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1) tv4—k
[X4 (50 72372)] | Hirofumi Sato
[W%44 ] | Professor
[F7)E ] | Department of Molecular Engineering, Graduate School of Engineering
[#F7E=] | A4-026
[ ERS] | 075-383-2548
[FAX] | 075-383-2799
[E 7 A—/17 R L Z] | hirofumi@moleng kyoto-u.ac.j
[ —2~—"] | http://www.riron.moleng.kyoto-u.ac.jp/
FLITEY eoretica emistry, Quantum Chemuistry, Statistical Mechanics
(#7243 %7] | Th ical Chemi Q Chemi Statistical Mechani
[BAE DOWFFEAR ] | Theoretical Chemistry, Physical Chemistry
[#F2ENZ 5 — 7 — K] | Chemical reaction, Self-assembly, Solvation
[Z:)7] | March 1993, Master of Sci., Graduate School of Science, Kyoto University
May 1996, Doctor of Sci., Graduate School of Science, Kyoto University
[%~i7] | Doctor of Science from Kyoto University
[H&JE] | August 1996, Research Associate (Assistant Professor), Institute for Molecular Sci-
ence, 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, Director, Fukui Institute for Fundamental Chemistry
[1E4MIFZEE] | June 2004-December 2004, Academic Visitor, with Prof. Paul A. Madden, PTCL,
Oxford University
[FT)E“2%] | The Chemical Society of Japan, Japanese Association for Molecular Science, Japa-
nese Society of Theoretical Chemistry, The Japan Association of Solution Chemistry
[5475®)] | TIC division chair, The Chemical Society of Japan (2011-2021)

(L&, FPifrm ]
(2 5 HFLIN)

[FIFBItR D E 72 E]

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

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

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

1. Yuichiro Yoshida, Satoru Iuchi, and Hirofumi Sato, “A quantum chemical mod-
el 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).

Tomoaki Yagi and Hirofumi Sato, “Density functional theory for molecular lig-
uids based on interaction site model and self-consistent integral equations for
site—site pair correlation functions”, J. Chem. Phys., 153, 164102 (2020).
Yoshihiro Matsumura, Satoru Iuchi, Shuichi Hiraoka, and Hirofumi Sato, “Chiral
effects on the final step of an octahedron-shaped coordination capsule self-as-
sembly” Phys. Chem. Chem. Phys., 20, 7383-7386 (2018).

Kento Kasahara and Hirofumi Sato, “Dynamics theory for molecular liquids
based on an interaction site model” Phys. Chem. Chem. Phys. 19, 27917-27929
(2017).

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 (2006)

The Chemical Society of Japan Award for Young Chemists (2002)
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075-753-4006

075-753-4000

hayashig@kuchem kyoto-u.ac.jp
http://kuchem kyoto-u.ac jp/riron/hayashig/
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1997411 SRR AR B A SE R s S i R R E T
19974E11H L (BE%2) (T#BKER)

199844 1 H AR KHINIEE (45 RBRY)
2000524 1 KEA Y A RNy 7~ R ERIIER
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FRER A S BHERYS. BARLES

A ALY iH

1. Time-resolved serial femtosecond crystallography reveals early structural
changes in channelrhodopsin. Kazumasa Oda et al., eLife, 10, €62389 (2021)

2. Ab Initio evaluation of the redox potential of cytochrome c¢. Cheng Cheng and
Shigehiko Hayashi*, J. Chem. Theory Comput., 17, 1194-1207 (2021).

3. A computational method to simulate global conformational changes of proteins
induced by cosolvent. Shoichi Tanimoto, Koichi Tamura, Shigehiko Hayashi,
Norio Yoshida*, and Haruyuki Nakano, J. Comput. Chem., 42, 552-563 (2021).

4. An atomistic model of a precursor state of light-induced channel opening of
channelrhodopsin. Cheng Cheng, Motoshi Kamiya, Mizuki Takemoto, Ryuichiro
Ishitani, Osamu Nureki, Norio Yoshida*, and Shigehiko Hayashi*, Biophys. J.,
115, 1281-1291 (2018).

5. Atomistic modeling of alternating access of a mitochondrial ADP/ATP
membrane transporter with molecular simulations. Koichi Tamura and
Shigehiko Hayashi*, PLOS ONE, 12, e0181489 (2017).

6. Photoactivation intermediates of a G-protein coupled receptor rhodopsin
investigated by a hybrid molecular simulation. Motoshi Kamiya and Shigehiko
Hayashi*, J. Phys. Chem. B, 121, 3842-3852 (2017).
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0774-38-3135
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hiroshi@scl.kyoto-u.ac.jp

http://rheology.minority.jp/jp/

HFLArY—

MO HATITA

fEHavy, BRI M, HAEAE

1985. 3 7 KPRy BlEfEL

B R B

1983.4-1994. 70 KEKFEEHITERE  BIF

1994. 8-2002. 12: HUAL K ALAWFTERT  Bh#d%

2003. 1 FUERRZHLENIGERT %

1987.4-1989. 3: K[E| Minnesota K PbF T E8 HLAFEE

HA LA 1 v —52 ; The Society of Rheology (USA); The Korean Society of
Rheology; The American Chemical Society; The American Physical Society
2015.5-2017.5: HAL A n o —4#8 ok

2016. 8-2020. 8: President, The International Committee on Rheology

2011. 3- BIfE : Associate Editor of Macromolecules (ACS)

H. Watanabe, Y. Matsumiya, and T. Sato, “Revisiting Nonlinear Flow Behavior of Rouse
Chain: Roles of FENE, Friction-Reduction, and Brownian Force Intensity Variation”,
Macromolecules, 54(8), 3700-3715 (2021).

Y. Matsumiya and H. Watanabe, “Non-Universal Feature in Uniaxially Extensional
Rheology of Linear Polymer Melts and Concentrated Solutions: A Review”, Prog. Polym.
Sci., 112, 101325 (2021)

Y. Matsumiya and H. Watanabe, “ENTANGLEMENT-LOOSENING DYNAMICS
RESOLVED THROUGH COMPARISON OF DIELECTRIC AND VISCOELASTIC
DATA OF TYPE-A POLYMERS: A REVIEW”, Rubber Chemistry and Technology, 93,
22-62 (2020) .

Y. Matsumiya, H. Watanabe, O. Urakawa, T. Inoue, Y. Kwon, “Effect of Head-to-Head
Association/Dissociation on Viscoelastic and Dielectric Relaxation of Entangled Linear
Polyisoprene: An Experimental Test”, Macromolecules, 53, 1070-1083 (2020).

S. L. Morelly, L. Palmese, H. Watanabe, and N. J. Alvarez, “Effect of Finite Extensibility
on Nonlinear Extensional Rheology of Polymer Melts”, Macromolecules, 52, 915-922
(2019).

Y. Matsumiya, H. Watanabe, Y. Masubuchi, Q. Huang, and O. Hassager, “Nonlinear
Elongational Rheology of Unentangled Polystyrene and Poly(p-tert-butyl styrene) Melts”,
Macromolecules, 51,9710-9729 (2018).

H. Watanabe, Y. Matsumiya, and Y. Kwon, “Viscoelastic and Dielectric Relaxation
of Reptating Type-A Chains Affected by Reversible Head-to-Head Association and
Dissociation”, Macromolecules, 51, 6476-6496 (2018).

S. Wu, X. Cao, Z. Zhang, Q. Chen, Y. Matsumiya, and H. Watanabe, “Molecular Design
of Highly-Stretchable lonomers”, Macromolecules, 51, 4735-4746 (2018).

K. I. S. Mongcopa, M. Tyagi, J. P. Mailoa, G. Samsonidze, B. Kozinsky, S. A. Mullin,
D. A. Gribble, H. Watanabe and N. P. Balsara, “Relationship between Segmental
Dynamics Measured by Quasi-Elastic Neutron Scattering and Conductivity in Polymer
Electrolytes”, ACS Macro Lett., 7, 504-508 (2018).

H. Watanabe, Y. Matsumiya, and Y. Kwon, “Dynamics of Rouse Chains undergoing Head-
to-Head Association and Dissociation: Difference between Dielectric and Viscoelastic
Relaxation”, J. Rheol., 61, 1151-1170 (2017).

Y. Doi, A. Matsumoto, T. Inoue, T. Iwamoto, A. Takano, Y. Matsushita, Y. Takahashi, and
H. Watanabe, “Re-examination of terminal relaxation behavior of high-molecular-weight
ring polystyrene melts”, Rheol. Acta, 56, 567-581 (2017).

O. M. Kwon, H. Watanabe, K. H. Ahn, and S. J. Lee, “Interplay between structure and
property of graphene nanoplatelet networks formed by an electric field in a poly(lactic
acid) matrix”, J. Rheol., 61,291-303 (2017)

2008.5: myFFRE

2012.5: AARL AR U—FoH

2015. 10: Bingham Award, The Society of Rheology (USA).
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IR EAEM , AH% EL, Jahn-Teller 24

PR OES A AR LETER 4 LB LR R T
it (L)

TR 9FEA R HARHRBAFRIAZE B (PD) (U A A JERE L AHFSERT)
PAI0E 1A SRR ER G LERIER 7 T B F
PRSI0 SR EEEAMIER (5 T) Ob—7 7 71 b U v 7 R5)
VRR164E3 RS EE I AL it o 2 — BT S E A P B B
T3 1A RERE RS TER e R 7 T A RO %
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JUEICED

AAa L Ea—ak¥e, ARMELES, 79—Lbr /) Fa—T- 777
R, BAYHES SRS, A EL M, LR

Jahn-Teller Steering Committee (2009-)

“An Open-shell, Luminescent, Two-dimensional Coordination Polymer with a Hon-
eycomb 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-Alumi-
na”, 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. 74820 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).

