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Theoretical elucidation of flexible molecular build-up mechanisms using quantum
chemical calculations and simulations
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By combining quantum chemical calculations and molecular dynamics
calculations, we developed two methods: a molecular reaction simulation method that includes
autocatalytic effects in the chemical reaction of organic molecules, and a multi-step molecular
reaction simulation method that incorporates a reversible reaction process, and elucidated the
flexible molecular build-up mechanism.

In addition, the role of the central metal ion in the formation of hexaxate coordination in the
process of forming giant cyclic metal complexes by self-assembly of metal ion atoms and flexible
peptide molecules in solution, conformational changes of peptide molecules at the beginning of the
reaction, and structural deformation including counteranions were examined by quantum chemical
calculations using the automatic reaction path search method. The build-up mechanism of giant metal
complexes was studied.



MD

MD
MD
GRRM
AFIR MD
MD
3
cat-GRRM/MC/MD
multistep-GRRM/MC/MD
A N
BPACN N
S OHO-
N
GRRM BPACN
1 2 2
2
MC/MD
2
mul tistep-GRRM/MC/MD
Polymer 292  126606(2024)

GRRM

BPACN
cat-GRRM/MC/MD 104

2024 3 19



Energy values for

wnig 2 chemical reaction gy
%4 " reaction i, :
BT T A

T mOdel 4 o
", 8

Molecular _ : > Materials
structures o e ey . properties
_mf:z—

A, fs nm, ps
Simulation software: GRRM with Gaussian 16 LAMMPS



8 6 0 0

Xi Yingxiao Fukuzawa Hironobu Fukunaga Shoji Kikugawa Gota Zhao Yinbo Kawagoe Yoshiaki 552
Okabe Tomonaga Kishimoto Naoki

Development of cat-GRRM/MC/MD method for the simulation of cross-linked network structure 2024
formation with molecular autocatalysis

Molecular Catalysis 113680 113680

DOl
10.1016/j .mcat.2023.113680

Bai Yukun Kikugawa Gota Xi Yingxiao Kishimoto Naoki 292

Development of a multistep-GRRM/MC/MD simulation method for the formation of crosslinked 2024
network structures via multistep reversible reaction pathways

Polymer 126606 126606

DOl
10.1016/j .polymer 2023126606

Zhang Dapeng Kishimoto Naoki Miyake Ryosuke 127

Quantum Chemical Calculations of Flexible Tripeptide-Ni(l1l) lon-Mediated Supramolecular 2023
Fragments and Comparative Analysis of Tripeptide Complexes with Various Metal(11) lons

The Journal of Physical Chemistry A 9733 9742

DOl
10.1021/acs. jpca.3c05277

Tang Xuke Kishimoto Naoki Kitahama Yasutaka You Ting-Ting Adachi Motoyasu Shigeta 14
Yasuteru Tanaka Shigenori Xiao Ting-Hui Goda Keisuke

Deciphering the Potential of Multidimensional Carbon Materials for Surface-Enhanced Raman 2023
Spectroscopy through Density Functional Theory

The Journal of Physical Chemistry Letters 10208 10218

DOl
10.1021/acs. jpclett.3c02962




48

2022
217-222
DOl
He, Jianhai; Abdel-Galeil, Mohamed; Nemoto, Mana; Kishimoto, Naoki; Morita, Shin-ichi 16
Bio-Raman non-negative matrix factorization: its practical methodology 2022
Applied Physics Express 26502
DOl
10.35848/1882-0786/ach6ce
, , X1 Yingxiao, s s -
Development of Multistep-GRRM/MC/MD method for crosslinked network structure formation process 2023
via multi-step reversible reaction pathway
14 JCMM-14  Proceedings -
DOl
Zhao Yinbo Kikugawa Gota Kawagoe Yoshiaki Shirasu Keiichi Kishimoto Naoki Xi Yingxiao 126
Okabe Tomonaga
Uncovering the Mechanism of Size Effect on the Thermomechanical Properties of Highly Cross- 2022
Linked Epoxy Resins
The Journal of Physical Chemistry B 2593 2607

DOl
10.1021/acs. jpch.1c10827




33 3 7

Naoki Kishimoto

Quantum chemical study on the temperature dependence of separation of molecular hydrogen and deuterium using dihydrogen
complexes

13th International Conference on Chemistry and Chemical Process

2024

Xi Yingxiao

2024

Integration of Quantum Chemical Calculation and Molecular Dynamics Simulation: A Novel Approach for the Organometallic-
Catalyzed Thermosetting Polymers

