyze since they are usually represented in
large time-dependent configuration interaction wavefunctions and/or in some other complicated forms. We
have found that ENO gives an invariant energy orbital picture to characterize not only the static highly
correlated electronic wavefunctions but also those time-dependent electronic wavefunctions. Hence, we first
demonstrate how the ENO representation works for some general cases, choosing proton transfer in water
dimer and electron-deficient multicenter chemical bonding in diborane in the ground state. We then penetrate
with ENO deep into the analysis of the essential nature of nonadiabatic electron wavepacket dynamics in the
excited states and show the mechanism of the coexistence of huge electronic fluctuation and rather strong
chemical bonds under very random electron flows within the molecule. To quantify the intra-molecular energy
flow associated with the huge electronic-state fluctuation, we define and numerically demonstrate what we call

the electronic energy flux.

[2] Electronic-state chaos, intramolecular electronic energy redistribution, and chemical bonding in
persisting multidimensional nonadiabatic systems

We study the chaotic, huge fluctuation of electronic state, resultant intramolecular energy redistribution, and
strong chemical bonding surviving the fluctuation with exceedingly long lifetimes of highly excited boron
clusters. Those excited states constitute densely quasi-degenerate state manifolds. The huge fluctuation is
induced by persisting multidimensional nonadiabatic transitions among the states in the manifold. We clarify
the mechanism of their coexistence and its physical significance. In doing so, we concentrate on two theoretical
aspects. One is quantum chaos and energy randomization, which are to be directly extracted from the properties
of the total electronic wavefunctions. The present dynamical chaos takes place through frequent transitions
from adiabatic states to others, thereby making it very rare for the system to find dissociation channels. This
phenomenon leads to the concept of what we call intramolecular nonadiabatic electronic-energy redistribution,
which is an electronic-state generalization of the notion of intramolecular vibrational energy redistribution.

The other aspect is about the peculiar chemical bonding. We investigate it with the energy natural orbitals
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(ENOs) to see what kind of theoretical structures lie behind the huge fluctuation. The ENO energy levels
representing the highly excited states under study appear to have four robust layers. We show that the energy
layers responsible for chaotic dynamics and those for chemical bonding are widely separated from each other,
and only when an event of what we call “inter-layer crossing” happens to burst can the destruction of these
robust energy layers occur, resulting in molecular dissociation. This crossing event happens only rarely because
of the large energy gaps between the ENO layers. It is shown that the layers of high energy composed of
complex-valued ENOs induce the turbulent flow of electrons and electronic-energy in the cluster. In addition,
the random and fast time-oscillations of those high energy ENOs serve as a random force on the nuclear
dynamics, which can work to prevent a concentration of high nuclear kinetic energy in the dissociation

channels.

[3] Spin current in the early stage of radical reactions and its mechanisms

We study the electronic spin flux (atomic-scale flow of the spin density in molecules) by a perturbation
analysis and ab initio nonadiabatic calculations. We derive a general perturbative expression of the charge and
spin fluxes and identify the driving perturbation of the fluxes to be the time derivative of the electron-nucleus
interaction term in the Hamiltonian. We then expand the expression in molecular orbitals so as to identify
relevant components of the fluxes. Our perturbation theory describes the electronic fluxes in the early stage of
reactions in an intuitively clear manner. The perturbation theory is then applied to an analysis of the spin flux
obtained in ab initio calculations of the radical reaction of O2 and CHj- starting from three distinct spin
configurations; (a) CHs- and triplet O, with total spin of the system set Stot = 1/2 (b) CH3- and singlet O,, Stot
=1/2, and (c) CHjs- and triplet O, Stot = 3/2. Further analysis of the time-dependent behaviors of the spin flux
in these numerical simulations reveals (i) the spin flux induces rearrangement of the local spin structure, such
as reduction of the spin polarization arising from the triplet O and (ii) the spin flux flows from O to CH3- in
the reaction starting from spin configuration (a) and from CHj;: to O, in that starting from configuration (b),
whereas no major intermolecular spin flux was observed in that starting from configuration (c¢). Our study thus
establishes the mechanism of the spin flux that rearranges the local spin structures associated with chemical
bonds.

[4] Geometrical decomposition of nonadiabatic interactions to collective coordinates in many-
dimensional and many-state mixed fast—slow dynamics

In general, for many-dimensional and many-state nonadiabatic dynamics composed of slow and fast modes,
we geometrically decompose the nonadiabatic interactions by means of the method of singular value
decomposition. Each pair of the left and right singular vectors connecting the slow (nuclear) and fast
(electronic) modes gives rise to a one-dimensional collective coordinate, and the sum of them amounts to the
total nonadiabatic interaction. The analysis identifies how efficiently the slow modes, thus decomposed, can
induce a transition in their fast counterparts. We discuss the notions of nonadiabatic resonance and nonadiabatic

chaos in terms of the decomposition.

[5] Schriodinger dynamics in length-scale hierarchy: from spatial rescaling to Huygens-like proliferation
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of Gaussian wavepackets

Studying possible laws, rules, and mechanisms of time-evolution of quantum wavefunctions leads to deeper
understanding about the essential nature of the Schrédinger dynamics and interpretation on what the quantum
wavefunctions are. As such, we attempt to clarify the mechanical and geometrical processes of deformation
and bifurcation of a Gaussian wavepacket of the Maslov type from the viewpoint of length-scale hierarchy in
the wavepacket size relative to the range of relevant potential functions. Following the well-known
semiclassical view that (1) Newtonian mechanics gives a phase space geometry, which is to be projected onto
configuration space to determine the basic amplitude of a wavefunction (the primitive semiclassical
mechanics), our study proceeds as follows. (2) The quantum diffusion arising from the quantum kinematics
makes the Gaussian exponent complex-valued, which consequently broadens the Gaussian amplitude and
brings about a specific quantum phase. (3) The wavepacket is naturally led to bifurcation (branching), when
the packet size gets comparable with or larger than the potential range. (4) Coupling between the bifurcation
and quantum diffusion induces the Huygens-principle like wave dynamics. (5) All these four processes are
collectively put into a path integral form. We discuss some theoretical consequences from the above analyses,
such as (i) a contrast between the J-function-like divergence of a wavefunctions at focal points and the
mesoscopic finite-speed shrink of a Gaussian packet without instantaneous collapse, (ii) the mechanism of
release of the zero-point energy to external dynamics and that of tunneling, (iii) relation between the resultant

stochastic quantum paths and wave dynamics, and so on.

[6] Sonification of molecular electronic energy density and its dynamics

A method is proposed for sonification of the molecular electronic energy density. The characteristic energetic
structures of the individual complicated electronic wavefunctions are extracted in terms of the Energy Natural
Orbitals (ENO), which are the eigenfunctions of the electronic energy density operator [K. Takatsuka and Y.
Arasaki, J. Chem. Phys., 2021, 154, 094103]. Then, the frequency corresponding to each ENO energy is
linearly transformed to the audible range. The time-variation of the population of the ENO serves as the volume
(amplitude) of the sound. We demonstrate the sonification and associated voiceprints for a couple of very basic

chemical bondings, from across an avoided crossing, and from the bond dissociation of a cluster.

2. Original Papers
1) Energy natural orbital characterization of nonadiabatic electron wavepackets in the densely quasi-
degenerate electronic state manifold

Yasuki Arasaki and Kazuo Takatsuka,

J. Chem. Phys. 158, 114102 (2023) (21 pages) (open)

https://doi.org/10.1063/5.0139288

2) Electronic-state chaos, intramolecular electronic energy redistribution, and chemical bonding in persisting
multidimensional nonadiabatic systems

Kazuo Takatsuka and Yasuki Arasaki

J. Chem. Phys. 159, 074110 (2023)
doi: 10.1063/5.0159178 (21 pages)
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3) Spin current in the early stage of radical reactions and its mechanisms
Kota Hanasaki and Kazuo Takatsuka
J. Chem. Phys. 159, 144111 (2023) (22 pages)
https://doi.org/10.1063/5.0169281

4) Geometrical decomposition of nonadiabatic interactions to collective coordinates in many-dimensional and
many-state mixed fast-slow dynamics

Kazuo Takatsuka

J. Chem. Phys. 160, 044112 (2024) (7 pages)

https://doi.org/10.1063/5.0186816

5) Schrodinger dynamics in length-scale hierarchy: from spatial rescaling to Huygens-like proliferation of
Gaussian wavepackets
Kazuo Takatsuka J. Phys. A: Math. Theor. 56 (2023) 445302 (22 pages)
https://doi.org/10.1088/1751-8121/acte63