2016 FEFEH AR L B o — Z L EEFAE
SRk 23 4E 3 A ERNZE B4 Erasumus Mundus Scholar
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075-383-2705

075-383-2706
koga.tsuyoshi.6m@kyoto-u.ac.jp

http://www.phys.polym.kyoto-u.ac.jp

O TROGEF + FFRE - 7 5 Bl
H T ROBER E 54 T2 v 7 %
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19934 3 A JUNKFRFBEEL A JE R B B L HRR RS T
19934E 3 H  JUMRZEE L (F5)

19935 4 B AZEHR BRI 78 B ‘

199444 7 Bl SF €I ERATOR AR/ HiER 5 7 2 ¥ = 7 MFSER
1998425 4 mUERAF: TAHTFER BT

20094F 4 7 mUBRRE T AWHTERHE R

20124 8 A HUERRZE LR Je Rt 2%

e, HARLVA B YU —5%4% The American Chemical Society
2016.6-2018.5: &4y 1P B HE

2014.5-2020.4: & 53152 B VU SRR & (k4
1. Thermoresponsive Gelation of Amphiphilic Random Copolymer Micelles in Wa-
ter, M. Shibata, T. Terashima, T. Koga, MACROMOLECULES, 54, 5241-5248 (2021)

2. Theory of transient networks with a well-defined junction structure, H. Ozaki, T.
Koga, J. Chem. Phys., 152, 184902 (2020)

3. Effects of Added Physical Cross-Linkers on Mechanical Properties of Polymer
Networks, T. Furuya, K. Yamamoto, and T. Koga, MACROMOLECULAR THEORY|
AND SIMULATIONS, 28, 1800042(1-14) (2019)

4. Molecular simulation of structures and mechanical properties of nanocomposite
networks consisting of disk-shaped particles and polymers, T. Furuya, T. Koga, SOFT|
MATTER, 41, 8293-8305 (2018)

5. Molecular simulation of structure formation and rheological properties of mix-
tures of telechelic and monofunctional associating polymer, T. Furuya, and T. Koga,
JOURNAL OF POLYMER SCIENCE PART B-POLYMER PHYSICS 56, 1251-1264
(2018)
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SR TS AL JEE S SRV AERBEEA L A AR T
LWk, fEEEw T

T T O RER B R O AR

WA WEWAGE, ARk, 7 —x 7 MRS, 7 L BAFEE
PRERIENE, s FEBHE, & kEwT

19924F 3 A RS KRR Y B TP 78R T by B il fE A RE e 1R 7
19924 3 H  Lopflit: B RT)

19924F 4 A FESKRF L5 LR F

19974E 5 7 RO RAERE LAARTIER G B - AR Wb S e ) 2t
20094 3 H RS KPR ZFBE LA IeRE6 pl - A b i W

19944 4 A ~19954 9 7 K1 Stuttgart X% t8-EHFFER

AT, BT, BE TR, 7 MEMTE, BEAAFT 2

Jn =g IRREE R, AR, BR LIRS, A4S
ZANY) —Wha, G TEMFS, vV oA FT 7 /) nv—%a BRT —
X 79t 4s. International Society for Extremophiles, American Society for Micro-
biology

MERTHRR 2R, AKLER (4T /0 O—ia BaE,
IR AR WRR, 7 AERYS A, B AT
s a o MR, AT TR B, WIREEEER BE,

International Society for Extremophiles, President

1.  YamamotoY, Kanai T, Kaneseki T, Atomi H. “The TK0271 protein activates
transcription of aromatic amino acid biosynthesis genes in the hyperthermophilic
archaeon Thermococcus kodakarensis”. Mbio. 10, €01213-19, (2019).

2. Shimosaka T, Makarova KS, Koonin EV, Atomi H. “Identification of dephospho-
coenzyme A (dephospho-CoA)” kinase in Thermococcus kodakarensis and
elucidation of the entire CoA biosynthesis pathway in Archaea. Mbio. 10,
e01146-19, (2019).

3. Nagata R, Fujihashi M, Sato T, Atomi H, Miki K. “Identification of a
pyrophosphate-dependent kinase and its donor selectivity determinants”, Nature
Commun. 9, 1765, (2018).

4.  Nunoura T, Chikaraishi Y, Izaki R, Suwa T, Sato T, Harada T, Mori K, Kato Y,
Miyazaki M, Shimamura S, Yanagawa K, Shuto A, Ohkouchi N, Fujita N, Takaki
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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. A4m. Chem. Soc. 143, 4329-4338 (2021).

“A Theoretical Investigation into the Role of Catalyst Support and Regioselec-
tivity of Molecular Adsorption on a Metal Oxide Surface: NO Reduction on Cu/
v-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-Degen-
erate 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. 74820 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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20164 3 H  RUER KRR BE LA R o 1 Lo a4 AR e T

20164 3 A HUARRSY: 1 (T5)

20164 4 B LR RFRARATAI DT ZERT DF7ER

20184F 2 A MU TERZFRFAHINAIRIZERE FrEBh 2

20194F 4 H USRI — Rl git o 7 — FREBh#

AAREFER, AR va—2 b5, HnlksEs, 2 FR%2

1. N. Haruta, P. F. M. Oliveira, T. Sato, K. Tanaka, M. Baron, “Force-induced disso-
lution of imaginary mode in mechanochemical reaction: dibenzophenazine syn-
thesis”, J. Phys. Chem. C 123, 21581 (2019).

2. 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).

3. 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).

4. N. Haruta, T. Tsukamoto, A. Kuzume, T. Kambe, K. Yamamoto, “Nanomaterials
design for super-degenerate electronic state beyond the limit of geometrical sym-
metry”, Nature Commun. 9, 3758 (2018).

5. T. Kambe, N. Haruta, T. Imaoka, K. Yamamoto, “Solution-phase synthesis of
Al,; using a dendrimer template”, Nature Commun. 8, 2046 (2017).

6. T. Imaoka, Y. Akanuma, N. Haruta, S. Tsuchiya, K. Ishihara, T. Okayasu, W.-J.

Chun, M. Takahashi, K. Yamamoto, “Platinum clusters with precise numbers of
atoms for preparative-scale catalysis”, Nature Commun. 8, 688 (2017).
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iR - R
BN, B, LIRS RIA
BHRBE - FREmA o Bl - LC LBIEL
197448 3 1 HUHRZA TS WFFERMREM b 5 RS - R AR HLAL U 1R
197445 TAAfli£ (Ui Rs)
1974-19754F T3 F 40+ 7 L3 — 2 R - JlERFSE A
9B 19000F s GRS Bt
19934F-19954F  FURKF LA LA LR - B B
L19954F-20094F UK ER ARt L2 AW ZERHCH (L5 R 5 - Bt
20044F-20064  HURKE KA LARBFAERL HIFRLE - [
20074--20094F  BURUK-RI¥ R
2009454 A-20104£6 J  BML FWEZEAT » R
20104F 7 H-20184=3 H  BYLABFFERTRT H AL AP FurktE - PR &
20184F 4 H-20214F 3 7 BRYL2ERIFZERT - R \
20184E101 - AUESKZMEEk i atsit v 4 —- VY —F - A L7 F—
HAMESER, 7 A U ess
2006 4 -2012 4F International Academy of Quantum Molecular Science (IAQMS,
Menton) Secretary General
2004 4F- - 2012 4 Asia Pacific Association of Theoretical & Computational Chem-
ists (APATCC) President
1. Higher-Order Transition State Approximation,
Takahito Nakajima, Kimihiko Hirao, and Bun Chan, J.Chem.Phys. 2022 156 114112.
2. 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)
3. Vertical lonization Potential Benchmarks from Koopmans Prediction of Kohn-Sham The-
ory 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)
4. 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. A4 2021
125 (49), 10507-10513
5. An Improved Slater’s Transition State Approximation
Kimihiko Hirao, Takahito Nakajima, and Bun Chan, J.Chem.Phys. 2021 155 034101.
6. 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.
7. 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.
8. Charge-transfer Excitation Energies Expressed as Orbital Energies of Kohn—Sham Densi-
ty 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.
9. 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. A, 2020 124, 10482—10494.
Excitation energies expressed as orbital energies of KS-DFT with LC functionals,
Kimihiko Hirao, Bun Chan, Jong-Won Song, Kamala Bhattarai, and Subrata Tewary, J.
Comput.Chem., 2020 41, 1368-1383.
(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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[FAX] | 075-711-7902
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[ —2~2—"] | http://mns2.fukui.kyoto-u.ac.jp
(72587 ] | BiEm b, AL PB )28, RVt
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[BSHEE] | 19785428 H 7 —A X a Z MK LR E
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20164 4 H —20214-3 A @Itk —i ettt 24— UV —F V) —F—
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AAR(bHE, AAMPISRE, 72U b%s, HR%E, Bmnbss

RIS FRETZEILE R (2016 43 A £ T). SHEHhZERZ R GEAR),

Chem. Phys. 85 fREL B

B

1. Yasuki Arasaki and Kazuo Takatsuka “Chemical bonding and nonadiabatic elec-
tron wavepacket dynamics in densely quasi-degenerate excited state manifold of
boron clusters” J. Chem. Phys. 150, 114101 (18 pages) (2019).

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

3. 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)

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

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

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

7. Kazuo Takatsuka “Time-dependent variational dynamics for

nonadiabatically coupled nuclear and electronic quantum
wavepackets in molecules” Eur. Phys. J. D 75, 252 (2021).
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1. New Polymeric Materials Based on Element-Blocks (
Singapore, 2019)
2. Theoretical Chemistry for Experimental Chemists — Pragmatics and
Fundamentals” (¥i3 , Springer Nature, Singapore, 2020) .
3. Organic Semiconductors for Optoelectronics (#:3 , John Wiley & Sons, Ltd.,
Chichester, West Sussex, UK, 2021)
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(ULEESE)

1. fb% o3 nE F— FE-sIXvbF? (BEE) {B% 72, No. 5, 55
(2017).

2. fbFE-on S F Al \IEAsE=Eo B E (B3E) {b5 72, No. 6, 31
(2017).

