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Dynamic Structures of Biological Molecules Revealed by Spectroscopy, 
Quantum Chemical Calculations, and Molecular Dynamics Simulations

X

MD MD Amber22

QM

MM QM/MM Gaussian16

Photoactive Yellow Protein

Unno, M. Near-Infrared Raman Spectroscopy of a Bilin Chromophore in Cyanobacteriochrome RcaE, 8th Asian 

Spectroscopy Conference (Niigata, 2023.9) 

Fujisawa, T., Unno, M. J. Phys. Chem. B 128, 2228-2235 (2024)

Fujisawa, T., Kinoue, K., Seike, R., Kikukawa, T., Unno, M. J. Phys. Chem. Lett. 15, 1993-1998 (2024)

Fujisawa, T., Shingae, T., Ren, J., Haraguchi, S., Hanamoto, T., Hoff, W. D., Unno, M. J. Phys. Chem. Lett. 14, 9304-

9309 (2023)

Nishikawa, K., Kuroiwa, R., Tamogami, J., Unno, M., Fujisawa, T. J. Phys. Chem. B 127, 7244-7250 (2023)

Ohya, M., Kikukawa, T., Matsuo, J., Tsukamoto, T., Nagaura, R., Fujisawa, T., Unno, M. J. Phys. Chem. B 127,

4775-4782 (2023)
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Coulomb-explosion imaging-based high-resolution spectroscopy for 
molecular clusters

1

2023

2 3

2

(pump-probe)

( B97X-D, M06-2X) ab initio (MP2/CCSD(T))

Gaussian 16 GRRM ( AFIR)

3

2 3

4

1P , 2023 8

5

Mizuse, K. et al., J. Phys. Chem. A 2023, 127, 4848-4855. doi.org/10.1021/acs.jpca.3c02149
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( )

QM/MM

Dynamics and QM/MM computation of amino acid Schiff base 
copper(II) complexes and lysozyme

1

DFT -
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QM/MM

SOD

2

(AmberTools MCPB.py)

small, large ( Gaussian09) .promtop .inpcrd

(AmberTools MCPB.py) (AmberTools sander) QM/MM MD

(Amber pmemd, ReaxFF)

3

3

1 ( Thr, Ala, Arg ) (II)

R. Miyazaki, D. Nakane, T. Akitsu Analysis of SOD reaction mechanism of lysozyme containing amino acid

Schiff base copper(II) complexes using molecular dynamics calculations 21th International Conference of

Numerical Analysis and Applied Mathematics (ICNAAM 2023) 2023 9 11
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1) S. Ishida, Y. Ishii, T. Fukasawa, S. Kyushin, Partial and Complete Replacement of the Phenyl Group(s) of 1,1,3,3-

Tetraphenyl-2,2,4,4-tetrakis(trimethylsilyl)cyclotetrasilane by Chlorine Atom(s), Chem. Eur. J. 2023, 29, e202302479. 
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5

First-principles molecular dynamics simulation study on Ti/Mn ions in aqueous sulfuric acid for use in redox flow 

battery, J. Energy Storage. 2023, 72, 108398. 
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Theoretical study on the control and application of photochemical reactions

   

 “A DFT study on photodissociation of the palladium tetrachloride anion PdCl4
2− in 

solution”, Chem. Phys. 579, 112182 (2024). 

3030
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Theoretical study on nuclear quantum effects in various systems and 
reactions

1
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2
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3
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25 1P35 2023 5

2.

17 P-079 2023 5

3. Taro Udagawa, Haruya Shibata, Masanori Tachikawa, DFT study on the nuclear quantum effect in the reaction 

between phenol and hydroxyl radical, TACC 2023 in Sapporo, Sapporo, 5Po-11, 2023 9 . 

4. Hikaru Tanaka, Kazuaki Kuwahata, Masanori Tachikawa, Taro Udagawa, Nuclear quantum effect on 

aromaticity: A path integral molecular dynamics study, TACC 2023 in Sapporo, 7Po-38, 2023 9 . 

5. OH

17 2023 1P114 2023 9

6.

17 2023 1P114 2023 9

7. Taro Udagawa, Hinata Yabushita, Hikaru Tanaka, Kazuaki Kuwahata, Masanori Tachikawa, Nuclear quantum 

effects on intramolecular low-barrier hydrogen bond in curcumin, 8th International Workshop on Quantum 

Chemistry, 2023, Yokohama, Oral contribution, invited, 2024 1 . 

8.

10 CBI 2024 2 . 
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Diels-Alder

30P-pm037 2024 3
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1. Tsuyoshi Asano, Taro Udagawa, Naoko Komura, Akihiro Imamura, Hideharu Ishida, Hiromune Ando, Hide-

Nori Tanaka, Carbohydrate Research, 527, 108808 (2023).

2. Mieko Tsuji, Haruno Taira, Taro Udagawa, Tatsuya Aoki, Tasuku Hirayama, Hideko Nagasawa, Chemical 

Communications, 59, 6706-6709 (2023).

3. Taro Udagawa, Hinata Yabushita, Hikaru Tanaka, Kazuaki Kuwahata, Masanori Tachikawa, Physical Chemistry 

Chemical Physics, 25, 15798-15806 (2023).

4. Yuki Kawase, Shoichi Kutsumizu, Taro Udagawa, Yohei Miwa, Yasuhisa Yamamura, Kazuya Saito, Physical 

Chemistry Chemical Physics, 25, 19891-19898.

5. Yoshinari Sawama, Hyoga Shimizu, Takaaki Aijima, Taro Udagawa, Shoko Kuwata, Tsuyoshi Yamada, Hironao 

Sajiki, Shuji Akai, Chemical and Pharmaceutical Bulletin, 71, 782-786 (2023).

6. Takumi Kariya, Hayato Hasegawa, Taro Udagawa, Yusaku Inada, Kyoko Nishiyama, Mieko Tsuji, Tasuku 

Hirayama, Tatsuo Suzutani, Naoki Kato, Shingo Nagano, Hideko Nagasawa, RSC Advances, 13, 27828-27838 

(2023).

7. Taro Udagawa, Hikaru Tanaka, Kazuaki Kuwahata, Masanori Tachikawa, J. Phys. Chem. A, 128, 2103-2110 

(2024).

8. Rina Takahashi, Taro Udagawa, Kei Hashimoto, Shoichi Kutsumizu, Yohei Miwa, accepted for publication in 

Polymer Journal (DOI: 10.1038/s41428-024-00907-8).

9. Taro Udagawa, Haruya Shibata, Masanori Tachikawa, Chemical Physics, 581, 112258 (2024).
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Investigation of the electronic properties of pi-cluster molecules

 

1
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2

Gaussian16
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TD-DFT (U)CAM-B3LYP/6-31G(d,p)  

3
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4

[1]  

    , E1122-2pm-12  

 104 2024 1 ( E1122-1pm-01 ) 

[2]  

    2  

 33 2A06 2023  

4 ( 1P050, 1P085, 1P089, 2P062 ) 

[3] Tomohiko Nishiuchi 

    “Mechano-stimuli-responsive Biradical Composed of Anthracene-Based π-Cluster” 

    The 15th International Kyoto Conference on New Aspects of Organic Chemistry (IKCOC-15) (2023) 

5

[1] T. Nishiuchi,* K. Uchida, T. Kubo*, Chem Commun., 59, 7379-7382 (2023).

    [2] S. Kawai,* T. Nishiuchi, T. Kubo*, et al., Nat. Commun., 14, 7741 (2023).
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Molecular Dynamics Simulation for Chirality Control of Single-walled Carbon 
Nanotube using Alloy Catalyst 
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4

Co13Fe42 alloy icosahedral cluster with super high-melting point revealed by a Tersoff-type bond-order potential, 

*Kunio Mori, et al., 64 FNTG , , 2023 3 . 

The thermal stability of Co13Fe42 alloy icosahedral cluster with molecular simulation Mori et al., 65 FNTG

, , 2023 9 . 
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Study on structure and reactivity of novel main group element 
compounds
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Angew. Chem., Int. Ed. 62
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Development of Carbon-atom Transfer Reactions by Metal Carbide
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DFT  

Development of selective synthetic reactions by elucidation of reaction 
mechanisms using DFT calculations 
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(1) DFT
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4  
1)  1,10-Phenanthroline-Based Octahedra Induced by Protonation of a Nitrogen Atom: Structures and Emission 

Properties. Yoshikawa, N.; Yamazaki, S.; Nakaoku, A.; Manabe, Y.; Tohnai, N.; Nakata, E.; Takashima, H. 

ChemistrySelect 2023, 8, e202303561.  

2)  A DFT Study on the Tautomerization of β-Alanine. Yamabe, S.; Tsuchida, N.; Yamazaki, S. ChemistrySelect 2024, 

9, e202304052. 
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1,4-Diphenylbutadiyne trans-Stilbene

Strength in -Electron Conjugation of 1,4-Diphenylbutadiyne and trans-Stilbene  

1 1,4-Diphenylbutadiyne Tolane 1,4-

Bis(phenylethynyl)benzene

1,4-Diphenylbutadiyne 2

trans-Stilbene

2 Gaussian09 Gaussian16

B3LYP Cam-B3LYP B97XD M062X MP2 6-311G++d cc-pVDZ aug-cc-pVDZ

45 Tolane aug-cc-pVQZ

B3LYP keyword Empirical Dispersion = GD3

3 1,4-Bis(phenylethynyl)benzene Tolane 1,4-Diphenylbutadiyne

M062X/aug-cc-pVDZ wB97XD/aug-cc-

pVDZ

4

[1] 1P31 2023 9 8 .
[2] 1P31 2023 9 8 .
[3] 2023 4P009 2023 9 15 .
[4] 2023 2P018 2023 9 13 .
[5] 2023 2O01 2023 11
25
[6] Ryoko Suzuki, Katuhiko Okuyama, Kohei Chiba, Kaede Ishibashi, Keito Oka, Otsutaka Akito, Haruto Nikaido, 
Hitomi Kosone, Atsushi Suzuki, Taiki Hashimoto, International Symposium on Natural and Artificial Radiation 
Exposures and Radiological Protection Studies 2023 (NARE2023) P28 Sep. 21 (2023) .

5

 [1] Ryoko Suzuki, Kohei Chiba, Sei’ichi Tanaka, Katsuhiko Okuyama, J. Chem. Phys, 160, 024301 (2024); doi: 
10.1063/5.0176162.

  [2] Ryoko Suzuki, Kohei Chiba,Katsuhiko Okuyama, J. Comput. Chem. Jpn., 1(1) 13-15 (2024). 

[3] Ryoko Suzuki, Katsuhiko Okuyama, Kohei Chiba, Kaede Ishibashi, Keito Oka, Otsutaka Akito, Haruto Nikaido, 
Hitomi Kosone, Atsushi Suzuki, Taiki Hashimoto, Radiation Protection Dosimetry, 201(1) 45-48 (2024). 
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Theoretical Studies of Light-Matter Interactions in Molecular Systems

Nguyen Thanh Phuc  

1  

This research project aims to study the modifications of physical properties and chemical reactivity of molecular 

systems by their strong coupling to optical cavities.  

2  

The molecular polariton dynamics were investigated by using the model Hamiltonians. 

3  

Through analytical and numerical analysis, I have shown that the chiral-induced spin selectivity can be observed in 

achiral matters strongly coupled to circularly polarized light, no matter if it is quantum (JPCL 2023) or classical light 

(JCP 2023). More recently, we have developed a semiclassical theory of molecular vibration-polariton dynamics that is 

tractable in large molecular systems and simultaneously can capture the quantum nature of photons in optical cavities 

(JCTC 2024). This theory is based on the truncated Wigner approximation. The theory was then applied to investigate 

the nuclear quantum dynamics of a system of diatomic molecules strongly coupled to an infrared cavity. 

4  

N. T. Phuc, Chiral-induced spin selectivity in photon-coupled achiral matters,  

N. T. Phuc, Chiral-induced spin selectivity in photon-coupled achiral matters, . 

N. T. Phuc, Semiclassical truncated-Wigner-approximation theory of molecular vibration-polariton dynamics 

in optical cavities, . 

5  

  Nguyen Thanh Phuc, Semiclassical truncated-Wigner-approximation theory of molecular vibration-polariton 

dynamics in optical cavities. Journal of Chemical Theory and Computation 20, 3019 (2024). 

  Nguyen Thanh Phuc, Floquet-engineered chiral-induced spin selectivity. The Journal of Chemical Physics

159, 054706 (2023). 
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Theoretical studies of ion-atom and ion molecule collisions 
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33 2023.9.12 

[n]  

  

2023.6.17 

5

Yoshida, N.; Akasaka, R.; Imai, T.; Schramm, M. P.; Yamaoka, Y.; Amaya, T.; Iwasawa, T. Eur. J. Org. 

Chem. 2023, 26, 2300407. 

Imai, T.; Sakamaki, D.; Aoyagi, S.; Amaya, T. Chem. Eur. J. 2023, 29, e202302670. 

Nakagawa, K.; Akimoto, K.; Nagashima, S.; Tobisu, M.; Schramm, M. P.; Aoyagi, S.; Amaya, T. Org. Lett. 

2023, 25, 5969. 

Nakazono, R.; Hu, W.; Hirose, T.; Amaya, T. Chem. Eur. J. 2024, e202401343 (accepted article). 
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Figure 1. Scan calculation of model glycoside 1
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4

1. Makoto Yoritate, Azusa Saika, Wakana Kusuhara, Takahiro Nagatake, Eri Ishikawa, Jun Kunisawa, Sho 

Yamasaki, and Go Hirai Synthesis and Biological Evaluation of C-Linked Galactosylceramide Analogs

Eurocarb 21 2023 7 10  

2. Takahiro Moriyama, Makoto Yoritate, Shunsuke Ono, Riko Tanabe, Go Hirai Synthesis of various C-

glycoside analogues via Metallophotoredox Cross-Coupling Eurocarb 21 2023 7 10  

3.

α- 42 2023

9 9  

4.

- 65 2023

9 13  

5.

144 2024 3 29  

6.

144 2024 3 30  

7. QM/MM-REMD

144 2024 3 31  

8.

