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1

1.1
Holm 

40

RMgX

Grignard Mg

Concerted Mechanism 
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B3LYP 
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(4) Al

Elucidating properties of reactive diborane(4)s, Al-anion, and 
heterobenzenes

1

(o-tol)2B–B(o-tol)2 (o-tol)2B

CH2Cl2 S8 Al

Al Y

Al–Y

(1)-(3)

(1) (o-tol)2B–B(o-tol)2  ( 8)

(2) Al  ( 9)

(3) Al–Y  ( 10)

(4) Al Ir (P-Al-P)IrH4  ( 4)

(5)  ( 11)

2

Gaussian 16 2 TD-DFT Li+

2', 2'' TD-DFT ( M06-2X/6-31G(d) ) Al

3 (B3LYP/6-31+G(d) , CPCM(toluene)) 1 (E)-stilbene

(Z)-stilbene E_start Z_start (B3LYP/def2-SVP

, PCM(toluene), DFT-D3BJ , AFIR )

3 ( 8-10 ) 

(o-tol)2B–B(o-tol)2 1 Li

2 (Scheme 1a) 2

(Scheme 1b)

(439 nm, 

–30 °C) TD-DFT HOMO-LUMO

(Scheme 1c) THF

(570 nm)

2 Li+ 2'

2'' D-DFT

HOMO
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Al 3 (Scheme 2a) Al

HOMO (Scheme 2b) 3 (E)- (Z)-

trans-4

K+

1 (E)-

(Z)- Z_TS

Z_int C–C

4

1. Akiyama, S.; Yamada, K.; Yamashita, M., Angew. Chem. Int. Ed. 2019, 58, 11806-11810. 

2. Ishikawa, Y.; Suzuki, K.; Yamashita, M., Organometallics 2019, 38, 2597-2601. 

3. Kaiya, C.; Suzuki, K.; Yamashita, M., Angew. Chem. Int. Ed. 2019, 58, 7749-7752. 

4. Morisako, S.; Watanabe, S.; Ikemoto, S.; Muratsugu, S.; Tada, M.; Yamashita, M., Angew. Chem. Int. Ed. 2019,

58, 15031-15035. 

5. Yagi, A.; Kisu, H.; Yamashita, M., Dalton Trans. 2019, 48, 5496-5499. 

6. Akiyama, S.; Ikemoto, S.; Muratsugu, S.; Tada, M.; Yamashita, M., Organometallics 2020, 39, 500-504. 

7. Kobayashi, A.; Suzuki, K.; Kitamura, R.; Yamashita, M., Organometallics 2020, 39, 383-387. 

8. Kurumada, S.; Takamori, S.; Yamashita, M., Nat. Chem. 2020, 12, 36-39. 

9. Sugita, K.; Nakano, R.; Yamashita, M., Chem. Eur. J. 2020, 26, 2174-2177. 

10. Sugita, K.; Yamashita, M., Chem. Eur. J. 2020, 26, 4520-4523. 

11. Kuno, M.; Suzuki, K.; Nakamura, T.; Yamashita, M., Organometallics 2020, 39, doi: 

10.1021/acs.organomet.9b00796. 
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Synthesis of Fluorescent π-Conjugated Compounds 

1

CD CPL 1

CPL

2

1 CPL g = 0.01 (Fig. 1a)

TD-DFT

1 TD-CAM-B3LYP/6-31+G(d,p)

TD-M062X/def2TZVP

3

b 1

4

CPL

diffuse

M05

4 17

(1) “Synthesis and Chiroptical Properties of Stereogenic Macrocycles Based on Axially Chiral Binaphtyl” The 18th 
International Symposium on Novel Aromatic Compounds (ISNA-18) 

(2)” [n] ”   

5 7 3

(1)"Synthesis and Chiroptical Properties of Stereogenic Cyclic Dimers Based on 2,2’-Biselenophene and 
[2.2]Paracyclophane" Org. Biomol. Chem., 2019, 17, 8822-8826. (doi: 10.1039/C9OB01907C) 

(2)"Chiroptical Properties of Oligophenylenes Anchoring with Stereogenic [2.2]Paracyclophane" Chem. Lett., 2019,
48, 640–643. (doi: 10.1246/cl.190149) 

(3) "Self-assembly of Radially -Extended Tetrathiafulvalene Tetramers for Visible and Near Infrared 
Electrochromic Nanofiber " Bull. Chem. Soc. Jpn., 2020, 93, 154–162. (doi: 10.1246/bcsj.20190283) 
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Theoretical Study on the Aggregation-Induced Emission

1

Aggregation Induced Emission; AIE AIE

AIE
AIE AIE

AIE
AIE

diphenyldibenzofulvene DPDBF AIE
0.0016 0.056 DPDBF

AIE

DPDBF AIE
CN-MBE ethylenic C=C AIE

DPDBF AIE
MD

2

DPDBF SF-TD-DFT
GAMESS DPDBF QM/MM

Gromacs 2016.3 PLUMED 2.4.0

3

DPDBF
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DPDBF C=C
90 S0 S1

Franck-Condon FC MECI MEP

S1 C=C S0/S1

QM/MM S0 S1 Franck-Condon
MEP DPDBF

DPDBF MEP
DPDBF

S1 C=C S0/S1

C=C

4

5

1. Yamamoto, N., “Free Energy Profile Analysis for the Aggregation-Induced Emission of 
Diphenyldibenzofulvene”, J. Phys. Chem. A, doi: 10.1021/acs.jpca.0c03240 (2020) 
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Properties of Bowl-shaped aromatic compounds  
and studies on the catalytic activity of metal clusters 

1  

Tris(2-hydroxyphenyl) 
-triazasumanene ESIPT-AIEE

Tris(2-hydroxyphenyl) 
-triazasumanene ESIPT(Excited State Intramolecular Proton Transfer)

AIEE(Aggregation 
Induced Emission Enhancement) ESIPT

PT

ESIPT
Concave-Convex
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ESIPT-AIEE

2  

GAUSSIAN09 DFT
B3LYP PBE0 B97XD LC- PBE CAM-B3LYP M06 M06-2x

6-31G(d) 6-311+G(d,p)

3  

Fig. 1. 1 1

1

1
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ESIPT
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ESIPT
CAM-B3LYP 600 nm

ESIPT

EEE, KEE, KKE, KKK

c.a. 1.93–2.15 eV 577–643 nm

1 PT
EEE* -> KEE*
PT

9.66

Fig. 2.

7

EEE * KEE *

T1 / S0
MECP

ESIPT-AIEE
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4  

★  “Understanding the Mechanism of C-F Bond Activation by Pt/Pd Bimetallic Nanoalloy: Interplay of 

Experiment and Theory”, Hidehiro Sakurai, The 23rd International Annual Symposium on Computational Science 

and Engineering (ANSCSE23), Chiangmai University, Chiang Mai, Thailand, 2019 6 . 

★ “Synthesis and Properties of Cup- and Bowl-shaped Cyclic Trilactams and Its Derivatives”, Sitanan 

Sartyoungkul, Yumi Yakiyama, Hidehiro Sakurai, The 18th International Symposium of Novel Aromatic 

Compounds (ISNA-18), Sapporo, 2019 7 . 

★ “Synthesis of Sumanenylacene Derivatives”, Sitanan Sartyoungkul, Yumi Yakiyama, Hidehiro Sakurai, 

The 18th International Symposium of Novel Aromatic Compounds (ISNA-18), Sapporo, 2019 7 . 

★ “Synthesis and Properties of Cup- and Bowl-shaped Cyclic Trilactams and Its Derivatives”, Sitanan 

Sartyoungkul, Yumi Yakiyama, Hidehiro Sakurai, 27th International Society of Heterocyclic Chemistry Congress 

(ISCH), Kyoto, 2019 9 . 

★  “Understanding the Mechanism of C-F Bond Activation by Pt/Pd Bimetallic Nanoalloy: Interplay of 

Experiment and Theory”, Hidehiro Sakurai, NOST-RMIT-RACI Organic and Biomolecular Chemistry Conference, 

RMIT, Melbourne, Australia, 2019 11 . 

★  “Synthesis, Reactions, and Properties of Oxosumanenes”, Hidehiro Sakurai, p-EJ2019, Guido Mine and 

Coal Mining Museum, Zabrze, Poland, 2019 11 . 

5  

★ "Sumanene Hexaester: An Electron Deficient Buckybowl", H. Toda, Y. Uetake, Y. Yakiyama, H. 

Nakazawa, T. Kajitani, T. Fukushima, H. Sakurai, Synthesis 2019, 51, 4576-4581. 

★ "Formation of Large Confined Spherical Space with Small Aperture Using Flexible Hexa-substituted 

Sumanene", Y. Yakiyama, T. Hasegawa, H. Sakurai, J. Am. Chem. Soc. 2019, 141, 18099-18103. 

★ "The Excimer Formation of Aryl Iodides Chemisorbed on Gold Nanoparticles for Significant Enhancement 

of the Photoluminescence", P. Maity, K. Sasai, R. N. Dhital, H. Sakai, T. Hasobe, H. Sakurai, J. Phys. Chem. Lett. 

2020, 11, 1199-1203. 

★ "Time-dependent Density Functional Theory Investigation of Excited State Intramolecular Proton Transfer in 

Tris(2-hydroxyphenyl)triazasumanene", S. Sartyoungkul, M. Ehara, H. Sakurai, J. Phys. Chem. A 2020, 124, 

1227-1234. 

★ "Synthesis of C70-fragment Buckybowls Having Alkoxy Substituents", Y. Yakiyama, S. Hishikawa, H. 

Sakurai, Beilstein J. Org. Chem. 2020, 16, 681-690. 
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Structures, Electronic States, and Reactivity of Transition-Metal Clusters 
Structurally Controlled by Multidentate Ligands

 

1  

DFT

NMR DFT

Ph2PCH2P(Ph)CH2PPh2 (dpmp) meso-Ph2PCH2P(Ph)CH2P(Ph)CH2PPh2 

(dpmppm) 6 8 [Cu6( -H)5(dpmp)3]+ (1), [Cu8( -H)6(dpmp)4]2+ (2), 

[Cu8( -H)6(meso-dpmppm)2]2+ (3) DFT  

2  

1, 2

B3LYP/LANL2DZ

LANL2DZ 

(Cu), 6-311+G(d,p) (hydride H), 6-31G(d) (others) B3LYP

NBO Gaussian 09, Rev. E.01 3

  

3  

DFT 1, 2, 3

3 CO2

DBU  

4  

 

5  

T. Nakajima, K. Nakamae, R. Hatano, K. Imai, M. Harada, Y. Ura, T. Tanase, Dalton Trans, 2019, 48, 

12050-12059.  

K. Nakamae, T. Nakajima, Y. Ura, Y. Kitagawa, T. Tanase, Angew. Chem. Int. Ed., 2020, 59, 2262-2267. 
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Investigation of the electronic properties of pi-cluster molecules
 

1  

2  

Gaussian16 B97XD B3LYP-D3

UBLYP TD B3LYP

6-31G(d,p)  

3  

4  

[1] 

[2] 

5  

J. Org. Chem 2020 85

o
J. Am. Chem. Soc. 2020 142
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Spectroscopic studies on geometric and electronic structure of 
hypervalent molecules

ESI 1

2 ~4 K Paul QIT ~49 ms

295–710 nm

Dip UV-VisPD

1, 2 DFT M06-2X/6-31+G(d,p)

TD-DFT

Gaussian 16

2 2a 2-A

5 2-B 4 TD-DFT

2b 2-A

3 2 [3] 2-B
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410–710 nm

A 296–410 nm B

1b A B QIT

A 2-A B

2-B 2

4 2-B

Yuan Shi 13

2019. 

13

2019. 

Yuma Kitamura, Satoru Muramatsu, Motoki Kida, Takayuki Ebata, 

Yoshiya Inokuchi, J. Phys. Chem. A, 123, 9185–9192, 2019.