3. AL SUEL
4. fbFoNSHE

Folml IR B (BE) 1k 72, No. 7, 29 (2017).
FhE CKkEORCF v —{R¥E (HE) (L 72, No. 8,

S.égfxghﬁ FHE CKEOMEEeFE (HE) k5 72, No. 9, 18
6.égzadh$ FREl AAROKRF LRGSR (HE) (L% 72, No. 10,
1&%ﬁﬁgnﬁ FOE A LRI A (%) (L 72, No. 11, 46
8.é22%6m% N R KO (HE) (L% 72, No. 12, 28
91§g2ﬂ6n% EILE AU U AR (HE) L% 73, No. 1, 59
mwggghdh% i FRILE L FHEALE (%) (L3 73, No. 2,29
(RS S R IYEIRI L AL (HE) (L% 73, No. 3, 24
1zéggkdm% Fiml EmSCAIE (BEF) {5 73, No. 4, 19 (2018).

13 b5 oD E

14. LN -SHEL

15. fbZ 2 S E
7,49 (2018).

FA-=lal BE &gt (HL3E) (k5 73, No. 5, 39 (2018).
F-mE RO (H3) {b% 73, No. 6,20 (2018).
FttEl Ta T o THER G (F3) [k 73, No.
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8,41 (2018)

fbFEon-SnE F+tlE mHEE S RFRT —~ 2 (HF) (L% 73,
No. 9,27 (2018).
fE%on-SnE -+ AE A = R LB (HE) (K3 73, No. 10, 41
(2018).
b o SiE  BHIual WSNEFEoT s o (H3) k5 73, No. 11, 40
(2018).
fb¥onShE % E o7 AR mT7wrSaA (iR (EE) 1
73, No. 12, 37 (2018).
fb¥ohShE H _+—E a7 /LR k7~vrSA (R (HEE)
1B 74, No. 1, 25 (2019).22. b o3 § - A &k & 2%
(Hi2) (k2% 74, No. 2, 28 (2019).

fbFon-ohiE B+ =R BVWHOBE (%) (b5 74, No. 3, 55
(2019)

BTV s R ERICH AR THRART DI () 3
RALZE No. 1, 24-27 (2019).

VIa b=y UpE#E) - BRSBTS L 8 FE LW EGRE
£%— Roald Hoffmann (FR) itk No. 1, 28-32 (2019).
EEohShE & lE AcbhsThbdd =& (H%) (b2
74, No. 4, 45 (2019).
fbFon-ohE 5 +HE &= (R (k% 74, No. 5,
59 (2019).

74,TJo.6,43(2019)

fbon-Snk H_ER HEMEEL2EHEZKIT L (BHE) b7
74,r¢o.7,53(2019)
e oh St &+ \E SEOMIEE & oRR (BE) b 74,
No. 8,26 (2019).
b on S FoHIuE BRICAY OFFRE (HE) (k¥

74, No. 9, 19 (2019).
b oo =10 s ERopst (B3 {b% 74, No. 10,
35 (2019).

fbEon-ShiE $=+—F EEolfilEo L (HE) (k% 74, No.
11,35 (2019).
fboh-ShE &=+ "[E UFvAlAy ZREM EE) (L3 74,
No. 12, 40-41 (2019).

fEZonSnE =+ = EakfomE@E (BE) % 75 No. 1,
25 (2020).

fbFonShE F=+ME FHEForsE (BE) (k5% 75 No. 2, 21
(2020).

fBon-SnE HE=FEE SHBPEO B b (E3)  {b%: 75, No.
3,39 (2020).

fEFEonSE F=+RE Zbhd [F) BT (HF) (¥
75, No. 4, 36 (2020).

k%?mo?a FoEE BB AOERFRE (BF) 1LY 75, No.
5,57 (2020).

fbEon-SnE H=FN\E FRaa v 0L R RYE & B RS
(%) b2 75, No. 6, 23 (2020).

b oh-SnE F=4+uE FLPUIcEy oL (H%) [k 75, No.
7,39 (2020).

EESRSHE HEIHE BADIEEE RO HE) (L% 75,
No. 8, 35 (2020).

M$Ohdhﬁ HIUA—E  MEFgEE Iz oW T (HE) b5 75, No.
9,29 (2020).

B oS & FHIU4- R JSHBZRIFIEICE 2 o B () (b
% 75, No. 10, 47 (2020).
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11, 37 (2020).
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Ao oS EI4-RE T—hA Ty b (HE) {LF 76,
No. 2, 41 (2021).
AbFonSnE EBUEE BEoAenT (BEE) b2 76, No. 3, 47

.{(lﬁzgghd‘ﬂ% BIUHAE FDTHIZWERIL () b5 76, No. 4,
.{2l:3%a(*2’032;3’5ﬂ$ FHJulaEl G o B (B3F) /L5 76, No. 5, 31
{(Izz‘;gglo)no“m% BIAE BnHogE 2 (H3) L% 76, No. 6, 41
éz‘iozgvbdm% HI—m FEERE more (H3) L% 76, No. 7, 37
ﬁ%@mmg HE+E EREEEL () 6% 76, No. 8, 29
(o E SR EEERO—E () (F 76 No.9,49
ﬂ(:z“g}))ho“m% HIAWE SIS s HiE=o () /L5 76, No. 10,
35 (2021)

b oo FhHAHE FFE (§E) (k5 76, No. 11, 41 (2021)

fbF oS BHARE SFEO ) —~ LR () by
76, No. 12, 59 (2021)

b on S HhH4-tE HRELEZEZT I L more (HE)
b2 77, No. 1, 33 (2022)

feEFEonShE FHANE —HES> = hav— (HEF) (L% 77,
No. 2, 35 (2022)

oS e Fh+Juml B bR SIRE - T2 (H3) b5
77, No. 3, 41 (2022)

SfEEE () #2355 R5E 56, No. 11, 431-440 (2020).

HE B0 —VLFEZEICE S (EE) sHKRETRILH, 73 (4
H ), 18-20 (2020).

B a—2OHMA (HE) BIR{ETF No. 6, 38-44 (2020).

B B DA L—XpHHEE BIE LT 1 Fiak L ONEH)
BI¥c oM o PR (B35 BlLS: , No. 4, 66-69 (2020).

HELFEAR B bF e DAL — A Aa BIE L C 208 LD =
L—7 ¢ 7= () BUES: , No. 5, 70-73 (2020).

FHEALEAP B bR L DA L— XA B LT 3 B b 20 Fiul
EIZHOWT (B3 BIR{ET, No. 6, 70-73 (2020).

B BT L DAL — XA BEE LT 4 R OED
J7 &M (B Bk, No. 7, 64-67 (2020).

SHEALFEAM B L DAL — XA BEE LT 5 & D RoE
b (B3 HAE2: , No. 8, 67-70 (2020).

SHEALFEAP B LR L DA L— XA BE LT 6 45 OB IkE
2B O (HE) BIR{EY: , No. 9, 54-59 (2020).

FHEALFEAP B DAL= XA B LT T FDE DAY
RIEIZHOW T O # (B35 BIR{ELT, No. 10, 70-74 (2020).

SHEALFAM B L DA L— XA HIEL T 8 5T DBt
& X OR (HE) BLAUEY: , No. 11, 66-70 (2020).

FHEALFEAP B bF L DAL — X2 BFE LT 9 NMR 2327 |
JAZ DWW T OFRFRIIFRHT () BIE , No. 12, 55-59 (2020).

HEALFAM Bl bR DAL — R0 2 B L C 10 JERIR & 3808
22T (1) () B, No. 1, 59-64 (2021).

B AR BEMEF L DR A— e A HIE LT 11 BRI & 5858
22T (2) (B3 Bk, No. 2, 55-59 (2021).

HEALZEAPY B DA L— AR A RS LT 12 {L22RSED
TN W2 BUEF EAER () BIR{ES , No. 3, 73-77 (2021).

FEALFEAR HR LY e DA L— A B LT 13 (LRGSR
D (H3) BRYES: , No. 4, 62-65 (2021)

HEALFEAM B bR E DAL= AZHIELC 14 M0 %E
& () BRYE5, No. 5, 71-75 (2021)

HEL A B O R h— R A HIS LT 15 BermE (ol
%) AL, No. 6, 56-60 (2021)
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80. FHEALFEAP] R LF L DAL — A A BFE LT 16 9 F> I oL
— 3 v (H3) BIRE5:, No. 7, 56-61 (2021)

81. B LA HER b L DA L— XA HIE LT 17 Kx 2200+ (B
) B, No. 8, 54-57 (2021)

82. BB LA HER b & DA L — X7 2 HFE L C 18 1 Rtk 2
WItHE L O (3 BRE:, No. 9, 56-61 (2021)

83 ALZD =D OEFEAM 1 B wissy (EE) B, No. 1, 64-67
(2022)

84. (LD - DEFEAM 2 B 1% LRy (H) BiLs:, No. 2, 64-68
(2022)

85. LD 7= OEFE A 3 Wy R () Bk, No. 3, 63-67
(2022)

(L EFOHRER)

1. Borophosphonate Cages as Element-blocks: Ab Initio Calculation of the Electronic
Structure of a Simple Borophosphonate, [HPO;BH],, and Synthesis of Two Novel
Borophosphonate Cages with Polymerizable Groups (J. Zapico, M. Shirai, R.
Sugiura, N. Idota, H. Fueno, K. Tanaka, and Y. Sugahara) Chem. Lett., 46, 181-184
(2017).

2. Stereoisomerization of 1,4-Dihydroarsinetetracarboxylic Acid Diimides under
Non-acidic Condition from cis- to trans-Forms (K. Naka, T. Kato, K. Abe, M.
Ishidoshiro, S. Nishiyama, S. Tanaka, H. Imoto, S. Watase, K. Matsukawa, H. Fueno,
and K. Tanaka) Heterocycles, 94, 923-937 (2017).