18 2024 5 28  

9. Makoto Yoritate Visible-light-driven synthesis of C-glycoside pseudo-glycoconjugates and biological 

evaluations 2 2024 6 1  

5

1. Takahiro Moriyama, Makoto Yoritate, Naoki Kato,* Azusa Saika, Wakana Kusuhara, Shunsuke Ono, Takahiro 

Nagatake, Hiroyuki Koshino, Noriaki Kiya, Natsuho Moritsuka, Riko Tanabe, Yu Hidaka, Kazuteru Usui, 

Suzuka Chiba, Noyuri Kudo, Rintaro Nakahashi, Kazunobu Igawa, Hiroaki Matoba, Katsuhiko Tomooka, Eri 

Ishikawa, Shunji Takahashi, Jun Kunisawa, Sho Yamasaki, and Go Hirai*, Linkage-Editing Pseudo-Glycans: A 

Reductive α‐Fluorovinyl‐C‐Glycosylation Strategy to Create Glycan Analogs with Altered Biological Activities, 

Journal of American Chemical Society, 2024, 146, 2237–2247. 

2. Taishi Miura, Takahiro Moriyama, Hiroyuki Koshino, Suyong Re, Makoto Yoritate, Go Hirai, Kiyoshi Yagi, 

Manuscript in preparation. 
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Quantum chemical calculations 

on optical properties of chromic molecules
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PhB PhB

TDDFT PhB

PhB

3

1. 

104 (2024)

2024/3/19

3. Takayuki Murai, Sora Ishikawa, Yu Matsunaka, Risa Kojima, Takahiro Teramoto, Yutaka Nagasawa, 

“Photochromism of N,N’-Diacylindigo Studied by TimeResolved Transient Absorption Spectroscopy”, 10th 

International Symposium on Photochromism -ISOP 2023-, Nara Prefectural Convention Center, 2023/11/8

4. Taketomo Tanaka, Takayuki Murai, Takahiro Teramoto, Yutaka Nagasawa, “Spectral Inhomogeneity of Phenol Blue 

in Protic Solvents Revealed by Ultrafast Ground State Dynamics”, 10th International Symposium on Photochromism 

-ISOP 2023-, Nara Prefectural Convention Center, 2023/11/8

5. 

17 2023

2023/9/14

6. Takayuki Murai, Sora Ishikawa, Yu Matsunaka, Risa Kojima, Yutaka Nagasawa, Photoisomerization dynamics 

of N,N'-diacetylindigo and the effect of acetyl group rotation , 2023 2023/9/6

7. Yutaka Nagasawa, Takayuki Murai, Yu Kihara, Takahiro Teramoto, “Ultrafast Excited State Dynamics of trans-cis 

Photoisomerization of Indigo Derivatives”, The 31st International Conference on Photochemistry ICP, Sapporo Park 

Hotel, 2023/7/24

8. Takayuki Murai, Sora Ishikawa, Yu Matsunaka, Yamato Higashi, Yuki Shimizu, Kazuki Hinago, Tetsuya Yamamoto, 

Yutaka Nagasawa, “Excited state dynamics and temperature dependence of the photoisomerization of N,N'-

diacetylindigo”, The 31st International Conference on Photochemistry ICP, Sapporo Park Hotel, 2023/7/24

9.

2023/6/17

10. Takayuki Murai, Sora Ishikawa, Yu Matsunaka, Yamato Higashi, Yuki Shimizu, Kazuki Hinago, Tetsuya 

Yamamoto, Yutaka Nagasawa, “Effect of substituent rotation on the excited-state dynamics of trans-cis 

photoisomerization of N,N'-diacetylindigo”, 18th International Workshop on Supramolecular Nanoscience of 

Chemically Programmed Pigments (SNCPP23), Ritsumeikan University, Shiga, 2023/6/10.

11.

18 2023/5/19

4

Tsubasa Hidaka, Taketomo Tanaka, Takayuki Murai, Takahiro Teramoto, Yutaka Nagasawa

"Spectral heterogeneity of phenol blue in protic solvents revealed by ultrafast nonradiative decay dynamics"

ChemPhotoChem, 8, e202300163 (2024) 
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iriomoteolide-1b

Structural and conformational analysis of complex marine macrolide 
iriomoteolide-1b toward complete stereo determination by total synthesis
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Theoretical research on reaction mechanisms in biomolecules
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2023 [P-161M] 
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[4]

SARS CoV-2 papain-like protease 2023.03.30 144  [30-
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[1] Takahashi, M., Tsuchikawa, T., Hiwasa, T., Nakamura, T., Hontani, K., Kushibiki, T., Inoko, K., Takano, H., Hatanaka, 
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Fig. 1 Gibbs energy changes (in kcal mol ) in Ir(III)-catalyzed borylation of cyclic 

alkylamide using diborane B2pin2. 

Fig. 2 sp3 Orbital energies (in eV unit) of the
alkyl group produced via C-H oxidative addition
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Fig. 3. Geometries and relative energies of 
cuboctahedral, anticuboctahedral, and icosahedral 
Pd13 clusters. 

Table 1. Activation bariier (Ea), d-valence band top 
(d-top), d-valence band center, and M-N, M-O 

bond energies. 
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 (Fig. 2 ) Al O
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- C sp3
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Fig. 4 CO2 adsorption structure of UiO-66.

Fig. 5 DFT-calculated binding 
energy (BE)  vs Post-Hartree-Fock 
corrected BE of CO2, MeOH, and 
Me2CO  

h- Cubo- 4 Cubo- 4 EInt
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Theoretical study on dynamical properties of materials by quantum 
dynamics
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Elucidating properties of reactive diborane(4)s and Al anions, and 
theoretical calculation for a rational design of homogeneous catalyst 

toward
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Theoretical study of the electronic structures of metalloprotein
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j

Spectral analysis of condensed matters in the frequency range from
microwave to UV

1

1 THz = 33.3 cm-1 ~250 nm
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Development of DFT scheme and its application to electronic properties 
of defects in semiconductors

1 1 2

1 2

1

GaN SiC

GaN Mg [ ]
GGA: Generalized Gradient Approximation

2

DFT: Density Functional Theory Kohn-

Sham RSDFT Real-Space Density-

Functional Theory Car-Parrinello 

RS-CPMD Real-Space Car-Parrinello Molecular Dynamics

VASP Vienna Ab intio Simulation Package

N orbital-free DFT

3

GaN Mg Ga

[Seino, Oshiyama, and Shiraishi: in preparation (2024)]

GaN Mg Mg

Kohn Luttinger PRB 1955 III-V II

II III

Ga Mg Ga
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Mg 1 Mg

N

4N

pseudo C2v N 3

N C3v

pseudo C3v KS

N p
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Ga
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C3v pseudo C3v
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C2v
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Mg

thermodynamic level

-1

KS 3

thermodynamic level 3

0.2 eV

n p GaN

GaN Mg Ga N

1 Kohn-Sham KS
thermodynamic level

thermodynamic level ( / )

(a) Local structures of 5 central atoms in three 
distinct geometries, pseudo-C2v, C3v and pseudo-C3v, of 
substitutional neutral Mg impurity at the Ga site with bond 
lengths in A. Orange and burgundy balls depict Mg and N
atoms, respectively. Numbers show the bond lengths of the 
corresponding bonds. The total energy differences are 
shown below each geometry. (b) Kohn-Sham (KS) levels 
of each geometry for up and down spins near the gap 
between the valence-band top (VBT) and the conduction-
band bottom (CBB). The lowest unoccupied (LU) KS level 
for the minority spin e(0) is shown. (c) Kohn-Sham orbitals 
of the LUKS states in (b). Green and gray balls depict Ga 
and N atoms here. Blue and yellow blobs are the 
isosurfaces with the plus-minus phases of the orbitals, and 
their isovalues are 35 % of their maxima.

- 79 -



Ga VGa

N Ga Mg

2

Mg VGa 2

0.5 eV

VGa

GaN 4

VGa

N p p

Td

Mg N

Majority spin

4 minority spin 4

VGa

minority spin

KS

p

n VGa +1

-1 -2

KS

VGa

Mg 1

Mg-VGa

VGa -1 -2

-3 -4

(b) (c) Mg

HSE06

total energy surface NEB (Nudged Elastic Band)
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(a) Atomic structures near a pair of a substitutional 
Mg at a Ga site and a nearby Ga vacancy. Green, gray, and 
orange balls depict Ga, N, and Mg atoms, respectively. The 
seven burgundy balls are nitrogen atoms from N1 to N7 
which are neighbors to the MgGa-VGa pair. Schematic 
illustrations of the diffusion of an Mg substitutional impurity 
via the vacancy mechanism perpendicular and parallel to the 
c-axis are presented in (b) and (c), respectively.

Kohn-Sham level structures induced by neutral Ga 
vacancy VGa near the gap for majority (MJ) and minority 
(MN) spin. The valence-band top (VBT) and the 
conductionband bottom (CBB) are also shown. The isovalue 
surface (35 % of its maximum) of each orbital is represented 
by yellow (+ sign) and blue (- sign) blobs.
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1 Migration c

total energy surface NEB Migration energy

2 eV C migration energy 0.5 eV

Zincblende wurtzite

    

4

(1) S. Hattori, A. Oshiyama, and K. Shiraishi, “Theoretical study of the influence of GaOx interfacial layer on the 

GaN/SiO2 interface property” J. Appl. Phys. to be published (2024).

(2) S. Hattori, A. Oshiyama, and K. Shiraishi, “Passivation mechanisms of oxygen-vacancy-induced hole traps by 

Mg acceptor atoms in nanometer-scale GaOx intermediate layers at GaN/SiO2 interfaces” submitted to Appl. Phys. 

Lett.

(3) S. Yamauchi, I. Mizushima, T. Yoda, A. Oshiyama, and K. Shiraishi, “Microscopic mechanisms of nitrogen 

doping in silicon carbide during epitaxial growth” Appl. Phys. Exp. to be published (2024). 

(4) Y. Zhao, K. Shiraishi, T. Narita, and A. Oshiyama, “First-Principles Study of Recombination-Enhanced Migration 

of an Interstitial Magnesium in Gallium Nitride” submitted to Phys. Rev. B (2024).

Calculated migration energy barriers along the direction perpendicular (Eperp) and parallel (Epara) to [0001] 
for the vacancy-mediated Mg migration and for the diffusion along the direction perpendicular to [0001].
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Analysis of reaction mechanism of haloacid dehalogenase
by Quantum mechanics (QM) / Molecular mechanics (MM) and molecular 

dynamics method
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29.43 kcal/mol 200 

B3LYP/6-31G(d) 28.68 kcal/mol Tyr157 TS

B97X-d/6-31G(d,p) TD-DFT

2 

100 nm

SAC-CI/6-31G(d,p) CPU 128

30

SAC-CI/6-31G(d,p) 30

10 nm TD-DFT 

 Zheng, T., Liu, Y., Li, Y., Yang, L., Ren, H., Wang, X.F., Fujii, R., Kitao, O., Nakamura, T., and Sasaki, S.

Appl. Surf. Sci. 2023, 619, 156570.

 Nakamura, T., Sasaki, S., Wang, X.F., and Kitao, O. J. Phys. D: Appl. Phys. 2022, 55, 504001.

 Liu, Y., Li, Y., Chen, G., Wang, X.F., Fujii, R., Yamano, Y., Kitao, O., Nakamura, T., and Sasaki, S.

Adv. Mater. Interfaces 2021, 2101303.
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Innovations in computational quantum science and large-scale simulation science  

    
 

: Free Complement (Complete-element) (FC) theory (J. Chem. Phys. 113, 2949 (2000); 

Phys. Rev. Lett. 93, 030403 (2004).) exact

 

First-row atom

Born-Oppenheimer (BO) non-BO

exact

 

2.1  

FC

Scaled  g H E exact

exact 

correct g  

  (J. Chem. Phys. 149, 114105 (2018).) 

( )

”From atomic states to molecular states”

(Brillouin )  

 correct g (J. Chem. Phys. 156, 014113 (2022); J. Chem. Theory Comput. 20, 3749 (2024).) 
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correct g ( )
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2 2022 - gij

- giA  

 

2.2 FC :  

FC ( ) : Local 

Schrödinger Equation (LSE) (Phys. Rev. Lett. 99, 240402 (2007).) 

exact  

 :  

correct g 1 g=1-exp He Li

3 Fortran Python

correct g

 

 : FC sij  (Phys. Rev. A. 101, 062508 (2020).) 

g

rij sij (sij=rij
2) 1 , 2 FC sij

exact

, , 

 

 : rGauss  (Int. J. Quant. Chem. 109, 2248 (2009); J. Chem. Phys. 159, 024103 (2023).) 

Gauss Gauss exact

Gauss FC Gauss r

rGauss FC

exact rGauss

rGauss-nG rGauss  

  LSE :  (Chem. Phys. Lett. 806, 140002 (2022).) 

random 

simulation exact

critical

randomness

(L. Devroye, “Non-Uniform Random Variate Generation”, New York, 

Springer-Verlag (1986).) N Direct Local 

Sampling (DLS) 

N
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3.1 Correct g (J. Chem. Theory Comput. 20, 3749 (2024).)

Correct g - gij -

giA 1 He 5 correct

: g r , g r r , g Ei r Ei , g r , g r
r : g r ( E (kcal/mol): exact ), quality

H-square error( H E ), (lower bound), - , -

( rr ) g

order correct g=r Correct

, g=1-exp, g=Ei, g=r/(r+a) order g=r/(r+a)

g/r

(lower bound) Pollak (E. Pollak and R. Martinazzo, J. Chem. Theory 

Comput. 17, 1535 (2021).) g=r/(r+a) (n=6) (upper bound)

6 : -2.903 724 a.u.

g r
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- , - Correct g exact

 

 

3.2 Gauss FC- : rGauss  (J. Chem. Phys., 159, 024103 (2023).) 
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3.3 FC-LSE  (J. Chem. 

Phys. 157, 094109 (2022); J. Chem. Theory Comput. 19, 6733 (2023).) 