Yoshiya Inokuchi, Takayuki Ebata, and Thomas R. Rizzo, J. Phys. Chem. A, 123, 6781–6786, 2019.

Shin-nosuke Kinoshita, Yoshiya Inokuchi, Yuuki Onitsuka, Hiroshi Kohguchi, Nobuyuki Akai, Takafumi Shiraogawa, 

Masahiro Ehara, Kaoru Yamazaki, Yu Harabuchi, Satoshi Maeda, Takayuki Ebata, Phys. Chem. Chem. Phys. 21,

19755–19763, 2019. 

J. Phys. Chem. A, 124, 3228–3241, 2020. 

[1] Akiba K.; et al. J. Am. Chem. Soc. 1999, 121, 10644. [2] Inokuchi, Y.; et al. J. Phys. Chem. A 2015, 119, 8512. [3] 
Pimentel, G. C. J. Chem. Phys. 1951, 19, 446.
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SiNN 10

Theoretical Studies on Group 10 Transition Metal Complexes
Bearing SiNN Pincer Ligand

1  

SiNN 

Gaussian DFT

1 PNN

 

Chalk-Harrod  Modified Chalk-Harrod 

 

1 SiNN Ni Pd  

2  

X  Evans 

DFT

DFT  Gaussian  09 16  B3LYP, 

B3PW91, M06, M06L LanL2DZ  SDD  def2-SV(P), 

def2-TZVP, 6-311G(d,p) 

MEP MEP

TS TS IRC
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3  

SiNN PNN

M06/SDD(Fe, Ni, Pd), 

6-311G* (others) 

X

SiNN Ni Pd

 2 

NBO

 
 

 
3 SiNN  

 

 

4  

4-1. 9 CSJ  

4-2. 23  

4-3. 100  

4-4. Masahiro Kamitani International Congress on Pure & Applied Chemistry 2019 Yangon 

5  

5-1. Kamitani, M.; Kusaka, H.; Yuge, H., Chem. Lett. 2019, 48, 1196.

5-2. Kamitani, M.; Kusaka, H.; Yuge, H., Chem. Lett. 2019, 48, 898. (Open Access)

 

2 Ni Pd  
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Relation between Color and Structure of Bromothyimol Blue 

1

pH

2

Gaussian 16

DFT

TD-DFT

3

TD-DFT

4

31 2019 5

2019

2019 9

58 2019 11

100 2020 3

5

Toru Shimada, Kurumi Tochinaia, Takeshi Hasegawa ” Determination of pH dependent structures of thymol blue 

revealed by cooperative analytical method of quantum chemistry and multivariate analysis of electronic absorption 

spectra” Bulletin of the Chemical Society of Japan 92, 1759-1766 (2019). 

 75 30-34 (2020). 

- 36 -



Fine Control of Chiral-at-Metal and Elucidation of their Properties

1

2

X
DFT TD-DFT

NBO 7 DFT
TD-DFT Gaussian 16

B3LYP/Lanl2DZ ( ) B3LYP/6-31G(d) ( )
B3LYP/Lanl2DZ( ) B3LYP/6-311+G(d) ( )

3

6

MLCT
Figure 1,

14
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Photochemistry of Imidacloprid and Reaction Mechanism in Ordered Carbon 
Catalysts

1

TD-DFT

2

TD-DFT

3

2
-

2019 Journal of Power Source

4

1.

2019 11 26
2. Chemistry of carbon materials: Fundamentals and applications

Masanori Yamamoto
School of Biological and Chemical Sciences, Queen Mary, University of London, 2020 2 6

3.

46 2019 11 28 11 30
4.

Varisara Deerattrakul
46 2019 11 28 11 30

5

1. Effect of Carbon Surface on Degradation of Supercapacitors in Negative Potential Range
Rui Tang, Masanori Yamamoto, Keita Nomura, Emilia Morollon, Diego Cazorala-Amoros, Hirotomo Nishihara, and
Takashi Kyotani
J. Power Sources 2020, 457, 228042
DOI: 10.1016/j.jpowsour.2020.228042

2. Direct fluorometry of imidacloprid in agricultural products using alkali photolysis
M. Yamamoto, N. Yamato, C. Tomizawa, K. Yagi, K. Kikukawa, S. Kodama, R. Yamamoto, and A. Yamamoto
in preparation
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Development of intermolecular reactions utilizing light-induced transient 
deformation

 
 

1  

HCl HCl

2000 1 HCl

50 DFT

 

 

2  

HCl

Gaussian 

09 16 DFT TD-DFT
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 1. DFT TD-DFT

 

3  

TD-DFT

B3LYP cam-B3LYP Lanl2DZ

6-31G*

90

 

p

90

NBO

Pz Pz  

DFT TD-DFT

 

4  

 , 99   2019  

 , 66   2019  

5  

 

HOMO (S0)
(steady state)

upper SOMO (S1)
(vertical transition)

Excited state after relaxation
upper SOMO (S1)
(activated state)

h

- * transition
relaxation

E

S1

S0

DFT and TD-DFT (Nstates=50) calculations
B3LYP/LANL2DZ for Pt, 6-31G(d) for P, C 6-31G(d,p) for H
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Molecular dynamics analysis of nanoparticle's transport/charging in gas
 

1  

IMS

 

2  

MD Continuum-Molecular dynamics (C-MD) NH4
+

NO2
- Polyethylene-glycol PEG NO2

-

He N2  

3  

1 1000kPa

LD C-MD

PEG  

4  

T. Tamadate, C. J. Hogan, H. Higashi, Y. Otani & T. Seto, “A Hybrid Continuum-Molecular Dynamics Flux 

Matching Calculation Method for Collision Rate Coefficients”, The American Association for Aerosol Research 2019, 

9AP.19, US, Nov 2019. 

T. Tamadate, H. Higashi, M. Kumita, Y. Otani & T. Seto, “Molecular dynamics study on charging process of 

aerosol nanoparticles”, Asian Aerosol Conference 2019, 260, Hong Kong, May 2019. 

85 C217 2020 3  

AAAR2020 2020  

5  

T. Tamadate, H. Higashi, T. Seto & C. J. Hogan, “Calculation of the Ion-Ion Recombination Rate Coefficient via a 

Hybrid Continuum- Molecular Dynamics Approach” The Journal of Chemical Physics, 152(9), 094306, 2020, DOI: 

10.1063/1.5144772 

1  
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Development of selective synthetic reactions by elucidation of reaction 
mechanisms using DFT calculations 

1

1.1

[2+2] ( 1) [2+2] [4+2]

 1. [2+2]

RO2C

EtO2C CO2Et

CH2Cl2

+
Ar

RO2C

EtO2C

EtO2C Ar

r.t. 1h or
-78 C X = H,  SnCl4

X = Br, SnBr4
X = H, Br
Ar=4-YC6H4
(Y = H,F,Cl,Br,Me)

1.0 equiv.
SnCl4
(or SnBr4)

R=Et,CH2Ph, 
allyl, i-Pr, Me

X X

O

O

MeO

MeO

SnCl4

HH

H Ph

O

MeO
O O

MeO OMe

Cl4
Sn

Ph

HO

MeO
Ph

O
O

OMe

MeO
SnCl4

MeO2C

[ G  = 0
kcal/mol]

[+12.33 
kcal/mol]

TS1

[+1.88 kcal/mol]

[+5.76
kcal/mol]

TS2

[-1.77 kcal/mol]
A1

B1 C1

 1.2

2

GAUSSIAN 09, GAUSSIAN 16 DFT B3LYP/6-31G*, LANL2DZ (Sn), 

PCM RB3LYP/6-311+G(d,p) , SDD (Sn) 

SCRF = (PCM, solvent) ΔG ΔE ZPE

3

1 [2+2]

1,3-cis

SnCl4 1,3-

4

Inter- and Intramolecular Cycloaddition Reactions of Ethenetricarboxylates with Styrenes and Halostyrene, S. 

Yamazaki, Z. Wang, K. Iwata, K. Katayama, Y. Mikata, T. Morimoto, and A. Ogawa,
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THz

Calculation of 3 dimensional Raman and THz vibrational spectra of liquid 
water using molecular dynamics simulation

 
) 

 

1  

 

2  

backward-forward CFCT-DID

forward-forward

  

 

3  
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40fs ( 1, 3)=(250,200) translation

60fs 0fs

translation
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O-O

~60cm-1 O-O-O 60fs

libration translation

2 TTTT THz T

RRRR ( 1, 3)=(700,700)
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400~1000cm-1

  2 .TTTT (t2=0fs) 

 

translation

CFCT-DID RRRR translation
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Molecular simulations by generalized-ensemble algorithms

(generalized-ensemble 

algorithm)

Biophysics and Physicobiology 16, 344-366

(2019)

multicanonical algorithm

replica-exchange method

1999 (

Chem. Phys. Lett. 314, 141 (1999))

2000 (

)

( J. Chem. Phys. 130, 214105 (2009))

2

(DFT) (DFTB)
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Replica-Exchange 

with Solute Tempering 2 (REST2) A 42

A

- 55 -



A 42 A 42

A 42

- 56 -



DNA
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I IV HDAC
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Theoretical Study of Geometries, Electronic Structures, Reactions, and 
Solvation of Complex Systems 

, Bo Zhu, JiaJia Zheng, Zhao Peng,
Li Qiao-Zhi, Meng Qingxi

1
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Scheme 1. Ir-catalyzed borylation of THF

Scheme 2. Ir(III)/Ir(V)-Catalytic cycle of 
Ir-catalyzed borykatruon of THF

2
DFT DFT, 

MP2 to MP4(SDQ), CCSD(T) DFT B3PW91-D3 B97XD

Hay-Wadt Stuttgart-Dresden-Bonn

(ECP) split-valence triple-zeta

6-31G(d) cc-pVDZ, cc-pVTZ

d DFT Gaussian09

/ DFT

VASP QM/MM

GAMESS QM MM

self-consistent MM

3
3.1 Ir sp3 C-H

(phen)Ir(Bpin)3 THF sp3-C-H

(Scheme 1) sp3 C-H

(Bpin)

C-H O C-H

(phen)Ir(Bpin)5

resting state, (phen)Ir(Bpin)3 THF C-H

Ir(III) Bpin

Ir(III)/Ir(V) Scheme 2

C-H

R. Zhong, S.Sakaki, J. Am. Chem. Soc. 141, 

9854-9866 (2019).

3.2 Rh(I)-Aluminyl Al
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Scheme 3.

Fig. 1. Partially optimized geometry in phase 1a
and 1y of Au(Ph)(CNPh)

Fig. 2 Triplet excited states of Au(Ph)(CNPh) in molecular

crystals 1b and 1y.
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(N. Kriakose, S. Sakaki, et al. Inorg. Chem., 58, 4894 4906 (2019)).
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Scheme 4. Catalytic cycle of NO-CO 
reaction on Cu38

(S. Aono, T. Seki, 

H. Ito, S. Sakaki, J. Phys. Chem. C, 58, 4894 4906 (2019)).

3.4 Cu38 NO-CO Cu Ru

CO-NO

Cu

NO-CO

Cu38

CO NO NO

Cu Rh

NO

(Scheme 4) N-O N2O

O N2O N-O

N2 O CO

CO2 Cu38 CO O

N2O

(N. Takagi, R. Fukuda, M. Ehara, S. Sakaki, et al. ACS Omega, 4, 2596-2609 (2019)).