6) Sonification of molecular electronic energy density and its dynamics
Yasuki Arasaski and Kazuo Takatsuka
RSC Advances 14, 9099-9109 (open)
DOI: 10.1039/d4ra00999a
(Sound data in https://doi.org/10.1039/d4ra00999a)

3. Presentation at academic conferences

1) Kazuo Takatsuka
“Persisting multiple multi-dimensional nonadiabatic interactions in densely quasi-degenerate excited
states”
The 5th Conference of Theory and Applications of Computational Chemistry (TACC 2023), Sept. 4 — 9,
2023, Sapporo (Hokkaido Univ.)
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Tatsuhisa kato
Title (part-time researcher)
1. Summary of the research of the year

Synthesis of Twisted [N]Cycloparaphenylene by Alkene Insertion

We report here a new synthetic method to prepare Mobius molecules using the characteristic structure of
[n]cycloparaphenylenes ([n]CPPs, Figure 1b), which have the shortest sidewall segments of armchair CNTs with in-
plane m-orbitals. We envisioned that the insertion of alkene or ortho-phenylene units, which have a normal - structure,
into the paraphenylene units in CPP would yield Mbius molecules if the relaxation from the 90°-twisted conformation
was disrotatory(Figure 1b). Here, we report a proof of principle for the synthesis of alkene- and orthophenylene-
inserted [6]-, [8]-, and [ 10]CPPs, which are abbreviated as ene-[n]CPP (1) and phe-[n]CPP (2), respectively, and studied
their structures and physical properties. We also synthesized bis-alkene-inserted [4]-, [6]-, and [8]CPPs, which are
abbreviated as (ene)2-[n]CPP (3), to clarify the effect of twisting on the molecular structure and physical properties.
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Through-Space Magnetic Interaction of cis-Azobenzene Biradical

It was expected that metal-free LC materials consisting of nitroxide radical moieties can exhibit light-induced

reversible switching of the magnetic properties as a new photomagnetic effect. In fact, an LC nitroxide radical

compound with the additive of the photo-responsive azobenzene derivative exhibited light-induced reversible switching

of the magnetic properties as a new photomagnetic effect. All of these magnetic phenomena are based on intermolecular

through-space interactions. The present paper reports of successful photocontrol of intramolecular magnetic interactions

through space. Two chiral PROXYL groups bridged
with azobenzene show the change of the magnetic
properties with the trans -cis photoisomerization of
the azobenzene moiety. The isomerization brought
the radicals closer together and increased the
exchange interactions. The spin state of the cis -
isomer was determined from two-dimensional
nutation spectra as a mixture of S =1/2and S = 1.
This is an example of the optical control of through-

space intramolecular magnetic interactions.

2. Original papers
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Figure 2.

(1) T. Terabayashi, E. Kayahara, Y. Zhang,Y. Mizuhata, N. Tokitoh, T. Nishinaga, T. Kato, and S.

Yamago, "Synthesis of Twisted [N]Cycloparaphenylene by Alkene Insertion ", Angew. Chem. Int. Ed., 62,

€202214960 (2023).

(2) Y. Uchida, K. Hino, T. Kato, and R. Tamura, "Through-Space Magnetic Interaction of cis-Azobenzene
Biradical", Cryst. Growth Des., 23, 1641(2023).

3. Presentation at academic conferences

4. Others
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Masaki Sasai

FIFC Research Fellow
1. Summary of the research of the year

[1] Dynamics of chromatin domain formation

Recent progress in high-throughput chromatin capture (Hi-C) methods and microscopy observations has
revealed intrinsic relationships between chromatin structure and DNA functions in cells of many species. In
particular, genomes in vertebrae cells are organized into domains of 100 kb (kilobase) to 1 Mb (Megabase)
chromatin chain, and these domains constitute units of DNA functions; therefore, the physical principles
governing the chromatin domain formation are fundamental problems in molecular biophysics.

One of the possible domain formation mechanisms is loop extrusion, a process driven by a ring-shaped
protein complex, cohesin (Banigan and Mirny, Curr. Opin. Cell Biol. 2020). With this mechanism, cohesin
reels the chromatin chain to extrude a loop by consuming ATP, and the thus generated chromatin loops are
condensed to form domains. The movement of cohesin is impeded by the CTCF protein bound on specific
positions of DNA, which defines domain boundaries appearing as peaks and stripes around the CTCF-bound
sites in Hi-C contact maps. This hypothesis has been widely accepted due to its ability to explain many features
of Hi-C contact maps. However, it also presents unresolved issues that necessitate further research. (1) During
the observed lifetime of 20 to 30 minutes of cohesin binding on chromatin, cohesin needs to proceed over a 1-
Mb chromatin chain to explain the 1-Mb size loop extrusion. This speed is comparable to the cohesin
movement along the naked DNA observed in vitro, which is too fast, considering the numerous obstacles

bound on chromatin in living cells that should slow the cohesin movement. (2) Power generated by cohesin is
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Fig. 1  The chromatin capture mechanism of domain formation. Left: Schematic explanation of cohesin
dimerization. Middle: A simulated snapshot of domain structure around the NSMCE2 gene in human
lymphoblastoid cell (GM12878), shown by coloring the sequential position of the chain from blue to green.
Right: The simulated contact map (upper triangle) around the NSMCE2 gene is compared with the
experimental contact map (lower triangle, Harris et al., 2023 Nature Comm.) with positions of the CTCF-
bound sites (red and blue triangles) below the map.
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much weaker than other molecular motors, such as RNA polymerase II. Extensive obstacles on chromatin,
such as the transcription complex, should block this weak movement. (3) Hi-C contract maps show different
patterns depending on their genomic position, but a simple and straightforward explanation of various patterns
with the loop extrusion model is not easy unless model parameters are tuned individually at individual positions.

Our project proposed a different hypothesis, the chromatin capture model (Fig. 1), which assumes the
capturing of chromatin chains through cohesin dimerization. We simulated coupled dynamics of chromatin
chain movement and cohesin movement/dimerization/monomerization/loading/unloading. Rich dynamics of
cohesin lead to the multiple-time recombination of cohesin pairs among the ensemble of cohesin molecules,
resulting in flexible structural patterns of chromatin domains. We expect this model to resolve difficulties in
describing chromatin domains, and we are building the hierarchical picture of the genome organization by
combining the chromatin capture model with the whole-genome model previously developed in our project
(Fujishiro and Sasai, Proc. Natl. Acad. Sci. USA 2022; J&yk, 103, L4477 2024). We organized codes
for the whole genome model and maintained them for open access (Fujishiro and Sasai, Methods in Mol.
Biol. to be published).

[2] Live-cell chromatin dynamics

In the traditional textbook view, nucleosomes in the chromatin chain were thought to form regular, rigid
arrays and further hierarchically ordered structures. However, experimental observations in the last decade
have challenged this view, leading to a modern alternative picture without regularly ordered chromatin
structure in cells. This shift in perspective was confirmed by recent live-cell imaging, which revealed the
liquid-like dynamical fluctuations of irregularly configured chromatin. Understanding these chromatin
dynamics, which regulate the accessibility of functional factors to DNA, is crucial for deciphering cell
functions. To this end, we collaborated with a research group (Prof. Maeshima’s group at the National Institute
of Genetics at Mishima) that developed live-cell imaging methods and statistically analyzed the experimentally
observed chromatin dynamics using the Richardson-Luthy (RL) method, a technique based on Bayesian
statistics (Fig. 2).

The RL method clarified the genome-wide distribution of mean square displacement (MSD) of single

nucleosomes in a time scale of 0.05-1.0 seconds, showing the heterogeneous distribution of MSD in the
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genome. The RL analyses of live-cell data showed that gene-active domains are not open-loosened parts of the
genome but constitute condensed domains like other inactive domains. We also analyzed the dynamics of
linker histones (H1), showing H1 moves within domains with transient binding to nucleosomes, which largely
differs from the standard textbook explanation that H1 firmly binds to a specific position of each nucleosome,

renewing the picture of H1's role to stabilize chromatin domains.