FC-LSE FC

2 : DLS randomness errors

 

Li2 9 Valence RKR 

1. rGauss FC
He  

Order 
n M a 

 
Total Energy 

 (au) 
ΔE  

(kcal/mol) b 
Cusp 
value 

with rG functions 
0 2  -2.300987 378.223 0.0 
1 14  -2.892648 6.950 -1.584 
2 46  -2.903384 0.214 -1.920 
3 108  -2.903714 6.51x10-3 -1.989 

without rG functions 
0 2  -2.300987 378.223 0.0 
1 6  -2.593150 194.888 0.0 
2 19  -2.767562 85.443 0.0 
3 36  -2.795921 67.648 0.0 
4 69  -2.832854 44.472 0.0 

Exact   -2.903724  -2.0 
a The number cf’s 
b The difference from the exact energy 
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Design of thermodynamic and photophysical properties of functional 
materials by large-scale ab initio molecular simulation and electronic 
structure informatics based on fragment electronic structure theory
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Computational Chemistry on Structures and Functions 
of Liquid Interfaces

Deepak Ojha
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Divergent applications of ab initio reaction dynamics and 
advanced electronic structure theories
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Molecular dynamics study of structural polysaccharides
and carbohydrate-related proteins
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Application of all-atom molecular dynamics simulation
to polymer chemistry

Thummuru Dhileep Nagi Reddy Zhiyu Zhang
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Molecular dynamics analysis of physical properties, dynamics, 
and functions of surfaces and interfaces
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Theoretical Study on the Aggregation Induced Emission of
the Triskelion-shaped molecules
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Theoretical calculations of molecular functions of biomolecules and 
molecular assemblies 
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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RIKEN R-CCS  

 

1 Introduction 

1.1 Exploratory Data Science on Supercomputers for Quantum Mechanical Calculations 

Performing molecular science studies with quantum mechanical frameworks such as Density Functional Theory (DFT) 

requires the combination of complex workflows and powerful computing resources. An ideal framework for writing these 

workflows is Jupyter notebooks, which bring together the benefits of literate and interactive programming. Literate 

programming ensures that the rationale behind parameter choices, results of preliminary calculations, and the analysis of 

final production results is well documented and reproducible for future researchers. Interactive programming provides 

further benefits by allowing users to iteratively explore a variety of approaches to probing the origin of chemical properties. 

Unfortunately, Jupyter notebooks do not have a native way of accessing HPC resources. While a notebook may be 

deployed as an interactive job, such a choice strains the paradigm as users fear wasting resources while analysis is 

performed. 

 

1.2 Enabling Quantum Chemical Studies for Large Molecular Clusters 

To understand the electronic properties of a large molecule or molecular cluster, it is crucial to determine its minimum 

energy structure, which requires carrying out geometry optimization. This process necessitates the knowledge of energy 

and its first-order partial derivatives to the nuclear coordinates, i.e., energy gradients, at a correlated level of theory. Both 

the energy estimation and the computation of its derivatives (analytically or numerically) with respect to all the nuclear 

coordinates of the atoms in the molecule or cluster are computationally intensive tasks. The gradient estimation becomes 

particularly arduous with increasing atoms and/or basis functions, especially when using MP2 and higher-order correlated 

methods. 

 

1.3 Single Reference Methods for Strongly Correlated Systems with Triplet-Singlet Splitting 

The CCSD(T) method is the gold standard in quantum chemistry because it provides high-precision results. However, 

this method fails to properly describe systems with strong correlation, e.g., bond breaking and transition states. 

 

1.4 Modeling of Nanocrystals with Surface Passivation 

In the gas-phase calculation of a nanocrystal or a periodic system, it is necessary to saturate the surface atoms to avoid 

the effects of the dangling bonds, which are chemically active and unstable. The simplest model is to terminate them by 
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hydrogen, H. However, it may not be suitable for those other than simple substances because the electronegativities of 

the elements determine the characteristics of covalent bonds. True hydrogens may contribute to HOMO and LUMO, 

which leads to underestimation of the gap. One solution is passivation by pseudo-hydrogens, ZH, which are neutral and 

have fractional charges Z. For example, cationic and anionic surface atoms of a binary compound are terminated by Z>1 

and Z<1, respectively, where Z values are determined by, e.g., numbers of the valence electrons of the counterions. 

 

1.5 Installation and Maintenance of Quantum Chemistry Software, NTChem, on RCCS 

We have been developing a quantum chemistry software, NTChem, which supports first-principles methods such as 

Hartree–Fock, density functional theory (DFT), and Møller–Plesset perturbation theory for ground states; time-dependent 

DFT (TDDFT) for excited states. NTChem is written in Fortran and C++ and parallelized by OpenMP and MPI. It also 

depends on external numerical libraries, viz. BLAS/LAPACK is used for linear algebra, and FFTW is used for fast Fourier 

transform; hence, the compilers and libraries determine the performance. This fiscal year, we upgraded NTChem to the 

latest version that is optimal for the facility. 

 

2 Methods 

2.1 Exploratory Data Science on Supercomputers for Quantum Mechanical Calculations 

To address the gap described in 1.1, we have developed a new library that can be used to run arbitrary python functions 

on a remote machine. Our library is based on remote procedure call, which can be accomplished through either Jupyter 

cell magics or function decorators. When combined with Jupyter, this library allows for the execution of arbitrary 

notebook cells on a remote machine with the required number of computational resources (nodes, threads, memory, etc). 

Our framework further provides tools to run data-parallel jobs so that users can quickly scale up a workflow to large 

datasets. For evaluation, we have combined this framework with our BigDFT code (a DFT code based on wavelets). This 

library is open source and available on Gitlab (gitlab.com/l_sim/remotemanager). 

 

2.2 Enabling Quantum Chemical Studies for Large Molecular Clusters 

We presented the development of a divide-and-conquer-based algorithm, REAlgo, for economic energy gradient 

estimations, followed by geometry optimization for large molecular clusters at the MP2 level of theory. REAlgo procedure 

segregates the estimation of Hartree-Fock (HF) and correlation components. The HF energy and gradients are obtained 

by performing a full calculation (FC). The correlation energy is approximated as the corresponding two-body interaction 

energy. Correlation gradients for each monomer are approximated from the respective monomer-centric fragments 

comprising its immediate neighbors. The programmed algorithm is explored for the geometry optimization of large 

molecular clusters using the BERNY optimizer. The accuracy and efficacy of the method are critically probed for a variety 

of large molecular clusters containing up to 3000 basis functions, in particular large water clusters. The CCSD level 

geometry optimization of molecular clusters containing 800 basis functions employing modest hardware is also reported. 

 

2.3 Single Reference Methods for Strongly Correlated Systems with Triplet-Singlet Splitting 

We developed a new CCSD0-F12 method that uses spin-adapted singlet amplitudes for biexcitations. Triplet 
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biexcitations are neglected in the conventional part, and they are implemented as pseudo biexcitations in the explicitly 

correlated part. This will remove coupling between singlet and triplet biexcitations which lead to unphysical results for 

strongly correlated systems in conventional coupled cluster methods with singlet-triplet coupling (CCSD, CCSD-F12) 

and it will ensure the proper description of dynamical correlation for triplet biexcitations. 

An alternative to the CCSD0-F12 method is the FSigCCSD-F12 method. In this method, spin-adapted singlet 

amplitudes are calculated with neglected triplet amplitudes, which is similar to the CCSD0-F12 method. In the next step, 

spin-adapted triplet amplitudes are calculated using fixed singlet amplitudes. Both singlet and triplet amplitudes are 

complemented with explicitly correlated pseudo biexcitations. This method leads to higher precise results, and it describes 

correctly strongly correlated systems. 

For excited states, we have developed equation-of-motion (EOM) methods, which are based on amplitudes from 

CCSD0, CCSD0-F12, FSigCCSD, and FSigCCSD-F12 methods, and they describe adequately excited states of strongly 

correlated systems. Contributions from explicit correlation will ensure a proper description of dynamical correlation. 

 

2.4 Modeling of Nanocrystals with Surface Passivation 

Lead sulfide, PbS, is a rock-salt structured semiconductor and is used as a photodetector and photoemitter. In this work, 

we performed a model study of PbS quantum dots that were terminated by true hydrogens, H, or pseudo-hydrogens, 5/3H 

and 1/3H for Pb and S, respectively. We performed geometry optimization of the systems, where PbS skeletons were fixed, 

and H or ZH were movable along the x, y, or z axis, and evaluated HOMO–LUMO gaps. The calculations were performed 

at PBE0/def2-TZVP level of theory as implemented in NTChem. 

 

2.5 Installation and Maintenance of Quantum Chemical Software, NTChem, on RCCS 

We have tested the following build matrix for NTChem as provided on the facility: 

C, C++, and Fortran compilers: GCC 8.5.0, 11.2.1, 12.2.1; AOCC 4.0.0,  

MPI: OpenMPI 4.1.4; MVAPICH 2.3.7 

BLAS/LAPACK: OpenBLAS 0.3.15; AOCL 4.0 

FFTW: FFTW 3.3.5; AOCL 4.0 

We carried out tests to check if NTChem was successfully built and performed minor benchmarks to find the optimal 

build configuration. 

 

3 Results 

3.1 Exploratory Data Science on Supercomputers for Quantum Mechanical Calculations 

We tested our new library for a number of representative workflows. As an example, in Fig. 1 we show a performance 

test of the BigDFT code using 8 nodes of the IMS supercomputer. Using our framework, we can design workflows that 

test the ability of the code to scale up to larger and larger systems. The literate approach of Jupyter allowed us to write 

this workflow to include dataset generation, preliminary calculations on small partitions (and associated analysis), the 

production set of runs, and the analysis of the results. In addition to this simple benchmarking workflow, we wrote 

notebooks that tuned compiler parameters and compared BigDFT’s pseudopotential-wavelet methodology to all-electron 
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Gaussian basis set calculations. For our most complex workflow, we reimplemented the transition-constrained DFT (T-

CDFT) method for studying excitations of disordered supramolecular morphologies developed by our collaborators. To 

use this method to compute excitation energies, one must orchestrate many calculations with various dependencies and 

including different quantum mechanical codes. Using remotemanager, we could go beyond the limitations of our initial 

study by using the automated workflow to scan the functional dependence of the results. 

 

 1. Computational time and peak memory used for calculating clusters of 2CzPN molecules using the IMS 

supercomputer. Each calculation was generated and run using our remotemanager library from a Jupyter notebook 

which combines calculation setup with analysis (figure taken from DOI:10.1088/2516-1075/ad4b80).

 

3.2 Enabling Quantum Chemical Studies for Large Molecular Clusters 

The highlights of the REAlgo are (1) The formal scaling of the MP2 method is surmounted. (2) The disk requirement 

is substantially reduced as MP2 computations are done only in smaller-sized sub-systems. (3) Fragment computations are 

independent of each other. This makes the algorithm ideally suited for the parallel environment. (4) The total elapsed time 

is drastically reduced even with moderate hardware (5) The computation of the large molecular clusters is tractable. 

Considering the high accuracy, the need for minimal hardware, and the economy in computation time, we believe that 

our method would be valuable for studying large molecular clusters using correlated methods. 

 

3.3 Single Reference Methods for Strongly Correlated Systems with Triplet-Singlet Splitting 

We tested newly developed methods implemented in DIRCCR12-OS [1] package with benchmark calculations using 

strongly correlated systems whose simulations fail with conventional coupled cluster methods (CCSD, CCSD-F12). The 

previously published CCSD0 method [2] described strongly correlated systems qualitatively, but such a method lost 

precision because it neglected triplet excitations. CCSD0-F12 can describe such systems quantitatively because triplet 

excitations are included as pseudo-excitations in the F12 part of the wave function. The FSigCCSD-R12 method describes 

static correlation properly and increases the precision with respect to the CCSD method thanks to a better description of 

dynamical correlation. 
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2. Simulation for dissociation of nitrogen molecule with the standard CCSD method and newly developed methods 

CCSD-R12 and FSigCCSD-R12.

[1] J. Noga, W. Klopper, T. Helgaker, and P. Valiron, DIRCCR12-OS, a direct explicitly correlated coupled cluster 

program 

[2] I. W. Bulik, T. M. Henderson, and G. E. Scuseria, J Chem. Theory Comput. 2015, 11, 3171-3179.

3.4 Modeling of Nanocrystals with Surface Passivation

The optimized geometries are shown in Figure 3. Pseudohydrogens show longer bond lengths: the distances between 

Pb–H, S–H, Pb–5/3H, and S–1/3H are 1.83 Å, 1.37 Å, 2.33 Å, and 1.59 Å, respectively. HOMO–LUMO gaps of the systems 

are 3.00 eV and 5.94 eV, respectively—underestimation of gap is remedied by pseudohydrogen technique.

3. Geometries optimized at PBE0/def2-TZVP level of theory: left and right are passivated by true and pseudo-

hydrogens, respectively.

3.5 Installation and Maintenance of Quantum Chemical Software, NTChem, on RCCS

We have installed the latest NTChem code, version 13.0.0, at that time, with the DFT-D4 program for London 

dispersion force correction. No major test failures were observed. We carried out single-point calculations and found that 

GCC performed better than AOCC and OpenMPI than MVAPICH; therefore, we installed binaries compiled by 

GCC/OpenMPI.
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Theoretical study on multivalent ligands-protein interaction

- 176 -



- 177 -



62 56

- 178 -



Design and Analysis of Organic Reactions and Molecular Structures Based on 
Theoretical Calculations
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Structural Exploration of Graphene Oxide
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Molecular Mechanism of Protein Function Studied by Site-Selective 
Heat Current Analysis 

, , T. WANG, , , , ,  

1  

Our project is to quantitatively characterize the nonuniform thermal transport properties of globular proteins to 

understand what sort of “communication” is mediated through native contacts in the folded proteins. 

2  

We introduced a concept of the inter-residue thermal conductivity, and characterized the nonuniform thermal 

transport properties of HP36 protein using Amber and Curp (https://curp.jp) programs.  

3  

We observed that the thermal transport of the protein was dominated by that along the polypeptide chain, while the 

local conductivity of nonbonded native contacts decreased in the order of H-bonding > -stacking > electrostatic 

> vdW contacts. Furthermore, we applied machine learning techniques to analyze the molecular mechanism of 

protein thermal transport. 
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Structures, Dynamics, Intermolecular Interactions, and Vibrational 
Spectra of Liquids, Biomolecules, and Related Molecular Systems
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All-atom molecular dynamics simulations for functional soft materials II
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Theoretical Studies on Functions, Properties, and Reactivities of Nanomaterials 
and Biological Molecules
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Fig. 1. (a) Elapsed time for DC-DFTB-PIMD simulation of 400 MD steps with P beads for bulk water containing 

216 molecules. DC-DFTB calculations of each bead were parallelized with 40 cores. (b) Relative speedup for 

DC-DFTB-PIMD simulation of 400 MD steps with 32 beads for bulk water containing 216 molecules. Black 

dashed line indicates ideal scaling. (c) Radial distribution functions for oxygen–oxygen (upper panel), oxygen–

hydrogen (middle panel), and hydrogen–hydrogen (lower panel) pairs of bulk water containing 500 molecules. 

