




1 ················································· 1 

 2 2022···················································· 2 

 3

3.1 NEC

3.1.1 ··································································· 3 

3.1.2 ····················································································· 5 

3.1.3 ····················································································· 6 

3.2

3.2.1 ··································································· 7 

3.2.2 ····················································································· 9 

3.2.3 ··················································································· 10

 4

4.1

4.1.1 NEC ·············································································11

4.1.2 ······································ 14

 5 2022

5.1 ··················································· 17 

5.2 ···························································· 17 

5.3 ················································································· 18 

5.4 CPU ······································································ 19 

5.5 ····································································· 19 

5.6

 5.6.1 NEC ············································································ 20

 5.6.2 ······································ 22

 6

6.1 ···························································· 24

6.2 ·································································· 25

6.3 CPU ································································ 26

 7  ( 2022 ) ··························· 29 



  



1.

2022 298 1242 40

2022 9 30 NEC
2023 2 1

4

4.096PFlops 6.68PFlops

2023 1 16 17
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3.

3.1. NEC 2022 9

3.1.1
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2017 10

NEC LX 406Rh-2 LX 110Rh-1 LX 108Th-4G 3

NEC LX 406Rh-2 DDN SFA14KXE

DDN ExaScaler (Lustre) Intel Omni Path (100Gbps)

P100 GPU

2022 9

NEC LX
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3.1.2. 

(jobtype ) 1 /
GPU

cclx

PN 
(large) ccnf 18.8GB/ 1 10

40 400

300
100
30
10
10

4000/72 
2560/48
1600/30
960/16
320/12

300
100
30
10
10

4000
2560
1600
960
320

PN 
(small) 

ccnn
ccnf 4.4GB/ 1 32

40 1280

PN 
(core) 

cccc
ccca 4.8GB/ 1 36

PN
(gpu,gpup)

ccca 7.3GB/

1 48GPU
1 12 /GPU

PN
(gpuv)

1 8GPU
1 3 /GPU

1

526 OmniPath

5 ccnn 526

1 small ccnf

1 4-18 core ccca

core, gpu, gpup, gpuv

ccca GPU P100 V100

P100 gpup V100 gpuv gpu

P100 V100

1

cclx ( ) 4.4GB/
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3.1.3. 

CPU CPU

CPU GPU

(jobtype) CPU GPU

large 42 / ( /( * )) -

small 28 / ( /( * )) -

core 1.0 / ( /( * )) -

gpu, gpup 1.0 / ( /( * )) 10 / ( /(GPU* ))

gpuv 1.0 / ( /( * )) 15 / ( /(GPU* ))

ccfep, ccgpuv CPU CPU (ccgpuv 2019/7 ) 

ccgpup CPU (ccgpup 2019/10 ) 

CPU
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3.2. 2023 2

3.2.1. 
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2023 2 HPE 

Apollo2000/Apollo6500 Gen 10 Plus HPE Proliant DL385 Gen Plus v2

HPE ClusterStor E1000 (lustre) InfiniBand (200 Gbps/100 Gbps)

CPU/GPU HPE Adaptive 

Rack Cooling System (ARCS)
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3.2.2. 

(jobtype ) 1
/

GPU

H 
(largemem) ccf 7.875GiB/ 1 14 vnode(s)

64 896

720
240
72
24
24

9,600/64
6,400/42
4,096/28
3,200/12

768/8 

1,000

H 
(vnode) 

ccc
ccf

1.875GiB/ 1 50 vnode(s)
64 3,200

H 
(core) 

ccc
ccg

1.875GiB/
1 63

H 
(gpu) ccg 1.875GiB/ 1 48GPU

1 16 /GPU

( ) ccc 1.875GiB/

vnode 64

1

1 vnode ccf

3 4-24 core ccg
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3.2.3. 

CPU CPU

CPU GPU

(jobtype) CPU GPU

largemem 60 / ( /( * )) -

vnode 40 / ( /( * )) -

core 1.0 / ( /( * )) -

gpu 1.0 / ( /( * )) 30 / ( /(GPU* ))

CPU

ccfep CPU CPU
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4.
4.1.

CPU

 

4.1.1. NEC  (2022 9 ) 

ABINIT A package for material science within density functional theory, using a plane wave basis set 
and pseudopotentials. 

ABINIT-MP A software for fast Fragment-Molecular-Orbital (FMO) calculations. 
AlphaFold AI program for predictions of protein structure. 
AMBER A package of molecular simulation programs.
AutoDock Suite of automated docking tools. 
CP2K A quantum chemistry and solid state physics software package. 
CRYSTAL General-purpose programs for the study of crystalline solids. 
DCDFTBMD Huge-system quantum mechanical molecular dynamics simulation program 
DIRAC Computes molecular properties using relativistic quantum chemical methods (named after P. A. 

M. Dirac). 
GAMESS General atomic and molecular electronic structure system.
Gaussian Ab initio molecular orbital calculations.
GENESIS Molecular dynamics and modeling software for bimolecular systems such as proteins, lipids, 

glycans, and their complexes. 
GROMACS Fast, Free and Flexible MD
GRRM Automated Exploration of Reaction Pathways.
LAMMPS Large-scale Atomic/Molecular Massively Parallel Simulator. 
Molpro A complete system of ab initio programs.
NAMD A scalable molecular dynamics program.
NBO/NBOView Discovery tool for chemical insights from complex wave functions. 
NTChem A comprehensive new software of ab initio quantum chemistry made in AICS from scratch. 
NWChem Computational chemistry tools that are scalable both in their ability to treat large scientific 

computational chemistry problems 
OpenMolcas Quantum chemistry software 
ORCA An ab initio quantum chemistry program package 
PSI4 An open-source suite of ab initio quantum chemistry programs designed for efficient, high-

accuracy simulations of a variety of molecular properties. 
Quantum 
ESPRESSO

An integrated suite of Open-Source computer codes for electronic-structure calculations and 
materials modeling at the nanoscale.

Reaction Plus Program to obtain the transition state and reaction path along the user’s expected reaction 
mechanism. 