[3] Nonequilibrium current and landscape of gene network dynamics

Gene expression is a stochastic process because the number of genes in each cell is typically a few, and
the copy number of transcription factors is small; therefore, the law of large numbers does not apply, inducing
large stochastic fluctuations in cells. Simple theoretical models have quantitatively described stochastic gene
expression in bacterial cells; however, the gene regulation mechanism is significantly different in eukaryotic

cells, requiring new concepts and models to describe eukaryotic gene expression.
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Fig.3  Stochastic simulation of model circuits of eukaryotic genes. Example of a self-activating single gene
circuit. Left: Circular flux of probability current drawn on the plane of the normalized concentration of the
product protein (horizontal axis) and the chromatin state switching between the active ({ = 1) and inactive
(—1) states (vertical axis). Circular flux showed hysteresis of gene-switching pathways. Right: Calculated
entropy production during the typical chromatin-state turnover time 1/w plotted as a function of log w.

We developed a stochastic model of eukaryotic gene expression, which takes account of chromatin's
degree of freedom to regulate the gene activity. The calculated results showed a circular flux of the probability
current of the system dynamics, suggesting the hysteresis and pathways of gene switching. The calculated
entropy production showed non-equilibrium dissipation as a driving force to generate the circular flux in gene
switching dynamics. Simulation of the mutually repressing two-gene circuit showed that the circular flux is an
early warning sign of the bifurcation of the basin of attraction. Simulation of the network of three core genes
to maintain pluripotency of mouse embryonic stem cells (Nanog, Oct4, Sox2) showed that multiple degrees of
freedom to describe the chromatin state are necessary to explain heterogeneous fluctuations among these three
genes. We call this multilayer regulation of eukaryotic gene switching deep epigenetic regulation or deep
epigenetics. Deep epigenetics showed that chromatin state dynamics regulate the structure of circular flux and

landscape of gene switching.
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2. Original papers

(1) Tadasu Nozaki, Soya Shinkai, Satoru Ide, Koichi Higashi, Sachiko Tamura, MaShimazoe,
Masaki Nakagawa, Yutaka Suzuki, Yasushi Okada, Masaki Sasai, Shuichi Onami, Ken
Kurokawa, Shiori lida, Kazuhiro Maeshima “Condensed but liquid-like domain organization
of active chromatin regions in living human cells”

Science Advances 9, eadf1488 (2023). https://doi.org/10.1126/sciadv.adf1488

3. Presentation at academic conferences

(1) Shin Fujishiro and Masaki Sasai “Functions and Structures in Chromatin Domains Underly
the Global 3D Genome Organization”
International Conference on Biological Physics 2023, Seoul, Aug. 14-18, 2023.

(2) Shin Fujishiro and Masaki Sasai “Moving Handcuffs Shape Long-range Chromatin Loops
and Sub-TAD Structure”
International Conference on Biological Physics 2023, Seoul, Aug. 14-18, 2023.
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1. Summary of the research of the year
Spin flux in nonadiabatic electron dynamics: mechanism and its role in chemical reactions

The Frontier orbital theory !}, and the double perturbation theory ! have made remarkable contributions
to the progress of the chemical reaction theory by clarifying the chemical reactivity and intermolecular
interactions in an intuitively clear manner using real-space perturbation theories in the molecular orbital (MO)
representation. Modern studies of chemical reactions, on the other hand, are heavily based on the concept of
the adiabatic potential energy surfaces (PESs), which are defined in the nuclear coordinate space. Dynamical
simulations on high-quality PESs often lead to accurate quantitative prediction of reactions. However, recent
progress in experimental techniques realized control of electron dynamics and led to the development of the
concept of ‘charge-directed reactivity' P, which works in reactions including localized/dynamical electronic
states PIB), Such reactions clearly go beyond the traditional concept of static PESs and the revival of the real-
space picture of chemical reactions is awaited. Empowered by real-time simulation techniques of electrons,
which were absent in the '50s and '60s, we are working on a modern reformulation of chemical reaction theories

based on the time-dependent Schrodinger equation of electron dynamics.

1. FElectron flux and nonadiabaticity

The flux is one of the most fundamental quantities in quantum-mechanical dynamics, which is closely
related to the time derivative of the corresponding density through the flux conservation law. Assuming that
the time-dependent state of an electronic system |W(t)) is expanded in a set of real-valued many-electron
basis functions {|®;)} such as the configuration state functions (CSFs), the flux expectation value becomes,

=3, %I (CT(OCs ) (@11 () V() — (Vi )) biw)l@y) (1)
from which we find that there must be a finite imaginary part or non-trivial complex phase in the expansion
coefficients. In particular, the flux expectation value vanishes in the adiabatic approximation.

In Ref. [6] we proved that the divergence of the flux obtained from the first-order nonadiabatic
perturbation expansion equals the time derivative of the adiabatic density. This fact shows the fundamental
role of nonadiabaticity in the reproduction of electronic dynamics. At the same time, it also shows the validity
of the flux analysis in the nonadiabatic simulations in the mixed quantum-classical (mQC) approximation. We,

therefore, further extended our research on the electronic flux through mQC nonadiabatic simulations.

2. Properties of spin flux

Our paper published in April 2022 [7] was based on the results of calculations we performed in 2020 at
the Fukui Institute. Following the analysis of the physical properties of the electronic fluxes in Ref. [6], we

analyzed the results from a chemical viewpoint focusing on the behaviors of the spin flux that accompanies
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the rearrangement of Heitler-London's spin-singlet structures in the chemical bonds. Below we show the
summary of the paper [7].

We model the reactant of a radical substitution reaction, such as H « +H, = H, + H + , for example, by
a simplified three-electron model. Below the orbitals a and b represent the bonding and antibonding orbitals
of the molecule, respectively, whereas the orbital u represents the radical orbital and C represents the
collection of all other if any, doubly occupied orbitals. Orbital symbols with and without overlines represent
spin-orbital with down and up spin projections, respectively. The initially dominant configuration of the system
can be represented by |Z() = |aau C) and the nonadiabatic interaction introduces excited states. We here
consider two types of excited configurations: a local singlet excitation, [Zs1) = ’ V1/2 (ab+ba) uC > ., which
arises from a spin-symmetric excitation of the molecule, and a local triplet excitation,
|Er1) = ‘ (\/1/_6 (ab — ba) u — \/2/_3abﬂ) ¢ > ., which appears as a spin-antisymmetric excitation in the molecule.
Here the local spin multiplet refers to the spin structure in a specific spatial region of the interest that is
independent of the total spin of the system (here in our 3-electron model, S = 1/2). Initially dominant |=)
has a local singlet aa around the covalent bond in the molecule. The system's time-dependent wavefunction
W(t) becomes, by the superposition of these excited states, [V (t)) = |[Z0)Co(t) + |Zs1)Cs1(t) + [E71)Cr1 (1),
where C;(t) represents the coefficient of the configuration |Z;). Assuming dominance of Cy(t), we can
evaluate the expectation value of the generalized flux operator j7(r), which includes the charge and flux
operator (67 as

W) [8) = —=CiCsn (I50) + 32y (0)) + 7=CiCr (150 - 3y (0)) +ee. 2

2 ab

and we find that a finite charg\(e flux (n = c) arises from\{he local singlet excitation whereas a finite spin flux
(n = s) arises from the local triplet excitation. We emphasize the fact that a superposition of configurations
with distinct local spin structures is a major cause of the spin flux. We can thus expect that the spin flux reflects
the dynamical rearrangement of the local spin structure (such as the local singlet that forms a covalent bond)
along the chemical reaction.

To validate our observation, we performed nonadiabatic simulations in the mQC approximation using
the Semiclassical Ehrenfest Theory (SET) [8] to reproduce the spin fluxes in a radical substitution reaction H *
+H, = H, + H + . Figure 1 shows the spin and charge fluxes we obtained in the simulation of the radical
substitution reaction in the collinear geometry. We find that in the early stage of the dynamics (Fig. 1 (a.1)),

prior to the occurrence of the charge flux, the spin flux occurs around the existing bond and induces spin

polarization that weakens the existing covalent bond.
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3. The driving mechanism of electronic fluxes

The three-electron model in the previous section shows that a superposition of configurations with
distinct local structures is a microscopic origin of the spin flux, whereas it lacks the discussion about how such
a superposition occurs in chemical reactions, i.e., the driving mechanism of the spin flux is missing. When I
was rehired by the Fukui Institute in September 2022, we resumed our research with resolving this issue
through a perturbation analysis.