DC-DFTB-PIMD results were obtained with 32 beads.
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Fig. 2 Potential energy curve of Rn dimer calculated using LUT-IOTC Hamiltonian (Rel). BOP and LC-BOP (with 

LRD) were adopted as functionals. Nonrelativistic (Nonrel) calculation of LC-BOP+LRD is also shown.
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Table 1 Excitation coefficient, X, and de-excitation coefficient, Y, of 
H2N-(C2H2)20-COOH obtained from the conventional and DC methods. 
The targeted excitation was the lowest dipole-allowed excitation, the -

* excitation.
Configuration Conv. DC

Occupied Virtual X / - Y / - X / - Y / -
HOMO-1 LUMO 0.492 -0.010 0.474 -0.005
HOMO LUMO 0.491 -0.011 -0.438 0.004
HOMO LUMO+1 -0.471 0.009 0.457 -0.005
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Fig. 3. MOs of H2N-(C2H2)20-COOH contributing to the configurations listed in Table 1. (a) and (b) are the results 

without and with DC method, respectively. The calculation level was LC-BLYP/6-31G**.
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Fig. 4 Gibbs energy diagrams of oxidative addition into methyl group of 8-methylquinoline using (a) Ir and 
(b) Rh complexes with COD, BINAP, and PPh3 ligands. 
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Fig. 5 (b) Fig. 5. (a) Example of experiment 
movie. A solution is transferred from 
an Erlenmeyer flask to a conical 
beaker. (b) Automatically generated 
flowchart from the movie in (a).
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Theoretical Studies on Mechanisms of Catalytic Reactions 
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Computational study for formation and novel functions of semiconductor 
nanomaterials

1

2023
AlN(0001)
(Al2O3)

SiC SiO2

2

(GGA-PBE96)
(PBE0 HSE)

( )
Extended Tokyo Ab-initio Program Package (xTAPP)

Quantum ESPRESSO

3
3.1 

( ) ( )
( 1000

) AlN(0001) Al
N ( ) N

Al

3.2 
(Ga2O3)

a
( ) ( - ) Ga2O3 Ga2O3

Ga2O3

Ga2O3 Ga2O3 Ga2O3

b Ga2O3 Ga2O33

3.3 SiC/SiO2

2022 SiC SiO2

1 SiC SiO2

SiC

Si (0001) C
(0001

_

)

- 222 -



4
[1] S. Matsuda, T. Akiyama, T. Hatakeyama, K. Shiraishi, T. Nakayama, " First-principles study for orientation dependence of 

band alignments at 4H-SiC/SiO2 interface", 2023 International Conference on Solid State Devices and Materials (2023 9
5-8 ).

[2] Kenta Matsubara, Toru Akiyama, " First-principles study for structural and electronic properties of Janus and alloy 
monolayers in transition metal dichalcogenides", 2023 International Conference on Solid State Devices and Materials  (2023

9 5-8 ). 
[3] Toru Akiyama, Takahiro Kawamura, "Ab initio study for adsorption behavior on AlN(0001) surface with steps and kinks 

during metal organic vapor phase epitaxy ", 2022 International Conference on Solid State Devices and Materials  (2023 9
5-8 ).

[4] Toru Akiyama, T. Kawamura, " An ab-initio study for oxygen adsorption behavior on polar GaN surfaces", 14th International 
Conference on Nitride Semiconductors (2023  11 12-17 )

[5] Takahiro Kawamura, Toru Akiyama, Atsushi Kobayashi, "Electronic states at the interface of -Nb2N/AlN superlattices ", 
14th International Conference on Nitride Semiconductors (2023  11 12-17 ).

[6] , , GaN(0001) (000-1) ", 2023
84 , 19a-B101-6 (2023 9 19-23 ).

[7] , , , , GaN(0001) (000-1)
", 2023 84 , 21a-P06-1 (2023 9 19-23 ). 

[8] , , , "AlScN ", 
52 , 06a-P11 (2023 12 4-6 ). 5

5
[1] ”III , , , 50,

50-1-04 (2023). 
[2] “First-principles calculations of -Ga2O3/Al2O3 superlattice band structures”, T. Kawamura, T. Akiyama, Y. Kangawa, Journal 

Crystal Growth 626, 127477 (2024).  
[3] ”First-principles study for orientation dependence of band alignments at 4H-SiC/SiO2 interface", S. Matsuda, T. Akiyama, T. 

Hatakeyama, K. Shiraishi, T. Nakayama, Japanese Journal of Applied Physics 63, 02SP69-1-6 (2024). 
[4] ”Ab initio study for adsorption behavior on AlN(0001) surface with steps and kinks during metal organic vapor phase 

epitaxy", T. Akiyama, T. Kawamura, Japanese Journal of Applied Physics. 63, 02SP71-1-6 (2024). 
[5] ”Reaction of NO molecule at 4H-SiC/SiO2 interface and its orientation dependence: a first-principles study", T. Akiyama, H. 

Kageshima, K. Shiraishi, Japanese Journal of Applied Physics 63, 03SP80-1-5 (2024). 
[6] ”An ab-initio study for oxygen adsorption behavior on polar GaN surfaces", T. Akiyama, T. Kawamura, Phys. Status Solidi B, 

in press (2024). 
[7] ”Structural stability of vicinal AlN(0001) and GaN(0001) surfaces with steps and kinks under metal-organic vapor-phase 

epitaxy condition: a first-principles study", T. Akiyama, Y. Kawamura, Cryst. Growth & Des., submitted. 

1. 4H-SiC/SiO2

( eV) 4H-SiC

- 223 -



Theoretical study of catalytic reaction systems
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Theoretical study on the relation between the functional expression and 
the structure in protein
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Development of functions of liquid crystals utilizing dynamic 
intermolecular interactions based on molecular motion
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Study of Spectral Diffusion Dynamics 

of OH stretching vibration at water surface

,
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1 OH vibrational components within 3200±20 cm-1 and 3500±20 cm-1, and those time dependent behaviors

- 244 -



 
 

1

 
 

 
 

(D) (A)

2
Cool process

Hot process

 
(a) Co3O4

(b) Co3O4 2

4

 

2

 
PDCBT/BTAx x = 1, 3 Gaussian 16 B97XD/6-31G(d)

 
Gaussian16 4

 B3LYP 6-
31G(d,p) Co LanL2DZ  

3

 
(i) Absorption (ii) Relaxation

2 EXver EXsta  2 EXver
PDCBT/BTA3 

PDCBT/BTA3 
EXver  EXsta EHOMO(D)-

LUMO(A) VOC PDCBT/BTA3 PDCBT/BTA3
VOC VOC  CT

 1 
 

(i) S0 EXver (ii) EXver
EXsta (iii) EXsta S0 

- 245 -



PDCBT/BTA3 CT EXver HR 
CT EXsta

PDCBT/BTA1 CT PDCBT/BTA3 JSC

Path A Gibbs 
Fig. 2 4

Path B

Path C
OAc

Path A

4

104 (CIP) 
2024 3 6

2024 3
2023 2023 9 A. Muraoka, 103rd CSJ Annual Meeting International 

Symposium on Molecular Science -Physical Chemistry/Theoretical Chemistry, Chemoinformatics, Computational 
Chemistry -Cosponsored by Japan Society for Molecular Science- 2023 3 Y. Minami, 
S. Ikeyama, A. Muraoka, 14th Ewha-JWU-Ochanomizu Joint Symposium 2023, Mejiro, 2023 12 Best presenter 
award   S. Ikeyama, A. Muraoka, The 5th conference of Theory and Applications of Computational Chemistry 
(TACC2023), Sapporo, 2023 9 Y. Baba, H. Sakurai, A. Muraoka, The 5th conference of Theory and 
Applications of Computational Chemistry (TACC2023), Sapporo, 2023 9 N. Fujiwara, K. Yamashita, A.
Muraoka, The 5th conference of Theory and Applications of Computational Chemistry (TACC2023), Sapporo, 2023
9 Y. Minami, S. Ikeyama, A. Muraoka, The 5th conference of Theory and Applications of Computational 
Chemistry (TACC2023), Sapporo, 2023 9 , , 17 2023 2023

11 , , , 17 2023 2023 11 , , ,
17 2023 2023 11 , , , 17 2023

2023 11

5

Aiko Anzai, Yuzuru Kurosaki, Morihisa Saeki, Azusa Muraoka, "DFT Study on Photodissociation of The Palladium 
Tetrachloride Anion PdCl42− in Solution", Chem. Phys., 579, 112182-1/112182-8 (2024).
Sumire Ikeyama, Azusa Muraoka, "Influence of Vibronic Interaction of Charge Transfer Excitons in PTB7/BTA-
Based Nonfullerene Organic Solar Cells", J. Chem. Phys., 159, 044307-1/044307-11 (2023)
Yuika Baba, Hideaki Sakurai, Azusa Muraoka, Structural Symmetry and Spin Multiplicity of Sumanene Derivative 
Radical Molecules", J. Comput. Chem. Jpn., 21, 55-47 (2022)
Narumi Fujiwara, Koichi Yamashita, Azusa Muraoka, "Theoretical Study on The Reaction Mechanism of The water-
splitting process on cobalt oxide catalysts", J. Comput. Chem. Jpn., 21, 45-47 (2022)

2

- 246 -



 ,  ,  ,  ,  ,  ,  ,  
 ,   C,  ,  ,    

2023  (1) 

 (2) 

 (3)  (4) 

  

 

(1)

4

Y

 

 

(2)

MgO Mg(OH)2

MgO

PS

MD PS-MD Mg(OH)2

 

 

(3) BDD

C-H

Heyrovsky C-H

- 247 -



Volmer Heyrovsky

2 C-H

C-H

BDD

C-H

 

 

(4)

SFG O-H

SFG

SFG

 
 

(1)  (3) Quantum Espresso PBE (2)

LAMMPS ReaxFF (4)

LAMMPS SFG  
 

(1)

Y

1~3

3

3.78 

2.98 

Y

 

 

(2) PS-MD

- 248 -



-MgO

Mg(OH)2

MgO 2

32 PS-

MD

MgO

MgO Mg(OH)2 MgO

Mg(OH)2  

 

(3) BDD

BDD 3 1

RISM 0.5 M BDD

BDD 1.2 

KS O-H

1.2 e

0.4 e

0.46 eV 0.4 e

~0.15 eV

Heyrovsky Heyrovsky

3

3

Volmer

7

3

Heyrovsky

BDD

BDD

Heyrovsky O-H

BDD Pt-H

Pt

 

 

(4) SFG

SFG

~500 cm 1 ~850 cm 1

- 249 -



~850 cm 1

 
 

Miho Hatanaka “Phosphorescent Intensity of Cyclometalated Iridium(III) Complexes: A Combined DFT and 

Machine Learning Approach 31st International Conference on Photochemistry, , 7 28 2023 . 

Miho Hatanaka “Excited states of cerium photocatalysts through a machine learning lens” The 5th conference of 

Theory and Applications of Computational Chemistry, , 9 6 2023 . 

  “ ” ISSP

2023 , , 12 20 2023 . 

 

 

- 250 -



3 Lennard-Jones

Formulation of bulk viscosity of Lennard-Jones liquids and quantitative 
evaluation of dynamic structure factors in the hydrodynamic limit based 

on three-body interaction

* * * *
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Photochemistry and electronic trapping in TiO2 nanostructures 

○Gergely Juhasz (Tokyo Institute of Technology) 
 

1 Introduction 

Transition metal oxides, like anatase-type TiO2 play important role in many electrochemical and photochemical devices. 

While bulk properties of anatase are extensively studies computationally, our computational studies focus on nanoparticles 

(NPs) with different shape and size to understand how morphology effect photochemical and electrochemical properties. 

In this project, we compared the low energy excited states and corresponding transition energy and intensity for a small 

set of anatase NPs. 

2 Methods 

The calculations were performed using Density Functional-based Tight Binding (DFTB, software: DFTB+ ver 23.1) 

and DFT (software: TURBOMOLE, ver 7.7 and 7.8) methods. The DFTB calculations were performed using the 

mio+tiorg parameter sets. The DFT calculations were performed using def-SV(P) basis set pure (PBE) functionals and 

DFT-D3(BJ) dispersion model was applied without solvent correction.     

The NP models were manually created (see Fig 1) and optimized using DFTB. Whenever it was possible, the model 

with highest possible symmetry were used. The models in closed-shell electronic state were optimized using pure DFT, 

which were followed by optimization of models with charge careers and attempted using hybrid functionals. The 

verification of the geometry stability using frequency calculation were not possible due to the large computational cost.    

3 Results 

 
The calculations using DFTB showed that while the transition energies are significantly different for NPs 1-5 with a 0.2 

eV difference in the lowest transition energy, it is much less pronounced in the optical spectra. If we compare the transition 

intensities, there ae only few high intensity transition 

partially due to the high symmetry of the models. 

Since the low energy transitions are mostly forbidden 

or very low intensity, the low energy end of the 

optical spectra is relatively similar. 

4 Talks and Posters 

N/A  

5 Publications 

N/A 

 
 

 
Figure 1. The intensity (left) and energy (right) of the first 

200 transition for NPs 1-5 calculated using DFTB. 
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Development of Organometallic Molecular Devices with High 
Thermoelectric Performance

Nano Letter, 2022, 22, 9693.
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Theoretical Studies on Structures and Reactivities of
Metal Complexes with Multifunctional Ligands
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Computational Molecular Spectroscopy: Computational Chemistry
on the Structure and Reaction of Molecules
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Study, Taro Udagawa, Hikaru Tanaka, Tsuneo Hirano, Kazuaki Kuwahata, Masanori Tachikawa, Masaaki Baba,
Umpei Nagashima, J. Phys. Chem. A, 127, 894–901 (2023).

2) Vibrationally unusual behaviors predicted for [XeHXe]+: A computational molecular spectroscopy study, Tsuneo
Hirano, Umpei Nagashima, Masaaki Baba, J. Mol. Structure, 1802, 137433/1–9 (2023).

3) Electronic properties and vibrationally averaged structure of 2 + MgOH: A computational molecular
spectroscopy study, Tsuneo Hirano, Umpei Nagashima, Masaaki Baba, Phys. Chem. Chem. Phys., (2024), accepted.