SIESTA Efficient electronic structure calculations and ab initio molecular dynamics simulations of 
molecules and solids

SMASH Scalable Molecular Analysis Solver for High performance computing systems 
TURBOMOLE One of the fastest programs for standard quantum chemical applications.
GaussView A viewer for Gaussian
Luscus A portable GUI for Molcas and other chemical software 
Molden A visualization program of molecular and structure.
VMD Molecular graphics viewer
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4.1.2.  (2023 2 ) 

ABINIT-MP A software for fast Fragment-Molecular-Orbital (FMO) calculations. 
AlphaFold AI program for predictions of protein structure. 
AMBER A package of molecular simulation programs.
CP2K A quantum chemistry and solid state physics software package. 
CRYSTAL General-purpose programs for the study of crystalline solids. 
DIRAC Computes molecular properties using relativistic quantum chemical methods (named after P. A. 

M. Dirac). 
GAMESS General atomic and molecular electronic structure system.
Gaussian Ab initio molecular orbital calculations.
GENESIS Molecular dynamics and modeling software for bimolecular systems such as proteins, lipids, 

glycans, and their complexes. 
GROMACS Fast, Free and Flexible MD
GRRM Automated Exploration of Reaction Pathways.
LAMMPS Large-scale Atomic/Molecular Massively Parallel Simulator. 
Molpro A complete system of ab initio programs.
NAMD A scalable molecular dynamics program.
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NBO/NBOView Discovery tool for chemical insights from complex wave functions. 
NWChem Computational chemistry tools that are scalable both in their ability to treat large scientific 

computational chemistry problems 
OpenMolcas Quantum chemistry software 
ORCA An ab initio quantum chemistry program package 
PSI4 An open-source suite of ab initio quantum chemistry programs designed for efficient, high-

accuracy simulations of a variety of molecular properties. 
Quantum 
ESPRESSO

An integrated suite of Open-Source computer codes for electronic-structure calculations and 
materials modeling at the nanoscale.

Reaction Plus Program to obtain the transition state and reaction path along the user’s expected reaction 
mechanism. 

SIESTA Efficient electronic structure calculations and ab initio molecular dynamics simulations of 
molecules and solids

TURBOMOLE One of the fastest programs for standard quantum chemical applications.
GaussView A viewer for Gaussian
VMD Molecular graphics viewer
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NEC LX HPE Apollo

114,241,194

18,048,17835,740,72236,800,950

CPU

15 59

268 1,132 286,235,369 233,404,192

2 3

1 1 961,711

398,951

1,200,000

960,000

1,550,000

986,000

0

746,4001,116,000

0 0

298 1,252

0

25,460,000

352,148,319

Type-NF

3 4

9 53

2,866

0

3,671,059

137,323,959297,511,314

25,460,000

100

5 446,252 99 99 99 99

2022 4 426,375 100

734

100 100667

6 471,506 100 100 100

99

100

9 462,392 99

8 508,489 100 100 100

7 513,500 100 100

99

710

734

734

701

11 79,931 - - -

10 103,193 - - --

- -

-

-

2 405,029 - -

-

-

- -

-

- -

2023 1 184,409 - - -

12 84,935 - - --

-

4,130,568 100 100 100

3 444,557 - - --

4,280

-

100

- -

-

-

-

-

-

99

100

100

- -

100 100

-

-

-

-

-

672

734

-

- - -

100

- - -

- - -

- - -

-

-

-

-

-

- -

- -

-

-

- - -

100

-

- - -

- - -

100 100 100

- -

- -

- -

- -

100

100 100

Type-NN Type-CC Type-CA Type-F Type-C Type-G

667 667 667

734

710

734

734

701

734

710

734

734

701

-

4,280

-

-

4,280

734

710

734

734

701

-

-

-

-

-

-

4,280

-

1,406

672

734

1,406

666

729

1,395

-

- -

- -

- -

- -
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NEC LX

HPE Apollo

HPE Apollo

NEC LX

Type-CC * Type-CA * Type-CA *

CPU GPU

Type-NF * Type-NN *

52 115,176 902022 4 440,329 63 17,824,133 84 2,217,621 58 791,498

2,599,907 62 658,909 39 141,972 1005 258,557 34 21,265,224 91

42 129,579 956 375,692 51 21,205,857 94 3,050,682 75 691,121

3,224,980 77 997,774 59 138,723 987 548,784 72 22,142,890 95

40 139,975 998 688,587 90 23,080,513 99 3,480,843 83 674,457

3,292,424 82 839,018 52 125,544 939 573,216 79 20,917,288 94

47 790,969 962,885,166 65 126,435,906 93 17,866,456 73 4,652,777

Type-NF Type-NN Type-CC Type-CA

73,800

5 1,519 24,987 51,532 92,234 170,272

2022 4 1,812 16,516 28,521 26,951

266,183 69,958

660,224

7 21,153 58,520 412,415 228,974

6 3,079 21,920 517,422 117,803

* Type-G *Type-F * Type-C * Type-G

CPU GPU

419,690 31 61,029 72

3

830,543 69 38,764,722 562023 2

8062 43,141,534 57 387,645 26 74,596818,023

807,335 28 135,625 761,648,566 66 81,906,256 57

2,440,18643,850 226,789 1,563,193 606,354

415,244

9 2,087 39,943 287,120 70,434 399,584

721,062

8

31,777 378,277

220,728 8,404 229,969

2,379 344,121

3 837

2023 2 1,542 123,393 23,373 148,308

Type-C Type-GType-F

14,200 64,903
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NEC LX PN large PN small PN core PN gpu Queue ETC

2022 4 386641:15:20 17877821:14:00 2217620:57:02 791498:24:15 21273581:50:37 0:00:00 21273581:50:37

5 137101:30:40 21386679:54:40 2614517:10:01 644298:11:50 24782596:47:11 0:00:00 24782596:47:11

6 251481:42:40 21330067:10:40 3171257:39:36 570545:22:08 25323351:55:04 0:00:00 25323351:55:04

7 369690:12:00 22321983:41:20 3330641:33:20 892112:53:21 26914428:20:01 0:00:00 26914428:20:01

8 541077:20:00 23228022:59:20 3608399:15:47 546900:27:49 27924400:02:56 0:00:00 27924400:02:56

9 428785:24:00 21061718:52:40 3490734:49:43 640706:57:15 25621946:03:38 0:00:00 25621946:03:38

2114777:24:40 127206293:52:40 18433171:25:29 4086062:16:38 151840304:59:27 0:00:00 151840304:59:27

HPE Apollo H largemem H vnode H core H gpu Queue ETC

2023 2 830543:05:36 33208587:23:44 5740653:14:12 235171:48:22 40014955:31:54 0:00:00 40014955:31:54

3 818022:41:04 37501839:35:28 5755855:20:15 271484:31:14 44347202:08:01 0:00:00 44347202:08:01