3.4 Ru55, Rh55, Pd55, Ag55 NO NO

NO

4d 8 11

55 NO Ru, Rh Pd

Ag valence band-top

d valence band-top NO d

s valence-band top

(Takagi, Ehara,, Sakaki, J. Phys. Chem. A, 123, 7021-7033 (2019)).
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Eur. J. 25, 3795 – 3798 (2019). S. Aono, T. Seki, H. Ito, and S. Sakaki, J. Phys. Chem. C, 123, 4773–4794 (2019). 
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Singh, S. Sakaki, and M. M. Deshmukh, J. Comput. Chem., 40, 2119–2130 (2019). R.-L. Zhong and S. Sakaki, J.
Am. Chem. Soc., 141, 9854 – 9866 (2019). N. Takagi, K. Ishimura, R. Fukuda, M. Ehara, and S. Sakaki, J. Phys.
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Okazaki, J. Comput. Chem., 40, 2571-2576 (2019).
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Theoretical study on dynamical properties of materials by quantum 
dynamics
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Condensed matter physics research by local quantities based on 
quantum field theory
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Theoretical study of the electronic structures of metalloprotein
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Theoretical Studies on Structures and Functions 
of Biological Molecules
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Correlation among electron states, structures and functions of 
nano-bio materials
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Analysis of reaction mechanism of haloacid dehalogenase 
and cysteine synthase and the design for highly functional enzymes 

based on their mechanisms 
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Innovations in computational quantum science and large-scale simulation science  
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Theoretical studies on several topics using dye-sensitizer
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Mechanistic studies on the olefin polymerization catalyzed by group 10 
metal catalysts and design of aromatic compounds for organic 

electronic devices 
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Divergent applications of ab initio reaction dynamics and 
advanced electronic structure theories

Lyalin Andrey
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Exploration of molecular structure and crystal structure using the SHS 
method
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Study of the structure and functions of cellulose and its related molecules and macromolecules 
using molecular dynamics and quantum chemical calculations  

:  Solubility of cellulose acetate in acetone. 
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Structures and Properties of Molecular Nanocarbons
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Figure 1. Photophysical properties of WNG derivatives. (a) UV/Vis absorption (solid lines) spectra, fluorescence (dotted 
lines) spectra, absolute fluorescence quantum yields, and photographs of dichloromethane solutions of 1, 2, 3a, and 3b
recorded under illumination with either ambient or UV light (254 nm). (b) Frontier molecular orbitals and energy levels 
of 1, 2, 3a, and 3b calculated at the B3LYP/6-31G(d) level of theory. 
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Theoretical studies on complex chemical systems based on quantum 
chemistry and statistical mechanics
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Theoretical studies on synthesis and reactivity of heterocyclic 
compounds.
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Figure 1. Transition state structures of proton transfer (2-TS2) and HCN elimination (2-TS3) step on 
tricyanovinylation of 1H-pyrrole optimized at cam-B3LYP/6-31+G(d,p) level.
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In silico molecular design of transmembrane peptide induces lipid 
flipping
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Molecular dynamics study of cellulose fiber and carbohydrate-related enzymes 
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Structure formation of molecular assemblies 
and their related functions
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Translational dynamics and solvation structure in water-hydrophobe 
mixtures under supercritical conditions
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Simulation study on the elasticity and plasticity of the glassy states
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OZ

A study on the correction of solvation free energy of diatomic solute 
molecule based on OZ integral equation theory:  the case including the 

coulomb potential
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CaMn4O5 

Theoretical studies of electronic and spin states and reactivity of the 
CaMn4O5 cluster in the oxygen evolving complex of photosystem II
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Structure and Properties of non-planar -conjugated molecules
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Quantum Chemical Study on Reaction Dynamics of Nanocarbons, 
Animo Acids and Clusters
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VI

Elucidation of the efficient working mechanism of myosin VI using 
long-distance stepping motion
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Theoretical calculations of molecular functions of proteins and 
molecular assemblies
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DNA
The role of solvent in DNA hydrolysis with a protein 
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Computational Study on Anomalous Properties of 
Correlated Electron Systems 
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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Theoretical study of recognition mechanisms of antibodies to N-glycans 
considering solvation effect
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Theoretical Studies on soft X-ray Photochemical Phenomena
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Fig.1: XES spectra of water at different temperature. Solid 
and dashed lines indicate those for H2O and D2O.

Fig.2: XES spectra of water at 300 K for various types 
of hydrogen bonds. “DmAn” means number of hydrogen 
donors and acceptors, respectively.
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Theoretical Study on the Quantum Dynamics Processes of Chemical 
Reactions 
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7

Design and Analysis of Organic Reactions and Molecular Structures Based on 
Theoretical Calculations
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Rational Drug Design and Development of Novel Candidates Using the 
First-Principles Calculations

Sundaram Arulmozhiraja, Reiji Higuchi, Shogo Masuda, Kanade Shimizu, Hiroaki Tokiwa
Rikkyo University

1 Purpose of research 

The main purpose of our research works is to understand the biological systems by using various computational 

methods such as first-principle based quantum-mechanical (QM) fragment molecular orbital theory (FMO), molecular 

dynamics (MD), and full ab initio molecular orbital calculations to work towards rational drug design and development. 

For this, we have selected the following research works for this term:  

(a) Improving the activity of lead compound is the most important goal for any of the drug discovery program. 

Typically, it has been done by changing the pharmacophores or simply varying the substituents to the lead compound 

and measure its activity. However, this process involves lot of other issues – especially it is a highly time-consuming 

process and involves high cost. Therefore, in order to shorten the development period and to reduce the cost, predicting

the activity of the compounds reliably through theoretical approach is required. The FMO method is a fast and accurate 

quantum chemical method for large molecular systems and so it is a reliable and appropriate method to achieve this goal. 

It is a fragmentation approach, in which a system is subdivided into fragments. In the two-body method, FMO2, 

fragments and their pairs (dimers) are calculated. The interfragment pair interaction energies (PIE) or IFIE and are used 

to analyze the molecular recognition, in particular, of ligands by proteins. In the previous study, we used the FMO 

method to predict activity values, but we used only hydrophobic interaction energies. This is because the electrostatic 

interaction energies are overestimated due to the calculations in the vacuum, and they could not be handled 

appropriately. In addition, the assumption that PIEs determine the observed binding energies or activities is flawed 

because PIEs do not include the destabilization polarization, desolvation, and deformation energies of fragments. Here,

we would like to account all these missed factors to deal the interfragment interactions correctly so to check whether or 

not FMO calculations could predict the activity of the compounds. We also performed subsystem analysis to estimate 

the binding energy, and then compared the calculated values with experimental values (IC50, KD, Ki, and ΔH). For this 

purpose, we considered complexes of dipeptidyl peptidase IV (DPP-4) with its inhibitors. DPP-4 is the enzyme 

responsible for the degradation of incretins such as glucagon-like peptide 1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide, which stimulate insulin secretion from pancreatic beta cells of the islets of Langerhans and 

suppress glucagon secretion. Various DPP-4 inhibitor drugs available in the market, such as Sitagliptin, Trelagliptin,  

Alogliptin, Omarigliptin, and Teneligliptin were considered for this purpose.

(b) Glycans cover the cell surface in vivo and plays a very important role in biological reactions such as cell-cell 

recognition, immune responses, and tumor metastasis. The structure of glycan varies depending on the cell type and the 

state in which it is synthesized and the environment in which it is present. Lectins specifically distinguish various 

glycan structures. Quantitative analysis of glycan-lectin interactions can provide insight into the cell function and status.

Here we would like to use the quantum mechanical fragment molecular orbital method to study the glycan-lectin 
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complexes in order to analyze the interaction between each monosaccharide constituting glycan and each amino acid in 

the lectin. However, though the FMO method is well-known for the studies involving proteins and even for DNA, it has 

not been utilized much for glycans. The main reason behind this might be due to its fragmentation scheme. In general,

for the FMO calculations on proteins, fragmentations are made by breaking the Cα-C bonds because peptide bonds

have considerable electron delocalization. On the other hand, in the case of glycans, it is difficult to find the regularity 

of the fragmentation scheme because of the complexity of the branch structure in addition to the structural flexibility.

An appropriate fragmentation scheme has not yet been established for glycans so far. So, in this topic, we would like to 

investigate and establish a general fragmentation scheme that can be used to study the glycans using FMO. In the later 

part, by using the established fragmentation scheme, we like to study a model glycan-lectin complex to verify the 

scheme.   

(c) The other research topic we are working on is Retinoid X receptor (RXR). It is a member of nuclear receptor (NR) 

superfamily, which regulates various physiological metabolism, such as dietary lipid metabolism and nervous system

via forming homodimer or heterodimers with other NRs. Binding of small molecules to the ligand binding pocket of 

RXR induces the conformational change of “AF-2 interface”, which plays a key role in recognizing the LXXLL motifs 

located in coactivators. Although various agonists such as bexarotene targeting RXR have been developed, it has been 

shown that they cause unwanted adverse effects. In continuation with our earlier work on RXR partial agonist, 

CBt-PMN, which shows reduced side effects, we would like to study new possible partial/full agonists. To understand 

the molecular basis behind the full/partial activity of these new compounds, computational works become essential in 

addition to structural and biochemical analysis. So, we studied the newly crystallized ligand-bound hRXR complexes

using various computational methodologies. 

Apart from these research topics, we are also continuing our works on anti-cancer natural products such as 

termicalcicolanone. Our theoretical studies on potential reaction pathways assist organic synthetic chemists for 

synthesizing these natural products.   

2 Research methods, Computational methods 

To establish an appropriate fragmentation scheme for glycans for the FMO calculations, we have taken 13

sialosaccharides (glycans) for the calculations. And to take the account of the flexibility of glycans and their dynamic 

structural changes in actual biological medium, we performed MD simulations up to 450 ns on all the selected glycans 

using the Glycam06 forcefields. One hundred structures of each glycan were extracted from the MD simulations, and 

FMO calculations were made on all these structures utilizing possible fragmentation schemes. By thoroughly analyzing 

the FMO calculation results, we could find the most appropriate fragmentation scheme for glycans. MD simulations 

were performed through normal procedures using GROMACS program and all the FMO calculations were done with 

PAICS program. 

For the calculations on dipeptidyl peptidase IV complexed with its inhibitor drugs, GROMACS software was used for 

the MD simulations and GAMESS program was utilized for FMO calculations. The X-ray crystal structures of the 

complexes of the selected DPP-4 inhibitor drugs with DPP-4 were taken from Protein Data Bank. The interactions of 

these inhibitor drugs with DPP-4 enzyme were quantitatively obtained using the FMO approach. To describe protein 

upon solvation, polarizable continuum model (PCM) was used in the FMO-PCM method. Different level of theories 

and approaches were utilized in this study.  
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The crystal structures of the hRXR/agonist complexes are submitted to MD simulations up to 700 ns. FMO 

calculations on these complexes were made using PAICS and GAMESS programs. Both raw crystal structures and the 

MD structures were utilized for FMO calculations.

Reaction pathways involving anti-cancer natural products were studied using GAUSSIAN suite of programs at 

various levels of theories.   

3 Research results 

By investigating various fragmentation approaches in the present study, we established an appropriate fragmentation 

scheme to handle the glycans for FMO calculations by considering 13 sialosaccharides (glycans). By utilizing the 

fragmentation scheme established in this study, FMO calculations were performed for the Galectin-8N-domain 

(-8N)/Neu5Acα2-3Galβ1-4Glc-OMe complex and identified the amino acid residues responsible for the glycan 

recognition by Galectin-8N.  

In the case of DPP-4 study to check whether FMO can predict the activity of the compounds, our calculated

interaction energies and binding energies correlate well with the available experimental values (pIC50 and pKD). Our 

calculations clearly indicate that FMO calculations can positively predict the activity of the DPP-4 inhibitor drugs. 

These results clearly reveal that solvent effects should be considered to calculate the interfragment interaction energies. 

Additionally, the study also indicates that binding energies, instead of simple interfragment interaction energies, could 

be a better choice to study the activity of the compounds.  

In combination with the structural (crystal) and biochemical analysis, molecular dynamics simulations were 

performed to understand the structural changes of the hRXR complexed with the newly synthesized full/partial agonists.