2024

GRRM  MD

1QCE

2023




Xi Yingxiao Bai Yukun

Cat-GRRM/MC/MD

37

2023

Dapeng Zhang, Naoki Kishimoto, Ryosuke Miyake

Quantum Chemical Investigation of Metal(1l) lon Coordination Configurations with Flexible Tripeptides

73

2023

Yukun Bai, Naoki Kishimoto, Yingxiao Xi, Gota Kikugawa

Integrating Quantum Chemistry and Molecular Dynamics Simulation for Thermosetting Polymers: Thermophysical Properties and
Curing Behavior

The 2nd Japan-China-Korea Joint Symposium on Composite Materials

2023

Xi Yingxiao, Fukuzawa Hironobu Kikugawa Gota Kishimoto Naoki

Development of a cat-GRRM/MC/MD method to study crosslinking processes and physical properties: Role of molecular catalysts

6th International Conference on Molecular Simulation (ICMS 2023)

2023




Keyun Wang, Naoki Kishimoto, Atsuya Muranaka, Ryosuke Miyake

Quantum chemical analysis of circular dichroism spectra for cyclic metal complexes consist of chiral tripeptides

2023

Zhang Dapeng, Naoki Kishimoto, Ryosuke Miyake

Quantum chemical insight for the initial stage of Ni(ll)-mediated self-assembly of a flexible tripeptide forming giant
cyclic complexes

2023

Xi Yingxiao

Advances in the Cat-GRRM/MC/MD method: A study on molecular catalysis effects in simulations of formation reaction of epoxy
resin Cat-GRRM/MC/MD

2023

2023

Naoki Kishimoto

Study on Cyclization Reaction Path of a Cyanate Resin by Quantum Chemical ab initio MO Calculations

US-JAPAN/EU-JAPAN Joint Conference on Composite Materials 2020

2022




Xi Yingxiao

2022

2022

72

2022

Yingxiao Xi, Hironobu Fukuzawa, Gota Kikugawa, and Naoki Kishimoto

Analysis of crosslinking reaction process of network polymers by molecular dynamics simulation and quantum chemical
calculation

19th ICFD International Conference on Flow Dynamics

2022

, XI Yingxiao, ,

36

2022




Yingxiao Xi, Hironobu Fukuzawa, Yinbo Zhao, Yoshiaki Kawagoe, Gota Kikugawa, Tomonaga Okabe, and Naoki Kishimoto

Analysis of Crosslinking Reaction Process of Network Polymers using Quantum Chemical Calculations and Its Application to
Reaction Simulation

US-JAPAN/EU-JAPAN Joint Conference on Composite Materials 2020

2022

Yingxiao Xi, Hironobu Fukuzawa, Gota Kikugawa, and Naoki Kishimoto

Development of a Reaction Simulation Method for the Generation Process of Crosslinked

2022

Yukun Bai, Naoki Kishimoto, Hironobu Fukuzawa, and Yingxiao Xi

Study of cyclization reaction pathway of cyanate resin with catalysts by quantum chemical calculation

2022

Yingxiao Xi, Hironobu Fukuzawa, Shoji Fukunaga, Gota Kikugawa, Naoki Kishimoto

Development of cat-GRRM/MC/MD method realizing the process of crosslinked network structure formation using molecular
catalysts

103 (2023)

2023




Xi Yingxiao;

Development of Multistep-GRRM/MC/MD method for crosslinked network structure formation process via multi-step reversible
reaction pathway

14 JCMM-14
2023
(H2/D2)

72

2022
(H2/D2)

72

2022

Dapeng Zhang Naoki Kishimoto Ryosuke Miyake

Quantum chemical analysis of the coordination stability between flexible tripeptides and nickel ions using the GRRM program

2022

2022




Xue Hao

Mn

2022

2022

Dapeng Zhang Naoki Kishimoto Ryosuke Miyake

Quantum chemical analysis of coordination stability of flexible tripeptides and nickel ions self-assembling to form
macrocyclic supramolecules

103 (2023)
2023

103 (2023)
2023

2022




1QCE

2021

Dapeng Zhang, Wulan Intan Sari, Naoki Kishimoto

Analysis of Raman spectra by quantum chemical calculations of modelized starch

2021

2021

2021

Yingxiao Xi, Hironobu Fukuzawa, Naoki Kishimoto

Quantum Chemical Study of the influence of the Catalytic Impurity Molecules on the Epoxy-Amine Curing Reaction

2021

2021




Yinbo Zhao, Gota Kikugawa, Naoki Kishimoto, Yoshiaki Kawagoe, Keiichi Shirasu, Tomonaga Okabe

Relation between the internal molecular structure and thermomechanical properties of multi-component epoxy resin

2nd Asian Conference on Thermal Sciences

2021

PCT/JP2022/010068 2022

(Miyake Ryosuke)

(30509542) (12611)