1648565:46:40 70710426:59:12 11496508:34:27 506656:19:36 84362157:39:55 0:00:00 84362157:39:55

NEC LX PN large PN small PN core PN gpu

2022 4 445 17,883 28,521 26,951 73,800

5 291 26,215 51,723 92,043 170,272

6 357 24,642 563,391 71,834 660,224

7 452 79,221 415,535 225,854 721,062

8 524 78,579 289,557 46,584 415,244

9 479 41,551 298,346 59,208 399,584

2,548 268,091 1,647,073 522,474 2,440,186

HPE Apollo H largemem H vnode H core H gpu

2023 2 1,542 59,430 68,607 18,729 148,308

3 837 27,854 195,373 5,905 229,969

2,379 87,284 263,980 24,634 378,277

- 19 -



5.6. 
5.6.1. NEC (2022 9 ) 
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5.6.2. (2023 2 ) 
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a

b

d

a

b

d

a
b
c
d

( ) 1,087 6,071 6,553 6,721 6,305 6,170 6,316

CPU b,c
( )

509 2,405 5,405 6,320 8,205 8,489 8,508

CPU
( )

(200H ) (200H ) (200H )

234

1986

M-680H

S-810/10

CPU b,c
( )

12,770 20,092 / 5,023

6,016 6,368

CPU
( )

(200H ) (200H  / M-680H )

278,956

1987

M-680H

( 1 )

S-810/10

(2 )

S-820/80

213

143

520

663

6,624

6,444

(M-680H )

207

13,053

10,091

14,799

10,768

(200H ) (200H )

330 375

110

446

556

102

426

528

198

469

11,938

10,141

(200H ) (200H )

1983

M-200H

2

199

1984

M-200H

2

M-680H

S-810/10

160

70 69 91 94

254 325

929

M-200H

2 M-180 M-180 2

1988

10,418

231

211

( )

1985

( 11 )

(1 )

1981

176 192 183

421

4,666 11,033 10,230

8,306

M-200H

2

0

2 0 0 3

24 93

43 20 69920

1982

M-180 M-200H M-200H

1978

M-180

2

816 3,171 7,427

334 394

200H

1979 1980

63

48

107

155

1991

M-680H M-680H M-680H M-680H

41,521 155,980 183,840 214,847 239,771 226,727

118

0

202118 190

236,519

1989 1990

3

185

100

0

S-820/80 S-820/80 S-820/80 S-820/80

33,832 / 8,458 12,439

137 146 140 158

544 593 623

14,694 16,622 20,606

272239 256

6,091 5,694 6,768 6,749

(M-680H ) (M-680H ) (M-680H ) (M-680H )

218 248 229

7

0 0 0 0

3 0 0

278,104 253,418 2,955,038 346,987

515

652 690 733 781

12,347 14,626

7,872 8,300 11,975 11,874

17,846

206

274,431

12,080

39

1

226

130

464

594

141

496

637

15,536

0

28,184 / 7,046

237

289,915

4

1

223

9,880

7,978
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a

M-680H 6,689 M-680H 5,722 SX-3/34R 8,352 SX-3/34R 8,425 SX-3/34R 8,494 SX-3/34R 8,579 SX-3/34R 6,365 VPP5000 8,234

SX-3/34R 2,101 SX-3/34R 8,506 HSP  8,293 HSP 8,431 HSP 8,513 SX-5 8,587 SX-5 8,301 SGI 8,319

HSP 2,133 SP2 8,333 SP2 8,336 SP2 8,515 SP2 8,574 SP2 8,375 SX-5 8,496

SP2 2,022 HPC 4,872 HPC 8,501 HPC 8,590 HPC 8,363 SP2 8,492

SR2201 3,561 SR2201 8,694 SR2201 8,381 HPC 8,490

Origin2000 3,570 Origin2000 8,380

CPU
( )

b

d

a

VPP5000 8,492 VPP5000 8,506 VPP5000 8,553 VPP5000 8,502 VPP5000 8,462 VPP5000 1,402 Altix4700 8,245 Altix4700 8,087 Altix4700 8,319

SGI 8,422 SGI 8,324 SGI 8,545 SGI 8,496 SGI 8,492 SGI 1,400 PRIMEQUEST 8,304 PRIMEQUEST 8,486 PRIMEQUEST 8,536

SX-5 8,558 SX-5 8,391 SX-7 8,524 SX-7 8,451 SX-7 8,492 Altix4700 6,196 SX-7 7,098 SR16000 8,261 SR16000 8,454

SP2 8,555 SP2 7,118 TX-7 8,525 TX-7 8,489 TX-7 8,501 PRIMEQUEST 6,336 TX-7 7,088

HPC 8,555 HPC 8,386 SX-7 8,399

TX-7 8,398

CPU
( )

b

d

a
b
c
d

CPU b,c
( )

678,128 2,030,643 1,785,877 1,762,818 1,992,205 4,384,464 6,307,008

(M-680H ) (M-680H ) (M-680H ) (HSP ) (HSP ) (HSP ) (HSP )

CPU b,c
( )

12,491 16,306 24,781 156,076 207,790 262,365 273,575

(SP2 Thin ) (SR16000 )

SP2

14

152

PRIMEQUEST(7 )

44

145

(5 )

HPC

Origin2000(10 )

SX-7(1 )

SX-5(3 )

SR2201

Altix4700

704

45,173

58,650

735

TX-7

78,130

1,005,486

918,737

595

702,270

0

18

0

(SP2 Thin ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 )

0

510

0

368,136

28,968 19,896

( )

SR2201

Origin2000

149,342

22

140,250

648

1,224,945

1,199,620

604

251,785

PRIMEQUEST

TX-7(1 )

VPP5000(5 )

SGI2800,Origin3800

321,796

15

119

0

PRIMEQUEST

SR16000SR16000

539

166

347

156

101

(SP2 Thin )

239,671

302

Altix4700(7 )

59

589

141

40

SR16000(3 )

551

188 186

TX-7

302

TX-7

HPC

144

341,788

0

234,866

4

55,522

2000

2001

SGI2800,Origin3800

SX-3/34R

VPP5000

1998 1999

SX-3/34R

(12 )HSP SGI2800,Origin3800

PRIMEQUEST

138

566

13

174

664

0

125

67,159

VPP5000

40,697

SX-5

SX-5

HPC

79,964

VPP5000

SP2 SP2

SX-5

SP2

SGI2800,Origin3800

SX-5

SP2

2007

391

HPC

2008

Altix4700

2009

Altix4700

635

534

249,405

18

209,393

70,680

479

278,177

148

100

229,401 277,697

449

538

0

504

237,872

583

89

HPC

347

0

49

635

1,433,895

104

SGI2800,Origin3800

SX-7

2002 2003 2006

267

TX-7

10

(SP2 Thin )