3. Studies of Spherically Distributed LUMO and Electron-Accepting Properties of
Caged Hexakis(germasesquioxanes) (J. Ohshita, T. Tsuchida, K. Komaguchi, K.
Yamamoto, Y. Adachi, Y. Ooyama, Y. Harima, and K. Tanaka) Organometallics, 36,
2536-2540 (2017).

4. Induced-Dipole-Directed, Cooperative Self-Assembly of a Benzotrithiophene (T.
Ikeda, H. Adachi, H. Fueno, K. Tanaka, and T. Haino) J. Org. Chem., 82, 10062-
10069 (2017).

5. A Stable Free Tetragermacyclobutadiene Incorporating Fused-ring Bulky EMind
Groups (K. Suzuki, Y. Numata, N. Fujita, N. Hayakawa, T. Tanikawa, D. Hashizume,
K. Tamao, H. Fueno, K. Tanaka, and T. Matsuo) Chem. Commun., 54, 2200-2203
(2018).

6. 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).

7. Tellurophene-Containing m-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 I. Tomita)
Polym. Chem., 11, 4693-4698 (2020).

8. 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).

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

(LA L2217 ER 30)

2002-2007 4 FHFEAFRILHEN (JST) O MMSHOAIXETFSEHE e H 3 (CREST) T
B FREHIIED ST BT N ARG WFEREE

2004-2005 4 SCHBFFE AN 2 7 A8 —RIFE TRE T/ 707 72 T A% — )
OF /7 7 WREFIET —~ TmRNA OBEEAYRE BRI Y 7 h DOFE%E & fig
Prf— e 2 oFEERM] HHEREE




I FEEHE - R—/\—1H— (2021)

(K4 (50 n7p)]
[ ]

(Frel
[EFA—17T FL 2]
[#F5E55 57 ]
[BIEDOHIFERE]
[FFERNZEF— T — ]
[ A IEE ]

[“~hr]

(% /EE]

GHEE=S

[FE2aE, i)
(&% 5 4LAM)

el fak (27296 k)

e R

fEHHE e ¥ — ERI—7
kazuo kitaura@riken.jp

FHEALT

BRSO EARRE I

FRRT 508 - BT

197643 A KO SE KFEEFEM AL S BB E 3R E T
19764F 3 A BRAE A (KBRS R

19794E 8 A /o TR =gt T B imal 7t R Bh F

19814E 9 A KBRS KFE A5 B

19894E 7 H E%Fﬁﬁﬁﬁ%wﬁﬁ%ﬂiﬁ%ﬁ%ﬁﬁ(% AR
1993FE 4 7 KB SLRFR G R B \
200147 7 PERDANR S WIZERTE RAM AIIFEM 7 v — T &
200744 1 PRSP IRERT TR R

20114E12 1] #REREET X T LMEBRAITIFERH R B
20164F 4 A RESRFEH G —FL&mtst e o ¥ — it 8

HA LSS, HARHESES

1. Tomomi Shimazaki, Kazuo Kitaura, Dmitri G. Fedorov, Takeshi Nakajima,
“Gropup molecular orbital approach to solve Huzinaga subsystem self-consistent-
field equations”, J. Chem. Phys. 146(8) 084109(2017).

2. Dmitri G. Fedorov, Kazuo Kitaura, “Many-body expansion of the Fock matrix
in the fragment molecular orbital method”, J. Chem. Phys. 147(10) 104106 (2017).

3. Abe, Yukihiro; Shoji, Mitsuo; Nishiya, Yoshiaki; Aiba, Hiroshi; Kishimoto,
Takahiro; Kitaura, Kazuo , “The reaction mechanism of sarcosine oxidase elucidated
using FMO and QM/MM methods”, PhysChemChemPhys. 19, 9811-9822 (2017).

4. Fedorov, Dmitri G.; Kitaura,Kazuo; “Pair Interaction Energy Decomposition
Analysis for Density Functional Theory and Density-Functional Tight-Binding with
an Evaluation of Energy Fluctuations in Molecular Dynamics”, J. Phys. Chem. A
122, 1781-1795(2018).




I FEHE - R—/X—1H— (2021)

[K4 (50 2372)])
(M4 ]
GIE)

[FAX]
[BFA—1T FL 2]
[ 5eo0 27 ]

[BLE DI E]

[BF e % — 7 — K]

(22 1]

(% IEE]

GHEE=S

(7, “ifiamc]
(2 5 FELIN)

[FHrBEIR D E 7 L]

Tatsuhisa Kato

Part-time Researcher

Fukui Institute for Fundamental Chemistry

Room 202

075-711-7843

075-711-7838

kato.tatsuhisa.4c@ 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 2010, Professor, 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. M. Tanaka, T. Kato, and M. Oda, “ Conformational changes of a-helical pep-
tides with different hydrophobic residues induced by metal-ion binding “, Bio-
chemical Chemistry, 277, 106661(2021).

2. Y. Yamada, H. Iida, S. Shibano, N. Mihara, T. Kato, and K. Tanaka, “
Significant Effect of Flexibility of Bridging Alkyl Chains on the Proximity of

Stacked Porphyrin and Phthalocyanine Conjugated with Fourfold Rotaxane
Linkage”, Chemistry — A European Journal, €202200819 (2022).

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




I #B#r& (2021)

I BIMEESF

1. BTHREMER 2021 (M3) &FE

Wk 4 K 24
BB IN—F Woe7 - m— #olE B M
2. BEHRETOT 14—
(K4 (B0237)] | #i Fl (bbb &)
(W] |5t 7 = v —
[FrE] | mHa—fi et ¥ — mEI/I—7
[WF7E2] | FAUREEIS F v > /3 A 16 5 525A
[ET A—/7 KL RA] | yasuki_arasaki@fukui.kyoto-u.ac.jp
[ —2~—7] | http://mns2.fukui.kyoto-u.ac.jp/~arasaki/
(wF5Esr 8] | Ry
[BIEDOWFFERRRA] | FEWTENE) ) 2 B 1T & DA 506
[WFENAF—U— F] | FEEBREIER. 7 7 22— JibkdIRig®E) /1%
[“7HE] | 20004E 9 A HURCK R & UL ZERHE AR E T
[ZAA2] | 2000429 H 4 (ZE4f)  (ROR)
[BEHE] | 20004E10 7 HURKYA VTV D= R-EF Y U 7-FR T b U —Hf%H
20024101 HUR KRB A SULAFZR HFR
20175 4 etk szttt o X — W7 = m—
[FrEs=] | o FREs
[F7pEE, “AfmC] | 1. Y. Arasaki, Y. Mizuno, S. Scheit, and K. Takatsuka, Stark-assisted quantum con-
(&2 5 4ELIN) finement of wavepackets. A coupling of nonadiabatic interaction and CW-laser, J.
Chem. Phys. 144, 044107 (2016, 10 pages).

2. Y. Arasaki and K. Takatsuka, Time-resolved photoelectron signals from bifurcat-
ing electron wavepackets propagated across conical intersection in path-branch-
ing dynamics, Chem. Phys. 493, 42-48 (2017).

3. Andres Tehlar, Aaron von Conta, Yasuki Arasaki, Kazuo Takatsuka, and Hans
Jakob Wérner, Ab initio calculation of femtosecond-time-resolved photoelectron
spectra of NO, after excitation to the A-band, 149, 034307 (2018, 13 pages).

4. Y. Arasaki and K. Takatsuka, Chemical bonding and nonadiabatic electron wave-
packet dynamics in densely quasi-degenerate excited electronic state manifold of
boron clusters, J. Chem. Phys. 150, 114101 (2019, 18 pages).

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




M HREIEEHFE (2021)

I HELEHED

1. BHFE—REFAREVE—FUIAI VI URIILA

B R 2022481 A268 (k) 13:00 — 18 : 30

% BT REKRY BE—RaEt s — (AU IAY)

#OJ® 13:05—13:55
AKE W (KRKRFEFER - EFAE0HEE2—)
MERMFELTHWCEHEFHE =2 — I xy NU—Z L EFa v ¥ a—% OFH)
JER A R UERR SRR P E A SR

14 : 05— 14 :55

FH Bz (@IRKFTF /<7 Y 7IVHIZERT)

MER R D2 EUHLEMAEIER & =3 V¥ — 25 # |

JER  BREH ER IMAKFEASR et 4 —)

15:05—15:55
BRI U KRBy E LA SERT)
TRy F O ENRRE S & BERE R TIRAE O B GRn0 M7 A |
JEER R i (SR KR TSR
ZEEFHEE O 16: 05— 16 : 30
EHE e (B 5 A) S EREE
R R R LN KRR FBE 28 )
[k D FL i Wyt G E B OREEE & BUKTEREIZIIT BHE A = X LD ]
JEER Rk B UK SRttt v % —)
RAZ—tv 32 16:40 — 18 : 30
2. 24—

1) fer2—€IF—

20214FFEITHT T = v - 7 A VA RGHERBG 1D Te b, Bl S e o Tz,



I WEEHFS (2021)

2 ZothotIF—

20214 FE LT 2 w7 A )V R FRGE KRB I D T8, B S o T,

3. EREXR

2021 4FHEVERIT = 5 2 A L ALK IE D 120b, WEB % 238 U 7 Ssiids oL .
B 1 /2T AN, (BEREZ 2 )

4. R2~ADT I MI—FEH

< EAfREE >

(1) mh—3% #FEE 2022 (BFn4) 41 H31H (A)
WO RO RNS T
fTHE4 : TWEZ YV =27 IhN - Xy NU—7 5 3FEAME RFEE
% BT AMEE NS BRI b DA v T A ViERE

5. BHEEHEDRIRRUVEMEDRS

WA LOERETELEL, BEPD, (LEDOITRORBRED 1 [T IHTFHEE OEROKY]
SERNTRONIEHAM EOEE LRI, ERLE, HRLY 0SS CHRE RPIEER L% %
FHIH & BT 2 @S H A& THR2IFEICAIR L T,

