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Theoretical studies on the stability and dynamics of transition metal complexes
and clusters in the solution phase
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Based on the quantum chemistry, statistical mechanics, and integrated theory
we have developed so far, we created new methods to investigate the electronic structure,
stability, and dynamics in solutions for a wide range of polyatomic molecular systems, including the
coordination self-assembly and clusters. The achievements are classified into three categories: (1)
physicochemically clear descriptions of the electronic structure of molecules based on quantum
chemical methods, (2) a statistical mechanics theory that deals analytically and algebraically with
the stability and dynamics in solvation systems, and (3) theoretical approaches that integrate the
above. New theories were developed, such as electronic structure theory based on the two-electron
function and liquid theory based on classical density-functional theory. Our theoretical approaches
have successfully clarified the molecular picture in various systems.



RISM-SCF-SEDD

QMHM
M(Racah )

(VB)

3D-RISM-SCF

Hmodel

QMHM

Sutton-Chen  Gupta

QMHM

Basin-Hopping

e QMHM

. RISM  3D-RISM

3D-SSSV

MC-MOZ-SCF
3D-SSSV
Hmodel
Hmodel d
DFTB PM3
10-20

3D-RISM  3D-SSSV



QMHM [MeLs]22*

[MnLZn] 2n+
QMHM -
[MeLg]t2+
Pd Py)
[PdPy.]* DFT
1lkal/mol
DFT
[MnL2n]2* (n=2 12)
QMHM DFT

5000

4000

w
o
o
o

2000

AE (kcal/mol)

1000

Reproduced from Phys. Chem. Chem. Phys., 2021, 23, 866 with
permission from the Royal Society of Chemistry.

/\ln(:i

QMHM
CCSD

900
Ru
basin-hopping  doubly nudged elastic band
200



diazadiboretidine

3@ 4@ 54
' i i

31
cd
1‘1(1) 1@ 162)
S Oy
% Y %

ne e B0 %@ 7@
B N e

A e N
2 LY OF TL L

25

-30

-35

Relative free energy (kcal mol-')

-40

-45

T T T T T
PCM (Hz0) -®--
RISM-SCF (H:0) —=—
------- 4.2 RISM-SCF (H2S0s) —%—
------------ Gas phase --e-
a7
nan
H,S0,*
3] N
assH B S
. . . . hJ
NO;* + Benzene m-complex s o-complex Nitrobenzene

v va %@ 6@

(G G I A
K7 “
2@ 2@ a @
5 A .
) 3

M

Gas phase
RISM-SCF (H:SO.) s |

=

Weight (%)

J 1”

Wil

Reproduced from Phys. Chem. Chem. Phys, 2022, 24, 16453 with permission from the

Royal Society of Chemistry.

3D-RISM

3D-SSsV

Phys. Chem. Chem. Phys.

RISM

3D-RISM

Pt(111)

3D-RISM

11
10
9 -
8 3 T=.3-;-0 K-,- ;,.:?)Tc)-ssas A
7
= 6
%5
4
3
2

-

Reprinted with permission from J. Chem. Phys.
153, 164102. Copyright 2020, AIP Publishing.
This article may be downloaded for personal use
only. Any other use requires prior permission of
the author and the AIP Publishing



NMR

3D-SSsV
(1)

Z-matrix

Ceriotti

- RISM-
SCF-SEDD NMR
RISM-
SCF-CSED
N-
QM/MM

170 chemical shift (ppm)

<W
50 F
40 - .
Ty5 3.0 *LM?) LM?),
20
o T34

Fig. 5. Path 4 in LJg cluster.

Reprinted from “Distance as coordinate: A
distance geometry study on isomerizations of
small Lennard-Jones and Aus” clusters”, Chem.
Phys. Lett., 780, 138942, Copyright (2021), with

permission from Elsevier

H,0 MeOH MeCN Me,CO CClg

Solvent

Reprinted with permission from J. Chem. Phys.
157, 204105. Copyright 2022, AIP Publishing.
This article may be downloaded for personal use
only. Any other use requires prior permission of
the author and the AIP Publishing



20 20 1 0

Nakatani Kaho Sato Hirofumi 52

A Geminal Method Based on the Generalized Electron Pairing Applied to the Heisenberg Model of 2023