619,294

1,412,981

171

VPP5000

97,78876,804

306 331

0

3

414,643

573599

11

107,194

533

20

0

196

653,468

58,784

0

5

149,177

281

4 4 21

284 205 214

12,579,635 11,954,215

(SR16000 )

0

58,685

282

0

0

297,638

21,153

19,110

804

143

661

7,156

S-820/80

1992

M-680H

16,027

227,650

S-820/80( 12 )

SX-3/34R(1 )

225

18,311

589

716

1993

M-680H

271

1995

10

1994

M-680H( 11 )

SX-3/34R

HSP(1 )

SP2(1 )

222

139

601

740

21,781

19,393

127

40,358

7

129

726

1997

SP2

SX-3/34R

HSP

1996

HPC(9 ) HPC

SR2201(11 )

SP2

SX-3/34R

HSP

154 132

SX-7

684

201

713

574

15

51,499

58,425

70,308

126

73,910

51,738

210

37,446

84,102

188

609

275

480516

3083

SX-7SX-7

SGI2800,Origin3800SGI2800,Origin3800

VPP5000VPP5000

20052004

139

1

( )

279

0

SX-3/34R

HSP(1 )

SP2(1 )

597
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a

Altix4700 8,513 Altix4700 7,148 SR16000 7,904 PRIMERGY 8,482 PRIMERGY 8,561 PRIMERGY 8,588 PRIMERGY 8,576 PRIMERGY 4,251

PRIMEQUEST 8,567 PRIMEQUEST 7,180 PRIMERGY 8,444 UV2000 8,037 UV2000 8,574 UV2000 8,470 UV2000 8,530 UV2000 4,262
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8-4　計算科学研究センター
計算科学研究センターは，2000 年度に分子科学研究所の電子計算機センターから岡崎共通研究施設の計算科学研究

センターへの組織改組が行われ，現在は分子科学研究所，基礎生物学研究所，生理学研究所の 3研究所により運営さ

れている。従来の共同利用に加えて，理論，方法論の開発等の研究，さらに，研究の場の提供，ネットワーク業務の

支援，人材育成等に取り組んでいる。2022 年度においても，計算物質科学スーパーコンピュータ共用事業や各種スクー

ルの開催をはじめとした様々な活動を展開している。ここでは共同利用に関する活動を中心に，特に設備の運用等に

ついて記す。

2023 年 2 月現在の共同利用サービスを行っている計算機システムの概要を示す。本システムは，2017 年 10 月から

稼働していた旧「高性能分子シミュレータ」を 2023 年 2 月に更新した「高性能分子シミュレータ」である。本シミュ

レータでは，量子化学，分子シミュレーション，固体電子論などの共同利用の多様な計算要求に応えうるための汎用

性があるばかりでなく，ユーザーサイドの PCクラスタでは不可能な大規模計算を実行できる性能を有する。

高性能分子シミュレータは，主として HPE製の Apolloシリーズで構成される 834ノードの共有メモリ型スカラ計算機

クラスタであり，全サーバは全て同一 CPU（AMD E7763），同一 OS（Rocky Linux 8.7）を有し，バイナリ互換性を保ち

一体的に運用される。システム全体として総演算性能 6.68 Pflopsで総メモリ容量 224 TBである。主力の演算サーバは

Type Cと呼ぶもので，2.45 GHzのクロック周波数をもつ 128コア，256 GBメモリ構成の 804台である。仮想ノード単位

とコア単位の利用形態のジョブの大半は Type Cで実行される。Type Fはメモリを 1 TBに強化した 14台であり，他は

Type Cと同一である。多くのメモリを必要とするジョブが仮想ノード単位で実行される。Type Gは 1ノードあたり 8

GPUを有する 16台であり，筐体が違うものの他は Type Cと同一である。インターコネクトは InfiniBandアーキテクチャ

を採用し，全台数を 100 Gb/sで接続しており，大規模な分子動力学計算などノードをまたがる並列ジョブを高速で実行

することができる。これらクラスタ演算サーバは 14.8 PBの容量を持つ外部磁気ディスクを共有し，Lustreファイルシス

テムを構成している。

ハードウェアに加え，利用者が分子科学の計算をすぐに始められるようにソフトウェアについても整備を行ってい

る。量子化学分野においては，Gaussian，GAMESS，Molpro，TURBOMOLE，分子動力学分野では，Lammps，

GROMACS，Amberなどがインストールされている。これらを使った計算は全体の 1/3 強を占めている。

共同利用に関しては，2022 年度は 296 研究グループにより，総数 1,238 名（2023 年 2 月現在）におよぶ利用者がこ

れらのシステムを日常的に利用している。近年，共同利用における利用者数が増加傾向にあり，このことは計算科学

研究センターが分子科学分野，物性科学分野，生物物理分野において極めて重要な役割を担っており，特色のある計

算機資源とソフトウェアを提供していることを示している。また最近は，錯体化学分野や有機化学分野など幅広い分

野の研究者の利用も増加している。

計算科学研究センターは，国家基幹技術の一つとして位置づけられているスーパーコンピュータ「富岳」成果創出

加速プログラム，データ創出・活用型マテリアル研究開発プロジェクトとも連携を行っている。これら２つの大規模

並列計算を志向したプロジェクトを支援し，各分野コミュニティにおける並列計算の高度化へさらなる取り組みを促

すことを目的として東北大学金属材料研究所，東京大学物性研究所，自然科学研究機構分子科学研究所が共同で「計

算物質科学スーパーコンピュータ共用事業（SCCMS）」を運営しており，2022 年度はこれらプロジェクトにコンピュー

タ資源の一部（10%以下）を提供・協力している。さらに，ハード・ソフトでの協力以外にも，分野振興および人材

育成に関して，計算科学研究センター研究施設のワークショップ「複雑電子状態の理論・計算科学」と２つのスクー

ル「第 12 回量子化学スクール」と「第 16 回分子シミュレーションスクール̶基礎から応用まで̶」を開催した。また，
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東北大学金属材料研究所，東京大学物性研究所，大阪大学ナノサイエンスデザインセンターと協力し，我が国の最先