SEEDE L —F Y TA VY VRY Y AT, BR2EEOZHE CRBR L WA ERT L,
ZEMER B 2 ToN . (BEHRE S

6. BHELILETENDRE

Kt g —id miH ThHDMHENERCAHATRRZZOEHELOZMOER ZREL TR
D, ZHDOMRBEIICIZ, ITETIIIMNEL S OBMIKIER E L L < hoTnd, ZTH LI tn
SEAELOHES - FBICHLIBERRELZ L VML - T2 2 2HMEL, B ¥ —RNICH
ZICEHAELEEELRE L BRI ORMICETT LI L e Role, . &FFRIH 1R E L L TIHE
Hk—MLEERT — VA TEREERRE] PEEIH, ERROIRZED TWD,



M HREIEEHFE (2021)

7. 0tk

wHELo T ey T 0 TETFERICET M. BERERELORFMBSRICET 2 5m L OF
T AE L O, 2021 KEL RS TSRS E ] SR Sz,

ZOEZ, 18R DOEFE45 HICED ARBFARICRIT WKL OmIOF 16, NEHDOFE
JBICE L < EHBk L 2B A7 L 23S0 E S, £ O TON KB EE T30 ThH
b, ZNET, 7RI Rue O FHICBET 58 (18114F), /2 Y — )L ONZEIEHAR DI FICEE 4
L (1848%F), AV T L —=7 OuEOFAMMEICET 55mC (18694). F = U —RFEOMEH T
FHRICETH5mC (1898%), T Y & 27V v 7 ® DNA —HIRHEICEI T 25m3C (19534) 72 &,
EHIA 7250808 DR SCANEH S, B AR VR LE0BE L LT, TN 2RO 3
INTEXT,

BHEER L ORI EOEB LT VT 00O TOZE L -7, 202241 H20H 12, FHEBKEE.
At BERT. D FREERTTR L OEWER LERRSIC L 2% EA VT4 VEEFEIHRE - B2
2TV, BHELOEBELRT —BIERASREN L, £, K4 —BRa—F—ICRashn
WEINT,

https://www.fukui.kyoto-u.ac.jp/mews/2858.html
Citations for Chemical Breakthroughs - 2021 Awardees (illinois.edu)




IV BERE#E (2021)

V HBRERE
1. EEHA

ik 1
iz

1. SEEOHENEN
NHEHERICB T 2 IREMAER L =XV F—F ¥ v
JIbEIRAE & AR BB B R BB OB 1L, TN T+ P EIT T+ D EBLITR Y 5 &E
2 SN DTS U T IR ER & EEGER IS I D, PRI OEOER 25 O KB L
L C Born-Oppenheimer (BO)#% 8 & Crude Adiabatic (CA)FEELN & 5, AHFFE TIL. CA KIS X |
%E— FEBRE L -NHEBEREEEHORNELEL L, -7 F L/ vafle LTHHEETT T2,
F/o. IREHBEFEAOBERNTH DIREM AMFHEENVCD)B LW, RENIEE— A FTH
<77LH T LU RAIREIR B OB R I L0 | WEMRHURRRIZ BT 2IREM AN E = v F—F v »
&DHLOI/\“CED? BN LT,
CA LB IT D, B IREMD Hn~O N RO 3 L E 50X

IC
kn<—m Z kn<—m aa

KIS e HRBVE — Kad 7 7 > Ot - T P 5 NIRRT 1 |

1 2
IC —
kn<—m,aa i |Vnm,a| X Gaa

Z 2T Vo EETIRIER E mO O AIREM AAEHEE(VCC). 040 [ FIRBNW G 1-E— A > |k
THEAT LKREOIRIESE T 5, x4 VCD I3IERI VCC OWFENEIE LThH A2 bh
B,

— [ dx o)
T,
Nnm,a () = Prm (%) X V4 (%)

P (OIZETIRENE MO OELR Y BEE, v,()IXIEHT— RaDRT > v v /VERKTH D,
9-7/NFA L ) D Si-So IO NS E R A FHR LTz, £ OFHEEIZ8.8 x 107 s Th Y, F
BrfE(8.6 x 107 sH[2]% FHHL L7z, Fig. 1 IZHREIT— FZ L D maas Vimas Oea X777, a =34,
48 (TR T DKIC 1y o MR EZ 72EZFFD, Fig. 2 (Za =34 OIExIA VCD T OFE R4 173, B2V
FEIL C1-C2 DFEIRENC L W AE CDa =34 ODRT v v VERBS LR D v 7V L, ZOREE LRI
K& 7956 VCD 2 5.2 %, ZOFfEH. a =34 O VCC IZEITCL, C2 HELDZ 2R
MoTz, Fig. 3 1Za =34 OIEENIUG-E— A > b CTEHAMT LIEKIREREOREBEE 2 R4, &=
FAF T AR ABES BE 1T b = L 2 — 2B U TR B BB L, £ DOBERORE TR A VCC LR
BIKTE T2 Z &b oTo, RO TFIEIZ LY | WS S A BB BAEH & =L
X=Xy v 7OFEICHE L CHMEL, SLICZOEFE/FETDZ ENATREL o7z,



IV BFRE#E (2021)

(@) 20 (b) 5 (©) 10

_ w,,=1142em™  w,,=1550 cm’’ 5 4 w,,=1142 cm”’ . al w,,=1142 cm .
’;rn 15 '\“g ,,=1550 o 3 w,,=1550 cm

=) o 3 ® 6

Z 10 - o
ot N:zs 2 S 4

x 0.5 ‘ > 4 ‘ @5 ol

0.0 L1 Ll oLl LU h o
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Frequency / cm™ Frequency / cm’™ Frequency / cm™

Fig. 1. (a) kn(_m aa> (D) |Vnm'a|2,and (c) Oy, of each vibrational mode.
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Fig. 2 (a) Structure of 9-fluorenone, (b) vibrational mode a = 34, (c) overlap density between S; and S,
Pnm- (d) potential derivative, v,, (¢) off-diagonal VCD, 1, o, and (f) atomic VCC in 10* a.u.

[3X#K] [1] T. Kato et al., Vibronic Coupling Density: Understanding Molecular Deformation
(Springer, Singapore, 2021). M. Uejima et al., Phys. Chem. Chem. Phys., 16, 14244 (2014). [2] R. S.
Murphy, C. P. Moorlag, W. H. Green, C. Bohne, J. Photochem. Photobiol. 1997, 110, 123.

Sr-Ti RE S B bl Pd AR E IS & AR

SrsTi207 FHZHHFF L 72 PAO fiiit(PAO/ST-32)1%, HENE A PES A bkl & L Cm o it ik
BERL, 7o A—2hFIC L0 &R OBENIMEI NS Z ERREIN TS 1. &5
STEM (2 XV, PAO 1B OMEFAR BRI D IS 28RS 2 > 2 LBl s T
W5 1). PAO/ST-32 (23317 2 A MRS 1L, ikl L CoENTHRELBEEERH D EE X DND
N, ZOBEHREEDREBA I =KL, BELOT V=20 EOBHEIZHA S22 > TW2RW, AKHF
JECIE, PAO/ST-32 (Z31F 2 Z ORHERI RIS DRBIA W = AL &, 7T I —hRIZHONT
HERAYICRRET L7z,

PdO/ST-32 OfitiiiR % AT 7ET /WL W ET UL L, BEFBEEIEICES < FH—FEFHE R
v 27— (Quantum ESPRESSO) # FIW\ T, ik O\ HIREEFH R 21T o 72, RBFZETIX, HiR -
WETFTCTLERMEEL L THMONTWAZERMEE P42/mme @ PdO fif 5 Tld/e <, HER#EETH
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TV, £, SAHEE THIW L7- Srerich 2 AR FE & L THNDS ST-32 Off Lt 2
AR T 7 AT O .

VERR U 7= il 1 £ 7 L ORIl (LR 21T - 725 R, EBR BN S <0 2 B S 2 H
L 7= (Fig. 1). WIS IV 72 SRR E O PAO i, FLo PA2A 412 6 DD 02 A 7
UOSEAL L7 BN RS B RAm 2 35 Z & CliZe o 7ot s AR D, 22T, 20 PdO
IENHARS BT, B A A d8 BlE TH ¥, Jahn-Teller 2134 U722y, LA L, Bader & fif
fRNTIC L % &, PAO 1X Fig. 100D ==y hEA2K L LTH 1Sy DOE % ST-32 LA TED,
ST-32 E® PAO IE/\ A& B MRITE A B LA dS Bl & 1T R D EAELEICR > TnD EEZD
N5, ZOEMBENC XK - T, PAO E/\m{FEE BV T Jahn-Teller ZIENEL D EEZHND.
FE, BRIE D% Pd A A2 D 4d BB DIREHE ZE R T 5 &, Jahn-Teller £ > T, —H
IZHEIRT 2 eg WUED —H OWLEITZEML, b O —HOWIEIIARELENT D LV o TEfERBES
iz, Loz &g, BEI#EEIL, ST-32 25 OEBEMBENC L > TA U7z PAO @ Jahn-Teller
ERICL-oTHIER I SN DB Z NS, #EREED AT TET MIEBWT, PAO &
ST-32 OEEAHIZEITSH Pd & O O COHP(Crystal Orbital Hamilton Population) L OV @
f&5yCd 5 ICOHP3) # 3R L=, £ OfER, -COHP 2= 3 /X —(ZxF LT 7 = /L I ¥ £ TR
L7 T %5-ICOHP NIEDE(1.02) & 72> 7. ZHk Pd-O BOFEANEAEETHDL Z E2RL
TWa., £72, ZOMAICEWT, Pd D dz2 8 & O @ pz LB DM D o fEAIC L D% 5K E 0
ZEWy ot T —RIIZ OO o FESMEICER LTV E PRI ST,

Fig. 3 (a) STEM image of the PAO/ST-32 surface, (b) schematic diagram of Pd particles on the PdO/ST-32
surface, and (c) geometry optimized structure of the PAO/ST-32 surface.