This understanding could assist to study the activity of these compounds in detail. Quantitative binding energies were 

obtained using ab initio fragment molecular orbital theory. While MD simulations clearly indicate a different 

mechanism for partial and full agonist complexed-hRXR structures, the FMO results show that full agonist binds 

stronger to hRXR than that by the partial agonist. These results clearly reveal that the computational analysis involving 

MD simulations and FMO calculations can explain the activity of these compounds towards RXR. 

Our computational reaction pathway studies greatly helped to achieve the total synthesis of anticancer natural product,

a termicalcicolanone product, for the first time. 

4 Talks and seminars 

1) S. Arulmozhiraja. “Fragment molecular orbital theory studies on protein-ligand interactions and their 

applications” presented at the 3rd International Conference on Chemical Biology and Biologics held at Dubai, 

UAE on 26-27 February 2020 (Keynote Address). 

2) R. Higuchi and S. Arulmozhiraja, “Can the fragment molecular orbital method predict the activity of inhibitor 

drugs?”, presented at the 3rd International Conference on Chemical Biology and Biologics held at Dubai, UAE on 

26-27 February 2020.

3) S. Arulmozhiraja and R. Higuchi, “Activity of dipeptidyl peptidase IV (DPP-4) inhibitors – Fragment 

molecular orbital theory study”, presented at the 2020 International Symposium on Chemical Biology held at 

Geneva, Switzerland on 22-24 January 2020.
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4) D. Imai, N. Numoto, S. Arulmozhiraja, S. Masuda, H. Kakuta, H. Tokiwa, and N. Ito, “Structural analysis of 

NEt-3IB/Net-4IB bound retinoid X receptor α” presented at the 16th Conference of the Asian Crystallographic 

Association held at Singapore on December 17-20 2019. 
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2) M. Kawasaki, A. Kambe, Y. Yamamoto, S. Arulmozhiraja, S. Ito, Y. Nakagawa, H. Tokiwa, S. Nakano, and H. 

Shimano, “Elucidation of molecular mechanism of a selective PPARα modulator, pemafibrate, through 

combinational approaches of X-ray crystallography, thermodynamic analysis, and first-principle calculations”,
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analysis and dynamics of NEt-3IB/Net-4IB bound retinoid X receptor α
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dipeptidyl peptidase IV (DPP-4) inhibitor drugs?” (To be submitted).

6) S. Masuda, S. Arulmozhiraja, and H. Tokiwa, “Interaction analysis of glycan-lectin complexes using 

first-principles calculations-based fragment molecular orbital method” (To be submitted). 
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Theoretical studies on excited states and their relaxation processes
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Theoretical studies on structures, reactions, and intermolecular 
interactions of transition metal compounds 
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Structures, Dynamics, Intermolecular Interactions, and Vibrational 
Spectra of Liquids, Biomolecules, and Related Molecular Systems
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Simulation of Molecular Assemblies 4
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Theoretical Studies on Functions, Properties, and Reactivities of 
Nanomaterials and Biological Molecules
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Figure 1. Free energy surface of alanine dipeptide in the 

gas phase as a function of the main-chain dihedral angles 

obtained from WHAM for the forty 200-ps DFTB-MetaD 

trajectories.
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FES

3-2 orbital-free DFT

DFT Hohenberg Kohn
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Kohn Sham KS- DFT

1 2 3

n |r R1| |r R2|… |r Rn|

KS KS Thomas Fermi von Weizsäcker

enhancement factor  

PEC ML 0.05 Å

KS-DFT 10%

0.01 Å Table 1

8 PEC

KS-DFT orbital-free

DFT  

 

3-3

PES

MECI MECI PES

SF TD DFT

ML KS
C2H6 C C 1.55 1.56
C2H4 C C 1.34 1.33
C2H2 C C 1.18 1.21
H2 H H 0.74 0.74
HF H F 0.92 0.93
F2 F F 1.44 1.41
CO C O 1.11 1.14
N2 N N 1.09 1.11

Table 1. Equilibrium bond distances (Å).
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Predicting Thermal Conductivity of Liquid Crystals using Molecular 
Dynamics Simulation 
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Figure 2. Schematic representation of reverse non-
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Figure 1. Chemical structure of 7CB. 
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Development of a coarse-grained model for protein-protein interaction 
and its application
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Prediction of infrared spectra of multi-element clusters
for infrared photodissociation spectroscopy
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Quantum-Chemical Calculation for Ground and Excited Electronic 
States and Molecular Properties of Molecules Containing Heavy 

Elements
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Conformational change of biological supramolecules and
its relation to functions
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Calculations of geometrical structures, reactivities and collision cross 
sections of cluster ions
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Development of functions of liquid crystals based on dynamic 
intermolecular interactions
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Theoretical study on molecular conducting and magnetic materials
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Theoretical and Computational studies on slow dynamics of glassy systems 
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Role of intermolecular interaction in chemical reactions of organic 
molecules
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Molecular mechanism of ice-binding behavior of antifreeze proteins
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1. Radius of gyration, Rg, of a single PVCL chain in water. (a) Molecular structure of PVCL (b) Mean Rg as a

function of temperature. Examples of (c) coil (Rg = 2.3 nm) and (d) globule (Rg = 1.3 nm) conformations obtained at 

280 K and 340 K, respectively.
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Development of multicomponent quantum mechanics-nudged
elastic band method to analyze chemical reactions including

nuclear quantum effect
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Theoretical investigation on structures of metal clusters and  
their reactivity 
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Construction of mass transfer simulation in large heterogeneous 
systems consisting of amphiphilic molecular aggregates 
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Theoretical Studies of Structure Analysis in Organics Photovoltaic 
Device
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Theoretical Studies on Vibronic Couplings
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First-principles study on dynamics of metal-atom clusters  
in organic molecular insulating films 
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APEX APEX

Elucidation of reaction mechanisms of APEX reaction and polymerization, 
structural and photophysical properties of nanocarbons molecules
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Accurate estimation of electrode potential on TiO2 type cathodes
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Figure 1. Geometry of the anatase-type TiO2 

nanoparticle models. 
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Figure 2. The simulated optical spectrum of 0 with the individual 

transitions (a), comparison of transition of 0 to 6 (b), and asymmetric 

nanoparticles (c, d). 
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Electronic structure elucidation of metal complexes 
with meso-sclae size 
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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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Elucidation of the molecular and electronic structures
of the organic-inorganic interface for design of solar cells
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4

Ryota JONO, Hiroshi SEGAWA: “Structure-Bandgap Relation on the Lead Halides based 
Perovskite Materials” Asia-Pacific International Conference on Perovskite, Organic Photovoltaics 
and Optoelectronics (IPEROP20) Poster099 Tsukuba, Japan, 2020 January 

5

 “

Fig 2 FA3 MA1 Pb4 I12 tetragonal cubic

VBM/CBM

Fig 3  cubic tetragonal

θ(Pb-I-Pb)
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Analysis of Radical Dissociation Process of Biomolecules by 
Mass Spectrometry 

 

1  
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3  
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4  

1. D. Asakawa, J. Am. Soc. Mass Spectrom. 330, 1491-1502 (2019) 
2. D. Asakawa, H. Takahashi, S. Iwamoto, K. Tanaka, Phys. Chem. Chem. Phys. 221, 11633-11641 

(2019) 
3. D. Asakawa, H. Takahashi, S. Iwamoto, K. Tanaka, Phys. Chem. Chem. Phys. 221, 26049-26057 

(2019) 
4. D. Asakawa, H. Takahashi, S. Sekiya, S. Iwamoto, K. Tanaka, Anal. Chem. 16, 10549-10556 

(2019) 
5. D. Asakawa, H. Takahashi, S. Iwamoto, K. Tanaka, J. Am. Soc. Mass Spectrom. 331, 450−457 

(2020) 
6. D. Asakawa, N. Saito, E. Takahashi, J. Phys. Chem. A, 1124, 2019−2028 (2020)  
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Data analyses for an accurate solvent model by machine learning
, , , ,

1
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C-PCM
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logP
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1 logP
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4

1. ; ; ; , “ ”,

100

2. ; ; ; , “

pKa ”, 100

5

S. Onozawa, T. Matsui, Y. Nishimura, and K. Morihashi, " -

", Journal of Computer Chemistry, Japan, 2019, 18, 254-256.

K. Tosaka, Y. Osaki, Y. Shigeta, and T. Matsui, “A Semi-empirical Improvement of Solvent Model by 

Machine Learning Method”, to be submitted.

Y. Osaki, T. Fujita, K. Terayama, M. Sumita, K. Morihashi, and T. Matsui, “A simple method for parameter

determination on the range separation for long-range corrected DFT”, to be submitted.

T. Matsui, Y. Tanaka, T. Otsuka, M. Sumita, H. Izawa, and K. Morihashi, “A theoretical study on molecular 

cluster of citric acid”, to be submitted.

Fig. 2 (a) logP , (b) 

logP

Fig. 1

 ( , kcal/mol) 
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Study on geometric and electronic structure for supramolecular 
complexes of binarynanoclusters with organic molecules 

 
 

1  
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Pt d  ( d) d 2 nm
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4  

2019

   Archana Velloth     

 

5  

“Enhanced oxygen reduction activity of platinum subnanocluster catalysts through charge redistribution” 

Hironori Tsunoyama, Akira Ohnuma, Koki Takahashi, Archana Velloth, Masahiro Ehara, Nobuyuki Ichikuni, 

Masao Tabuchi, Atsushi Nakajima, Chem. Commun. 55, 12603-12606 (2019). 
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Statistical mechanics analysis for biomolecular functions 

1

2

3D-RISM

CRK (sp-3D-RISM )

CRK RISM

3

sp-3D-RISM

2

3D-RISM-SCF

4

1. “Development of Multiscale Method for Nano-Bio Materials Design Based on Statistical Mechanics Theory of 
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Molecular Liquids”, International Conference on Materials Research and Innovation 2020, 2019 12 16 , 

Centara Grand Central Plaza Ladprao and Kasetsart University, Norio Yoshida

2. “Understanding Biological Processes in Solution Based on the Statistical Mechanics Theory of Liquids”, The 

10th Toyota RIKEN International Workshop on Science of Life Phenomena Woven by Water and Biomolecules,

2019 9 4 , Toyota Chemical and Physical Research Institute, Norio Yoshida

3. “Understanding Biological Processes in Solution Based on the Statistical Mechanics Theory of Liquids”, 10th 

International Conference of the Asian Consortium on Computational Materials Science (ACCMS-10), 2019 6

27 , City University of Hong Kong, Hong Kong, China, Norio Yoshida   

4. “Understanding Biological Processes in Solution Based on the Statistical Mechanics Theory of Liquids”, The 

23th international annual symposium on computational science and engineering (ANSCSE23), 2019 6 27 ,

Chiang-mai University, Chiang-mai, Thailand, Norio Yoshida

1. "Development of a solvent-polarizable three-dimensional reference interaction-site model theory ", Norio 

Yoshida, Tsuyoshi Yamaguchi, J. Chem. Phys., (2020) 152, 114108 (doi.org/10.1063/5.0004173) 

2. "Distinct ionic adsorption sites in defective Prussian blue: a 3D-RISM study", Nirun Ruankaew, Norio Yoshida, 

Yoshihiro Watanabe, Akira Nakayama, Haruyuki Nakano, Saree Phongphanphanee, Phys. Chem. Chem. Phys., 

(2019) 21, 22569-22576 (DOI: 10.1039/C9CP04355A )

3. "Effects of Water Addition on a Catalytic Fluorination of Dienamine", Daiki Kuraoku, Tsunaki Yonamine, Genta 

Koja, Norio Yoshida, Satoru Arimitsu, Masahiro Higashi, Molecules (2019) 24, 3428(1-8) ( DOI: 

10.3390/molecules24193428 )

4. "Effect of Molecular Orientational Correlations on Solvation Free Energy Computed by Reference Interaction 

Site Model Theory", Shoichi Tanimoto, Norio Yoshida, Tsuyoshi Yamaguchi, Seiichiro Ten-no, Haruyuki Nakano,

J. Chem. Info. Model (2019) 59, 3770-3781 ( DOI: 10.1021/acs.jcim.9b00330)
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π

Design and synthesis of novel π-electronic molecules which form 
functional assemblies

1

–

3

2

Gaussian 09

3

[1–11]

3,4,5 1a–c Fig.1a

1b,c 1c
[3,11]

2 [2] DFT 2

ESP
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[10] DFT

3 Fig.1a

[2+1], [1+1], [1+2] [2+1]

Fig.1b [2+1] 2

4

,

30 , 1P120, , 2019 9 79 1

(1) Tanaka, Y.; Kodama, S.; Aoyana, S.; Yoshida, T.; Yamakado, R.; Okada, S. Cryst. Growth. Des. 2019, 19, 5811–

5818.