4) J. Computer
Chem., Japan

5) Intramolecular vibrational energy redistribution in the reaction H3
+ + CO HCO+ + H2, Tsuneo Hirano, Hui LI,

J. Phys. Chem. A, 

1)
2023, L22 (2023)

2) Electronic and vibrationally averaged structures of MgOH:  A computational molecular spectroscopy study,

Masakai Baba, Umpei Nagashima, Tsuneo Hirano, 7th Asian Workshop for Molecular Spectroscopy, (2023),

Sapporo.

- 269 -



Development of thermometer ions for temperature 
measurement of gas-phase ions  
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New developments in estimation for acid dissociation constants and 
their applications
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Topics in solution chemistry studied by molecular dynamics simulation
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1 T. Nagai and S. Okazaki, “Mechanism of gas transport in polyelectrolyte membranes investigated using novel 
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Statistical mechanics analysis for biomolecular functions
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Design and synthesis of novel π-electronic ions which form functional 
assemblies

1

[1–4]

2

Gaussian 16 GAMESS

3

[5–10]

[1] –1

PdII 1+

Fig. 1a [6] X

1+-BF4–

BF4– Fig. 1b 1+-PF6–

- 280 -



1+ 2

1+-PCCp– PCCp– =

1+ PCCp–

EDA

1+-

PCCp– i –i

1+-X– X– = BF4–,

PF6– TRMC

1+-BF4–

+1

AuIII 2+

BF4–, PF6–, B(C6H5)4–, B(C6F5)4–, 

PCCp– Fig. 2a [7] 2+

X

Fig. 2b

EDA

PtII

PtII

[8]

PtII

PtII PtII

3

Fig. 3a
[9]

Fig. 3b,c

Fig. 1 (a) PdII 1+-X– (X– = Cl–,
BF4

–, PF6
–, B(C6F5)4

–, PCCp–; (b) 1+-BF4
–

Fig. 2 (a) AuIII 2+-X– (X– = Cl–, BF4
–,

PF6
–, B(C6H5)4

–, B(C6F5)4
–, PCCp–; (b) 2+-PCCp–

Fig. 3 (a) PtII 3; (b) 3 TBA+-3·Cl–

; (c) TBA+-3·Cl–

- 281 -



OCnH2n+1

(n = 1, 4, 8, 12, 16 2

Fig. 

4a [10] n = 1 4

X

n = 4 3 3.13 Å 3

n = 12, 16

Fig. 4b 3

TRMC

4

, 33

, 2P160, 2023 9 1

Fig. 4 (a) NiII ; (b)(i) 
(ii) 3

- 282 -



5

[1] “π-Electronic ion pairs: building blocks for supramolecular nanoarchitectonics via iπ–iπ interactions” Haketa, Y.; 
Yamasumi, K.; Maeda, H. Chem. Soc. Rev. 2023, 52, 7170–7196. 
[2] “Photoresponsive ion-pairing assemblies” Haketa, Y.; Sengupta, R.; Maeda, H. Responsive Mater. 2023, 1, e20230018. 
[3] “Charged Porphyrins as Building Blocks of π-Electronic Ion-Pairing Assemblies” Yamasumi, K.; Maeda, H. In 
Materials Nanoarchitectonics: From Integrated Molecular Systems to Advanced Devices; Azzaroni, O.; Ariga, K. Eds.; 
Elsevier, 2024, Ch.5, 91–112. 
[4] ,

, CMC, 2024, Ch.4, 39–46. 
[5] “Borylated β-Fluorinated Pyrroles” Yokoyama, M.; Maeda, H. Chem. Lett. 2023, 52, 598–601. 
[6] “Substitution-pattern- and counteranion-dependent ion-pairing assemblies of heteroporphyrin-based π-electronic 
cations” Fujita, M.; Haketa, Y.; Seki, S.; Maeda, H. Chem. Commun. 2024, 60, 4190–4193.  
[7] “Bidipyrrin AuIII Complex as a Helical Charged π-Electronic System” Sengupta, R.; Hashimoto, H.; Haketa, Y.; 
Sakai, H.; Hasobe, T.; Maeda, H. Org. Lett. 2023, 25, 6040–6045. 
[8] “Ion-pairing assemblies of π-extended anion-responsive organoplatinum complexes” Haketa, Y.; Murakami, Y.; 
Maeda, H. Sci. Technol. Adv. Mater. 2024, 25, 2313958. 
[9] “Enhanced solid-state phosphorescence of organoplatinum π-systems by ion-pairing assembly” Haketa, Y.; 
Komatsu, K.; Sei, H.; Imoba, H.; Ota, W.; Sato, T.; Murakami, Y.; Tanaka, H.; Yasuda, N.; Tohnai, N.; Maeda, H. Chem. 
Sci. 2024, 15, 964–973. 
[10] “Norcorroles as antiaromatic π-electronic systems that form dimension-controlled assemblies” Ishikawa, S.; 
Yamasumi, K.; Sugiura, S.; Sato, S.; Watanabe, G.; Koo, Y. H.; Seki, S.; Bando, Y.; Haketa, Y.; Shinokubo, H.; Maeda, 
H. Chem. Sci. 2024, 15, 7603–7609.  

- 283 -



Quantum chemistry calculations on excited electronic states of gas-
phase atoms and molecules for interdisciplinary studies
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In silico design of synthetic oligoamides binding to proteins
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Non-equilibrium dynamics simulation of network formation of cellulose 
nanofibers
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Computer-aided design of antibodies and vaccine immunogens
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Investigation of reaction processes and optimization of catalytic systems for molecular 
photocatalysts and solid electrocatalysts 
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Mechanistic Investigations of Organic Reactions
by Experimental and Theoretical Combination
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Investigation of photoreaction mechanisms of photolyases
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Computational Innovation of Novel Catalysts for Ammonia Synthesis 

○Pradeep R. Varadwaj, Ryoji Asahi (Institute of Innovation for Future Society, Nagoya University) 
 

1 Introduction 

Many research papers have been published on ammonia (NH3) synthesis. This is obviously because it is very important 

as a hydrogen storage system and has important applications in the agricultural sector, especially as an important feedstock. 

The traditional Borch-Haber process is used for industrial synthesis, and current technology uses mainly iron-based 

catalysts for ammonia synthesis, making it an energy-intensive process. A major problem is the strong triple bond of N2 

with a bond strength close to 1.0 eV. Therefore, the dissociation of N2 and its subsequent adsorption on metal catalysts 

requires high temperature and high pressure. The dissociatively adsorbed N2 then reacts with atomically adsorbed H 

species (from precursor H2 gases) to facilitate hydrogenation reaction and subsequent formation of NH3. However, iron-

based catalysts are not very efficient to serve the global needs to resolve the energy crisis. Towards this end, our aim was 

to design novel catalysts for efficient synthesis of ammonia using the current-state-of-the-art theoretical approaches such 

as density functional theory. Our goal was to use surfaces of some selected transition metals, and/or rare earth metal 

nitrides, and examining the resulting systems theoretically in presence of molecular N2. However, we have used Cobalt 

(Co) as the metal surface since it is less toxic and appears in the weak binding regime of the popular volcanic plot. We 

added promoters of different types on the surface of cobalt to examine the extent to which single or double promoters 

activates N2, and whether such promotions can explain the experimentally observed effects of promoter-driven Co catalyst, 

and whether the new promoters identified via theoretical modeling can be suitable as catalysts to be proposed for their 

synthesis, which can be effective in enhancing the extent of ammonia synthesis.  

2 Methods 

Periodic boundary conditions were employed, and density functional theory was adopted for the simulation of 

the physical properties of the catalysts. Various configurations of molecularly and dissociatively adsorbed N2 on cobalt 

were examined, with and without external agencies (viz. promoters). The adoption properties, viz. the adsorption energy 

and activation energies, were calculated. A few reaction mechanisms were also examined to determine the rate-

determining step (RDS) and the successive hydrogenation reaction steps of Nad atoms that lead the formation of NHx (1 

 x  1-3). We based our calculations on the widespread Langmuir–Hinshelwood (LH, in short), Eley–Rideal, and Mars-

Van Krevelen (RE and MvK) mechanisms as an aid to elucidate a range of elementary reaction steps, involving the 

dissociation of N2 and H2, and the sequential hydrogenation process of intermediate reaction steps of surface activated 

Nad atoms with Had atoms, which may create a basic roadmap towards the growth of our fundamental understanding of 

ammonia synthesis. The Viena Ab Initio Simulation Package (VASP) was exclusively used for all calculations. Because 

metals were involved, and calculations were expensive, the PBE, PBEsol and RPBE functionals, together with the the (12 

× 12 × 8) and (2 × 2 × 1) k-meshes centered at -point were used at which the Brillouin zone was sampled during a self-

consistent (SC) calculations for the unit- and supercell structures of hexagonal Co(0001) and Co(0001)/Co-promoter/Co-

promoter-N2/Co-promoter-2N, respectively. The first order Methfessel− Paxton smearing with a width of 0.2 eV was 

supplicated for all the supercell calculations. The cutoffs for the plane wave energy, force, and total energy were set to 
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400 eV, 0.04 eV Å−1, and 10−4 eV, respectively. On the other hand, the geometries of the molecular entities N2, H2 and 

NH3 were relaxed at the -point; a cube of side 20 Å was used. For this, Gaussian smearing with a width of 0.1/0.2 eV 

and an energy convergence smaller than 10−6 eV for the SC-loop were invoked. Spin-polarization calculations were 

performed for all the Co-based systems. For the molecular entities, non-spin polarized calculations were performed. The 

computationally expensive Climb Image Nudge Elastic Band (CI-NEB) method was used for the calculation of activation 

energies of all intermediate reaction steps, including the dissociatively adsorbed state of N2. The importance of charge-

transfer processes, born out of the application of Bader’s quantum theory of atoms in molecules, was explored using the 

Bader code, including, other postprocessing software (such as vtst tool, vaspkit).   

3 Results 

 As planned, benchmark calculations were performed using PBE, PBEsol and RPBE functionals to estimate the 

adsorption energies of N2, H2, NH3, among other others, on the surface 

of hexagonal Cobalt. From these the theoretical method such as the PBE 

functional was determined for subsequent calculations. Initially, alkaline 

earth metals and their hydride and oxide analogues were used as a 

promoter. Fig. 1 (bottom) compares the nature of geometries of NH3 at 

four different reactive sites on the surface of cobalt, whereas that shown 

at the Top compares the adsorption energies.  

CI-NEB calculations have resulted in activation energies of a number of promoters, both single and double. It was 

found that the use of promoters indeed appreciably lowers the activation 

energy for N2 dissociation, and hence is an improvement compared to 

clean Co surface. For example, Fig. 2 compares the nature of the initial 

and final states, with activation energies of 1.08, 0.76 and 0.61eV for Co, 

Co-Ba and Co-BaO, respectively, in which, for the latter two, promoters 

such as Ba and BaO were used. Similar results were obtained with Ca/Sr 

and CaO/SrO promoters were considered (see Fig. 3, for example), 

demonstrating these molecular entities can be served as promoters for the 

design of effective catalysts for ammonia synthesis.  

Various other promoters used involved transition metals, 

alkali/alkaline metals, triel, chalcogen, pnictogen, tetrel and lanthanides 

(viz. Ce, Lu, La, Gd, Eu, Er, or Pr) and their adsorption features were 

calculated and plotted against electronegativity and N N bond distances 

to capture the efficient promoters on Co surface to rationalize the activity 

of N2 and its cleavage for ammonia synthesis. Similar calculations were 

performed for alkaline hydrides (MH2 (M = metals)), which have enabled 

us to address some open questions of the field such as (i) what is the role 

of these promoters? (ii) whether is an electronic promoter, or a structural 

promoter for ammonia synthesis. It was found that the lanthanides as 

singe promoters (Ce, La and Gd, etc), and/or their combination with 

 

Figure 1.  

 

Figure 3 

 

Figure 4 

 

Figure 2 
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transition metals like Zr, V, Mn, Hf, Tc and Ti, etc, when act as promotors, 

are suitable to enhance the catalytic performance of clean cobalt; this was 

observed using the hexagonal (flat) surface of the metal. We believe that 

other surfaces of the same system, viz. the step surface, could be more 

catalytic for ammonia synthesis, given that the step surface of Ru and Co 

have been shown to perform better than their corresponding flat surfaces.  

Hydrogenation reactions were carried out both for alkaline oxides 

and hydrides. For the former, especially for Ba and BaO as promoters, 

various reaction mechanisms were examined. These included the 

enzymatic, RE-MvK and LH mechanisms. The RE-MvK mechanism is 

associative by nature, whereas the LH mechanism is dissociative. Fig. 4 

lists the details on the intermediate steps of hydrogenation, starting from 

dissociative N2, explaining the LH mechanism. It shows the activity of 

the clean Co surface, as well as the importance of three different 

promoters, following the formation of *NH, *NH2 and *NH3, where * 

represents the reactive site on the surface of cobalt. 

Fig. 5 illustrates the nature of the minimum energy 

pathways that explain both the RE-MvK and LH 

mechanisms, in which the metal surface is either 

clean, or contains a single promoter. Fig. 6 shows 

the nature charge transfer between the metal and N2 

(involving the initial and final states) in the presence 

and absence of promoters such as Ca, Ba, and Sr, for 

examples, meaning that it is a factor that should be 

considered for the rationale design of novel 

catalysts.  

Additional studies have also been performed 

exploring the reactivity of Ox, Clx and Fx on the 

surface of Ruthenium (Ru) and Tantalum (Ta) 

surfaces. Fig. 7, for example, shows the various 

adsorption features of multiply adsorbed Ox (x = 1- 

6), whereas Fig. 8 explains the nature of reactive 

intermediates for etching of Ru surface via RuO3 

and RuO4 enchants. Similar calculations were 

performed with the other precursor gases (Clx and 

Fx) both on Ru and Ta surfaces. A significant number 

of computationally expensive CI-NEB calculations 

were performed to understand how the surfaces etch 

though these precursor gases, as expected in high 

 

Figure 6 

 

Figure 5 

 
Figure 7 Fully relaxed geometries of [RuOx] (x = 1–6). The 

adsorption of O at the hcp, fcc, and on-top sites of hexagonal 

Ru is depicted in (a), (b) and (c), respectively. The sites of 

adsorption of the same atom in the remaining configurations 

(d)-(u) can be captured upon inspecting (a)-(c), and (d)–(j). In 

(g), one O atom is absorbed at an fcc site and the other at a 

bridge (bdg) site of Ru, indicating dissociative O2. Selected 

(Ru–O)mean and O O bond distances, r, are shown in (a)–(g), 

respectively, for illustrative purpose.  
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temperature plasma, and to determine the intermediate states. 