We first assume that the electronic system, whose Hamiltonian H®'(R;) is a function of the time-
dependent nuclear coordinate R;, is in the ground state @, at the corresponding Hamiltonian at t = 0;
H®(R.o) = H,. Expanding the wavefunctions with the adiabatic states at t = 0, {|®;)}, the excited state
amplitudes at a later time are driven by the perturbation V, = H® (R,) — H®'(R,~,) as

7t .
iwrot iwrot’
a_ 1 dt wnot' — Ly gy @ g / dt’ e o Yol prwror _ i Vio giurot _ g
o= Vio(t')e 7 | Vo) iwro | ih Violt) iwro Eor ‘ ! E3, (e ) )

where w;; represents E;;/h and in the last side, we approximated V, as time-independent in order to

simplify the integration. We then obtain a first-order perturbation expression of the fluxes,

@lV1®0) g o (®1]V|Po) (. 2
hz T EZ, (®02ij"(r)|®@) (1 — coswort) = —h Zl E—gl@olmﬂ(r)\@[) (4)

where j7(r) represents generalized flux including charge and spin fluxes (see Refs. [6] or [7] for the most

generalized definition), and in the last side of Eq. (4), we dropped the oscillating cosine term since it merely
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represents the transient oscillation arising from the approximation on the onset of the perturbation V.
Equation (4) suggests that the driving perturbation of the flux is V = R, - VyH¢ (R) = R, - VyT(R), with
Vy being nuclear coordinate gradient and U being the electron-nucleus interaction operator, which is a one-
electron operator. The time derivative V appears in the expression (4) since it is the dynamical part of the
perturbation which was, by an application of the partial integration in Eq. (3), separated from its static
counterpart (the static part, on the other hand, reflects the time evolution of the adiabatic ground state).

We also note the fact that the formula of the nonadiabatic coupling X,; = ((I>,|VN|<I>]) in the
adiabatic representation, X;; = (CI) ,|VNH "’I(R)lfb ]) /E 71> sShows that the expression (4) at ¢ = 0 is equivalent
to the result of the nonadiabatic perturbation theory of fluxes we developed in Ref. [6], in which we proved
that the divergence of the flux obtained by the first order perturbation equals the time derivative of the adiabatic
density. As a consequence, we can be sure that Eq. (4) is sufficient for a qualitative analysis of the fluxes

around t = 0 in near-adiabatic reactions.

4. Mechanism of the spin flux and its behavior

In order for the last side of Eq, (4) to take a finite value, there must be an excited state |®;) such
that there are finite transition momenta of the operators V and j5(r) [9]. In the case of spin flux (n = s),
however, the requirement is not automatically fulfilled because of the distinct spin symmetry of these one-
electron operators; vV is symmetric, whereas j*(7) is antisymmetric with respect to the spin projection. We
here follow Murrell [2] and expand the system's wavefunction with the orbitals of separated reactant molecules.
For simplicity of the discussion, we work on the radical substitution of the hydrogen molecule. Below, a and
b represent the bonding and antibonding orbitals of the hydrogen molecule, whereas u represents the radical
orbital. In this section, unlike in Sec. 2, there are finite overlaps between u and a, and between u and b.
The ground state of the system is denoted by @, (energy E;) whereas an excited state which arises from
local triplet excitation of @ is denoted by @y (energy Ey). The spin flux arising from these states is

evaluated, in the lowest order of intermolecular interaction,

) ~ —h ((@x[V|26) | By ) (@cl2ij (1) @x) (52)
(@xIVI96) ~ (3VuaSub + 3ViuSua ) / VB + O(5?) (5b)
(@al2i* () @x) & (9o(r)Vpa(r) = 9a(r)Vepr(r))/ V6 (50

Denoting two hydrogen atoms in the molecule by X and Y, and its 1s atomic orbitals by x and y, bonding

and antibonding orbitals a and b are rewritten as a = (x +y)//2(1 + S,,) and b = (x —¥)/\/2(1 = Sy),
Egs. (5b) and (5c¢) are rewritten as
(@xIV196) % /372 (VarSur — VaySuy) / (1= 53,) +O()  (5d)
(6126° (1)|@x) = (pu(r)Vipy(r) — ¢y (1) Vipu(r)/ VB (1 = 52,)  (50)
We now assume that the atom X is closer to the approaching radical. Taking account of the fact that V, is
negative in the early stage of the dynamics when the orbital overlap and the strength of the attractive nuclear
potential are increasing, we can expect that the right-hand side of Eq. (5d) takes a negative value. Substitution
of Egs. (5d) and (5e) into Eq. (5a) then results in a spin flux flowing from atom X to Y (see Ref. [9] for the
details of this discussion). The speculation here is validated by the numerical results shown in Ref. [7], which

show, both in the collinear and non-collinear geometry, the spin flux in the initial few femtoseconds flows
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along the covalent bond in the direction away from the radical. The results also confirm the reaction mechanism

proposed by Nagase et al. in Ref. [10] from a dynamical viewpoint.

5. Spin flux arising from the triplet oxygen molecule

Another project we started working on in September 2022 is an extension of the spin flux analyses
in Ref. [7] to radical reactions containing spin-triplet molecules. We worked on the radical reaction
CH; - +0, = CH30, - through ab initio nonadiabatic dynamics simulations using SET and theoretical
analyses ). Here we set the initial configuration to be the ground state of the reactant system with total spin
S = 1/2, corresponding to the reaction of the triplet O, and CH3 * in the electronic ground state. In Fig. 2, we
show the snapshots of the spin density and spin flux in this reaction . We find that the strong spin polarization
at the beginning of the reaction (Fig. 2 (a)) is flattened by the spin flux flowing from O, to CH3 * , contributing

to the bond formation at a later time.

[ | I |
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The cause of spin flux in this reaction is again a superposition of electronic configurations with
distinct local spin structures. Here, the dominant configuration at the beginning of the reaction is,
|E11) = | (72 + Time) p. — 2M1T2Dz) C/\/6> where m; and m, represent two m* orbitals in Oy, p,
represents the radical orbital in CHs * and C represents all other doubly occupied orbitals forming a closed
shell. The relevant excited configuration in this reaction was found to be 'charge-transferred' (CT)
configurations including |Ec71) = |m7im2C) The CT configuration Z.r, clearly has a local singlet

structure and therefore there is a finite transition moment of j$(r) between Z;; and Z.pq, and there also is

a finite transition moment of V' since Z.r; is a single electron excitation (p, = m1) of Zrq;

<5T1|2ijs(r)JECT1> = — (¢p, () Veor, (r) — or, (1) Ve, (r))/ 2V/6 (6a)
(Ecr1|VIET1) = V/3/ 2V, (6b)

Substitution of these matrix elements into Eq. (4) results in a spin flux arising from orbital pair m; and p,.

By fixing phases of MOs such that both p, and m; take positive values in the intermolecular region of our
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interest, we can expect that the matrix element V, .p, takes anegative value in the early stage of the reaction,
whereas we also see that Eq. (6a) represents the spin flux flowing from 7, to p,. Substitution of these matrix
elements into Eq. (4), we can predict the spin flux flows from O, to CH3 * , consistent with the numerical results

shown in Fig. 2.

6. Summary
We studied the electronic fluxes in chemical reactions aiming at contributing to a possible

formulation of the real-space time-dependent theory of chemical reactions. Following the basic theory of fluxes
and nonadiabaticity in 2021[6], this year, we worked on the spin flux that was found to be arising from the
rearrangement of the local spin structures associated with chemical bonds. In Ref. [7] we showed the essential
cause of the spin flux and demonstrated, through ab initio nonadiabatic simulations, spin flux triggering the
substitution reaction H « +H, > H, +H - .