[X#K] 1) B8, ML, F8, Sk, EF, 55 128 B ER <, 1HOS (2021)
2) J. Kumar et al., J. Less-Common Metals, 147, 59 (1989)
3) R. Dronskowski, et al., J. Phys. Chem., 97, 8617 (1993)

2. EE
(1) S. Kimura, M. Uejima, W. Ota, T. Sato, S. Kusaka, R. Matsuda, H. Nishihara, and T. Kusamoto,
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J. Am. Chem. Soc., 143, 4329 (2021).

(2) M. Takahashi, Nozomu Ito, Naoki Haruta, Hayato Ninagawa, Kohei Yazaki, Yoshihisa Sei, T.
Sato, and M. Obata, Commun. Chem., 4, 168 (2021).

(3) Z. Huang, M. D. Albagami, T. Sato, N. Iwahara, and L. F. Chibotaru, Phys. Rev. B, 103, 134102
(2021).
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UTAE, Pd % SriTi,0; (ST-32) I[ZHFFSHE D Z & T, 00 Mefbrs STk L TRV g4 7R3 2
EnmiEEsnzY, 2ok, HEPOIIBIEISN TS, STEMBIZIC L D, @ O PO #EdH T
TR LN WVEROBE RG22 R Z &80 TWD, L L, @RS & &y iliis v
OREMEII R TH o7z, AR TIE, Z Otz T, BEMIREED Co BR{bizx3 2 filif
MR 2 2 B2 GIICMHT 2 2 s 2 A LT 5,

A PAO & ST-32 (001) mIZH#kE 72 (5X 1) AT 7T VA MdEREb 5 2 & ¢, @E Mg
EHETDHDATTETNERZ Y, ZOFTIVOAKR P, 071 RIZCo ZflE L, ks
7922 LT, BAETRVF—ZRD, EHIT, WA COTfFOFEM 0 Ji - & Pd J5i1 0 [ o A
AL ZIH2 D5 relaxed scan #1799 2 & T, CO + 0 — CO, DIEMAVIEEER RDT-, gD 7=
W, BEMEE AT 20 X 1) AT TET VT HIGHALEREZ R 7, FHH5 L~LiT PBEHU
(U of Pd = 8.75 eV) / WK HEE (&~ b4~ :60.0 Ry) & L. Quantum Espresso 6.3 % fifi
AL,

HEE RS 121 D CO W E = R LF —|%, Pdl ET1.9 eV, Pd2 L CT3.0 eV, Pd3 ET4.2
eV, O i ECIEWIi s 50 meV AN &7 o7 (Fig. 1), Pd3 ETREL Rol-DlL, BJE B
R LB, WA ORIGHEFRIE L 72 2 7 =4 L KR8 & PPEIRRE D 0 25588 196 FE )3 Pd3
L?)%Eﬁ“éf:&)k%zfoné (Fig. 2), F£7=. CO + 0 — CO, DIHFMEALEREL, CO 233%1H 0 JR
THEEEHS LV Y, Rl PAdJR IR LI-RICER OJR 725 < N 1.0 eV LK
Do Tz, PA3 R E% OIEMELREEE X, BEMMEETO0.77 eV, B—KETI1.1 eV THY, @EM
WEZIERT 5 2 & T Co B iz kb4 HABEIEYED M) 375 Z L 3o T,

(b)

Fig. 1 CO adsorption on Pd0/ST-32: (a) uniform and (b) superperiodic structures.
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Fig. 2 Electron density difference of Pd0/ST-32 between neutral and anionic states:

(a) uniform and (b) superperiodic structures

[Sn R—THgnY VBRIE T T X DFIeiE]
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Fig. 3 (a) SnZnoPio0sHes and (b) its Se—optimized structure.
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Fig. 4 (a) The absorption spectra of 0.01Sn0-Zn0-P,0s” and the model with the
linewidth of 500 cm' and (b) its MOs.
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Fig. 5 Excitation energies of the model at its Sp—optimized structure.
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“Development of Highly Sensitive Raman Spectroscopy for Subnano and Single-
Atom Detection”
Molecules 26, 5099 (2021).
(2) Masaki Takahashi, Nozomu Ito, Naoki Haruta, Hayato Ninagawa, Kohei Yazaki,
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“Environment—sensitive emission of anionic hydrogen—-bonded urea-
derivative-acetate—ion complexes and their aggregation—induced emission

enhancement”
Commun. Chem. 4, 168 (2021).
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(1) Tatsuhisa Kato, Naoki Haruta, and Tohru Sato,
“Vibronic Coupling Density: Understanding Molecular Deformation”
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Kimihiko Hirao
Research Director

(1) Summary of the research of the year

Vertical Ionization Potential Benchmarks from Koopmans Prediction of Kohn-Sham Theory
with Long-Range Corrected (L.C) Functional

Among the many approximate functionals, long-range corrected (LC) functionals provide KS
orbital energies that represent reasonable approximations to all principal IP, i.e., instead of just for the
HOMO, as formally proven within Koopmans’ theorem. Koopmans’ theorem that negative orbital
energies approximate ionization potentials (IP) of atoms and molecules,

—&, [ IP )

where ¢, 1is the i-th occupied orbital energy and IP; is the vertical ionization potential. Koopmans’
theorem is not only related to ionization processes but also it gives the justification to the concept of
“orbitals”. In the LC scheme the electron repulsion operator, 1/712, is divided into short-range and

long-range components using a standard error function:

1 _ l—erf(ur) N erf (ur)

ri2 ri2 ri2 (2)

The range separation parameter 1 determines the weight of the two ranges as a function of 712, i.e.,
the interelectronic distance. The DFT exchange functional is included through the first term, and the
long-range orbital-orbital exchange interaction is described using the HF exchange integral. In other
words, an LC functional is a form of hybrid between DFT and the wavefunction theory. If zis 0, the
LC scheme reduces to a pure DFT; if « is infinity, its exchange component becomes the wavefunction

theory.

Another piece in our argument is that the solution of the KS equation satisfies Janak's theorem,

which states that the derivative of the total electronic energy £ with respect to the occupation number
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ni of an orbital i is identical to the orbital energy ¢, :

oF
on, ' ®)

In this regard, the total energy of LC functionals has a nearly ideal behavior, in that it varies almost
linearly as a function of the fractional occupation number between the integer electron points. This is
not the case of conventional exchange—correlation functionals, which possess the derivative
discontinuity that originates mainly from the self-interaction errors in the long-range region. In
contrast, LC has no or small self-interaction error due to the inclusion of HF exchange in the long-
range, leading to minimal derivative discontinuity and thus the satisfaction of the energy linearity
theorem. Combining Janak’s theorem and the energy linearity theorem for fractional occupations, one
then deduces that the solution of the KS equation obtained with LC functionals would adhere to
Koopmans-type theorem.

Kohn—Sham theory (KS) with the long-range corrected (LC) functional is applied to the
benchmark dataset of 401 valence ionization potentials (IP) of 63 small molecules of Chong,
Gritsenko and Baerends (referred to as the CGB set). The vertical ionization potentials of the CGB
set are calculated as negative orbitals energies within the context of the Koopmans’ prediction using
LCgau-core functional in combination with PW86-PW91 exchange-correlation functional. The
range separation parameter x of the LC functional is optimized to minimize the error of the negative
HOMO orbital energy from experimental IP. The present results are compared with literature data
such as ab initio IP variant of equation of motion coupled cluster theory with singles and doubles (IP-
EOM-CCSD) and negative orbital energies calculated by KS with the statistical averaging of orbitals
potential (SAOP), and QTP family of functionals. The optimally tuned LC functional performs
better in estimating the valence level IP than any other functionals. The mean absolute deviations
(MAD) from experiment and from IP-EOM-CCSD are 0.31 eV and 0.25 eV, respectively. Even if
we use the fixed u (not system-dependent), LCgau-core performs quite well. The x around 0.36
bohr! gives MAD of 0.40 eV and 0.33 eV relative to experiment and IP-EOM-CCSD, respectively.

The present LCgau-core-PW86-PWII is efficient and reasonably accurate at least for outer valence
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orbitals alternative to IP-EOM-CCSD. The scheme is also applied to the core ionization energies of
C(1s), N(1s), O(1s) and F(1s). The C(1ls) core ionization energies are reproduced reasonably
accurate (MAD of 46 cases is 0.76 eV) but N(1Is), O(1s) and F(1s) core ionization energies are

predicted less accurately.

An Improved Slater’s Transition State Approximation

We have extended Slater’s transition state concept for the approximation of the difference in
total energies of the initial and final states by three orbital energies of the initial, final, and half-way
Slater’s transition states of the system. Let us define AE using three orbital energies, namely the

initial, final and half-way states

AEPresent :l 2F(lj+l[F(0)+F(l)] :g(a—Ej +l(a—Ej +l£a_Ej
3 2) 2 3o )., 6\o1),, 6\o1),,

— % giHa'lf’Way +% giNeutml +% giCation (1)

=E+E,+E+E, +§E5 +2E6 +
24 24

AE can thus be calculated with an error of

1 3
Sy =—E A—FE 4 2
Present 24 5 24 6 ( )

Noted that the present theory is correct up to fourth-order and the error starts from the fifth-order,
which can be expected to be much smaller than the errors of the other schemes. The difference in
total energies is essentially derived from the energies of three orbitals. Because Janak’s theorem is
satisfied by any SCF theory, this relationship is satisfied by both HF and KS theories.

Numerical validation was performed with the ionization energies (IP) for H2O, CO and
pyrrole by calculation using Hartree-Fock (HF) and Kohn-Sham (KS) theory with the B3LYP and
LCgau-core-BOP functionals. The present extended method reproduces full ASCF very accurately
for all occupied orbitals obtained with HF, and for valence orbitals obtained with KS. KS core

orbitals have some errors due to the self-interaction errors but the present method significantly
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improves the core electron binding energies (CEBE). In its current form, the newly derived theory
may not yet be practically useful, but it is simple and is conceptually useful for gaining improved

understanding of SCF-type orbital theories.
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(2) Original papers

1.