(2) Sugiura, S.; Matsuda, W.; Zhang, W.; Seki, S.; Yasuda, N.; Maeda, H. J. Org. Chem. 2019, 84, 8886–8898.  

(3) Sugiura, S.; Kobayashi, Y.; Yasuda, N.; Maeda, H. Chem. Commun. 2019, 55, 8242–8245. 

(4) Yamakado, R.; Haketa, Y.; Hara, M.; Nagano, S.; Seki, T.; Maeda, H. Chem. Commun. 2019, 55, 10269–10272. 

(5) Kita, H.; Yamakado, R.; Fukuuchi, R.; Konishi, T.; Kamada, K.; Haketa, Y.; Maeda, H. Chem. Eur. J. 2020, 26,

3404–3410.  

(6) Tanaka, H.; Haketa, Y.; Bando, Y.; Yamakado, R.; Yasuda, N.; Maeda, H. Chem. Asian J. 2020, 15, 494–498. 

(7) Watanabe, Y.; Haketa, Y.; Nakamura, K.; Kaname, S.; Yasuda, N.; Maeda, H. Chem. Eur. J. 2020, 26, 6767–6772. 

(8) Kobayashi, O.; Kato, T.; Mashiko, T.; Haketa, Y.; Maeda, H.; Tachikawa, M. RSC Adv. 2020, 10, 12013–12024. 

(9) Haketa, Y.; Urakawa, K.; Maeda, H. Mol. Syst. Des. Eng. 2020, 5, 757–771.  

(10) Haketa, Y.; Naganawa, A.; Sugiura, S.; Yasuda, N.; Maeda, H. Eur. J. Org. Chem. 2020, in press. 

(11) Sugiura, S.; Maeda, H. Org. Biomol. Chem. 2020, 18, in press.  

Fig. 1 (a) 1a–c,2,3; (b) 3 [2+1] B3LYP/6-31G(d,p)
Cl– 2
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Rational design of backbone-modified peptides binding to biomolecules
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2.3.

3

- 302 -



3.1. N
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3.3.

4
[
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[1] J. Morimoto, et al., J. Am. Chem. Soc. 2020, 142, 2277–2284. 

[2] J. Morimoto, et al., J. Am. Chem. Soc. 2019, 141, 14612–14623. 

[1] J. M. Frisch et al. Gaussian, Inc., Wallingford CT, 2016. 

[2] K. Vanommeslaeghe, et al. 2009, J. Comput. Chem. 30, 671–690. 

[3] M. J. Abraham, et al. SoftwareX 2015, 1–2,19–25. 
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Reaction analysis of transition metal clusters and organic compounds
, ,  ( )
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Quantum chemical calculation study on the molecular mechanism of 
photosynthetic water oxidation

1
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1. Takumi Noguchi, Infrared analyses of electron and proton transfer reactions in photosystem II, Annual Meeting of 

the French Photosynthesis Society, Gif-sur-Yvette, France, May 9-10, 2019 

2. Masao Yamamoto, Shin Nakamura, and Takumi Noguchi, QM/MM analysis of the protonation structure of the S0

state in the water-oxidizing Mn4CaO5 cluster, 2019 9 24-26

3. Takumi Noguchi, Infrared detection of protons and water molecules in photosynthetic water oxidation,

2019 9 24-26

4. Takumi Noguchi, Infrared studies on the water oxidation and electron transfer reactions in photosystem II, 3rd 

International Solar Fuels Conference/International Conference on Artificial Photosynthesis-2019, Hiroshima, 

Japan, November 20-24, 2019. 

5

1. M. Yamamoto and T. Noguchi, Vibrational structure of the S0 state of the photosynthetic water oxidizing complex 

as studied by quantum mechanics/molecular mechanics calculations, in preparation.  
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(I) CO2

Electrochemical CO2 Reduction 
by a Rhenium(I) Phthalocyanine Complex
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4  

M. Wang, Y. Koike, K. Murata, K. Ishii 31 2019 8  

5  

I. Morichika, K. Murata, A. Sakurai, K. Ishii, S. Ashihara, Nat. Commun. 22019, 10, 3893. 

K. Murata, H. Tanaka, K. Ishii, J. Phys. Chem. C 22019, 123, 12073. 
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Theoretical study for complex and heterogeneous molecular and 
electronic structures and their chemical reactions
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) 
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CASSCF/CASPT2 DFT VASP
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1 (a) Cu0/Cu, (b) Cu0/Ru (ABA ), (c) Cu0/Ru (ABC ), (d) 

CuI/Cu, (e) CuI/Ru (ABA ), (f) CuI/Ru (ABC ), (g) Ru on-top , (h) Ru bridge  

4  

 R. Fukuda “Quantum Chemistry for Confined Molecular and Electronic Structures with XP PCM“, Theoretical and 

Computational Chemistry of Complex Systems (July 18, 2019, Okazaki, Japan) (Invited) 

2019 8 29-30

 R. Fukuda, K. Nakatani, N. Takagi, M. Ehara, S. Sakaki “Theoretical Study on the Electronic Origin and Reaction 

Mechanism of Catalytic Nitric Oxide Reduction with Metal Clusters“, Materials Research Meeting 2019 (December 

10–14, 2019, Yokohama, Japan) 

5  

 N. Takagi, K. Ishimura, R. Fukuda, M. Ehara, S. Sakaki, “Reaction Behavior of the NO Molecule on the Surface of 

an Mn Particle (M = Ru, Rh, Pd, and Ag; n = 13 and 55): Theoretical Study of Its Dependence on Transition-Metal 

Element” Journal of Physical Chemistry A 123, 7921–7033 (2019).

 J. Ohyama, J. Shibano, A.Satsuma. R. Fukuda. Y. Yamamoto, S. Arai. T. Shishido, H, Asakura, S. Hsokawa, T. 

Tanaka “Quantum Chemical Computation-Driven Development of Cu-Shell–Ru-Core Nanoparticle Catalyst for NO 

Reduction Reaction” Journal of Physical Chemistry C 123, 20251–20256 (2019).

 K. Nakatani, H. Sato, R. Fukuda “Pseudo-Jahn-Teller effect on the lowest triplet state of para-benzoquinone 

involving inequivalent carbonyl bonds” Chemical Physics Letters 741, 137072 (6 pages) (2020).
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Elucidation of Organic Reaction Mechanism and Physical Properties by
Computational Approach
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Theoretical investigation and machine learning of 
catalyst chemistry, and materials science
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2.

BTBT

Migita-Kosugi-Stille C-H annulation Scholl

Scholl

Scholl

(HOMO)

p

ONIMO

Tolman-CA MC-dist B1 B5 LUMO NPA

E-INT1
E-TS-INT1

E-TS
E-INT2-TS

E-INT2

0.164 0.645 0.004 0.098 0.064 0.024
0.036 0.665 0.075 0.026 0.052 0.147
0.073 0.510 0.037 0.258 0.064 0.057

0 0.71 0.025 0.011 0.015 0.238
0.024 0.348 0.063 0.214 0.272 0.079
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Polymer 2019, 177, 282-289. 
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" Ladderization of polystyrene derivatives by palladium-catalyzed polymer direct arylation" 

Polym. Chem. 2019, 10, 2647-2652.

4. Koji Takagi,* Yuto Hirano, Koichiro Mikami,* Shoko Kikkawa, Isao Azumaya

"Chiral non-planar oligophenylenes bridged by urea linkage: synthesis through intramolecular direct arylation,

chiroptical behavior, and theoretical investigation"

Eur. J. Org. Chem. 2019, 10, 2071-2080.
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Application of chemical reaction dynamics for elucidation of organic 
reaction mechanism
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Computational design and analysis of
organometallic catalysts and luminescence materials
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Effects on noncovalent weak interaction on the structural stability and 
reactivity of pseudoazurin
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Molecular Dynamics Study for the Deformation 
and Instability in Liquid Crystal
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Computer-Aided Protein Engineering
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Reaction mechanism of small molecule activation by transition metal 
complex
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Figure 3. 2 (a) Free energy profile for forming monoalkyl carbonate complex in the 

ground electronic state.   

Figure 3. 1 Schematic diagram of the formation of one-electron-

reduced Re complex starting from the ground state of 

[Re(bpy)(CO)3Br]0 via (1) photo absorption, (2) intersystem crossing 

(ISC), and (3) reductive quenching.  

electronic state.   
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Study on thermal conductivity control for next generation thermoelectric 
conversion materials
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Mechanistic Investigations of Organic Reactions 
by Experimental and Theoretical Combination

○滝田 良、渡邉 康平、金井 求、大井 未来、神崎 倭、永島 臨、真島 壮平、

三ツ沼 治信、上村 祐伍、水本 真介、生長 幸之助（東大院薬） 

熊谷 直哉、野田 秀俊（微生物化学研究所）
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DNA

Theoretical Analysis on the DNA Repair Mechanism of Blue Light 
Photoreceptors
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Electronic structure and properties of complexes and materials
W. M. C. Sameera Institute of Low Temperature Science, Hokkaido University

1 Research purpose and contents 

Chemical reactions are complex and difficult to characterize from experimental data alone. 
Computational chemistry has been beneficial in the quantitative determination of the mechanisms 
of chemical processes. I use modern computational methods to study complex molecular systems 
and their properties, such as reactivity and luminescence. The vast majority of my research has 
been performed in collaborations with the well-established experimental research groups in Japan.   

2 Computational methods 

Calculations were performed using the density functional theory (DFT) or the two-layer ONIOM 
method as implemented in Gaussian16 program. The SICTWO interface was used for 
ONIOM(DFT:MM3) calculations. The multi-component artificial force induced reaction (MC-
AFIR) method, as implemented in the GRRM strategy, was used for systematic determination of 
reaction paths. The ab-initio molecular dynamic simulation using the atom-centred density 
matrix propagation (ADMP) method in the Gaussian16 program. The standard basis sets were 
employed for DFT calculations. The polarizable continuum model (PCM) was used as the 
implicit solvation model.  

3 Results

OH anions in ice: Proton transfer in liquid water and ices, 
gives rise to the positive current conductivity, can be 
described by the Grotthuss mechanism. However, the 
mechanism for the proton abstraction of OH anion from 
neighbouring H2O, the so-called proton-hole transfer 
(PHT), is not established. In this direction, we have 
reported experimental evidence for the PHT, leading to 
the negative current conductivity in ice (below 50 K). 
Quantum chemical calculations, employing the ADMP 
and ONIOM methods, confirmed that OH anions on ice
are unstable. As a result, OH anions drive toward ice bulk 
though almost barrierless PHT (Figure 1). The kinetic 
isotope effects were not observed, and therefore the 
quantum tunnelling would not affect the rate of the PHT 

Figure 1. Potential energy surface for 

the initial PHT in amorphous ice. 
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process. At very low temperatures, we proposed that the PHT processes are faster than the 
thermal fluctuations of water molecules in the hydrogen bonding network. 