Hydrocarbons

Chemistry Letters 254 258
DOl

10.1246/cl.230022

Takamatsu Akihiko Higashi Masahiro Sato Hirofumi 51

Free Energy and Solvation Structure Analysis for Adsorption of Aromatic Molecules at 2022

Pt(111)/Water Interface by 3D-RISM Theory

Chemistry Letters 791 795
DOl

10.1246/cl.220215

Imamura Kosuke Yokogawa Daisuke Higashi Masahiro Sato Hirofumi 157

Reference interaction site model self-consistent field with constrained spatial electron 2022

density approach for nuclear magnetic shielding in solution

The Journal of Chemical Physics

204105 204105

DOl
10.1063/5.0122326

Nakatani Kaho Higashi Masahiro Sato Hirofumi

157

Extraction of local spin-coupled states by second quantized operators

2022

The Journal of Chemical Physics

014112 014112

DOl
10.1063/5.0092834




Nakatani Kaho Teshigawara Sho Tanahashi Yuta Kasahara Kento Higashi Masahiro Sato Hirofumi

24

Solvation in nitration of benzene and the valence electronic structure of the Wheland
intermediate

2022

Physical Chemistry Chemical Physics

16453 16461

DOl
10.1039/d2cp01699k

Imamura Kosuke Higashi Masahiro Kobayashi Yoji Kageyama Hiroshi Sato Hirofumi 126

Chemical Shift of Solvated Hydride lon: Comparative Study with Solvated Fluoride lon 2022

The Journal of Physical Chemistry B 3090 3098
DOI

10.1021/acs. jpch.2c00326

Yagi Tomoaki Sato Hirofumi 156

Self-consistent construction of grand potential functional with hierarchical integral equations 2022

and its application to solvation thermodynamics

The Journal of Chemical Physics

054116 054116

DOl
10.1063/5.0079806

Yoshida Yuichiro Sato Hirofumi

780

Distance as coordinate: A distance geometry study on isomerizations of small Lennard-Jones and
Au6+ clusters

2021

Chemical Physics Letters

138942 138942

DOl
10.1016/j .cplett.2021.138942




Nakatani Kaho Higashi Masahiro Fukuda Ryoichi Sato Hirofumi 42

An analysis of valence electronic structure from a viewpoint of resonance theory: 2021

Tautomerization of formamide and diazadiboretidine

Journal of Computational Chemistry 1662 1669
DOl

10.1002/jcc.26703

Yagi Tomoaki Sato Hirofumi 154

Self-consistent construction of bridge functional based on the weighted density approximation 2021

The Journal of Chemical Physics

124113 124113

DOl
10.1063/5.0046630

Yoshida Yuichiro luchi Satoru Sato Hirofumi 23

A quantum chemical model for a series of self-assembled nanocages: the origin of stability 2021

behind the coordination-driven formation of transition metal complexes up to [M12L24]24+

Physical Chemistry Chemical Physics 866 877
DOl

10.1039/d0cp04755d

Yagi Tomoaki Sato Hirofumi 153

Density functional theory for molecular liquids based on interaction site model and self- 2020

consistent integral equations for site?site pair correlation functions

The Journal of Chemical Physics

164102 164102

DOl
10.1063/5.0022568




Yoshida Yuichiro Yokoi Hayato Sato Hirofumi

41

Energy landscape study of water splitting and H2 evolution at a ruthenium(l1) pincer complex 2020

Journal of Computational Chemistry 2240 2250
DOI

10.1002/jcc.26385

Imamura Kosuke Yamazaki Takeshi Yokogawa Daisuke Higashi Masahiro Sato Hirofumi 152

Nuclear magnetic shielding of molecule in solution based on reference interaction site model 2020

self-consistent field with spatial electron density distribution

The Journal of Chemical Physics

194102 194102

DOl
10.1063/5.0008903

Imamura Kosuke Yamamoto Takeshi Sato Hirofumi

742

Coarse-grained modeling of nanocube self-assembly system and transition network analyses

2020

Chemical Physics Letters

137135 137135

DOl
10.1016/j .cplett.2020.137135

Yagi Tomoaki Sato Hirofumi a7
An Integral Equation Theory for Two Dimensional Molecular Fluids 2018
Chemistry Letters 901 904

DOl
10.1246/cl.180344




Yagi Tomoaki Sato Hirofumi 39

A simple model of planar membrane: An integral equation investigation 2018

Journal of Computational Chemistry 2576 2581
DOl

10.1002/jcc.25638

Kajita Ken Nakano Hiroshi Sato Hirofumi 43

A theoretical study on the optical absorption of green fluorescent protein chromophore in 2017

solutions

Mol. Simulation 997 1003
DOl

10.1080/08927022.2017.1315769

Kasahara Kento Sato Hirofumi 19

Dynamics theory for molecular liquids based on an interaction site model 2017

Phys. Chem. Chem. Phys.