端の計算物質科学技術を振興し，世界最高水準の成果創出と，シミュレーション技術，材料情報科学技術の社会実装

を早期に実現するため，計算物質科学協議会を設立・運営し，分野振興を行っている。

2022 年度　システム構成

高性能分子シミュレータシステム 6.68 PFlops

クラスタ演算サーバ Type C
型番：HPE Apollo2000 Gen 10 Plus
ＯＳ：Linux
コア数：102,912コア（128コア× 804ノード）2.45 GHz
総理論性能：4,034 TFlops（5,017.6 GFlops× 804ノード）
総メモリ容量：206 TB（256 GB× 804ノード）

クラスタ演算サーバ Type F（メモリ強化）
型番：HPE Apollo2000 Gen 10 Plus
ＯＳ：Linux
コア数：1,792コア（128コア× 14ノード）2.45 GHz
総理論性能：70 TFlops（5,017.6 GFlops× 14ノード）
総メモリ容量：14 TB（1024 GB× 14ノード）

クラスタ演算サーバ Type G（演算性能強化）
型番：HPE Apollo6500 Gen10 Plus
ＯＳ：Linux
コア数：2,048コア（128コア× 16ノード）2.45 GHz
GPU：NVIDIA A100 NVLink
総理論性能：80 TFlops（5,017.6 GFlops× 16ノード）+ 2,496 TFlops（19.5 TFlops× 128ノード）
総メモリ容量：14 TB（1024 GB× 14ノード）

外部磁気ディスク装置
型番：HPE ClusterStor E1000
総ディスク容量：14.8 PB

インターコネクト装置
型番：NVDIA Mellanox InfiniBand Switch

フロントエンドサーバ
型番：HPE ProLiant DL385 Gen10 Plus v2
ＯＳ：Linux
総メモリ容量：1 TB（256 GB× 4ノード）

運用管理クラスタ
型番：HPE ProLiant DL360 Gen10 Plus
ＯＳ：Linux
総メモリ容量：1.1 TB（192 GB× 6ノード）
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Calculation of metastable supramolecular structures created 
in a microflow field
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Theoretical investigation of photoinduced transformations catalyzed by 
first row transition metals
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Mechanistic study of novel C–H activation reactions 
using DFT calculations
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Benzene-CH4 van der Waals 6

Six-dimensional model potential calculations and wave-packet 
observation of intermolecular vibration in benzene-CH4 van der Waals 

complex
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Quantum Chemistry and Reaction Dynamic of  
Catalytic and Biological Systems 

Manussada Ratanasak  
Sarinya Hadsadee  

  
 

1  

 

(1.1) NiCo  

(1.2) Ru CO  

(1.3) Ni  

(1.4) Ru  

(1.5) 

(1.6) Alchemical perturbation DFT  

(1.7) BPh3 N-

2  

(2.1) (1.1) Vasp . 

(2.2) (1.2) GPAW . 

(2.3) (1.3) Gaussian, AFIR . 

(2.3) (1.4) (1.7) Gaussian . 

(2.5) (1.5) SALMON . 

(2.6) (1.6) . 

3  

(3.1) NiCo  

Zhang Dengsong h-BN NiCo

h-BN NiCo CH4 CO2

1 CCS Chemistry

 

 

(3.2) Ru CO  

Ru CO

- 39 -



CO CO

Brønsted-Evans-Polyani BEP) Ru(1015)

BEP 2

J. Phys. Chem. C  

 

 

 

 

 

 

 

 

 

 

 

(3.3) Ni  

2,3- C-O Ni

DFT

Ni

C-C

Organometallics  

 

(3.4) Ru  

Ru

DFT -

-

1. Catalytic activity of the BN supported Ni cluster, 
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MP2 to MP4(SDQ), CCSD(T) DFT B3PW91-D3 B97XD

Hay-Wadt Stuttgart-Dresden-Bonn

(ECP) split-valence triple-zeta

6-31G(d) 6-311G(d), cc-pVDZ, cc-pVTZ

d

DFT Gaussian09 Ni 111 Cu(111)

PBE

DFT VASP  

3  
3.1 (III) C-H

sp3 C-H

sp3 C-H

(III)

sp3 C-H

sp3 

C-H

sp3 C-H

C-H

Scheme 1A Ir(III)-Ir(V)

Scheme 1 (B) Ir(I) Ir(III)

sp3 C-H Scheme 1A

Ir(III)-Ir(V) sp3 C-H Ir(III)-Ir(V) Ir(I)-Ir(III)

Scheme 2 H Ir

CH2=CHNR2

- 48 -



Scheme 3. Schematic presentation of single atom 
alloy and phase separated alloy.

Scheme 4. Single atom alloy (SAA)
phase separated alloy (PSA)

(a) PSA                       (b) SAA

Figure 1. Bader charge

Ir-Bpin sp3 C-H C-H

Ir

R-L Jheng, S.Sakaki, ACS. Cat. 2022, 12, 4880

3.2

Ni Cu

NO Ni(111)

Cu(111) 11

DFT

Scheme 3

PBE

DFT

Scheme 4 Ni(111) Au

(SAA) Cu (SAA)

Ag SAA PSA

Cu(111) Pd, Pt

SAA Ni PSA

SAA

Ni(111)

Cu(111)

Figure 1

Ni(111)

Cu(111)

Ni(111), Cu(111)

NO

CO2 N2 Ni(111) NO-CO Cu

Au J. Yin, M. Ehara, S.

Sakaki, Phys. Chem. Chem. Phys. 24, 10420-10438 (2022) .

3 3

- 49 -



Scheme 5. All possible elementary 
steps in Pt-catalyzed O2 reduction 
reaction Figure 2. Energy changes in CO oxidation by Cu-modified spinel oxide 

M2Cr2O4 (M = Zn or Mg)