Catalytic silylation of N2: We have developed two new hydride-bridged dinuclear Mo-Fe
complexes. The Mo-Fe distances of these complexes are shorter than that of the Mo-Fe
complexes in the literature. Calculated Mayer bond indices of 0.79 suggested a Mo-Fe single
bonding character, and the quantum theory of atoms in molecules (QTAIM) analysis indicated a 
fairly ionic with modest covalent bonding. Our complexes can be used as the catalyst to perform 
the silylation of N2. Mechanism of the 
catalytic cycle was studied using the 
DFT (Figure 2). Further, the first step 
of the mechanism is the reaction 
between Me3Si· and the Mo-H moiety
of the catalyst, 12b, which is a 
barrierless process. Then, N2 binding at 
the Mo site gives the active 
intermediate, 2I2. The reaction between 
the Mo-N2 unit of the active 
intermediate and Me3Si· radicals occur 
in a stepwise manner to generate 
N(SiMe3)3. Our computed reaction 
mechanism goes through relatively low 
free energy barriers.   

Asymmetric preparation of enantioenriched β2-aryl amino acids: We have developed a Pd-
catalyzed cross-coupling reaction of aziridine-2-carboxylates and arylboronic acids. In this 

reaction, the regioselective and 
enantiospecific ring-opening, using the 
commercial serine esters, gives rise to β2-aryl
amino acids. Mechanism of the full catalytic 
cycle was rationalized from the DFT (Figure 
3). Further, the catalytic cycle consists of 
aziridine ring-opening, reaction with water, 
transmetalation, and carbon-carbon bond 
formation. Based on the computed free 
energy profile, the ring-opening step is the 
selectivity determining step, while the 
carbon-carbon bond formation is the rate-
determining step. Computed regioselectivity 

Figure 2. Computed free energy profile for the formation of 

the active intermediate. 
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Figure 3. Mechanism of the catalytic cycle. 
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of 100:0 is in agreement with the experimental results (100:0). An energy decomposition analysis 
(EDA) suggested that the interactions between the catalyst and the aziridine substrate play a vital 
role in the origin of the selectivity. The experimental results indicated that the NMe2IPr-Pd0 catalyst 
shows a 97% yield, while SIPr-Pd0 catalyst gives only a 44% yield. DFT calculations indicated 
that the SIPr-Pd0 catalyst has a relatively high free energy barriers for the transmetalation and 
reductive elimination processes, leading to a poor yield. These results confirm that the NMe2SIPr-
Pd0 catalyst is crucial for the enantiospecific and regioselective ring-opening Suzuki-Miyaura 
arylation of aziridine-2-carboxylates.  

Photophysical properties of transition metal complexes: We have developed three new Cu 
complexes, [Cu(dmp)(xantphos)]+ (A) and [Cu2(dmp)2(μ-dppa)2]2+ (B), and [Cu2(Ph2dmp)2(μ-
dppa)2]2+ (C) (Figure 4). TDDFT calculations suggested that the energy difference between the 
optimized S1 and T1 states of complex A is very low. Thus, the luminescence of A comes from 
the thermally activated delayed fluorescence (TADF) from the singlet metal-to-ligand charge 
transfer (1MLCT) excited state at the room temperature. In the case of complex B and C,
computed S1-T1 energy gap of the excited state optimized structures were relatively large. 

Therefore, complex B and C
shows phosphorescence from 
the triplet metal-to-ligand
charge transfer (3MLCT)
excited state at room 
temperature, which is in 
agreement with the lower 
radiative rate constants. 

Calculations indicated that the dihedral angles between the N-Cu-N plane and the P- Cu-P plane 
of the complexes play a key role in their photophysical properties. Further, complex A shows the 
dihedral angle change from 900 (Franck Condon state) to 700 (S1 minima). Such structural 
relaxation is not observed in complex B or C. As a result of this, computed S1-T1 energy gap of 
the excited state optimized structures of A becomes small, leading to TADF.  

We have developed luminescent Pt(II) complexes bearing a fluorine-substituted tridentate 
ligand. The n-tetrabutylammonium salt of the complexes, (n-Bu4N)[Pt(dFphpy)(CN) and (n-
Bu4N)[Pt(dFphpy)(Cl], show luminescence in the solid-
state (Figure 5). The emission lifetime analysis and 
TDDFT calculations confirmed that the complexes show 
phosphorescence from metal-to-ligand charge transfer 
state (3MLCT). The emissive triplet excited state has a
planar structure. Also, a low-lying non-emissive triplet 
excited state is present and has a bent structure. The 
activation energy to go from the emissive excited state 

Figure 4. Luminescent Cu complexes A, B, and C. 

Figure 5. Luminescent Pt(II) complexes. 
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(planar structure) to the non-emissive excited state (bent structure) is small, and this is the reason 
for low emission efficiency in the solid-state.

4 Achievements
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Elucidation of adhesion mechanism of highly adhesive protein in water 
by molecular dynamics simulation
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Computational innovation of nanocomposite materials using first-
principles and molecular dynamics simulations 

 

Pradeep R. Varadwaj 

National Institute of Advanced Industrial Science and Technology, Tsukuba 
Central 5, Ibaraki, Japan 305-8565 

 

1. Introduction  

Polymer networks are used in a variety of applications due to the wide range 
of beneficial molecular functionality they provide. Structural composites are 
promising materials for increasing stiffness, reducing weight and consequently 
reducing CO2 emissions from next-generation aircraft and vehicles called CFRP 
(Carbon Fiber Reinforced Plastics). The three-dimensional structure of the polymer 
and the resulting chemical interactions are thought to affect the structural hardness 
and surface energy of the material.  

The chemical interactions at the joints (interfacial regions) have been least 
understood. They are feasible as covalent and noncovalent. Noncovalent 
interactions are fundamental forces at the molecular and atomic level. They play a 
very important role in material design. They allow the material to function. Base 
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pairing in DNA and organic-inorganic perovskite solar cells are ideal examples 
where noncovalent interactions play a major role. Epoxy polymers are a type of such 
thermosetting materials. These are formed not only by the wonder of covalent cross-
linking between chemicals of different nature, but also by noncovalent interactions. 
The latter appear with different flavors, making the system behave like an adhesive. 
They are the determinants of glass transition temperature and elastic properties of 
these materials. These innovative nanocomposites have many technical challenges, 
especially in the field of aerospace engineering. For instance, epoxy resins are 
materials for aerospace structural composites; a tiny version of the system modelled 
using Gromacs and Materials studio simulation packages are shown in Figure 1. 
Nevertheless, these polymeric adhesives have been shown to provide advantages 
over more traditional methods of joining various types of materials. In this work, we 
have modelled several very large-scale polymer network systems (viz. DGEBA-
44DDS, PEEK, o-PEEK and TGDDM-44-DDS, cf. Fig. 2) that are computationally 
very demanding and for understanding the of how noncovalent interactions can 
help maintain fragments of crosslinked epoxy polymer networks together. The 
results obtained have highlighted the importance of simulation approaches to 
understanding these interactions at the molecular and polymer level using various 
properties such elastic modulus, glass transition temperature and interfacial energy 
landscapes. In addition, the stability preferences, geometric manifolds, and electron 
density topologies were also analyzed, and presented in several conferences and 
international journals.  

 

2. Computational details  

Various Software codes were used for the calculation of structures and properties of 
the polymer network systems. These include Quantum Expresso, Gromacs, and 
NWChem packages. The main aim of Gromacs simulation was to compare its results 
with those of Materials studio, and for a benchmark of the polymer network systems.  
The geometries obtained from Gromacs and materials studies were chopped into 
smaller fragments and manipulated. Several of these structures were geometry 
optimized using Gaussian 16, together with vibrational frequency calculations.  

The reason for these calculations were to assign the bonding features in the 
modelled structures, and calculate the energy strengths of these interactions. 
Various tight convergence criteria were employed for accurate calculations. Since 
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we were interested in the fundamental understanding of the energy strength of the 
noncovalent interactions between molecular domains of the aforesaid polymer network 
systems, several binary complex arrangements containing 600-900 atoms were extracted 
from the various supercell geometries constructed using from the Materials Studio 
package optimized in the gas phase and were computed. The B97-D3 DFT functional, 
together with several others and the Grimme-D3(BJ)Dispersion correction and cc-pVTZ 
and aug-cc-pvTZ basis sets, were used. Tight and default algorithms for Self-Consistent-
Field convergence and ultrafine integration grid were used. The supermolecular 
method of Pople was used for the calculation of the stabilization energy, and was 
corrected for the Basis Set Superposition Error (BSSE) using the counterpoise procedure 
of Boys and Bernardi. The Gaussian 16 code was used.  

Simulation codes such Critic 2 and AIMPAC were extensively used for the 
determination of electron density topologies of bonding interactions. The MD 
simulations were carried out on several systems.  
 

3. Results 

Whereas several model polymer network systems were modelled using Gromacs, 
Materials studio and Gaussian 16 simulation packages, Figure 2 shows molecular 
versions of a few models examined.  
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Figure 3 shows the nature of cross-linking behavior for the DGEBA-44-DDS 
polymer network system. Similar results were obtained when polymer systems 
with 3000, 5000, 9000, 13000 atoms were modelled. The glass transition 
temperatures were determined to be 192.2 K and were consistent with 
experiment. Table 1 shows the details materials examined using materials studio, 
which can be comparable with those of the results of Gromacs (not shown) 
obtained on range of temperatures 200 to 800 K. 

Figure 3: Dependence of the nature of the a) rate of conversion on the number of 
reaction cycle, b) reactive sites consumed on the number of reaction cycle, c) the 
reactive sites consumed on the rate of conversion, and d) density on the rate of 
conversion/cycle.  

- 361 -



Table 1: A comparison of the rate of cross-linking, young’s modulus and glass 
transition temperature with literature data.  

Figure 4 shows the relaxed models of the PEEK and o-PEEK systems, with 
the glass transition temperatures. A very good agreement was found. Table 2 
presents the details of the computed physical properties, which are compared with 
experiment. Figure 5 shows the nature of various properties analyzed.  

Figure 4: Example of DFT relaxed supercell models o-PEEK and PEEK.  
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Figure 5: Dilatometric results of o-PEEK, where the equilibrium start- and end-temperatures were 
700 K and 100 K, respectively, with the step size of 30 between them. a)-b) Specific volume vs.  
Temperature and c)-d) Density vs. Temperature. The glass transition temperature (Tg) with 
standard deviation is shown for each case.  

Table 2: Comparision of selected DFT-PBESol and MD calculated unt-cell properties of 
o-PEEK with experiment.a 

Property DFTb MDb Expt.c %Change(DFT)d % 
Change(MD)d 

p(g/cm3) 1.395 1.364 1.328 +5.1 +2.2 
V(cm3) 2744.5 2808.5 2884.6 –4.9 –2.6 

N 272 272 272     
 

 
  

Lattice constants 
 

a/Å 14.142 14.281 14.328 –1.3 –0.3 
b/Å 14.142 14.281 14.328 –1.3 –0.3 
c/Å 16.463 16.612 17.525 –6.5 –5.5 
/deg 107.7 107.9 110.5 –2.6 –2.4 
/deg 107.7 107.9 110.5 –2.6 –2.4 
/deg 63.2 62.6 61.4 +2.8 +1.9   

 
 

  
 Glass Transition Temperaturec  

Tg/K 
 

424.4 
 22.3 

418.2 
 

 

a Properties include the packing density ( p), the unit-cell volume (V), the number of atoms in the unit-cell 
(N), the lattice constants (a, b, c, ,  and ) and the glass transition temperature (Tg).  
b This work. The PBESol calculation was performed with 2 2 2 k-point mesh.   
c Experimental values were taken from Ref. 18. Tg was calculated using MD simulation and the DFT relaxed 
structure of o-PEEK was supplied.  
d The positive and negative signs indicate the percentage of increase and decrease of a specific calculated 
property compared to experiment, respectively. 
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The large stabilization energy for each of the two complexes in Figure 6 is not very 

surprising, which are the largest compared to a bunch of model systems examined. The two 

oligomers in each system of o-PEEK are coupled with each other via multi-fold 

intermolecular interaction topologies. These are long-ranged and well-dispersed, as 

demonstrated by the RDG isosurfaces shown at the bottom of Figure 6. The O···H(C), 

(C=C) ···H(C) and C ···H(C) contacts are common to both a) and b). However, the 

(C)H···H(C) contacts are prominent in the former and the (C=C) ···H(C) and (C6) ···H(C) 

contacts are prominent in the latter, in agreement with the spread in the isosurface topology 

that appears in the intermolecular (interfacial) region. 