It was found that TaCl5 and TaF5 are possible etchants, but 

other derivatives of the family cannot be ruled out; these results 

were agreed with experiment.  

4 Talks and Posters 

1. Pradeep R. Varadwaj, Ryoji Asahi, Design and 

Identification of Promoter Driven Cobalt Catalysts 

for Activation of N2 for Ammonia Synthesis: A DFT 

Investigation, QUANTUM SYSTEMS IN 

CHEMISTRY, PHYSICS, AND BIOLOGY (QSCP-

XXVI), October 14-20, 2023, Jaipur (Rajasthan), 

India. 

2. Pradeep R. Varadwaj, Ryoji Asahi, Alkaline Earth 

Metals/Oxides as Promoting Agents on Co Surface 

for N2 Activation for Ammonia Synthesis: A Density 

Functional Theory Study, The 17th Annual Meeting 

of Japan Society for Molecular Science 2023, Osaka 

University, September 12–15, 2023, Japan.   

5 Publications 

1. Pradeep R. Varadwaj, Ryoji Asahi, et al, Revealing the Role of Alkaline Hydride Promoters in Molecular 

Nitrogen Cleavage and The Langmuir–Hinshelwood Mechanism for Ammonia Synthesis Using Density 

Functional Theory (ms under preparation) 

2. Pradeep R. Varadwaj, Ryoji Asahi, et al, Ammonia Synthesis: The Catalytic Response of Flat Cobalt Surface 

Towards Cleavage of Molecular Nitrogen and Ammonia Formation Without and With Late Alkaline Earth Metals 

as Electronic Promotors (ms under preparation) 

3. Pradeep R. Varadwaj, Ryoji Asahi, Yukuta Imamura, et al, Density Functional Theory Study of Oxidation and 

Halogenation Reaction Characteristics Toward the Fundamental Understanding of Etching of Ruthenium and 

Tantalum Surfaces (ms under preparation)  

4. Naito Takahiro, Pradeep R. Varadwaj, Ryoji Asahi, K. Nagaoka, et al, Experimental and theoretical investigation 

of single- and double-promoter driven catalysts for Ammonia Synthesis (Work under progress, including ms 

preparation) 

(Note: The titles of the manuscripts and order of authors in 1-4 are likely to change, which would be finalized before 

the submission of the research works in appropriate journals).  

 

Figure 8 (Bottom) CI-NEB reaction pathways, 

showing the approximate desorption energies (Ea) 

required for the desorption of (a) RuO3 and (b) RuO4 

molecules from the surface of hexagonal Ru. (Top) 

Shown are also the initial and final state geometries 

for each case. In (b), two intermediate reaction steps 

between the atomically adsorbed (initial) state and 

the RuO4 adsorbed state ([Ru RuO4]) are shown. 

See text for discussion. Ea refers to desorption 

activation energy. 
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Study of electronic structures and reactivity of pentanuclear iron 
complex
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Molecular dynamics study for the division of diffusion coefficient 
and the inhomogeneous hydration of macromolecules 

taking account of the basic-cell size dependence
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Fine Control of Molecular Metal Complexes and Multinuclear Clusters, 
and Elucidation of their Electronic Structures

- 331 -



- 332 -



Development of Synthetic Methods and Novel Functionalities based on 
theoretical calculations

1

Alaspelunin Talaromyces sp. SARS-CoV-2

L- 2023

pyrenulic acid cladobotric acid 
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4

Isolation, structural determination, and antiviral activities of a novel alanine-conjugated polyketide from 

Talaromyces sp. 

Mosu, N.; Yashukoshi, M.; Nakajima, S.; Ogata, M.; Iguchi, K.; Kanno, K.; Ishikawa, T.; Sugita, K.; Murakami, 

H.; Kuramochi, K.; Saito, T.; Takede, S.; Watashi, K.; Fujino, K.; Kamisuki, S.

J. Antibiot. in press.
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Computational chemistry simulation of functional materials
using nanocarbons and organic materials

- 334 -



- 335 -



Elucidation of structure and electronic properties of cage-like 
conjugated organic structures

1

1991

2
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2023

3 17   

2

3 3

/

18

( ) 12 22

"Multi-Dimensional Transformation of Aromatic Compounds through Benzyl– Palladium" (Invited Lecture)

Kei Muto University of Southampton, UK 12 15

"Multi-Dimensional Transformation of Aromatic Compounds through Benzyl– Palladium"  (Invited Lecture)

Kei Muto University of Manchester, UK 12 13

"Multi-Dimensional Transformation of Aromatic Compounds through Benzyl–Palladium"  (Invited Lecture)

Kei Muto Paris-Saclay University, France 12 11

"Multi-Dimensional Transformation of Aromatic Compounds through Benzyl–Palladium"  (Invited Lecture)

Kei Muto Ecole Polytechnique, France 12 8

"A Functional Group Metathesis between Ketones and Esters via Sequential Claisen/ Retro-Claisen Condensatio"  

Poster Hikaru Nakahara, Ryota Isshiki, Junichiro Yamaguchi The 2nd International Symposium on Digitalization-

driven Transformative Organic Synthesis (ISDigiTOS-2) 1P-19 Awaji Yumebutai International Conference Center, 

Japan 12 6

"Catalytic Dearomative Azaspirocyclization of Bromoarenes with N-Tosylhydrazones and Synthesis of Cephalotaxus 

Alkaloids"  Oral Kei Muto, Yota Uwabe, Junichiro Yamaguchi The 15th International Kyoto Conference on New 

Aspects of Organic Chemistry (IKCOC-15) OP-19 Rihga Royal Hotel Kyoto, Japan 11 22

"Reverse Regioselectivity in Reductive Ring Opening of Epoxides and Oxetanes Enabled by Zirconocene and 

Photoredox Catalysis" Poster Kazuhiro Aida, Marina Hirao, Aiko Funabashi, Natsuhiko Sugimura, Eisuke Ota, 

Junichiro Yamaguchi The 15th International Kyoto Conference on New Aspects of Organic Chemistry (IKCOC-15)

PA(E)-49 Rihga Royal Hotel Kyoto, Japan 11 21

"Synthesis of Polycyclic Compounds through Pd-catalyzed Generation of o-Quinodimethane from Bromoarenes"  

Poster Kazuya Inagaki, Kei Muto, Junichiro Yamaguchi The 15th International Kyoto Conference on New Aspects 

of Organic Chemistry (IKCOC-15) PA(D)-36 Rihga Royal Hotel Kyoto, Japan 11 21

"A Functional Group Metathesis between Ketones and Esters via Sequential Claisen/ Retro-Claisen Condensation"  

Poster Hikaru Nakahara, Ryota Isshiki, and Junichiro Yamaguchi The 15th International Kyoto Conference on 

New Aspects of Organic Chemistry (IKCOC-15) PA(D)-33 Rihga Royal Hotel Kyoto, Japan 11 21

"Ring-opening Functionalization of Heteroaromatics" Poster Hugo Ohki, Masaaki Komatsuda,  Hiroki Kondo, 

and Junichiro Yamaguchi The 15th International Kyoto Conference on New Aspects of Organic Chemistry (IKCOC-15)

PA(D)-32 Rihga Royal Hotel Kyoto, Japan 11 21
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13 CSJ (P8-61) 10 19

Toward the Synthesis of Aspergichromones  ( ) 13 CSJ

(P2-59) 10 17

"Photocatalytic C N bond cleavage of pyrrolidines enabled by Lewis acid and photoredox catalysis" 

Eisuke Ota, Marina Hirao, Kazuhiro Aida, Junichiro Yamaguchi The 23rd International Conference on Organic Synthesis 

(23-ICOS) Zhangjiang Science Hall, China 10 16

52 3O-11 10 12 10 14

"Ring Opening of Cyclic Ethers Using Zirconocene and Photoredox Catalysts" Kazuhiro Aida, Marina 

Hirao, Aiko Funabashi, Natsuhiko Sugimura, Eisuke Ota, Junichiro Yamaguchi 14

10 2 10 3

/

O-5

8 10 8 12

"Catalytic Dearomative Azaspirocyclization of Bromoarenes with N-Tosylhydrazones and Synthesis of Cephalotaxus 

Alkaloids" Kei Muto, Yota Uwabe, Junichiro Yamaguchi 21st International Symposium on 

Organometallic Chemistry Directed Toward Organic Synthesis (OMCOS21) PS127 The Sheraton Vancouver Wall 

Center, Canada 7 25

Deoxygenative and Defluorinative Functionalization of Aromatic ketones Miki Kurosawa, Moriaki 

Sakihara, Kenta Kato, Kei Muto, Junichiro Yamaguchi 19th Asian Chemical Congress (PM-105), Istanbul Technical 

University, Türkiye  7 10

o-

55
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55 P54
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Aspergichromone 56 P105
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47

6 17

84 C03

5 13
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Radical Radical Coupling of Alkyl Chlorides Using Photoredox and Zirconocene Catalysis Ryota 

Tajima, Keisuke Tanaka, Kazuhiro Aida, Eisuke Ota, and Junichiro Yamaguchi 7th Gratama Workshop (P-13), Nagasaki 
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Brick Hall, Japan  5 10 5 12

Denitrative Cyanation of Nitroarenes and Organocyanides by a Palladium Catalyst Keiichiro 

Iizumi, Hiroki Tanaka, Kei Muto, Junichiro Yamaguchi 7th Gratama Workshop (P-12), Nagasaki Brick Hall, Japan  5

10 5 12

5

“Regioselective Ring Opening of Oxetanes Enabled by Zirconocene and Photoredox Catalysis” Aida, K.; Ota, E.; 

Yamaguchi, J. Synlett, 2024, 35, 451–454.  

“Pd-Catalyzed Cyclization/1,4-Difunctionalization of Bromoarenes with Diazo Compounds Leading to Bicyclic 

Skeletons” Kato, H.; Fukuhara, Y.; Miyazaki, R.; Muto, K.; Yamaguchi, J. Asian J. Org. Chem. 2023, 13, e202300548.

“A Small Molecule Modulator Affecting Clock-Associated PSEUDO-RESPONSE REGULATOR 7 Amount” Uehara, 

T. N.; Takao, S.; Matsuo, H.; Saito, A.N.; Ota, E.; Ono, A.; Itami, K.; Kinoshita, T.; Yamashino, T.; Yamaguchi, J.; 

Nakamichi, N. Plant Cell Physiol. 2023, e202302769.

“Concise Synthesis of (±)-Fortuneicyclidins and (±)-Cephalotine B Enabled by Pd-Catalyzed Dearomative 

Spirocyclization” Uwabe, Y.; Muto, K.; Yamaguchi, J. Chem. Eur. J. 2023, e202302769.

“Development of Plant Circadian Clock Modulators” Saito, A. N.; Ota, E.; Nakamichi, N.; Yamaguchi, J. J. Synth. Org. 

Chem. Jpn 2023, 81, 718–730.

“Chloroacetyl Boronate N-Tosylhydrazone as a Versatile Synthetic Building Block” Miyazaki, R.; Muto, K.; 

Yamaguchi, J. Chem. Commun 2023, 59, 7419–7422.
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Theoretical and laser spectroscopic investigations of structures and 
intermolecular interactions of molecular clusters: Structural analysis 

and reaction path search calculations of molecular clusters

, , , , , Yaodi  Yang,  

, , ,

1

global reaction route 

mapping (GRRM) [1]
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[2] Gaussian 16

NBO Intrinsic Reaction Coordinate (IRC) 
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1)  Experimental confirmation of the Badger–Bauer rule in the protonated methanol clusters: weak hydrogen bond 

formation as a measure of terminal OH acidity in hydrogen bond networks, Takeru Kato and Asuka Fujii

Phys. Chem. Chem. Phys. 25, 30188 (2023).

2) Isolation and Infrared Spectroscopic Characterization of Hemibonded Water Dimer Cation in Superfluid Helium 

Nanodroplets, Arisa Iguchi, Amandeep Singh, Stefan Bergmeister, Andrew A. Azhagesan, Kenta Mizuse, Asuka 

Fujii, Hajime Tanuma, Toshiyuki Azuma, Paul Scheier, Susumu Kuma, and Andrey F. Vilesov, J. Phys. Chem.  

Lett. 14, 8199 (2023).

3) Infrared spectroscopy of [H2O–Xn]+ (n = 1–3, X = N2, CO2, CO, and N2O) radical cation clusters: competition 

between hydrogen bond and hemibond formation of the water radical cation, Mizuhiro Kominato and Asuka 

Fujii, Phys. Chem. Chem. Phys. 25, 14726 (2023).

4)  Infrared Spectroscopy of (Benzene–H2S–Xn)+, X = H2O (n = 1 and 2) and CH3OH (n = 1), Radical Cation 

, Takeru Kato and Asuka Fujii, J. Phys. Chem. A. 127, 

742 (2023).
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1. Y. Hisata, T. Washio, S. Takizawa, S. Ogoshi, Y. Hoshimoto,* Nature Commun. 2024, 15, 3708
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Molecular Dynamics Study on Functional Self-Assembled Soft 
Materials: Analyses of Molecular Transport Properties with the 

Formation of Nanostructures
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Origin of ion selectivity in gigantic molecules: Structure and energetics
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Preparation and arrangement of pi-electronic systems including ionic 
compounds

- 356 -



 

 
 

1  

MD

 

 

 

NMR

[1]

 

MD

CBAn 1 MD

 

 

- 357 -



 

2  

MD LAMMPS 23Jun2022  

Gaussian16Rev. B.01 CBAn (n=9, 10) 

128 [2, 3]

CHELPG 

MP2/6-31G+(d)  

1 fs 0.8 g/cm3

NPT

NPT 5 ns 200 

300 ns NPT Nose-Hoover Parrinello-Rahman

1 bar  

NVT 1.5 5 ns

NPT 40 ns 5 ns

1.5 5 ns  

P2 P2 Q

 

1

1 1 3
2

N

i i
i

Q
N

 

i ( =x, y, z) i N

 

[4]

20 10 ns 

Fourier

 

 

3  

Figure 2 CBA9 MD MD

CBA10 CBA10

445K P2 Figure 3 P2 35 ns 0.6

0.50 CBA9

0.3 0.45  

 

- 358 -



CBA10 445K

MSD x

y z MSD

MSD

x 1ps

1ps

Figure 4

CBA9 CBA10

CBA10

Figure 5 x 0.18

W m-1 K-1 y z

0.14 0.12 W m-1 K-1

x

CBA9 x y

z 0.25 0.21 0.15 W m-1 K-1

CBA10

PDoS x y

Figure 2. Temperature dependence of densities 
obtained for CBA9 by MD simulations and 
observed densities.