In the project starting from September 2022, we worked on identifying the driving mechanism of the
spin flux and derived a simple perturbation expression Eq. (4), which indicates the driving perturbation of
fluxes as the time-derivative of the electron-nucleus interaction, V. Equation (4) also shows a requirement for
the occurrence of the spin flux; there must be finite transition momenta of both operators V and () Pl
We then applied the perturbative expression to the reaction H « +H, > H, +H +  in Ref. [7] and to the reaction
CH; * +0, > CH;0; * , which we newly started nonadiabatic dynamics calculations . The perturbation theory

was found consistent with the numerical results in the early stage of the reactions.
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1. 58EDONRDOER

[#heHI1Z]

BREEWO T ) LADNAIIX 7 LAY — LR EfTE, X7 VA Y —AOR5E LT 20 DNA 58
WAITER G N 1, EEAR, ERESKRR EREET 5, £ 9 LTDNA L &EAEN 2 Hiatz
NOBERESREREREES, B a5, @SEEEAEYOBGTHIEIT YR O =Rk
W L BHECERT D e N TE T, D

Fk 41X DNA O =R iAkiE EBIREIZ DWW T, BIR AT — NS ) A BREO A7 — L E T
M—HFTHZEEHELTWD, &7 LATTIAOMES™ 2l m e LT, AMEEITEICER
T (~10kb) 5 RAA AR —) (~IMb) TOZ a~F MEEDOET Y o THEEIT- T,

[ZEFaE—LUDOREHERIZK S O F UBERRK]

FLE AR D R TEEERIIEN R EEGR TH L a b — v VITKFT D, Z4LE Tin
VitroD EERFERICH ES5&, ab—V URDNAL—T &2 T 77 4 7R THZ ETru~vTF v
=T RRAA U EEEGEZDE VI L= LUHLETANRESNTE 2, FO LR
Do, MEERNICBTat =ik b7 ) 2GR EOL—THUE LIZWEZBHI ST
Bo7. £in
vitroCTh > Thab — UV OEEIIDNAFEEABEIC L > THEIND Z /RSN TEY, b
— 7 U U EBRICREAR ETU—T2ED 008 9 NI S TR,

ZZTEHRAIE, =T LUHLET ML D TREERDIL— TR0 R A A G Z FEL T X D5
LT, 7T rXy I FryETAEBRLIL, ZOET AT, 2= U FRAEWIE

ALTCBREEKTED ERET D, b — T NIERE 72IET— & —iEE ioT&UV?
v EE-RGCRICBEI L, SROCIGEE Lo a e —v UL D HWE T I EBRE KT
%, 29O LTak—yr Z@IRITES SN BBENR 7 v~ F o OL—7"Th% (Figure la) .
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Figure ] 2 B~F>F+ 7 F v, (a) ETNDMPE, (b) 2 m~vTFv 7 FrET ML o THE I E FREEK
RADSIC B TFIIAD 25 2 p o~ 7 J 12 BT 12 0 i S sz 22 5 2 p~ o 7°C 4 LI EF DT
B, ()2 m~FFpy 7 F BT IDK Y~ =0 T IS —vs— Kl R DO 7, BT 6 < T & —2 Al L S

JKIZ HIHE L THIfEZR bistable JREED HLAL Tl 5,

N—TERIZa e = OBEIZ DL O TR Z&KIZK > TEZ 5720, 2t — 0 OEH)
IEDNAFEAGEAE CHEINTHLLY, 7T XY VI Yy ET VORI IFLV—THLHL
ETFTNMCHBL, E—=IRA N TA T LWV o mE RO a L Z T v~y FITHND Y — B
TE 5 Z &M Cc& 72 (Figure 1b)

Flo, RESTERAONAITZ a~F U BNEET D FAL UBEIL, at—vrDru~vF o
X TFvNELERSTHREND EVWIETAEER LT-, Za~xFUExXs LAY — A
HAERIZZ > TAREMICEET 202 ORI Z L IR R 5= 0WfEa 27 N RAL
ELTHRHERARY, LhLab—y o BN —T2BMT 58, TORNEERKER->Tra~
F v BICEEERDIEN D 155 (Figurele) ., 2k —3 i 7 n~F o ba —RocIZHET T 5 7
B, FERSNZHENERIL 2 b — Y O A RSN TERY . HFEIZae —2 r OEEN
BEEMIC L > TEIELIEE AN RAAL VR DD TH D,

[3C EERDEMZE/ N1 7 X]

Qeta kD ZIRTTHEEITTET BRI W T, Qetafk = 2 7 b~ T OB HIEFIE L LT3C
(chromosome conformation capture) %V b Z Dk R FENIELS VSN TW D,

Tt —v DX BRENERS T OREIRREEIC X AR A HEE T D72 OI12iE, BiEfat C
R & BRI R 2 ERE B 2, ik TENERHE SN lk=a 2 7 b
~ vy TRDE H RS 2 ON R TH 5, 0

T~

IF3CEDOT e ha st L, HIEshbsar ¥ 7 b~y 7OBRBET NV EEZRL LT, 3CIEICE
WCHIEN 2 D SIVADNAT 7 7 A o v R_XTIIEI ik a v 2 7 N 2RI, 20tk
D—lr v v TEBETCIEAIRMEDO 1 (1,000 5 FRE) LB Sz, 3CIETHRIE S
LarEy vy IEOaEZ Y MEEOS LTS T THE] SNEHERR2oThs,

ZOHEEEENMET D L ENMITERICBWTEOa X 7 MERNE(L L&, avF s
= PIIIIBIZ AT D 2 LBy D, T a B A 7 R LIRS,

3CEAT TITRE SR Z L ISR AL T AR, a2 7 b~y T ORMRZEFITED
ALB T MERDZESNORMETNIEICR>TLE S, BUEHM S LTV D ZS MR O
T ZORBZBE L TWRWew, o oIS S BNAERS FORENRER STV D A
REVENN D D, Z ORBEZMRET D72, AREEITFHIE NS T X 25 B L THIET 5 FEE %
RUGE LTz, BUIR, ERT —F O A= AP K DB R LoREREZR STV D,

(FOBSBOEYET— D 0 T ER]
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Ferx D ) DYLBIRBIEET T U o 7 ORI Z BN THEE 22 DRI, MIEEN T LYK R
THDBEE > Tce ZOFETMCEBWCRARITIFIMEERNOSRZ DY 7 haTifOR) <
— & LTRELSN, MEENICEEE CHRNINTZ E EOLMOEEZ ~T & WD FFRRME % FF
D, ZDOFRIMBETEE O (517112 X D) FH5EEZ ) © Flory-

Huggins#7a ClIail S e, E72flRERkO = h o B —/HESBEZ ) O 8-
RINBEGGOMALAZ S A S 72 WEECH L S BKREWBR TH D,

SNETOBET, Fox (TR OEDICHEE CIAET 5 BT % A5 & LT, ART20
YDy PTEHO b L TRET S 805 BT FAD b L RO B F— 2 AT 5 Pik
EER LI, ZRICE D RAMSBHIRT- ORE= > F o E—Ic LY BBISR S L\ 5 SR
ARIAIR SIS, TR0 B BT 5L — B SR B & R 72U &0 5 BRI 72 R D 7230
T R R R D o T,

AREFEE, KA O—FOBEHREN T —V 0 Z G0 & TIREI L, &S 7z B B I EE)
EHFSND LWV ET VTR & FAER LA 2B Lo, BRI idr—v 7 2950%
HHEDEIGRRM/NT A—2 L LTERD D, ARINTROBZFHME L LTREDS T
DT, NI A=ZERET HHBRADEREZED TV D,
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M - BT THR T8 EHHPEENE = 5, (b) o—322 B D% R D7 (72) & W85 Zre
T () o BT DLEHRED 5L —FD H 1 EDEDFLEIZHI ] iR 540 THRE) L, [AFFIZEIO H /15 TllidEd 5,
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WIE7 = v — (LR 7 v —7)
1. SEEDOHEDERN

AR XIRIR DOFE Sy HRREGR DO NA 7V v RIEONSA =T VT A~DRER % i L T,
KBS0 LD pKa v 7 b EXTF RMEIO -0 DT — 2 _X— A Z 1T - 72,

(38601Z) 3D-RISM Hiim 120 & 9 AR D5 e =CEam (I E & I OF EAF R 2 31 &
S THOLNT-FHBBS A & L ITITIICHE TX 2 FIE T, TR A =X LD RT > 7
T WA NTET D IREAR BAER OfENT 72 £ ORE SO ESE TR & TS 9, 3D-RISM #ii Tl
B 2 BRIk LT, FBRR AR T 5700 IWE ORISR L EOREZ I Ah DI
5Ty Ial—a bt OBBNEYTH S,

KT T I 2 b—3a v b 3D-RISMBEGHDOANA 7V v FIEOSH & L TRERS 70
BIZL DA D pKa v 7 R EXTF RMEIOTZO DT — 2 X—2ELIZEA L TR T 5

[REBR D FEIEIZED TBZ D pKa UTR] KBRS F037 A Ny F 2+ 52 & TRk L
BEEKIZF A ST OO & B 5 HEE Z2Ho,

j\ Hlzix, 77 ve R (CBT) TliE, ¥ A My+d

N s NN WAFRIE 2L (pKa) 2 2L S5 Z E RTINS,
Kj;%<; jﬂx Z? pKa ZBALIZT A NG FIZFTRXRoZ Y — )L
T (TB2) % IV T BEIZ KX < L 4.0 70 8.0 ~0D