Vertical lonization 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 (Enrico Clementi Memorial
Issue) 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. A
2021 125 (49), 10507-10513

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.

42021, 125, 16, 3489-3502.
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3. Y7 UY—FoxzO—

Kazuo Takatsuka

Senior Research Fellow

1. Summary of the research of the year

The main objective of our research here in FIFC is to develop a basic framework of theoretical
chemistry, which we call the theory of nonadiabatic electron wavepacket dynamics, or time-domain
quantum chemistry, to explore new fields of theoretical chemistry beyond the framework of the Born-
Oppenheimer approximation. In these pioneering studies, we often face very tough problems arising
from nonadiabatically coupled electronic states in highly quasi-degenerate manifold. For instance, it
is extremely difficult to characterize the nature of chemical bonds for those states, which are
dynamically fluctuating from time to time among themselves. We then come to ask ourselves how
we can describe the nature of chemical bonds in a general fashion and how we can characterize bond
rearrangement, that is, chemical reactions. We therefore determined to go back to the very basic
concept of the nature of chemical bonds and chemical reactions in terms of correlated electronic
wavefunctions in an invariant manner. As a general tool wit which to do so, we proposed the method
of Energy Natural Orbitals (ENO) last year. We then have applied the ENO to the analyses of the
nature of chemical bond and transition states and generalized notion of HOMO-LUMO interactions,
the Woodward-Hoffmann symmetry forbidden reactions and the Jahn-Teller effect. By doing so we
particularly have celebrated the 70-year anniversary of the Fukui frontier orbital theory and the 60
years from the Ruedenberg paper about the physical nature of chemical bond. Now our analyses of
chemical bonds for nonadiabatically coupled highly quasi-degenerate electronic states are under way.

Below are the short abstracts of our studies carried out in FIFC for the academic year of 2021.

[1] An orbital picture extracted from correlated electronic wavefunctions for symmetry-
forbidden and nonadiabatic chemical reactions: 70 years of Fukui frontier orbital theory and
beyond. [1]

The one-electron picture in molecular electronic state theory, particularly the molecular orbital (MO)
theory with the Hartree—Fock approximation, has set a foundation to develop chemical science.
Frontier orbital theory, or the theory of HOMO (highest occupied MO)-LUMO (lowest unoccupied
MO) interaction, and the conservation rule of orbital symmetry are among the brightest achievements
in a molecular orbital picture. After 70 years from the birth of frontier orbital theory, however,
electronic wavefunctions treated in current quantum chemistry are often highly correlated and consist
of extensive scales of electronic configurations to be more accurate and to cope with far more
complicated reactions than concerted reactions. Under such circumstances, the MO approximation
itself readily loses its validity, let alone the utter dominance of the HOMO-LUMO interaction.
Recently, we have proposed an invariant method to extract general orbitals from such correlated

electronic wavefunctions, which we refer to as Energy Natural Orbitals (ENOs) [K. Takatsuka and
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Y. Arasaki, J. Chem. Phys. 154, 094103 (2021)]. The energies of ENOs are summed exactly to the
total electronic energy. The topological (symmetry) properties of a total wavefunction are represented
by the relative phases of ENOs along with the continuity and crossing (avoided and conical
intersection) among them. Only a small number of ENOs often dominate and characterize chemical
reactions. With these properties, we have explored a couple of simple and typical symmetry forbidden
reactions, illustrating the effects of electron correlation and degeneracy in relevant ENOs. We
thushave proposed the notion of “internal conical intersection” among ENOs, which leads to Jahn—

Teller effect, pseudo-Jahn—Teller effect, and so on.

[2] Time-dependent variational dynamics for nonadiabatically coupled nuclear and electronic
quantum wavepackets in molecules [2]

We propose a methodology to unify electronic and nuclear quantum wavepacket dynamics in
molecular processes including nonadiabatic chemical reactions. The canonical and traditional
approach in the full quantum treatment both for electrons and nuclei rests on the Born Oppenheimer
fixed nuclei strategy, the total wavefunction of which is described in terms of the Born—Huang
expansion. This approach is already realized numerically but only for small molecules with several
number of coupled electronic states for extremely hard technical reasons. Besides, the stationary-state
view of the relevant electronic states based on the Born—Oppenheimer approximation is not always
realistic in tracking real-time electron dynamics in attosecond scale. We therefore incorporate nuclear
wavepacket dynamics into the scheme of nonadiabatic electron wavepacket theory, which we have
been studying for a long time. In this scheme thus far, electron wavepackets are quantum
mechanically propagated in time along nuclear paths that can naturally bifurcate due to nonadiabatic
interactions. The nuclear paths are in turn generated simultaneously by the so-called matrix force
given by the electronic states involved, the off-diagonal elements of which represent the force arising
from nonadiabatic interactions. In this paper we have advanced so that the nuclear wavepackets are
directly taken into account in place of path (trajectory) approximation. The nuclear wavefunctions
are represented in terms of the Cartesian Gaussians multiplied by plane waves, which allows for
feasible calculations of atomic and molecular integrals together with the electronic counterparts in a
unified manner. The Schrédinger dynamics of the simultaneous electronic and nuclear wavepackets
are to be integrated by means of the dual least action principle of quantum mechanics [K. Takatsuka,
J. Phys. Commun. 4, 035007 (2020)], which is a time-dependent variational principle.

I have dedicated this paper to the late Professor Vincent McKoy, my boss at Caltech during 1979-
1981 and my perpetual friend since then, and was a giant pioneer in the theory of electron scattering

by molecules and molecular photoionization dynamics.

[3] Suppression of charge recombination by auxiliary atoms in photoinduced charge separation
dynamics with Mn oxides: A theoretical study [3]

Charge separation is one of the most crucial processes in photochemical dynamics of energy



NV HZEE (2021)

conversion, widely observed ranging from water splitting in photosystem II (PSII) of plants to
photoinduced oxidation reduction processes. Several basic principles, with respect to charge
separation, are known, each of which suffers inherent charge recombination channels that suppress
the separation efficiency. We found a charge separation mechanism in the photoinduced excited-state
proton transfer dynamics from Mn oxides to organic acceptors. This mechanism is referred to as
coupled proton and electron wave-packet transfer (CPEWT), which is essentially a synchronous
transfer of electron wave-packets and protons through mutually different spatial channels to separated
destinations passing through nonadiabatic regions, such as conical intersections, and avoided
crossings. CPEWT also applies to collision-induced ground-state water splitting dynamics catalyzed
by Mn4CaOS5 cluster. For the present photoinduced charge separation dynamics by Mn oxides, we
identified a dynamical mechanism of charge recombination. It takes place by passing across
nonadiabatic regions, which are different from those for charge separations and lead to the excited
states of the initial state before photoabsorption. This article is an overview of our work on
photoinduced charge separation and associated charge recombination with an additional study. After
reviewing the basic mechanisms of charge separation and recombination, we herein study substituent
effects on the suppression of such charge recombination by doping auxiliary atoms. Our illustrative
systems are X—Mn(OH)2 tied to N-methylformamidine , with X=0OH, Be(OH)3, Mg(OH)3, Ca(OH)3,
Sr(OH)3 along with AI(OH)4 and Zn(OH)3. We consequently found that the competence of
suppression of charge recombination depends significantly on the substituents. We hope that the

present study should serve as a useful guiding principle in designing the relevant photocatalysts.

[4] Spin current in chemical reactions [4]

Development in attosecond technologies has been realizing real-time control of electronic dynamics.
As a useful means for real-time monitoring of radical bond-rearrangement reactions, we introduce
spin flux to track the dynamics of spin density in them. As an illustrative example, we show the spin
flux in the course of the basic radical reaction H- + H2. It is demonstrated that spin flux induces
spin-polarization in the molecular target (H2) to weaken the covalent bond, thus leading to possible
bond cleavage. The mechanism shown here is in harmony with the three-stage mechanism in radical
reactions by Nagase, Takatsuka, and Fueno [JACS, 98, 3838 (1976).]

This paper aims at the development of a novel field of theoretical chemistry for spin current in

chemical dynamics.

[5] Nature of chemical bond and potential barrier in an invariant energy-orbital picture [5]
Physical nature of the chemical bond and potential barrier is studied in terms of energy natural orbitals

(ENOs), which are extracted from highly correlated electronic wavefunctions. ENO provides an

objective one-electron picture about energy distribution in a molecule, just as the natural orbitals
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(NOs) represent one electron view about electronic charge distribution. ENO is invariant in the same
sense as NO is, that is, ENOs converge to the exact ones as a series of approximate wavefunctions
approach the exact one, no matter how the methods of approximation are adopted. Energy distribution
analysis based on ENO can give novel insights about the nature of chemical bonding and formation
of potential barriers, besides information based on the charge distribution alone. With ENOs extracted
from full configuration interaction wavefunctions in a finite yet large enough basis set, we analyze
the nature of chemical bonding of three low-lying electronic states of a hydrogen molecule, all being
in different classes of the so-called covalent bond. The mechanism of energy lowering in bond
formation, which gives a binding energy, is important, yet not the only concern for this small molecule.
Another key notion in chemical bonding is whether a potential basin is well generated stiff enough to
support a vibrational state(s) on it. Based on the virial theorem in the adiabatic approximation and in
terms of the energy and force analyses with ENOs, we study the roles of the electronic kinetic energy
and its nuclear derivative(s) on how they determine the curvature (or the force constant) of the
potential basins. The same idea is applied to the potential barrier and, thereby, the transition states.
The rate constant within the transition-state theory is formally shown to be described in terms of the
electronic kinetic energy and the nuclear derivatives only. Thus, the chemical bonding and rate
process are found interconnected behind the scenes. Besides this aspect, we have scrutinized (1) the
effects of electron correlation that manifests itself not only in the orbital energy but also in the
population of ENOs and (2) the role of nonadiabaticity (diabatic state mixing), resulting in double
basins and a barrier on a single potential curve in bond formation. These factors differentiate a
covalent bond into subclasses. The success of ENO analysis of the nature of chemical bond now
pushes us to explore the essential nature of what we call the dynamical bond, an extremely

characteristic yet general chemical bonding in highly electronic states.