Figure 3. Time evolution of order 
parameter for CBA10.

Figure 5. Contributions of convection and 
each type of interaction to the thermal 
conductivities ( x, y, z) in the nematic 
phase for CBA10.

Figure 4. Normalized self intermediate 
scattering functions for CBA9 and CBA10.
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Figure 6. Phonon density of states (PDoS) 
calculated for each direction (x, y, and z axis) in 
the nematic phase for CBA10. 
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Contribution of the depletion effect on crystallization of biomaterials
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Developing a Novel Model of Chromosome and Computations of Atomic 
Force Microscopy Images of Several Molecules
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Development of Novel Catalysts for the Establishment of New 
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Analytical studys of supramolecular assembling structures of glutamide
derivatives and molecular orientation of functional groups modified with 

their derivatives in function expression
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Precise Design of Organocatalysts by Quantum Chemical Calculation 
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Figure 1. The developed exo-DA reaction that uses a 

dual-functional acid catalyst.

 

Figure 2. 3D structures and schematic models of the most stable 
endo- and exo-TSs 
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Table 1. Survey of additive effect on endo/exo selectivity

N NHCO2Me

Additive
(xx mol%) N

N
H

MeO2C
N

N
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MeO2C

endo-3ab exo-3ab1a
0.1 mmol

2b
1.2 eq.

tol (0.1 M)
MS 5A

r.t., Time

Me

Me Me

Cl

Cl Cl

Entry Additive (xx mol%) Time (h) MS 5A Yield (%) endo/exo

1 (PhO)2P(O)OH (10) 48 w 70 3/97

2 BF3
.OEt2 (100) 24 w/o 43 81/19 

3 B(C6F5)3 (10) 48 w 50 82/18 

4 None, 100  48 w 13 62/38 

 

Figure 3. DFT calculations of the transition states in the reaction of 
methyl-substituted dienylcarbamate with vinylquinoline catalysed by 

phosphoric acid.
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Development of novel photochromic metal complexes with radical-
dissociation-type photochromic molecules as ligands and investigation 

of their photofunctions

1

Scheme 1 2022

Chem. Commun.2022, 58, 4997-

5000.

2

Gaussian, Opt Freq, 

(U)B3LYP/6-31G [C H N O Cl]/LANL2DZ [Ir]

Gaussian, TD, 

(U)B3LYP/6-31G [C H N O Cl]/LANL2DZ [Ir]//(U)B3LYP/6-31G [C H N O Cl]/LANL2DZ [Ir]

Gaussian, 

TD, (U)B3LYP/6-31G [C H N O Cl]/LANL2DZ [Ir]//(U)B3LYP/6-31G [C H N O Cl]/LANL2DZ [Ir]

Scheme 1 Photochromic reaction schemes of (a) PIC and (b) 

PIC-coordinated iridium (III) complex derivatives.
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Fig. 2 (a) Transient absorption spectra and 
dynamics of [Ir( -Cl)(PIC)2]2 in DCM (2.4 × 
10 5 M) excited with a 355-nm nanosecond 
laser pulse and (b) simulated absorption 
spectra of the ring-opening forms. 

Fig. 1 (left) Steady-state absorption spectrum and (right) molecular orbitals 
of [Ir( -Cl)(PIC)2]2 in DCM. 
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Studies on molecular assemblies – the structures and the partitioning of 
a molecule
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Exploiting weak interactions in apolar ices. Phase II. CO2 ice
formation, explicit determination of binding energies on CO2 ices,
and mixtures CO/CO2.

User List
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3. Furuya, Kenji
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(The University of Tokyo, Saitama University, National Observatory of Japan, The Univer-
sity of Tokyo)

1 Introduction

More than 300 molecules have been detected in the interstellar medium, low temperature regions be-
tween stars. One of the main questions that come to mind when analyzing molecular clouds is how these
molecules can be formed given the harsh environmental conditions.

A widespread explanation for the formation of complex organic molecules involves its formation on the
surface of ice-covered dust grains. A variety of unconventional chemical processes occur on/in these grains.
In this project, we investigated how the surface composition of the ices impacts the formation of these
molecules, especially in the case of carbon monoxide ice in regards to water ice. Furthermore, our research
has not been limited to this single effect and has increased to encompass other chemical processes, like
hydrogenation, surface diffusion of heavy atoms, or energy distribution on ice.

2 Methods

Our research methodology combined quantum chemical calculations, that was the expertise of Dr. Molpeceres
and Prof. Takayanagi with astrochemical rate equation models, that is part of the expertise of Prof. Aikawa
and Dr. Furuya.

In the quantum chemical part, we used a combination of conventional density functional methodology with
more sophisticated techniques, like for example neural network interatomic potentials or microcanonic ki-
netic modeling. In the astrochemical modelling part of the project we focused in the use of 3-phase gas-grain
astrochemical models to simulate the temporal evolution of the molecules studied in the quantum chemical
part.

Finally, our research also benefited from collaboration with other laboratories both in Japan and internation-
ally. We highlight here collaborations with the University of Hokkaido through Prof. Watanabe, University
of Stuttgart through Prof. Kästner, University of Leiden through Prof. Lamberts and University of Rio de
Janeiro through Prof. Oliveira.

3 Results

Eight publications (with two more in revision at the time of writing this report) have been published during
the international JSPS fellowship tenure (associated with the computational time provided by Okazaki Re-
search Center for Computational Science, RCCS) spanning a wide range of processes related to chemical
complexity in astrochemistry, where RCCS has been credited in those where direct calculations where in-
volved. Directly related with the original idea of the project we highlight two already published publications
and one that is in revision in major astrophysical journals.

Through a collaboration with the University of Leiden we determined what are the proper methods to simu-
late interstellar carbon monoxide ice in our publication “Floating in Space: How to Treat the Weak Interaction
between CO Molecules in Interstellar Ices”. This work set the basis for the calculation of binding affinities
of molecules on CO ice, and opened the gate to the other two major works in the context of the project.
First through the publication of another milestone of the project, dealing with the formation of CO2 ice, one
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of the most important ices in the interstellar medium, through a paper of name “Cracking the Puzzle of CO2
formation on Interstellar Ices”. This latter work that was highlighted in the “Astrochem Coffee” podcast,
showed that CO2 ice is not directly formed from the CO + OH reaction, as previously assumed, but rather
through the HOCO radical, which decreases the total abundance of CO2 in favor of other molecules, most
notably HC(O)OH, formic acid.

Finally, from the trifecta of publications dedicated to the behavior on molecules on apolar ices is concluded
with the most ambitious work on this regard, a publication named “Enhanced formation of complex organic
molecules on carbon monoxide ices” that is currently under revision in Astronomy & Astrophysics. In this
work, we found that introducing a surface coverage dependent term in the diffusion of radicals on CO ice
has an impact in the formation of complex organic and prebiotic molecules, by many orders of magnitude.

Several other projects, in collaboration with colleagues from the Center for Astrobiology in Madrid (Spain),
the Institute for Theoretical Chemistry in Stuttgart (Germany), and most importantly, with the Institute for Low
Temperature Science of the University of Hokkaido. Most notably, we highlight our works on the reaction
of NH2OH with H, the work on energy partition on interstellar ices, or our work in Nature Astronomy on the
mobility of C atoms on interstellar ices. Currently, three more publications are in review in the context of this
collaboration.

4 Talks and Posters

• Computational Simulation of Surface Astrochemistry. Virtual seminar for the Next Generation Astro-
chemistry Project. Sep 26, 2022.

• Physical Processes on Interstellar Apolar Ices (Invited talk). Next Generation Astrochemistry Interna-
tional Conference. University of Tokyo, Nov 29-Dec 2, 2022.

• Reaction Dynamics on Amorphous Solid Water Surfaces using Interatomic Machine Learned Poten-
tials. Next Astrochemistry Theory Meeting. University of Tokyo. March, 03, 2023.

• Atomistic Insights into the Chemistry of the Interstellar Medium. University of Tokyo Astronomy Sem-
inars. University of Tokyo. April 18, 2023

• Cracking the Puzzle of Interstellar CO2 formation. Astrochemistry “get-together” workshop. University
of Tokyo. July 29, 2023.

• Spectroscopic Simulations of Hydrogenated Fullerenes. Asian Workshop on Molecular Spectroscopy.
University of Hokkaido (Invited). November, 05-08, 2023.

• Cracking the Puzzle of Interstellar CO2 formation. Poster presentation at the International Workshop
on Interstellar Matter. November, 08-10, 2023.

• Astrochemistry, the Journey of the Elements from a Star to our Body. Kōfu Minami high school public
lecture. Kofu, Japan. December, 01. 2023.

5 Publications
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solid water surfaces using interatomic machine-learned potentials: Microscopic energy partition re-
vealed from the P + H� PH reaction. Astronomy and Astrophysics. 673, A51. May 2023

• Molpeceres, G., Rivilla, V.M., Furuya, K., Kästner, J., Maté, B, and Aikawa, Yuri. Processing of
hydroxylamine, NH2OH, an important prebiotic precursor, on interstellar ices. Monthly Notices of the
Royal Astronomical Society. 4, 6061—6074, March 2023

• Ferrari, B. C., Molpeceres, G., Kästner, J., Aikawa, Y., Van Hemert, M., Meyer, J. and Lamberts, T.
Floating in Space: How to Treat the Weak Interaction between CO Molecules in Interstellar Ices. ACS
Earth and Space Chemistry. 7, 1423—1432, June 2023

• Molpeceres, G., Enrique-Romero, J. and Aikawa, Y. Cracking the Puzzle of CO2 formation on Inter-
stellar Ices. Astronomy and Astrophysics. 677, A39, September 2023
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phase C60Hn+q (n=0-4, q=0,1) fullerenes and fulleranes: spectroscopic simulations shed light on
cosmic molecular structures. Physical Chemistry Chemical Physics. 37, 25746—25760. September
2023.

• Tsuge, M., Molpeceres, G., Aikawa, Y. and Watanabe, N. Surface diffusion of carbon atoms as a
driver of interstellar organic chemistry. Nature Astronomy, 7, 1351—1358. September 2023.
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Theoretical studies of geometry, electronic structure, and reaction 
mechanism in transition metal complexes 

He Nan Jewel Hossen
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Jewel Hossen, et al., TACC 2023 Conference, September 4-9, 2023, Hokkaido University, Sapporo, Japan 

Nan He, et al., TACC 2023 Conference, September 4-9, 2023, Hokkaido University, Sapporo, Japan 

Yutaro Otani, et al., TACC 2023 Conference, September 4-9, 2023, Hokkaido University, Sapporo, Japan 

Naoki Nakatani, et al., Asian Polyolefin Workshop (APO 2023), December 10-14,2023, Todai-Ji, Nara (invited) 
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Nan He, et al., Phys. Chem. Chem. Phys., 25, 28871-28884 (2023). DOI: https://doi.org/10.1039/D3CP03418F 
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Theoretical Investigations of Energy Conversion Processes in 
Biological and Material Systems
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Jun-Yu Dong, Yasutaka Kitahama, Takatoshi Fujita, Motoyasu Adachi, Yasuteru Shigeta, Akihito Ishizaki, Shigenori 

Tanaka, Ting-Hui Xiao, Keisuke Goda, J. Chem. Phys., 160 (2024) 045101.

Takatoshi Fujita, Takeo Hoshi, Ab Initio Study of Charge Separation Dynamics and Pump Probe Spectroscopy

in the P3HT/PCBM Blend”, J. Phys. Chem. B, 127 (2023) 7616.
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Simulations for the electronic and phononic states in amorphous solids
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E. Minamitani, “Application of Persistent Homology for Structure-properties Relationship in Amorphous Solids”,

MANA International symposium 2023, (2023)
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X. Liao, E. Minamitani, T. Xie, L. Yang, W. Zhang, S. Klyatskaya, M. Ruben, Y.-S. Fu, “Altering Spin Distribution 

of Tb2Pc3 via Molecular Chirality Manipulation”, J. Am. Chem. Soc., 146, 5901–5907 (2024)
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The identification of cryptic binding sites by noble gas: Molecular 
Dynamics Study
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First-principles study of chemical properties of intermetallic 
compounds
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oga oga Nature Structural & Molecular Biology 31, 275-282
(2024).

*T. Kosugi, T. Iida, M. Tanabe, R. Iino, and *N.Koga, De novo design of allosteric control into rotary motor V1-
ATPase by restoring lost function, Nature Chemistry 15, 1591-1598 (2023).

#S. Minami, #N. Kobayashi, T. Sugiki, T. Nagashima, T. Fujiwara, R. Koga, G. Chikenji, *N. Koga, Exploration
of novel αβ-protein folds through de novo design, Nature Structural & Molecular Biology 30, 1132-1140 (2023).

, Design of Heme-
binding proteins using coiled-coil-bridges de novo designed structures, 6 ExCELLS 2024
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Exploration of conductive wide-gap materials
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2 Methods:  
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3 Results: 
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Development of a Polymeric Nanocarrier for Drug Delivery to the Brain
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Theoretical studies of relaxations and reaction dynamics 
 in condensed phase 

ZHU Zhe 
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories

Pei Zhao
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SWNT

4

1. Nanocluster and Heterogeneous Catalysis: Interplay between Theory and Experiment 
M. Ehara 
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2. Aggregation Induced Photoluminescence of Metal Complexes and Nanoclusters 
M. Ehara 
Chimie ParisTech, Paris, France, November 8, 2023 (Invited Talk). 

3. Photofunctions of Complex Systems and Nanoclusters 
M. Ehara 
Chimie ParisTech, Paris, France, November 7, 2023 (Invited Talk). 

4. Photofunctions of Complex Systems and Nanoclusters Focusing on Inverse Design Approach 
M. Ehara 
IIIT Hyderabad, Hyderabad, India, October 18, 2023 (Invited Talk). 

5. Photofunctions of Complex Systems and Nanoclusters Focusing on Inverse Design Approach 
M. Ehara 
The 26th Quantum Systems in Chemistry, Physics, and Biology (QSCP-XXVI), Jaipur, India, October 14-
20 2023 (Invited Talk).