O n=7

+4.0 pKa BATOZEN A 5N D Y, pKa i3 H 7
B DOREREC K ~DIEfRME 72 S ICBES 2 & T
b, ZORA Ny FABEIIL DT A NorF pKa D
FIEIE R v 7T U AR —~DISHAB SN T
W5, pKa T o7 e b RISOBHZRAF—ZHWTUTOXNTHLDLIND,
G(B) + G(H*) — G(BHY)
PKa = RTIn(10)

ZIZT, GO FEX O BT RLX—£T, CBT @ D pKa 7 MI U H v FEKLES
EORIEHHTRAF—ETH LMD,
G (Bcomp) — G (BHZomp) — G(Bfree) + G(BHiee)

RTIn(10)
DEICHEDLEND, T I TC(Kfree) & G (Xeomp)IFENEI, HAKD AR TR/ ¥ — LHEEED
HRTR VX —Thod, ZORNL, FTRULY — LD pka ¥ 7 MEL G(Beomp). G(Beomp) PP
SOLFEEOAHT RV —DHENLELN S,
AHFFETIEL CBT WA K D pKa 7 hOS T A B = X LOfFAZ BN L L CTETLYEHE,

Fig. 1 Structural formula of TBZ and the
repeating unit of CB7
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SFENFY I 2 b— a3 B X ONRIKOR ) TR

BEROAA TV v RRETHS QUM/3D-RISH % FIv ' — T
Tpka 7 DA B =X LD 24T -7-, £, TBZ
& CB7T OUERHEEZ A LT 5720, v 2 H
WA DR E 24T > 72, X 112 CBT OE.L & TBZ

= N
o o

Free energy / (kcal/mol)
=
15

DR e O B 2 SOSEFEIZ &V | umbrella sampling % 5]
HAWTHER LB RV X—HTh b, HHZ /L X
—mTELELD T hALIRIET oD/ EFFH X I R S S S B

|rcomce7 - r's| / Angstrome

Fig. 2. Free energy profile of CB-7 TBZ

JRIERED /NS VNE D INF T — L KEWVIE D R
A B = VD CBT ARG T D, £, =0
D EBEZFAF—HOMNNS, EHLDT 1 b ALK
BETHNY R IS =L BT 5 LIRECHD 2 LD S, Th b OB MR (2
LY FHsh 2 aEE s —%75 ",

FEUNT, QM/MM/3D-RISM & FHWNTC, pKa 7 NOEHEIT -7, ZOFETIE., ¥ A M7 (TBZ)
 QUIET, RA Ry (CBT) & ML, Z LT, BHBEOK) & 3SD-RISMIEIC L Wik D ~ L F A —u
NATY y FHEFETH S, FISHATRAF =08 L T ORS 2 RITRT, Rt H =3 ¥
—7EA(86G)1E-2. 19 kcal/mol TpKa 7 MIEATHD ETHIEND, ZOREITEAEICLD pKa &
7 MRIETH L Z LITEMRIC S —B L TW 2RV, 5%, 5B B kL —figfr 2 L T
ZOBBIZOWTHET L FETHD

complex.

Table 1. Difference reaction free energy and its components
A(8G) A(‘sEligand) AEligand—host A(Epost) A(SGSOI)
-2.19 -6.25 93.38 -7.56 -81.74

[HAEDOES ABRRERERAVZRIRTFFT—EAR—IDEE]

NTF RMBHIBREAMO/NSWED RS L TR SN TR Y, SRE OO B, R
T T FVNRY —=DRANFFIREDAAL F~T VT AME~DOISHAPE STV 5D, TE, 1§
WA TFIEE W7 — 2 BREIBH I K D PPRIBI R DN A B~ RBE SN T Y . ThEXT TR
ME~OBEANMFS NS, 2O X977 —ZEEEIOBFR TIE, TR STIRCERR 72 & O T
BIOWEEED =T — X R—=AEERETLIMER DD, DD T —FRX—AEREIZHT- > T,
TR U 72V ERECINEIC IS U Tl e 7 — X 28D 2 MER S 5, IEEFE BT R L F—%2 T U
ET DA T D BN R RIINT T SMEE BREOMEIERICELENH 0 | Aoy iRtk oA (A
AR AT A - OICEHERYBEE L ZE X LD,

Z 2T, AW TIE_T T FMEO T — 2 BRI OO 07 — 2 X—20E~ B LT, I
DOT X WRERFED D AACD LD R Y X TF ROET )& MM/3D-RISM 2 W TR 21T o7, X
31T AACD U~ T*F KD 8000 LA DB DA 2 n T, BIfE, &L LT, BHEMA Bz x
VR — AR VIRRE, MEXERIRREERE, FERHAERE N EEON S Th D, Sk, ZOT — X X—
AEHWT, XTF ROBEMEER EOTREITV, T —F _X—2ADRYUMe EORFIEIT I,
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Fig. 3. Distribution of physical values of AACD dataset
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[#R&IZ] EESBTF~DISHANIE SN D NLR Y LT F ROK~DOEMRNE DB R HER IO
T, EBEOFERD L 5 7o HHE R A RBRE A R H LWl FiEE ML Lz, Fox i, 2145
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R AX—LDREEIT), bV TN OEBERFHERNGE LT, B—DT7 I /4O bHE
S D 4 FREARER Y RXTF FOBMRMEFMATT O, ZOBR, 4 BERERY XTF RO )L
(WiFEAR) 36 L OVKIEIRGRIZIS T 2R B B = L ¥ —3H R0 DA B L OV E R & 5
T 5, BONTFERNDERT I BROVEE & A O BRI E2 ST 5,

GRS MBAIRVT—HEIVAREHELT 27 2 VB TR SR Y 7T Rk, 72/ BEFE+E
INRTTF REGEN L TR IR LSS LICERROE ST Th Y | ANttt A L, ik Tdh
LI OEREEEEZFFD, L OREMNS, RV =F L 7Y a—/PEG) LY bHEHRRY <
—HDLWINT T FEELOMELE LTHERZEDO TWD, RUXTTF REfk+ 27 I/ BICix
702 (Gly,G)RT 7 = (Ala, A)D X 5 R EERRMERISH 2 FF> b D' U (Ser,S) T 1 & 2 (Tyr,
Y) 72 E DR Z Fr DN FVED & D7 & ZARRFEESAEET D, ZNODT I JBERBET D
ZETATMICERLIEATLRY XTF RZFEEO 7 I /a7 ey 7 LHEAL L0 L E
DD EERARFEENFEL TR, AHARMEZRF O R Y ~— %23 T 20808 A 2« 1Thbih
TWn5,