2. Original papers

[1] An orbital picture extracted from correlated electronic wavefunctions for symmetry-forbidden
and nonadiabatic chemical reactions: 70 years of Fukui frontier orbital theory and beyond.

Kazuo Takatsuka and Yasuki Arasaki,

J. Chem. Phys. 155, 064104 (2021). (18pages) (open)

DOI: 10.1063/5.0059370

[2] Time-dependent variational dynamics for nonadiabatically coupled nuclear and electronic
quantum wavepackets in molecules

Kazuo Takatsuka

Eur. Phys. J. D 75, 252 (2021). (22 pages) (open)

(Topical issue in honor of Professor Vincent McKoy)

DOI: 10.1140/epjd/s10053-021-00263-9
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[3] Suppression of charge recombination by auxiliary atoms in photoinduced charge separation
dynamics with Mn oxides: A theoretical study

Y. Ohnishi, K Yamamoto, and K. Takatsuka

Molecules 27, 755 (2022) (18 pages) (open)

(Donlad Truhlar issue)

DOI: https://doi.org/10.3390/molecules27030755

[4] Spin current in chemical reactions
Kota Hanasaki and Kazuo Takatsuka
Chem Phys. Lett. 793, 139462 (2022) (7 pages)
(Kozo Kuchitsu issue)
https://doi.org/10.1016/j.cplett.2022.139462

[5] Nature of chemical bond and potential barrier in an invariant energy-orbital picture
Yasuki Arasaki and Kazuo Takatsuka
J. Chem. Phys. 156, 234102 (2022) (20 pages) (open)

3. Presentation at academic conferences

(1) @B, Hrie s
“TuarT 4 THIEBGO 70 4 . B AR & FEMBVEAAEH O T O KGR
%2 3R bR RY (ARRS:, 5 H 13-15 H, online)

(2) Kazuo Takatsuka,
“From energy-domain to time-domain in quantum chemistry: Nonadiabatic electron dynamics”
Fall 2021National ACS meeting (August 22-26, 2021, online) Symposium: Prominent ideas in

quantum chemistry (invited)

(3) Kazuo Takatsuka,
“Nonadiabatic dynamics and quantum chemistry”
Theoretical Chemistry Symposium, India (December 11-14, 2021, online) (invited)

(4) Kazuo Takatsuka

“Real-time electron dynamics in molecular charge separations: Time-domain quantum chemistry”
The 58 Annual Convention of Chemists (Indian Chemical Society) (December 21-24 2021, online)
(Plenary Lecture)
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Fig. 1. Structures of the model polymers employed. (a) Poly(p-phenylene ethynylene) (PPE), (b) PPE condensed
with o-carborane (o-carborane PPE), and (c) PPE inserted with p-carborane (p-carborane PPE).
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Table 1. Electronic properties derived from the band structures.

Electronic Properties PPE o-carborane PPE  p-carborane PPE
Band gap AE, (eV) 2.768 1.494 3.922
HO band width (eV) 2.477 2.171 0.216
LU band width (eV) 2.769 2.601 0.351
Ionization potential /,(eV) 5.177 5.741 5.916
Electron affinity Eai(eV) 2.410 4.248 1.995
Effective mass m* at the top of the

-0.115 -0.071 -0.312
HO band (unit ) *
Effective mass m* at the bottom of

0.106 0.067 0.228
the LU band (unit mo)”

*my signifies the mass of a free electron.
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Fig. 2. Band structures of (a) PPE, (b) o-carborane PPE, and (c) p-carborane PPE. HO and LU signify the

highest occupied and the lowest unoccupied bands, respectively.
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Fig. 3. HO- and LUCO patterns of (a) PPE, (b) o-carborane PPE, and  JT\\¢, DL/ AT ENEZ HIND, F

(c) p-carborane PPE.
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nc., Wallingford CT, 2009. 3) R. Dovesi, R. Orlando, B. Civalleri, C. Roetti, V. R. Saunders, C. M.
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Tatsuhisa kato

Title (part-time researcher)

1. Summary of the research of the year

Conformational changes of a-helical peptides with different hydrophobic residues induced by

metal-ion binding

Electron spin resonance (ESR) measurements of the coordination complex of Cu?‘can tell the form of coordination
using the anisotropic spectral simulation. Then we can use the ESR measurements to confirm the helix structure of the
peptides upon binding of the metal-ions. We designed peptides that formed helix bundle structures upon binding of the
metal-ions to Histidine residues to form a stable hydrophobic core, in order to analyze the effects of Alanine, Valine,
Isoleucine, and Leucine residues, located in the hydrophobic core, together with Histidine, on the conformational
changes in respective peptides designated as HA, HV, HI, and HL, respectively. Circular dichroism measurements
showed that HV and HI changed from random coil to helix bundle structures upon Zn** binding, similar to that
observed for HA, while HL existed in the helix bundle structure even in the absence of Zn?>". ESR measurements

@) ® showed that Cu?* coordination of HI and HL was quite

different from that of HA and HV, indicating that HA and HV

fluctuated to a greater extent in the solution, despite that their

s me e wm m we e xe me we mw e e w  apparent a-helical contents being similar to those of HI and

Magnetic Field / Gauss Magnetic Field / Gauss

Figure 1. (A) ESR spectra of the Cu*" complex with HI in the HL, as shown in Figure 1. This was also supported by the

molar ratio of 1:1 (solid line, Cu®*; 0.2 mM, peptide; 0.2 results obtained from the analyses of thermal stabilities. The

. . . e
mM) and the simulation spectrum obtained with the change in the structural fluctuation for each peptide upon Zn

anisotropic g values of g e = 2.05 and goutorpne = 2.25 and binding was evaluated based on binding thermodynamics

Cu hyperfine constants of Ay e = 1.5 mT and Ao ot = using isothermal titration calorimetry. The structural flexibility

20.0 mT (dotted line). (B) ESR spectra in the molar ratio of in the metal-ion-bound state was found to be in the order HA

2:1 (solid line, Cu®*; 0.4 mM, peptide; 0.2 mM) and the > HV > HI, and that in the metal-ion-unbound state was found

to be greater for HI than that for HL.

simulation spectrum (dotted line).
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Significant Effect of Flexibility of Bridging Alkyl Chains on the Proximity of Stacked
Porphyrin and Phthalocyanine Conjugated with Fourfold Rotaxane Linkage

The spatial distance is an important factor in controlling the functional interactions between molecular units in a
conjugate; therefore, the bridging unit was closely examined. Herein, we examined the effect of the flexibility of
bridging alkyl chains on the proximity of stacked porphyrin and phthalocyanine conjugated with a fourfold rotaxane
linkage. We found that closely stacking two © systems requires bridging alkyl chains above a certain length, and the
shorter bridges hinder stacking because of their lower flexibility. The stacking distance between porphyrin and
phthalocyanine in the conjugate with decyl (C1o) chains was estimated to be 4.03 A and showed a unique physical
character arising from short-distance interactions. The longer alkyl chains minimized steric restriction inside the
fourfold rotaxane and allowed efficient communication between the porphyrin and phthalocyanine units. This is due to
the flexibility of the side chains.

To investigate the effect of alkyl chain length on the interaction between porphyrin and phthalocyanine in the
fourfold rotaxane, a dinuclear Cu?" complex [5(C0).4H]*".4Cl~ was prepared. Continuous-wave electron paramagnetic
resonance spectra (CW—EPR) for [5(Cq).4H]*".4CI™ and [5(C10).4H]*".4Cl are shown in Figure 2 that highlight the
stacking distances between two Cu?" centers in each conjugate using spin—spin interaction as the probe. The EPR
spectrum of [5(Ce).4H]*".4Cl~ at 10 K can be attributed to the summation of the two isolated doublets (S = 1/2) (Figure
2a). This indicates that the spin centers are too far apart to show significant exchange interactions in [5(Ce).4H]*".4CI".
In contrast, the spectrum of [5(C10).4H]*".4CI" in a frozen solution of CH,Cl, showed the Amg = 1 transition at
approximately 3400 Gauss, with a fine structure derived from large zero-field splitting and a seven-line hyperfine
structure corresponding to two equivalent copper atoms (I = 3/2), due to the spin exchange between two Cu?" centers
(Figure 2b). Moreover, the Am,= 2 forbidden transition was observed at approximately 1700 Gauss. This result

indicates that the distance between porphyrin and
( ®)

a) .
phthalocyanine in [5(C1¢).4H]*".4CI~ was shorter ﬁﬁ’, o @ Q 9"
71_/ = v o,
than that in [5(Ce).4H]*".4CI". A point-charge | %Tv} ) If

approximation from the zero-field splitting [5(C6)4HIt-4CH [S(C10) 4HT-4CH

parameter (D = 42.8 mT) allowed estimation of

, |
the distance between two Cu?* ions in ,/J/ l J \
|
\ |

[5(C10).4H]* 4CI" to be 4.03 A. From the a M
s=12 |/ s=1 /
comparison, the Cjo bridges permit efficient Isolated Spins | / Spin-Spin \\4
’ J
stacking between porphyrin and phthalocyanine Ll o) Ll b e
Magnetic Field / Gauss Magnetic Field / Gauss

with their flexibility, whereas the shorter and less

. . . . . Figure 2. Comparison of EPR spectra of (a) [5(Cs)-4H]*"-4CI" and (b)
flexible hexyl (Ce) bridges inhibit the interaction
) ) [5(C10)-4H]*"-4CT" in frozen CH,Cl, at 10 K.
because of the restricted conformations of each

C—C bond in the alkyl chains.
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2. Original papers
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