27917 27929

DOl
10.1039/c7cp05423h

Matsumura Yoshihiro luchi Satoru Sato Hirofumi 20

A model electronic Hamiltonian for the self-assembly of an octahedron-shaped coordination 2018
capsule

Phys. Chem. Chem. Phys. 1164 1172

DOl
10.1039/c7cp06094g




58 12

11

23

2021

3D-RISM Pt(111)

23

2021

23

2021

23

2021




15

2021

15

2021

3D-RISM

15

2021

15

2021




Wheland

43

2021

3D-RISM -

43

2021

Hirofumi Sato

Multi-scale couplings for chemical processes at molecular level: quantum chemistry and statistical mechanics

Pacifichem

2021

2021




2022

RISM-SCF-cSED

Claisen

102

(2022)

2022

2-Phenylbenzo[b]phospholium salts

102

(2022)

2022

24

2022




24

2022

16

2022

3D-RISM PE(111)/

16

2022

NMR

RISM-SCF-cSED

16

2022




16

2022

GIAO-RISM-SCF-CcSED

44

2022

44

2022

Hirofumi Sato

Hybrid approaches of quantum chemistry, statistical mechanics and kinetics for chemical condensed phase

APATCC-10

2023




2021

3D-RISM

2021

2021

2020




2020

RISM-SCF-SEDD

2020

2019

2019




Hirofumi Sato; Yoshihiro Matsumura; Shuichi Hiraoka; Satoru luchi

Theoretical Study on Self-assembly process of Octahedron-shaped Molecular Capsule

27th International Society of Heterocyclic Chemistry Congress

2019

Hirofumi Sato

Chemical Process in aqueous solution: Chemical Reaction, Excitation and Dynamics

The 10th Toyota RIKEN international Workshop on Science of Life Phenomena woven by Water and Biomolecules

2019

13

2019

AlInC2-

13

2019




13

2019

Hirofumi Sato

Understanding the self-assembly processes: A global and local approach

9th conference of the Asia-Pacific Association of Theoretical and Computational Chemists 2019

2019

42

2019

Hirofumi Sato

Theoretical chemistry for a group of molecules: electronic structure of solvated molecules and self-assembly

Taiwan-Japan Workshop on Theoretical Chemistry

2019




TCNQ

100

2020

Yuichiro YOSHIDA; Hayato Yokoi; Hirofumi Sato

Hierarchical Understanding of Water Splitting and H2 Evolution Mechanisms by a Ruthenium(l1) Pincer Complex

100

2020

(sp) 9

2020

Hirofumi Sato

Theoretical study of chemical reactions in solution phase using a variety of approaches

35th International Conference on Solution Chemistry

2018




12

2018

Tomoaki Yagi; Hirofumi Sato

An improvement in the free energy functional for the classical liquids based on the fundamental measure theory and i
application to the liquid-vapor coexistence curve

Joint Conference of EMLG/JMLG Meeting 2018 and 41st Symposium on Solution Chemistry of Japan

2018

Hirofumi Sato;Yoshihiro Matsumura;Yuichiro Yoshida;Shuichi Hiraoka; Satoru luchi

Theoretical study on dynamics and structure of self-assembly process

Joint Conference of EMLG/JMLG Meeting 2018 and 41st Symposium on Solution Chemistry of Japan

2018

19

2018




CAMM

2019

Hirofumi Sato

Chemical reaction, excitation and self-assembly at molecular level

Computational Sciences Workshop 2019 (CSW2019)

2019

16

2019

Kosuke Imamura; Hirofumi Sato

Coarse-grained model of nanocube based on the analysis of all atom molecular dynamics simulation

16

2019




99

2019

99

2019

2017

TESHIGAWARA Sho; TANAHASHI Yuta; KASAHARA Kento; SATO Hirofumi

Quantum Chemical Computations on Benzene Nitration in Aqueous Solution

2017




Smoluchowski

2017

LiTFSI

2017

(IUCHI Satoru)

(50535060)

(13901)