CO

P. Zhao, M. Ehara, A. Satsuma, S. Sakaki, J. Cat., 393, 30–41 (2021). N. Takagi, M. Ehara, S. Sakaki,
ACS Omega, 2021, 6, 7, 4888–4898. N. Hara, K. Yamamoto, Y. Tanaka, T. Saito, S. Sakaki,* Y. Nakao, Bull. Chem. 
Soc. Jpn. 94, 1859-1868 (2021). B. Zhu, J. Lu, S. Sakaki, J. Cat., 397, 13-26 (2021). Y. Gu, J.-J. Zheng, K. Otake, M.
Shivanna, S. Sakaki, H. Yoshino, M. Ohba, S. Kawaguchi, Y. Wang, F. Li, S. Kitagawa, Angew. Chem. Int. Ed. 60, 
11688–11694 (2021). I. Inoue, K. Yamamoto, S. Sakaki, T. Murahashi, Chem. Eur. J. 27, 10558 –10562 (2021). B. 
Zhu, S. Sakaki, ACS Catal., 11, 10681–10693 (2021), N. Hara, K. Aso, Q.-Z. Li, S. Sakaki, Y. Nakao, Tetrahedron, 95, 
132339 (2021), D. Yang, P. Bao, Z. Yang, Z. Chen, S. Sakaki, S. Maeda, G. Zeng, ChemCatChem, 13, 1–6 (2021), P.
Zhao, M. Ehara, A. Satsuma, S. Sakaki, J. Phys. Chem. C., 125, 25983-26002 (2021). J.-J. Zheng and S. Sakaki, J. 
Photochem. Photobio. C, 51, 100482 (2022). J. Yin, M. Ehara, S. Sakaki, Phys. Chem. Chem. Phys. 24, 
10420-10438 (2022). Q. Z. Li, N. Hara, K. Semba, Y. Nakao, S. Sakaki, Topics in Cat., 65, 392–417 (2022). Y.
Naganawa, Y. Nakajima, S. Sakaki, H. Kameo, European Journal of Organic Chemistry 2022 (6), e202101477. R.-L.
Zhong, K. Suzuki, M. Yamashita, S. Sakaki, ACS Catal., 12, 4880–4897 (2022). T. Shimbayashi, H. Ito, M. Shimizu, H.
Sano, S. Sakaki, K. Fujita, ChemCatChem, 14, e202200280 (2022). K. Nomiya, N. Nakatani, N. Nakayama, H. Goto, 
M. Nakagaki, S. Sakaki, M. Yoshida, M. Kato, M. Hada, J. Phys. Chem. A, 126, 7687−7694 (2022). P. Zhao, K.
Ueda, R. Sakai, M. Ehara, A. Satsuma, S. Sakaki, Applied Surface Science, 605, 154681 (2022). Soft Crystals.
Ed. M. Kato, K. Ishi, DOI : 10.1007/978-981-99-0260-6, N. Nakatani, J.-J Zheng, S. Sakaki, Chapter 11.: Approach of
Electronic Structure Calculations to Crystal. (2022).

- 50 -



Theoretical study on dynamical properties of materials by quantum 
dynamics

Singlet Fission, SF

/

DFT

y (P)UHF DFT LC-UBLYP Gaussian 

09/16 GAMESS SF

Gaussian 09 GAMESS

- 51 -



2. 12 P12

FE( ), CT( ), TT( )

P12-0/P12-A /

[A1] , , , ,

, 16 2022 , 2022 9

[A2] , , ,

, , 2023 3 . 95 . 

12 6

[B1] T. Tonami, M. Nakano, R. Kishi, Y. Kitagawa, Chem. Phys. Lett. 2023, 813, 140311

[B2] T. Tonami, H. Miyamoto, M. Nakano, R. Kishi, Y. Kitagawa, J. Phys. Chem. A 2023, 127, 1883. 

- 52 -



 ,  ,  ,  ,  
 

 

Pt

Gaussian

QEDynamics (https://github.com/mfukudaQED/QEDalpha)  

OpenMX QEDynamics  

Pt

top, bridge, hollow

 

- 53 -



 

[1] Naoya Kuroda, Ayaki Sunaga, and Masato Senami, (Oral), “Enhancement of the parity-violating energy difference in 

electronic excited states of chiral molecules”, The 8th Quantum Science (QS) symposium -The Main Symposium of 

ICCMSE 2022, 2022/10/26-29, Galaxy Hotel, Crete, Greece and online.  

[2]  , ( , ), “Electron chirality in chiral molecule and homochirality in nature”,  

2022, 2022/11/10-11,  

[3]    , “ -

- ”, 24 , 2022/5 17-20,  

[4]  , “ ”, 24 , 

2022/5 17-20,  

[5] Naoya Kuroda, “Enhancement of the parity-violating energy difference of chiral molecules by electronic excitation”, 

RCNP   2022/8/12-13,  

[6]  , ,  , “CHFClBr

”, 2022 , 2022/9/12-15, ( ). 

[7]  , “ ”, 16

2022 , 2022/9/19-22,  . 

[8]    , “CHFClBr

EOM-CC ”, 16 2022 , 2022/9/19-22,  

. 
[9] Naoya Kuroda,

, The 14th International Workshop on Fundamental Physics Using 
Atoms (FPUA2022), 2022/11/24-25,  
[10]    , EOM-CC CHFClBr : 

, 2022, 2023/1/16-

17,  

[11]    , CHFClBr

, 18 , 2023/2/10, 

 

[12]   , , 

2023 , 2023/3/22-25,  

 

- 54 -



(4) Al

Elucidating properties of reactive diborane(4)s and Al anion species, 
and design of homogeneous catalyst toward C-H activation of methane

5 (1)

Gaussian 16 2 [B3LYP/LanL2DZ (for Sc)/6-31+G(d) (for 

others), DFT-D3BJ] 2 3 4 (2’-4’)

[ B97XD/Def2-TZVP (for Sc, Al)/6-31G(d) (for others), PCM(SMD, benzene))

Al 1 ClSc(thf)2(NiPr2)2 Al–Sc

2 [Scheme 1(a)] 2 Ph2CHBr

2 Al 3 2 4

4 Al–Sc

2

- 55 -



2 3,4 DFT

DFT 2 HOMO Al

HOMO-1 Al–Sc

LUMO LUMO+2 Al

Sc

( )

Al–Y

Al–Sc 2 Ph2CHBr

Scheme 1(b) 2’

Ph2CHBr Sc Sc

Al Al

Ph2CH Al–Sc

Al–C 6’

2 Ph2CHBr 6’ Al

8’ C–C

4 10’

2’ 11’

Al 5- 12’

Al Sc

4 10’ 2 C–Al

3’ 4 Al

6’ 2 3

Al 10’ 2

Al Sc

1. Feng, G.; Chan, K. L.; Lin, Z.; Yamashita, M., J. Am. Chem. Soc. 2022, 144, 22662-22668.

2. Kurumada, S.; Yamashita, M., J. Am. Chem. Soc. 2022, 144, 4327-4332.

3. Sonoda, T.; Kanamori, M.; Endo, K.; Miwa, K.; Kurumada, S.; Suzuki, K.; Yamashita, M.; Shibahara, F., Isr. J. 

Chem. 2022, 62, e202200038.