 

Figure 6: a)-b) (Top) The intermoelcular contact geometries and (Bottom) the modified RDG 
isosurface plots (0.005 a.u.) of two randomly selected binary complexes of o-PEEK. Selected 
intermolecular distances are shown.  
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 Fig. 7 illustrates the nature of chemical interactions in a model TGDDM-
44DDS polymer system containing 500 atoms (truncated), evaluated using AIMPAC 
code.  Although several models were examined, the various noncovalent 
interactions responsible for the stability of the aforementioned network system were 
identified to be N···H, O···H(C), (C=C) ···(C=C) , (C=C) ···H(C), C ···H(C), and 
(C)H···H(C), among several others, whose energy strengths were ranging between -
1 and -12 kcal mol-1, obtained using PSI4 code, thus demonstrating the fact that 
weak-to-medium strength interactions play a vital role in determining the geometry, 
and materials properties (rigidity, transition temperature and gel features) of the 
network systems examined. It should be noted that the appearance of an interaction 
in the interface region depends largely on the nature of the interfacial topology. 
Changing the size of the system will change the topology of bonding, and the nature 
of the noncovalent interactions involved.  

Figure 7: Illustration of molecular graphs of the TGDDM-44DDS polymer network 
system (truncated). The (3,-1) critical points are shown as tiny blue spheres between 
atoms (large spheres) and the bond paths are shown as red lines between atomic 
basins.  
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Fig. 8 shows one of the large-scale polymer systems examined. A highest value of 
cross-linking fraction of 88% was obtained for the TGDDM-44-DDS system, and was ranged 
up to 97% for the DGEBA-44DDS system. The interfacial energy landscapes for this and 
several other model systems with different sizes were also analyzed. Table 1 shows the nature 
of dependence of the cross-linking radius on the percentage of cross-linking for the TGDDM-
44DDS cross-linked system. Fig. 9 shows the nature of energy contribution to the total energy, 
as well as the interfacial energy for a model that had the 200/200 ratio mixture of the 
TGDDM-44DDS and the DGEBA-44DDS cross-linked systems.  

Figure 8. Illustration of uncross-linked a) TGDDM-44DDS and b) c) DGEBA-44DDS 
systems. Shown in c) is the MD simulated epoxy-amine cross-linked TGDDM-
44DDS and epoxy-amine cross-linked DGEBA-44DDS polymer network systems in 
an amorphous cell.  
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Table 2: Example of a dependence of cross-linking fraction on the cross-linking 
radius.  

Cross-linking radius/Å Iteration Percent Conversion 
3.5 1 70.55 
4 1 75.25 

4.5 1 79.4 
5 1 82.95 

5.5 1 88.05 

 

 

Fig. 9: Illustration of the nature of energy components for MD simulated epoxy-amine cross-
linked TGDDM-44DDS (ratio mixture 200/200) and epoxy-amine cross-linked DGEBA-
44DDS (ratio mixture 100/100) polymer network systems in an amorphous cell. 

 

 As presented above, the various properties of several polymer network 
systems of different sizes modelled, analyzed, and compared with experiment were 
presented different national and international conferences. In addition, a few papers 
were prepared and submitted to international journals for possible publications. 
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Although all the computed results are yet to be fully analyzed, we expect that the 
results obtained on the various model systems shall give any structure-function 
relationship that will be useful for the prediction of similar properties of analogous 
cross-linked polymer systems. The results of a few perovskite systems modelled are 
yet to be examined. The outcome of our research is summarized below.  

 

5. Conference presentations and publications  

1- Study on Chemical Interactions at Interfaces in Structural Composite Joints, 
Hasegawa K, Yamazaki N, Watari N, Kamo S, Takagi K,  
Ohkubo M, Itoh H, Miura T, Funada M, Shimoi Y, Varadwaj P. R., Fons. P., 
Japan-US-Australia Composite Workshop, 2020, 3 Sep 2019 - 5 
Sep 2019. Bristol, UK. 

2- P. R. Varadwaj, Noncovalent interactions in novel epoxy polymers and related -
laminated systems: Importance of simulation in elucidating their physical and 
chemical properties, Plenary Lecture, Twenty-fourth International Workshop on 
QUANTUM SYSTEMS IN CHEMISTRY, PHYSICS, AND BIOLOGY (QSCP-XXIV) 
August 18-24, 2019 - Odessa, Ukraine.  

3- Molecular Dynamics and DFT Simulation Study of the Properties of a Cyclic 
Oligomer of o-PEEK, Varadwaj Pradeep R., Fons Paul, Takagi Kiyoka, 
13th Symposium on Molecular Science, Nagoya University, September 17 through - 
Friday, September 20, 2019.  

4- Takagi K, Hasegawa K, Yamazaki N, Watari N, Kamo S, 
Ohkubo M, Itoh H, Miura T, Funada M, Shimoi Y, Varadwaj P. R., Fons. P., Study 
on Chemical Interactions at Interfaces in Structural Composite Joints Japan-US-
Australia Composite Workshop, 5th Composites Workshop, Japan-US-Australia 
Composite Workshop, Defense Equipment Agency, Defense Equipment Agency, 
Ichigaya, February 20-21, 2020, Japan.  

5- Pradeep R. Varadwaj, Combined Molecular Dynamics and DFT Simulation Study of 
the Molecular and Polymer Properties of a Catechol-Based Cyclic Oligomer of 
Polyether Ether Ketone (manuscript submitted to a Wiley Journal).  

6- Soft X-ray Absorption Spectroscopy Probes OH···π Interactions in Epoxy-Based 
Polymers, H. Yamane, M. Oura, O. Takahashi, P. Fons, P. R. Varadwaj, Y. Shimoi, M. 
Ohkubo, T. Ishikawa, N. Yamazaki, K. Hasegawa, K. Takagi, T. Hatsui, ((manuscript 
submitted to an ACS Journal). 
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Theoretical Study on the Synthesis of a Transition-metal Catalyst for Use 
in the Transformation of Small Molecules

   

1  

 20% 

Ziegler  4 

 

2  

Gaussian 16 program DFT 

B3LYP-D3  Lanl2DZ  6-31G++(d,p) 

 

3  

 1–6 

 ( G)  ( )

 2, 

4, 6 

 1, 3, 5 

 

B  G 

 C 

 C 

 

4  
 

5  
 

- 369 -



Molecular dynamics simulation of diffusion coefficient of biomolecule 
immersed in a liquid and the basic cell-size dependence
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MTS-MD/3D-RISM-KH

Establishment of a protocol for analysing thermodynamic quantity of 
biomolecule utilizing MTS-MD/3D-RISM-KH method
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Studies on the ground and excited states of bio-systems utilizing first 
principles molecular dynamics
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Molecular Structure and Dynamics at Solid/Liquid Interfaces using 
Molecular Dynamics Simulation
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[1] T. Joutsuka, S. Yamauchi: Chem. Phys. Lett. 741 (2020) 137108. 

[2] T. Nishikawa, K. Horiuchi, T. Joutsuka and S. Yamauchi: submitted. 

[3] T. Joutsuka, H. Yoshinari, K. Yamamoto and S. Yamauchi: in preparation for submission. 

[4] T. Joutsuka, K. Ando: in preparation for submission. 

1 Molecular mechanism of hole 

migration. 
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Theoretical analysis of olefin polymerization reactions and chain 
shuttling reactions by post-metallocene catalysts
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Divelopment of synthetic reactions based on theoretical calculations
,
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2a 2b  C2’ C9 

 3 

4a 4b

4a 4b DFT 4a

4b 1.4 kcal/mol  (B3LYP/6-31G+(d,p) level with the solvent model 

density (SMD) for CH2Cl2)

4

Kamo, S.; Saito, T.; Kusakabe, Y.; Tomoshige, S.; Uchiyama, M.; Tsubaki, K.; Kuramochi, K. “Synthetic and 

Biological Studies of Juglorubin and Related Naphthoquinones” J. Org. Chem. 2019, 81, 13967-13974
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Molecular dynamics simulation of the non-specific interaction of 
metabolites in cell
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Molecular Dynamics Simulations to Elucidate Protein Dynamics in Cells
, George Pantelopulos, Hisham Dokainish, , , Weitong Ren  

 

1 Introduction

In this project, we performed the following three simulations using IMS Molecular Simulator:  

(1) R-path sampling simulation of Phosphoglycerate kinase (PGK) 

(2) gREST simulation of Fibroblast Growth Factor Receptor 3 (FGFR3) transmembrane helix dimer 

(3) gREST simulation of C99 monomer and dimer. 

In all simulations, we used GENESIS program package [1]. 

 

Among them, in simulations (1) and (2), analyses of the obtained trajectory are ongoing. In simulation (3), the analyses 

were almost done, and we are now preparing a paper. Thus, in this report, we first outline the results of simulations (1) 

and (2), then we describe the results of simulation (3) in particular.  

  

(1) R-path sampling simulation of Phosphoglycerate kinase (PGK) 

PGK is one of major enzymes in glycolysis, and is used in the first ATP-generating step of the glycolytic pathway. 

PGK is present in all the living organisms and its sequence is highly conserved. PGK catalyzes the transfer of the 

phosphate group from 1,3-biphosphoglycerate (1,3-bPG) to MgADP generating 3-phosphoglycerate (3-PG) and MgATP. 

The nucleotide substrates (MgADP or MgATP) binds to the C-terminal domain of the enzyme, and 1,3-bPG or 3PG 

binds to the N-terminal domain, respectively. In apo state, the open state of PGK is more stable. The catalytic reaction 

requires a large-amplitude conformational change so as to bring the two domains close to each other and so as to 

provide the micro-environment for the phosphate group transfer [2]. To study the conformation transition mechanism of 

PGK with and without substrate binding, we utilized replica path-sampling method.  

From these simulations, we now obtained the results that PGK mainly shows the open conformation both in apo and 

in holo states. In the apo state, large inter-domain fluctuation was observed. Substrate binding stabilized the closed-like 

conformation and suppressed the inter-domain fluctuation compared in the apo state.  

  

(2) gREST simulation of FGFR3 transmembrane helix dimer 

FGFR3 is one of the members of the Receptor Tyrosine Kinase, and it is involved in cell growth and migration. 

Professor Sato (Kyoto Pharmaceutical Univ.) proposed the transmembrane (TM) helix tilt angle of FGFR3 would be 

closely linked with FGFR3 activation through experiments using the constitutively active mutant G380R; in the active 

mutant, the tilt angle was smaller than that of WT [3]. As the next stage of their research, to examine the relationship 

between the tilt angle and activation, they made single mutants of Tyr residues at the N-terminal side of the TM helix 

which serve as anchoring residues in membrane. They found the helix tilt angle of one of Tyr mutants was smaller than 

that of WT, and the tilt angle of the mutant was similar to that of G380R mutant.  

To obtain structural insights about how the mutation affects the TM tilt angles, we performed gREST simulation for 
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the WT and the Tyr mutants as in our previous study on FGFR3 TM helix dimer [4]. Currently, we obtained results that 

tilt angles of the Tyr mutants were smaller than that of WT. 