ANLRY XRTF ROEFEGHE~OICHZE 2 D56, I - 7540 - 3 - Rt & v o 73K siRe
WRENEE L 25, flx X, WELFICIIKRSC AR ~ OB E SR BN EETH Y |
TAUH DME &R AW RIFNRPU T D HIRC Y A7 BREL D LV MENRAEL D, 8
BT U BN AR 2 R OB R U RTF SR Z BB T 570121, —REETHHARY
XTI F REERT DT 2 BBES & DE 2RI E O OB OMANEE CTH 5, Ll
WO, BEEOT X BERSZFOR Y X7 TF ROEEELZIET 2121E, ETEROICEDO L S 7
RYVXRTFROFEDLDLWVNEIT Ry 7 AR v —Z/BEAE L THH, U OV TS/ B
BEAWNEST D EPRE LD, ZOARMIEEITIT—KIZFRMD 00 0 £7 I BRICONTER
HHNCIEMRMEEZFHE L L D L5 L. #MABADLENRERAR 0, EBREICE T 5 eI (2 &l
1272 %, ZORMBEERRTHFEELTCHER Y I 2L—Ya v NERATHD, Zhid, HEEE
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D EWVIOMEN DD, EDOID, WERIELITRLD, FHE X NOLRWRY XTF RERHH
TRNFX —HREFIEOMINLETH D, AMEEL, O4 BEE -7 I BIrLHERSNE ATARY
RTF RORFFET V75T, QKEBELS IR VT F Rory (HEK) STk Tae
JEFMD ¥R =2 b—y a3 LB - o) TR EFER L, @ANTAR YT F ROREFH
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Volume(Number),
No. Authors Title Journal first page to last | year
page
ok
S Role of Vibronic Couplings and Energy
1 Wataru Ota, Motoyuki Uejima, Tohru Gap in the Internal Conversion Process of a Bull. Chem. 96, 582-590 2023
Sato Soc. Jpn.
Molecule
2 | Wataru Ota, Fumihiko Uesugi, Tohru g oop : Nat. Commun. | 14,4471 2023
for Ultrafast Crystal Phase Change in a
Sato
Nanocrystal
Takeaki Zaima, Wataru Ota, Naoki Spontaneous-Symmetry-Breaking Charge J Phvs. Chem
3 | Haruta, Motoyuki Uejima, Hideo Separation Induced by Pseudo-Jahn--Teller L'e i V- " | 14,9706-9712 2023
Ohkita, Tohru Sato Distortion in Organic Photovoltaic Material '
Yohei Haketa, Kaifu Komatsu, Hiroi
Sei, Hiroki Imoba, Wataru Ota, Tohru Enhanced Solid-State Phosphorescence
4 | Sato, Yu Murakami, Hiroki Tanaka, of Organoplatinum 7 -Systems by Ion- Chem. Sci. 15, 964-973 2024
Nobuhiro Yasuda, Norimitsu Tohnai, Pairing Assembly
Hiromitsu Maeda
Intersystem Crossing as Vibronically
5 Wataru Ota, Motoyuki Uejima, Naoki Induced PhOﬂOH.EmISS}OH and Absorp.)tl(')n Bull. Chem. 97, u0ad020 2004
Haruta, Tohru Sato Processes: A Unified View of Nonradiative | Soc. Jpn.
Transitions in a Molecule
FH EZHX
. . . Origin of Stereoselectivity in a
1 Wakana Sakai, Lori G(.mnet, Naold Mechanochemical Reaction of J. Phys. Chem. 127, 5790-5794 | 2023
Haruta, Tohru Sato, Michel Baron . .. A
Diphenylfulvene and Maleimide
Encyclopedia
. o of Condensed | Volume 5, pp.
2 | Naoki Haruta, Kimihisa Yamamoto Molecular clusters Matter Physics | 694-701 2023
2nd Edition
Takeaki Zaima, Wataru Ota, Naoki Spontaneous-Symmetry-Breaking Charge J. Phvs. Chem
3 | Haruta, Motoyuki Uejima, Hideo Separation Induced by Pseudo-Jahn—Teller L.ett V- " | 14,9706-9712 2023
Ohkita, Tohru Sato Distortion in Organic Photovoltaic Material ’
4 Wakana Sakai, Lori Gonnet, Naoki Theoretical study on mechanochemical Phys. Chem. 26. 873-878 2004
Haruta, Tohru Sato, Michel Baron reactivity in the Diels—Alder reactions Chem. Phys. ’
Intersystem Crossing as Vibronically
5 Wataru Ota, Motoyuki Uejima, Naoki | Induced Phonon Emission and Absorption | Bull. Chem. 97 uoad020 2004
Haruta, Tohru Sato Processes: A Unified View of Nonradiative | Soc. Japan ’
Transitions in a Molecule
Hirokazu Masai, Masanori Koshimizu,
Hiroki Kawamoto, Hiroyuki Setoyama,
6 Yohei Onodera, Kazutaka Ikeda, Combinatorial characterization of Sci. Rep. 14, 4638 2004

Shingo Maruyama, Naoki Haruta,
Tohru Sato, Yuji Matsumoto, Chika
Takahashi, Teruyasu Mizoguchi

metastable luminous silver cations
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The verification of delta SCF and Slater’s

Kimihiko Hirao, Takahito Nakajima, o . J. Comput.
1 Bun Chan, Ho-Jin Lee trans%tlo.n stgte theory for the calculation of Chem. 45, 183-192. 2024
core ionization energy.
The core-level 2s and 2p binding energies
Kimihiko Hirao, Takahito Nakajima, of third-period elements (P, S, and CI) J. Phys. Chem.
2 Bun Chan calculated by Hartree-Fock and Kohn- A 127,7954-79 2023
Sham DSCF theory
2 SR TIPS
Energy natural orbital characterization of
1 | Kazuo Takatsuka and Yasuki Arasaki nonadlabatlc.electron wavep acket§ in the J. Chem. Phys. 159, 074110 (21 2023
densely quasi-degenerate electronic state pages)
manifold
Electronic-state chaos, intramolecular
2 | Kazuo Takatsuka and Yasuki Arasaki electromc' CneTEy revzdlsFrlbutlo.n,v J. Chem. Phys. 159, 074110 2023
and chemical bonding in persisting (22pages)
multidimensional nonadiabatic systems
Schrodinger dynamics in length-scale
hierarchy: from spatial rescaling to J. Phys. A: 56, 445302
3 | Kazuo Takatsuka Huygens-like proliferation of Gaussian Math. Gen. (22pages) 2023
wavepackets
4 | Kota Hanasaki, Kazuo Takatsuka Spin 'current n the carly §tage of radical J. Chem. Phys. 159, 144111 2023
reactions and its mechanisms (22pages)
Geometrical decomposition of nonadiabatic
5 | Kazuo Takatsuka 1nteract1.0ns tq collective coordinates .m J. Chem. Phys. 160, 044112 (7 2004
many-dimensional and many-state mixed pages)
fast—slow dynamics
6 | Yasuki Arasaski, Kazuo Takatsuka Somﬁcatlon'of molecglar electronic energy RSC Advances | 14, 9099-9109 2024
density and its dynamics
b SE
Yoshiyuki Mizuhata, Wataru Ijichi, . .
R . h h f 1
1 Ryohei Nishino, Tatsuhisa Kato, EygiofslZ?riigidtrzggré?a::mrmn Zenr(:c,l?cal Polyhedron 244, 116614- 2023
Eiichi Kayahara, Shigeru Yamago, and Y & germy 4 116621.
o . anion
Norihiro Tokitoh
A HA
Tadasu Nozaki, Soya Shinkai, Satoru
Ide, Koichi H igashi, SaChﬂ.(O Tamura, Condensed but liquid-like domain . 9 (14),
1 Masa A. Shimazoe, Masaki Nakagawa, organization of active chromatin regions in Science eadf1488, 1-19 2023
Yutaka Suzuki, Yasushi Okada, Masaki livgin human cells g Advances ace ’
Sasai, Shuichi Onami, Ken Kurokawa, & pag
Shiori lida, Kazuhiro Maeshima
Hrie Fetss
Electronic-state chaos, intramolecular
1 | Kazuo Takatsuka and Yasuki Arasaki electromc' enerey reV:dlsFrlbutlo.n,v J. Chem. Phys. | 159, 074110 2023
and chemical bonding in persisting
multidimensional nonadiabatic systems
. . Sonification of molecular electronic energy
2 | Yasuki Arasaki and Kazuo Takatsuka . . ) RSC Adv 14, 9099-9108 2024
density and its dynamics
ey
1 | Kota Hanasaki and Kazuo Takatsuka Spin current in chemical reactions f:;m. Phys. 793, 139462 2022
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M 4% E 4% HIR (H) HIR (%) H 1 H
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5. @##R—ELSMRAEL 42— RIIL TATSA

19 HRBRFEHHF DA X — R T L
7va g g M

HEF 202442 H6H (k) 13:00~19:00
ST REREFEEITEE A v F — 3 K=

&3 (Opening)

(B fE] KR it CRERF RISty ¥ —K) 13:00 — 13:05

f8EE (Lecture Session)

o I BAE (UESKFEEHAH—FLSMERE & —) 13:05 — 14:05
DEREHREZHE I @Y. TLTY 7 h~Z—DWH |
JER AR RS (BB RS RSB TR ge )

o (LT B REKRFACFEWLT) 14:15-15:15
TR N AR e Y — 2RO - By OREAIEDORIE & 2 0k - #Re D f# |
FEE - BH B GUESKFEEIH— a2 —)

RRAB—+t v 3> (Poster Session) : 3 B KEEE 15:30 - 17:20

#BHS (Banquet) : 1R ZEME 17:30 - 19:00

RAZ—UJ RN 3 KEBE=E 15:30~17:20)

v EEBAEOGIEEPE (15:30-16:25) . F S OMERO 7 IT% T (16:25-17:20) . RA K —R— FOHIT
FEERTDHEIITL TSN,

v' Authors with odd and even poster numbers should be present at the poster during the first half (15:30-16:25)
and the second half (16:25-17:20) of the session, respectively.