4. Takegasa, S.; Lee, M. M.; Tokuhiro, K.; Nakano, R.; Yamashita, M., Chem. Eur. J. 2022, 28, e202201870.

5. Zhong, R.-L.; Suzuki, K.; Yamashita, M.; Sakaki, S., ACS Catal. 2022, 12, 4880-4897.

6. Kaneiwa, T.; Yamada, K.; Nakano, R.; Yamashita, M., ChemPlusChem 2023, 88, e202200380.

7. Nakano, R.; Yamanashi, R.; Yamashita, M., Chem. Eur. J. 2023, 29, e202203280.

8. Uno, N.; Nakano, R.; Yamashita, M., ACS Catal. 2023, 6956-6965.

Al
K

K
Al

1

Sc
NiPr2

NiPr2
Cl

thf
thf

Al
NiPr2

thf

NiPr2

Sc

2

62%
Al

Al

thf

thf3

Ph2CHBr

C6H6

+
Ph

PhPh

Ph

4
(50%) (74%)

0.5 0.5

N

N
Dip

Dip

AlAl =

Al
NMe2

thf
NMe2

Sc Al
NMe2

thf
N
Me2

Sc

5’

Br
Ph2HC

Al
NMe2

thf
N Sc

6’

Br
CHPh2

N

N
Ph

Ph

AlAl =

2’

C6H6

Al
NMe2

NMe2

Sc
thf

11’

Al

NMe2Me2N
Scthf

H

12’
13’

Al

NMe2Me2N
Sc

thf

H

14’

Al
Br

Al
Br

CHPh2

8’
CHPh2

Al Br
10’

BrCHPh2

1,2-
shift
of thf

H

BrCHPh2

Al
Br

CHPh2

9’
CHPh2

Me2

4

Sc
Br

thf
(NMe2)2

7’

Al

NMe2Me2N
Sc

thf

H Al Br

Al
thf

H Al

H
+

6’
3’

Br
Sc

Br
Sc

NMe2

NMe2Me2N

Me2N
+

15’

14’

NMe2Me2N
Sc
Br

(a)

(b)

Scheme 1. (a) Synthesis and reaction of Al–Sc complex 2, (b) DFT-based reaction mechanism

- 56 -



- 57 -



Biomolecules 2023

Proc. Natl. Acad. Sci. U.S.A. 2022

Biomolecules 2023 Proc. Natl. Acad. Sci. U.S.A. 2022  
- 58 -



         
 

 

1.1 NMR  

NMR

NMR

NMR

NMR

NMR

 

1.2  

RNA  (RNAi) siRNA RNA siRNA

Argnaute (AGO) AGO

mRNA mRNA RNAi

mRNA

RNAi

 

2.1 NMR  

NAMD

MD

B3LYP/aug-cc-pVDZ GIAO DFT NMR

NMR

NMR NMR Gaussian 16  

NMR

1 2 2 3

2 3 DFT

PyTorch  

- 59 -



2.2  

AGO siRNA

B97X-D/6-31G(d)

C

2 OH Gaussian 16  

3.1 NMR  

MD − 1 19774

NMR

0.43 ppm

2

2

 

3.2  

AGO siRNA siRNA 2

OH 2 8 OMe NHCHO

siRNA

mRNA RNAi

 

[1] Yoshiaki Kobayashi, Daiki Fukuhara, Dai Akase, Misako Aida, Kumiko Ui-Tei The siRNA seed region is divided 

into two functionally different domains in RNA interference in response to 2'-OMe modifications 23

RNA 2022 7  

[2] 2'-formamide

seed siRNA off-target

7 2022 7  

[3] Seongjin An, Yoshiaki Kobayashi, Kohei Nomura, Yasuaki Kimura, Hiroshi Abe, Dai Akase, Misako Aida, 

Kumiko Ui-Tei Prediction of Structural Change of siRNA by 2'-formamide, a Newly-synthesized Chemical 

Modification, via Density Functional Theory CBI 2022 2022 10  

[4] Seongjin An, Yoshiaki Kobayashi, Kohei Nomura, Yasuaki Kimura, Hiroshi Abe, Dai Akase, Misako Aida, 

Kumiko Ui-Tei The 2'-formamide modification in the siRNA seed region reduces off-target effects by two 

different mechanisms 45 2022 12  

 

- 60 -



(GSA)

 

Theoretical and computational study on substitution effect for thermal 
stability and emission spectra of GSA 

 

1  

(GSA)

6

(Fig. 1)

S6 3

triple -stacking

GSA

4

GSA GSA

[1,2]

[3]  

GSA GSA

GSA

GSA

 

GSA 2 GSA

GSA

2~5 2

GSA

GSA

 
Fig. 1. Monomer and nanocube of GSA. The substitution 

group denoted by R is methyl group or deuterium and X is 

CH or N. 

- 61 -



GSA

GSA

GSA

preliminary

Our own N-layered 

integrated molecular orbital and molecular mechanics(ONIOM) explicit

GSA

2 ONIOM

 

2  

Gaussian16 Revision C02

 (Fig. 2) Fig. 2

S0 1 S1

S0 S1

ωB97X-D

LanL2DZ MIDI! SCRF

S0 S1

jorge-ADZP

1 S0 S1

ωB97X-D SCRF

S0 S0 S1 S1

S0 S1  

3  

GSA

S1 S0 6.4 kcal/mol

(S0 ) 302 nm (S1

) 477 nm

2023  

 

 

Fig. 2. The calculated model molecule.  

N+ N+

N

- 62 -



[1] Hiraoka, S. et al., “In-water truly monodisperse aggregation of gear-shaped amphiphiles based on hydrophobic surface 

engineering”, J. Am. Chem. Soc., 132, 13223–13225 (2010). 

[2] Zhan, Y. Y. et al., “Hyperthermostable cube-shaped assembly in water”, Commun. Chem. 1, 14 (2018). 

[3] Zhan, YY., Liao, J., Kajita, M. et al. Supramolecular fluorescence sensor for liquefied petroleum gas. Commun Chem 

2, 107 (2019).  