6. Photofunctions of Complex Systems and Nanoclusters Focusing on Inverse Design Approach 
M. Ehara and T. Shiraogawa, P. Zhao 
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Taiwan International Conference on Catalysis (TICC-2023), Tainan, Taiwan, June 28-30, 2023 (Keynote 
Talk)

8.

AI , , 2 21-22 , 2024. 

9.
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10. Inverse Design Approach of Photofunctional Molecular Aggregates and Molecule-Nanocluster Systems 

(English) 
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6-7 , 2023.
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Molecular dynamics simulations of disease-related proteins
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Volume 679 “Integrated Methods in Protein Biochemistry: Part B”, Chap. 3, Pages 65–96.

- 492 -



Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations

1

X (XAS)

XAS UVSOR-III X

BL3U (KEK-PF) X BL-7A, BL-

13A XAS

(PNIPAM)

K XAS [1]

2

PNIPAM GROMACS

PNIPAM C=O

GSCF3

PNIPAM PNIPAM (NIPAM)

K

3

1 NIPAM PNIPAM K NIPAM

2 NIPAM C=O *

43 meV PNIPAM

C=O * 48 meV

2

(MeOH)x(H2O)1 x MeOH (1.0 > x > 0.4) PNIPAM C=O *

NIPAM PNIPAM C=O * PNIPAM

228 meV PNIPAM

C=O * (x = 1.0)

(x = 0.0) 127 meV PNIPAM

PNIAPM
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PNIPAM PNIPAM

PNIPAM PNIPAM

 1. NIPAM PNIPAM K NIPAM

PNIPAM 2

4

[1]  “Time-Resolved Soft X-ray Absorption Spectroscopy for Observing Photochemical Reactions in Solutions”, M. 

Nagasaka, Conference on Laser and Synchrotron Radiation Combination Experiment 2023 (LSC 2023), OPTICS & 

PHOTONICS International Congress 2023, Yokohama (Japan), 2023/4/20. ( ) 

[2]  “Operando Soft X-ray Absorption Spectroscopy for Observing Chemical Processes in Solutions”, M. Nagasaka, 

UVSOR-III + MAX IV International Workshop: Frontier of Soft X-ray Spectroscopy for Chemical Processes in Solutions, 

Okazaki (Japan), 2023/10/3. ( ) 

[3]  “Chemical Processes in Solutions Probed by Soft X-ray Absorption Spectroscopy”, M. Nagasaka, International 

Symposium on X-ray Spectroscopies of Synchrotron Radiation, Toyama (Japan), 2024/3/25. ( ) 

[4]  “ X PNIPAM ”,

, , Y. Yao, , , 26 XAFS , ,

2023/9/6. 

[5]  “ X PNIPAM ”,

, , Y. Yao, , , 17 , , 2023/9/12. 

[6]  “ X ”, , UVSOR 2023

, , 2023/12/2. ( ) 

5

[1] M. Nagasaka, F. Kumaki, Y. Yao, J. Adachi, and K. Mochizuki, “Mechanism of Poly(N-isopropylacrylamide) 

Cononsolvency in Aqueous Methanol Solutions Explored via Oxygen K-edge X-ray Absorption Spectroscopy”, Phys. 

Chem. Chem. Phys. 26, 13634-13638 (2024).
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Exploration of the structural dynamics of antibody molecules and
understanding the molecular mechanisms of glycan formation by 

transferases

Fc

NMR X SAXS

MD

NMR SAXS

AMBER GLYCAM06

Fc NMR
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NMR IgG

MD IgG Fc R

NMR

NMR IgG

MD IgG IgG Fc R

IgG Fc MD MD

MD IgG Fc R

MD MD

MD

IgG Fc R

MD

MD

IgG Fc RIIa Fc RI IgG

IgG NMR

Fc IgG

IgG Fc R

IgG Fc R

2-2

MD
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MD

MD

–

Koichi Kato "NMR Characterization of Antibodies as Biopharmaceutical Glycoproteins", The 7th bilateral Taiwan-

Japan Symposium (TJNMR2024), HIroshima, Japan (Mar. 2024), ,

Koichi Kato "NMR characterization of conformational dynamics of oligosaccharides and glycoproteins for evaluating 

and improving their functionality", GlycoNMR Summit, on-line (Dec. 2023), ,

Koichi Kato, Saeko Yanaka "NMR Characterization of Immunoglobulin G Glycoproteins for Evaluation and 

Development of Therapeutic Antibodies", Asia-Pacific Nuclear Magnetic Resonance Symposium  (APNMR2023), 

Taipei, Taiwan (Sep. 2023) , ,

, 23

, , 2023 7 , ,

2023

2 2023 06 , ,

Koichi Kato, Saeko Yanaka "Dynamic Structures and Interactions of Immunoglobulin G Glycoproteins as 

Therapeutic Antibodies", 14th AFMC International Medicinal Chemistry Symposium (AIMECS2023), Seoul, Korea (Jun. 

2023) , ,
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Molecular simulations of multiscale dynamics in the function of 
biomolecular machines
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Molecular dynamic simulation for the ion selectivity analysis of the ion 
channels 
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4 MRI

Functional and structural analysis of four dimensional MRI of the brain.
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Neuroimaging data analysis with machine learning
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Large volume electron microscope image registration
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High-throughput first-principles calculations of 
opto/electronic/phononic properties and defect/interface properties

He Xinyi Li Linwei
Yang Zan MDX

1

MDX

(i) 

(ii) 

(iii) 

(iv) 

(iv) (i), 

(ii), (iii) RCCS

MDX 

2

2023 In-Ga-Zn-Ta-O

 ( ZT )

VASP PBEsol 

PBE0/HSE BoltzTraP2

ALAMODE 

3

In-Ga-Zn-Ta-O 

AOSs 2012
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DFT

200 NNP

AOS 10,000

VASP (FPMD)

80 FPMD Perdew-Burke-

Ernzerhof PBE 500 K/ps 5000 K 5000 K 10 ps

2 fs

NNP Neural Network Potential Package (N2P2) NNP

LAMMPS AOSs

1000

AOS

Ga-O In-O 100 K/ps

a-Zn-O a-In-Ga-Zn-O 150 K/ps

DFT 1%

In-O Zn-O O-O Ga-O O-O

Ga-O O-O Ga-O

O-O In-O

Ga a-In-Ga-Zn-O

transistor

1.
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(Eg)

4.9eV Ga2O3

Eg

Eg = 5.9 eV H

(H)

H

VASP GGA-PBE Ecut = 550 eV PBE0

Ecut = 400 eV

500 800 K 300K EF

2 H Ne

EF 300 K HO (1+/0)

 ( ) EF ECBM VSr

EF

Bi2Te3 Pb Te

2. H
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Materials Project (MP) 

MP

GGA General Gradient 

Approximation

0.3 eV ~ 1.2 eV

Hg

1,173 7,245

7,166

MP

98

659 147

BoltzTraP2 BoltzTraP2

(PF)

=10 fs

Bi2Te3 PF

4

1. Zan Yang, Xinyi He, Takayoshi Katase, Toshio Kamiya TBA

37 2024 9 10 12

2.

20 2023 11 9 10

3. Sakura Yoshikawa, Xinyi He, Takayoshi Katase, Shigenori Ueda, Shunsuke Kobayashi, Kei Nakayama, 

Takeharu Kato, Hiroki Moriwake, and Toshio Kamiya Origin of electronic conduction in H-doped ultra-

wide bandgap SrO thin film The International Conference on the Science and Technology for Advanced 

Ceramics 13, February 29, 2024

5

3.  2

3 4
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Construction of neural network interatomic potential for atomistic 
simulation of structural materials under harsh environment

Fanshun Meng Junping Du Dan Wei Rana 
Hossain Shihao Zhang Akarsh Verma

1

(Neural Network Potential; NNP)

2

NNP DeePMD-kit[1] -

Vienna Ab-initio Simulation Package (VASP)[2]

NNP

n2p2

NNP[3]

3

3.1 NNP

1 NNP

NNP

1. NNP (

1 ) (a) (b)
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NNP(DeePMD nnp) NNP(n2p2 NNP)

1

3.2 

2(a) [110] [001] [110] 8 × 600 × 300 Å3(110) [001] 60 Å [110]
3 120 Å [110]

I 5 × 10  s-1 300 K

0 Pa

-2.2 eV 300 K 0 Pa

1. NNP

Properties DeePMD NNP n2p2 NNP [3]

Lattice constants (A) 2.834 2.83

Elastic constants (GPa) , , 280, 128, 104 296, 147, 96

Bonding energy of H2 molecule (eV) 4.50 4.54

Surface energy (J/m2) (001) 2.501 2.479

(110) 2.461 2.436

(111) 2.686 2.695

(112) 2.601 2.586

Vacancy formation energy (eV) Monovacancy 2.327 2.203

Self-interstitial energy (eV) 4.2 4.037

Unstable SFE (J/m2) (112) 111 1.02 1.17

Tilt GB 110  3 0.42 0.46001  5 1.35 1.51

Interstitial H atom (eV) T-site 0.267 0.236

O-Site 0.411 0.389

Diffusion barrier of H atom (eV) 0.099 0.108

Trapping energies of H at vacancy (eV) 1st H 0.713 0.592

6th H 0.035 0.046

Adsorption energy of 1H atom on surface (eV) (001) 0.49 0.452

Energy of screw dislocation relative to easy core (meV/b) Hard core 51.5 47.4

Split core 69.9 82.3

Saddle point 34.8 38.2

Kink-pair nucleation energy (eV) Without H 0.7 0.7

With H 0.62 0.67
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100

2(c)-(h) 2

3%

3.9%

3.3% [110]

3.3 
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NNP

[1] H. Wang, L. Zhang, J. Han, W. E, Computer Physics Communications, 228 (2018), pp. 178-184.

[2] G. Kresse and J. Hafner, Physical Review B, 47 (1993), pp. 558-561.

[3] F.-S. Meng, J.-P. Du, S. Shinzato, H. Mori, P. Yu, K. Matsubara, N. Ishikawa, S. Ogata, Physical Review Materials,

5 (2021), 113606.

4

1. Fan-Shun Meng, Jun-Ping Du, Shuhei Shinzato, Nobuyuki Ishikawa, Kazuki Matsubara, Shigenobu Ogata, “A

Neural Network Interatomic Potential for á-Fe-C-H Ternary System”, TMS2024, Orlando USA, 7 March 2024.

5

1 Shihao Zhang, Fanshun Meng, Rong Fu, Shigenobu Ogata, “Highly efficient and transferable interatomic potential 

for iron and iron/hydrogen binary systems using deep neural networks”, Computational Material Science, 

235 (2024), 112843.

2 ( ) Fan-Shun Meng, Shuhei Shinzato, Shihao Zhang, Kazuki Matsubara, Jun-Ping Du, Peijun Yu, Wen-Tong 

Geng, Shigenobu Ogata, “A highly transferable and efficient machine learning interatomic potentials study of -

Fe C binary system”, Acta Materialia, under review.

3. ( 1 ) (f) (h) (g), (i) 
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Thermodynamic stability analysis of liquid crystalline polymers by free 
energy calculation using all-atom model

Stefan Hervø Hansen Tuan Minh Do

thermotropic lyotropic

smectic nematic cholesteric 

nematic 

1

nematic 

MD isotropic nematic 

thermotropic PSHQ10 (poly[(phenylsulfonyl)-p-phenylene 1,10-

decamethylenebis(4-oxybenzoate)]) 3 1

POMMES POlymer Modeling with Multi-line Entry 

System L-OPLS-AA MD GROMACS

van der Waals

ERmod

1. PSHQ10 X 3-mer
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S isotropic-nematic
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nematic
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2. isotropic nematic S
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3 isotropic <u> nematic ΔI-N<u> 600 K

nematic <u>

van der Waals 3 total ΔI-N<u>
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3. isotropic nematic ΔI-N<u>

van der Waals

Δμexcl 4 isotropic Δμexcl nematic

ΔI-N(Δμexcl) 600 K ΔI-N(Δμexcl) nematic 

4 ΔI-N(Δμexcl)

nematic 

nematic 

ΔI-N(Δμexcl) 3

isotropic nematic

4. isotropic nematic ΔI-N(Δμexcl)

PSHQ10 MD 

isotropic nematic 

nematic 

nematic PSHQ10 H
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isotropic-nematic

nematic 

van der Waals 

nematic 

isotropic-nematic

Stefan Hervø-Hansen, Kento Kasahara, and Nobuyuki Matubayasi, Anion-Cation Contrast in Solute Solvation, The 

16th Mini-Symposium on Liquids 2023, , 2023 6

Tuan Minh Do, Dominik Horinek, and Nobuyuki Matubayasi, Free energy analysis of the effects of ATP on peptide 

aggregation and dissolution using all-atom molecular dynamics simulation, The 16th Mini-Symposium on Liquids 

2023, , 2023 6

Kazuo Yamada and Nobuyuki Matubayasi, Estimating miscibility of the long-chain polymer mixtures using all-atom 

model, 34th IUPAP Conference on Computational Physics, , 2023 8

Nobuyuki Matubayasi, Free Energetics of Solvation Analyzed through All-Atom MD Simulation and a Density-

Functional Method, The 6th International Conference on Molecular Simulation (ICMS 2023), , 2023 10

, , 

37 , , 2023 12

Nobuyuki Matubayasi, Cosolvent effects on peptide aggregation studied with all-atom MD, solvation theory, and 

variational theorem, Telluride Science Winter Workshop “The Role of Fluctuations and Dynamics in Biomolecular 

Function”, Telluride, , 2024 1
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Takuma Yagasaki Nobuyuki Matubayasi, Molecular Dynamics Study of the Antifouling Mechanism of Hydrophilic 

Polymer Brushes, Langmuir, 39, 13158 (2023)

Stefan Hervø Hansen, Nobuyuki Matubayasi, Free-energy decomposition of salt 

effects on the solubilities of small molecules and the role of excluded-volume effects, Chem. Sci., 15, 477 (2024,) 

Nobuyuki Matubayasi, How ATP suppresses the fibrillation of amyloid peptides: 

analysis of the free-energy contributions, Phys. Chem. Chem. Phys., 26, 11880 (2024).

Stefan Hervø Hansen, Kazuya Okita, Kento Kasahara, and Nobuyuki Matubayasi, Solvent-environment 
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Development and application of a multiscale computational method for 
the study of the mass transport mechanisms in the fuel cell catalyst 

layer
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