1. BRTEAFMEMISERALLEFKEARS T FRIG

OIRTE HF[1]. /Mk o (1], Hro FAZ[1]. BHF F[1,2,3]. FFF 3K 1,2,3] GRUKEE T
[1]. A K ESICB[2]. HKEH[3])
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SRTATHL(INA LR OF UEEOBRERSEIZH L THEABEKIERZED Hartree-Fock 32t
IRNF—NEZDEEBICET IERHAR

O & BR[1]. & k1], &8 H RA[2]. F 52 F[2,3,4,5]. AT FefE(2,3,4,5,6] (FROCHAE (1],
PRORBERLARE T[2]. Bk QIQB[3]. Bk RCSEC[4]. BK ICS[5]. BiK SRN[6])

Y774 T7ERL a-Ga:0: BEIZH TS EEELOEE
Ot fsa[1], /N feR[1]. B #h—BR[2]. K% 23], B E[1]. S EE]. &1 &/
KER[4]. B BEAL GUK[1]. HAEK[2]. dEK[3]. ~ZAnfiEK[4])

FXLUHFHIERETIVOEFREL EQEEMICHT SERTAR
OHK BAE]PEE BRI B 55 [1,2,3.4] 6T BEFE[1,2,3,4,5] (BORBEEERE T[1]. BOK QIQB(2].
B K RCSEC[3]. BROK ICS-OTRI[4]. BRK SRN-OTRI[5])

DFBBIZHES FFRUEY—ILD pKa 27 MBI 2 ERAOPIE
O THR[1,2]. T soe3]. HE KZ[3]. & fAER] GRREHE]. 4 KRPEE®2]. Tu
REEEL[3])

= rASFF—EORIBFEEFOOEFREICET S ERR
OARIR —#I[1]. /& 72 P[1,2,34], LIl HEFE[1,2,3,4,5] (BRI T 1], Bk QIQB[2]. Bk
RCSEC[3]. BR K ICS-OTRI[4]. B SRN-OTRI[5])

BREAH/T OET=9L TCNQ SBHADERIEE L Dt
OKIM YONGIIN[1]. O#%#a AW#E[1]. OuHE TE[1]. &)l F#[1]. K& %54[1,2]. FE FHA[1,
2] (CRUKBEEE[1]. RUKRBRZIR[2])

2z F LoV BREFEETITILILUIZE TR RIGICET 2ERTIR

ORI F[1], i F=:[2]. B 22.3.4,5], "E Hh[4,6]. BE 5F4,6]. ALl FEFE2,3,4,5,7]
(BRRFAE T[], PRORPEHARE T.[2]. PR QIQB[3]. PRK ICS-OTRI[4], PRI RCSEC[S]. BRAKRE T
[6]. PR CSRN[7])

&B F—7 SrTio: ZALVz CO ETICE T D EFEIRA DO Az R
O/NIFE B[], AR Eli[l]. 0 FZ[1]. BRAE HF1]. HAY F[1,2,3]. SFF 3iRRR[1,2,3]
O RBEL[1]. HTK ESICB[2]. mLK#EHE[3])

ANTORFESNRT U FSEVOESFEAGEEEICEASREICHT 2ERTR

OV et HAk BN B 22F [1,2,3,4]. 6 HEF&[1,2,3,4,5] (BRKPFEIAE T[1]. B
QIQB[2]. B RCSEC[3]. FxK ICS-OTRI[4]. Pz SRN-OTRI[5])
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N-ZILXIE (A1) £/ )= LETCNQRT7IVETE4—SFhoRPERBRBEADEEL
itk

Ol FE[1], O/NE BZ[2]. ¥HE WIER], A1 2], T8 #£B[2,3]. K& RiL[2,3] (K
KEE[1]. RUKBEEE[2]. AUKERZIR[3])

JxF LoV BERGEFERET A L oORMEREHRE

O ZR[1]. i T3[2]. B 52F2,3,4,5]. mH wjE6]. it #ht[4.6]. BE <F4,6]. 1t
] FEFE[2,3,4,5,7] (FRORFEARE T[1], BRKPESEEAE T[2], Bk QIQB[3]. P K ICS-OTRI[4]. K RCSEC[5].
PRRBEL[6]. BRK CSRN[7])

CO2:E7T Ru flIRIZH (T 5 RIGHHE & KD AR O ERAEEHT
Omfh HE—[1]. R E[1,2]. 1/ HER[B] GERBEL[1]. BmAREH 2], 4 KE=IE3]

RERFEEESFHIOLEIEEABEL-_EBHORELBEICRET 2HERIE
OB FK[1]. B 221,2,3,4]. A6l HEFE[1,2,3,4,5] (BCRBedemE 1], B RCSEC[2]. Bk
QIQBI[3]. B K ICS-OTRI[4]. B SRN-OTRI[5])

Approximate functionals for multistate density functional theory

Alexander Humeniuk

SR27AVHL(N)A 2 O UEGEOEE L RIESEICET 2ERBIR
O%& M A1), H b BE[2]. & WEH[2]. & 52 [1,3.4,5], Abil BER&[1,3,4,5,6] (BRORPRHEAE T 1],
PR AR LA T[2]. BOK QIQB[3]. Bk RCSEC[4]. B A ICS[5]. B A SRN[6])

hg7)L¥J/L{E DABCO & TCNQ A2 S5 HILT7 A UiEDERIEE &t
ONA FE[1]. FH BEE[1]. A A1), K& %5A[1,2]. 8 FA[1,2] GIRFEE[1]. R AKRE
12])

BN FRBREERANEL L-— R FRERETLICE T 2—EESREBRICET IE
RBTR

OEA &[] M H EIE0 R 51,2,3,4] 60 FEF[1,2,3,4,5] (BB HEHRE 1], B R QIQB[2].
B K RCSEC[3]. BROK ICS-OTRI[4]. BRK SRN-OTRI[5])

BEFLEHEICEEZTISOT7/X/ P45 (TCNQ) D VIL/N Y A S X LORFEK

OF I T &[], i REF[2]. EE EL[3.4]. 1 HER[S] GREIRZIEE[1]. BiERRF KR
FHEE TR SERN 2], RS R PR FBE LA SeR 3], R ARl sit v ¥ —[4]. 4
R R RGNS R S))
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21.

22.

23.

24.

25.

26.

27.

28.

29.

EX—RYVFXLUOEFE-—EFHICHEITZEFREICEHT 2HMBHARE
OBW B[] B 7% [1,2,3,4]. b FEFE[1,2,3,4,5] (BRORBEEERET[1]. POK QIQB[2]. BRK ICS-
OTRI[3]. B A RCSEC[4]. B KX SRN-OTRI[5])

SNt Sn F—THER) VRIES S X ICET 2BRMOTIR
Oy ffi[1,2]. FH EZ[1,2]. EH R3], A f[1,2] GEREHE[1]. HRPETL[2]. Eik
W3]

BEFICZFAFIORSPHLERTSIS5 02/ 4 FEAOBAISEICET 2ERTER
O W11, HE BE[1). &l RAA[12]. F e 42,3.4,5]. ALl FEFE[2,3,4,5,7] (FORFEMET 1],
P R Be £aA (2], Bk QIQB[3]. P A RCSEC[4]. BRK ICS[5]. PR K SRN[7])

T4/ U - RIGETE & L TORESTER
OXH #i[1,2]. BE HEZ[3].FHE EE[1,2] /8 Wi(1,2] GO HE (1], 5 KEEL[2]. MOLFEX[3])

2N H-ERBESBEICHT SBANE - BHOFPRIH
O& B AL, Bl BE[1]. #hE FOH[1], AeAk fh=a[1] CRBCORBEEMET1])

REISAE—BAF > Co & CeH DIREHEICEIT 2EMOTIE
O R #H1,2]. FMH EIR(1,2]. I STA2]. L H[1,2] GURBEL[1]. RAEHER2])

Universal direction in thermoosmosis of a near-critical binary mixture

Shunsuke Yabunaka and Youhei Fujitani

Ge F—7 a-Ga:0: BlENEREEREL a3y FX—NY T7ELF—FADGH
O E[1]. P58 (1] . &R fse[1] « &1 @ERAR[1,2] « B A GERBEL[1].
A AE KHERAF[2])

Cu0: B EHIL & T 5 NO EXTRCHIBOERMER
OFA R[] 210 HEARER]. # HER[3], EiF B 3[2,4] OGERT], HRBET[2]. 4 KBl
EHRINS S ON CF Tl

ENTOTHBRBEMHREEREMBONXMERBREICET SHROPTR

OWF #[1,2]. FH EH[1,2]. KH #i[3]. FrkE #[1,2] GURfEHE[1], mRBEL2], Bkt
MOLFEX][3])
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OfEM EEA[L,2]. KHE Mi[1,2]. FHE E3[1,2]. & 23], Kb #AR2]. & #11,2] ik

fEHE 1], HAKREEL[2]. Molfex[3])
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