 

(3) gREST simulation of C99 monomer and dimer 

The amyloid hypothesis of Alzheimer’s disease (AD) describes the 

production of the 42-residue amyloid beta (Aβ) congener, Aβ42, which 

forms fibrils both outside cells and within the cell membrane and is 

implicated as the disease agent in AD [5]. The 99-residue C-terminus of 

amyloid precursor protein (APP), C99, is cleaved by γ-secretase in its 

transmembrane domain (TMD) (Figure 1). The dependence of 

mechanisms processing APP and the C99 domain by various secretases 

on the molecular compositions of membranes has been well studied and is 

evidenced to be key to controlling the Aβ congeners produced by C99 

cleavage by γ-secretase [6]. 

The C99 N-terminal domain, which contains the Aβ domain, likely has 

an unqualified propensity for dimerization and oligomerization in the 

membrane via forming β-strands much like Aβ. Additionally, the 

C-terminal domain of C99 is involved in binding several cytoplasmic 

proteins when structured as α-helices. Therefore the conformational 

ensemble of both the dimer and the monomer are likely not only 

complex, possibly featuring multiple metastable conformational states 

that are sensitive to the local membrane environment [7], but the JMD and TMD conformations may also depend on the 

extra-membrane domain structure, ultimately changing the kinetics and mechanism of C99 processing and other 

signaling interactions. 

Recently, the group of Charles Sanders at Vanderbilt University has completely assigned chemical shifts of the full 

C99 sequence in a membrane mimicking environment [8]. These experiments produced random coil chemical shifts in 

residues outside of the TMD except the last 9 residues of the C-terminus forming helix (C-helix) as reported by NMR 

experiments using micelles [9]. In addition, by using large hydrophilic and hydrophobic probes, they identified C99 

regions that are water-exposed, membrane-embedded, or neither, implying frequent inter-protein interactions. However, 

through these experiments, we can’t interpret the underlying conformational states of C99, as the chemical shift 

assignments in all regions except for the C-helix were near random coil. Thus, we performed molecular dynamic 

simulations to elucidate conformation ensemble describing these experimental results. 

In 2018, we published the first computational study of the full-length C99 monomer using an implicit solvent 

membrane model to study the effect of membrane thickness on the conformational ensemble of C99 [10]. We found that 

as membrane becomes thicker the helical character of the C99 ensemble is enhanced, implying a reduction in propensity 

for C99 aggregation via β-strand formation between N- and C-terminal domains and implying an increase in interaction 

propensity for other binding partners via structuring α-helices. We continued our work on the full C99 sequence using 

more accurate explicit all-atom molecular dynamics simulations of both the C99 monomer, initiated from 

conformational states of our past work, and new work on the C99 dimer.

Figure 1. Cartoon model of C99 monomer. 

The secondary structure was predicted 

based on solution NMR experiments. 
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2 Methods

Approximately the first half of these simulations were completed on the K computer and the last half was completed 

on the IMS Molecular Simulator. We have utilized generalized Replica Exchange with Solute Tempering (gREST) 

method [11]. Our gREST scheme employs 16 replicas and the “solute” temperature ranges from 310 K to 340 K. In 

these simulations, we used CHARMM36m for peptide, CHARMM36 for lipid and TIP3P water molecules. To avoid the 

TM helix dimer dissociation during the gREST simulation, we scaled lipid-peptide interactions down by the factor of 

0.9 [4, 12]. We analyzed the conformations in the 310 K temperature system.  

3 Results

Our main result is that the C99 monomer exhibits a truly intrinsically disordered ensemble in the residues outside of 

the TMD, showing no metastable thermodynamic states, on the other hand, the C99 dimer exhibits 15 metastable 

conformational states (Figure 2A). The number of the conformation clusters was determined using the root mean 

squared difference of distances (dRMSD) between all -carbons of the residues outside of the TMD. 

 

 
 

Figure 2. (A) 
I I
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The last key result observed in the dimer are the few different dimer interfaces in the TMD, which we define using 

Crick angles of the TM helix dimer, defining the director vector between the two helices via the Gly33, the central 

residue of the most frequently observed C99-C99 dimerization interface along a GxxxGxxxG motif in the sequence 

(Figure 2C). Each of these TMD conformational states correspond directly with extramembrane conformational states. 

This leads to a key point: the C99 dimer motif depends directly on the C99 extra-membrane residues even though these 

residues appear to be intrinsically disordered via time-averaged experimental measurements. 

4 Poster Presentation

(listed only presentation relating to this project in FY2019) 

(1) Daisuke Matsuoka, Yuji Sugita “Dimer Conformation Sampling of transmembrane peptide dimer using MD 

Simulation” The 5th International Conference on Molecular Simulation, Jeju, Korea, Nov. 2019. 

(2) George A. Pantelopulos, James Hutchinson, Daisuke Matsuoka, Charles Sanders, Yuji Sugita, John E. Straub, 

“Exploring APP-C99 complexes in lipid bilayers and their role in Alzheimer's disease” ACS Spring 2020 National 

Meeting & Expo, Philadelphia, USA, Apr. 2020 

5 Publication

(listed only papers relating to this project in FY2019) 

(3) D. Matsuoka, M. Kamiya, T. Sato, Y. Sugita, “Role of the N-Terminal Transmembrane Helix Contacts in the 

Activation of FGFR3” J. Comput. Chem., 41, 561 (2020) 

In addition, we are currently drafting the work about C99 for submission to peer review including additional 

experiments from the Sanders group supporting us a co-authors in our work.
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Computational chemistry simulation for elucidation and design of photo- 
and electro-active organic molecular materials
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Mechanism elucidation of hydrolase-catalyzed kinetic resolution and its 
synthetic applications
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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
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Molecular Simulations of Heme Binding Process in a Heme Transporter
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Molecular Dynamics Simulation of Highly Polar Liquid Crystalline 
Compounds
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Theoretical Calculations of Electronic Structure and
Electron Dynamics in Nanostructures
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories 

Vignesh K.R. Pei Zhao  
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Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations
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The pyrolysis reaction and survival rate of organic molecules through a 
meteorite impact on Early Earth
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Molecular Dynamics Study of Ionic Liquids
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“Theoretical Investigation of Dissolution and Decomposition Mechanisms of a Cellulose Fiber in Ionic Liquids”, 
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Ab-initio calculation of magnetism and phonon properties in molecular 
system

○南谷 英美（分子科学研究所）, 崔 城豪(豊田工業大学)
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Theoretical study of molecular vibrational polariton in the ultrastrong 
coupling regime

Nguyen Thanh Phuc  
 

1  

Controlling chemical reactions has always been an important goal in the field of chemistry. Over the last century, 

synthetic chemists have developed various kinds of catalysts to modify chemical reactions. There are also physical 

methods to control chemical reactivity by using intense laser fields to excite nuclear vibration to overcome the barrier of 

reaction. However, these approaches often require cryogenic temperature as the excitation energy can be redistributed to 

other vibrational degrees of freedom. One way to overcome this challenge is to control the chemical reaction by 

strongly coupling the molecular vibration to the vacuum field of a cavity mode. Strong coupling of both electronic and 

vibrational degrees of freedom of molecules to an optical cavity has been realized in various experimental platforms 

involving both an ensemble of molecules as well as a single molecule. It gave rise to a variety of interesting phenomena 

and important applications including the control of chemical reactivity, enhancement of transports, nonlinear optical 

properties with applications to optoelectronic devices, polariton lasing and condensate, and precise measurement of 

molecular excitation energies. 

In particular, the interaction of the zero-point energy fluctuations of the cavity mode with the molecular vibration is 

expected to modify the chemical reactivity, which has recently been demonstrated experimentally. Theoretical 

investigations of the effect of the coupling between molecular vibrations and the optical cavity mode on the chemical 

reaction rate have also been done for the ab initio model of a simple molecule and the model of electron-transfer 

reaction. However, the physical mechanism underlying the modification of the chemical reactivity induced by the 

molecule-cavity coupling is not fully understood. In particular, the change of the ground state of the total system by the 

molecule-cavity coupling has been ignored when applying the rotating-wave approximation. The mixing of ground and 

excited states of molecular vibration in the ground state of the hybrid system can, in principle, significantly affect the 

chemical reactivity in a way similar to the excitation of nuclear vibrations done by an intense laser. The only difference 

is that here the excitation is induced by the quantum fluctuation in the vacuum field of the cavity rather than by a strong 

laser field. 

In this study, we extend the investigation of the effect of vibrational polariton on the chemical reaction rate to the 

so-called ultrastrong coupling regime, where the molecule-cavity coupling strength is comparable in magnitude with 

both the vibrational and the cavity frequencies. The ultrastrong coupling has already been realized in various kinds of 

systems including intersubband polaritons, superconducting circuits, Landau polaritons, optomechanics as well as 

organic molecules. In the ultrastrong coupling regime, the rotating-wave approximation is no longer valid and the 

optical diamagnetic term cannot be neglected. As a result, the ground state of the total system can be strongly modified 

as it now involves virtual photons and molecule’s vibrational excitations.  
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2  

In this study, we developed a theoretical model for the coupled system of molecules and an optical cavity. We 

considered an electron-transfer chemical reaction in a system of N identical molecules, whose nuclear vibrations are 

coupled to an optical cavity. As described by the Marcus-Levich-Jortner model, the reactant and product electronic 

states of each molecule are coupled to a single high-frequency vibrational mode, which is further coupled to a single 

mode of the optical cavity. The molecule’s electronic states are also coupled to a continuum of low-frequency 

vibrational modes, which stem from the inter-molecular vibrations of the surrounding molecular environment such as 

the solvent. 

We then used the RCCS computers to find the energy eigenstates of the molecule-plus-cavity hybrid system, from 

which we computed the electron-transfer reaction rate as a function of the coupling strength between molecules and the 

cavity. The computation was done for different number of molecules in the system.  

3  

We investigated how the ultrastrong coupling between molecular vibrations and an optical cavity can affect the 

electron-transfer reaction rate. We found that there exist both regions of parameters for which the reaction rate increases 

or decreases by coupling the molecular vibration to the cavity field. The modification of the reaction rate by the 

molecule-cavity coupling is determined by two factors: the relative shifts of the energy levels induced by the coupling, 

and the mixing of ground and excited states of molecular vibration in the ground state of the hybrid system through 

which the Franck-Condon factor between the initial and final states of the transition is altered. The former is the 

dominant factor if the molecule-cavity coupling strengths for the reactant and product states differ significantly from 

each other. It increases the reaction rate over a wide range of system’s parameters. Conversely, the latter dominates if 

the coupling strengths and energy levels of the reactant and product states are close to each other, and it 

counterintuitively leads to a decrease in the reaction rate. This is in contrast to the normal expectation that the reaction 

rate would increase due to the molecule’s vibrational excitations. The result, however, can be understood as a 

consequence of the minus sign of the coefficient of the molecular vibration’s excited state induced by coupling with the 

cavity. We also investigated how the effect of vibrational polariton on the reaction rate changes for a variable number of 

molecules coupled to the cavity. The effect of mixing of vibrational excitations on the reaction rate is suppressed in a 

system containing a large number of molecules due to the collective nature of the resulting polariton, while the effect of 

the relative shifts of the energy levels is essentially independent of the number of molecules. 

4  

Nguyen Thanh Phuc, Control of electron-transfer-like reaction rate through molecular-vibration polariton in the 

ultrastrong coupling regime. 75 2020  

5  

N. T. Phuc, P. Q. Trung, A. Ishizaki, Controlling the nonadiabatic electron-transfer reaction rate through 

molecular-vibration polaritons in the ultrastrong coupling regime. Scientific Reports 10, 7318 (2020). 
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Theoretical Prediction of Atomic Force Microscopy Images of 
Chromosomes
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4 MRI

Functional and structural analysis of four dimensional MRI of the brain.
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Flood-filling networks (FFNs)
3

Automated dense segmentation of serial EM images 
using Flood filling networks (FFNs)
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Exploring reaction pathways of the nonadiabatic cascade of 
biomolecules and methane activation 
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Molecular level analysis of relaxations in bulk 
and interfacial electrolyte liquids
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