4  

1. , 

, 24 , 2P06, , 2022

5  

2. , 

, 103 2023 , K606-1pm-02, , 2023 3  

 

5  

1. Sota Funaki, Tokuhisa Kawawaki, Tomoshige Okada, Kana Takemae, Sakiat Hossain, Yoshiki Niihori, Takumi 

Naitou, Makito Takagi, Tomomi Shimazaki, Soichi Kikkawa, Seiji Yamazoe, Masanori Tachikawa, Yuichi 

Negishi, "Improved activity for the oxygen evolution reaction using a tiara-like thiolate-protected nickel 

nanocluster", Nanoscale, 15, 5201-5208 (2023). DOI: 10.1039/D2NR06952K 

2. Miku Furushima, Makito Takagi, Daisuke Yoshida, Yukiumi Kita, Tomomi Shimazaki, and Masanori 

Tachikawa, "Theoretical investigations of positron affinities and their structure-dependent properties of carbon 

dioxide clusters (CO2)n (n = 1-5)", Phys. Chem. Chem. Phys., 25, 625-632 (2023). DOI: 10.1039/d2cp03788b 

3. Moe Murata, Takuya Koide, Osamu Kobayashi, Shuichi Hiraoka, Tomomi Shimazaki, Masanori Tachikawa, 

"Molecular Dynamics Study on the Structure-Property Relationship of Self-Assembled Gear-Shaped Amphiphile 

Molecules with/without Methyl Groups", J. Phys. Chem. B, 127, 328-334 (2023). DOI: 

10.1021/acs.jpcb.2c07444 

4. Takumi Naito, Yukiumi Kita, Tomomi Shimazaki, and Masanori Tachikawa, "Decomposition analysis on the 

excitation behaviors of thiazolothiazole (TTz)-based dyes via the time-dependent dielectric density functional 

theory approach", RSC advances, 12, 34685-34693 (2022). DOI: 10.1039/d2ra06454e 

5. Daisuke Yoshida, Yukiumi Kita, Tomomi Shimazaki, and Masanori Tachikawa, "A comprehensive theoretical 

study of positron binding and annihilation properties of hydrogen bonded binary molecular clusters", Phys. Chem. 

Chem. Phys., 24, 26898-26907 (2022). DOI: 10.1039/d2cp03813g 

6. Tomomi Shimazaki and Masanori Tachikawa, "Theoretical study of the effect of nonlocal short-range exchange 

on calculations of molecular excitation energies in the dielectric screened-exchange method", Chem. Phys. Lett., 

802, 139740 (2022). DOI: 10.1016/j.cplett.2022.13974 

7. Taro Udagawa, Amane Kinoshita, Kazuaki Kuwahata, and Masanori Tachikawa, "A path integral molecular 

dynamics study on the NH4+ rotation in NH4+ XH2 (X = Be or Mg) dihydrogen bond systems", Phys. Chem. 

Chem. Phys., 24, 17295-17302 (2022). DOI: 10.1039/d2cp01999j 

8. Takatsugu Wakahara, Kahori Nagaoka, Chika Hirata, Kun'ichi Miyazawa, Kazuko Fujii, Yoshitaka Matsushita, 

- 63 -



Osamu Ito, Makito Takagi, Tomomi Shimazaki, Masanori Tachikawa, Yoshiki Wada, Shinjiro Yagyu, Yubin Liu, 

Yoshiyuki Nakajima, Kazuhito Tsukagoshi, "Fullerene C70/porphyrin hybrid nanoarchitectures: single-cocrystal 

nanoribbons with ambipolar charge transport properties", RSC advances, 12, 19548-19553 (2022). DOI: 

10.1039/d2ra02669d 

9. Taro Udagawa, Ikumi Hattori, Yusuke Kanematsu, Takayoshi Ishimoto, and Masanori Tachikawa, "Nuclear 

quantum effect and H/D isotope effect in excited state intramolecular proton transfer and electron-induced 

intramolecular proton transfer reactions in 8-hydroxyquinoline", Int. J. Quant. Chem., 122, e26962 (12 pages) 

(2022). DOI: 10.1002/qua.26962 

10. Hikaru Tanaka, Kazuaki Kuwahata, Masanori Tachikawa, and Taro Udagawa, "Low-Barrier Hydrogen Bond 

in Fujikurin A-D: A Computational Study", ACS omega, 7, 14244-14251 (2022). DOI: 

10.1021/acsomega.2c00857 

11. Tomomi Shimazaki and Masanori Tachikawa, "Collaborative Approach between Explainable Artificial 

Intelligence and Simplified Chemical Interactions to Explore Active Ligands for Cyclin-Dependent Kinase 2", 

ACS omega, 7, 10372-10381 (2022). DOI: 10.1021/acsomega.1c06976 

12. Kiriko Ishii, Tomomi Shimazaki, Masanori Tachikawa, and Yukiumi Kita, "Theoretical Study of the Isotope 

and Homologue Effects on Nuclear Magnetic Shielding in Water and Hydrogen Sulfide Molecules", Chem. Lett., 

51, 342-344 (2022). DOI: 10.1246/cl.210760 

13. Taro Udagawa, Kazuaki Kuwahata, and Masanori Tachikawa, "Competitive nuclear quantum effect and H/D 

isotope effect on torsional motion of H2O2: An ab initio path integral molecular dynamics study", Comp. Theor. 

Chem., 1208, 113542 (2022). DOI: 10.1016/j.comptc.2021.113542 

14. Takuma Yamashita, Emiko Hiyama, Daisuke Yoshida, and Masanori Tachikawa, "Spontaneous radiative 

dissociation of the second bound state of positronium hydride", Phys. Rev. A, 105, 012814 (2022). DOI: 

10.1103/PhysRevA.105.012814 

15. Kazuaki Kuwahata and Masanori Tachikawa, "Atomic mass dependence of the nuclear quantum effect in 

NH4
+(H2O)", Chem. Phys., 553, 111381 (2022). DOI: 10.1016/j.chemphys.2021.111381 

16. Yuka Kimura, Yusuke Kanematsu, Hiroki Sakagami, David S Rivera Rocabado, Tomomi Shimazaki, Masanori 

Tachikawa, and Takayoshi Ishimoto, "Hydrogen/Deuterium Transfer from Anisole to Methoxy Radicals: A 

Theoretical Study of a Deuterium-Labeled Drug Model", J. Phys. Chem. A, 126, 155-163 (2022). DOI: 

10.1021/acs.jpca.1c08514 

17. Dorra Mahdaoui, Chika Hirata, Kahori Nagaoka, Kun'ichi Miyazawa, Kazuko Fujii, Toshihiro Ando, Manef 

Abderrabba, Osamu Ito, Makito Takagi, Takayoshi Ishimoto, Masanori Tachikawa, Shinjiro Yagyu, Yubin Liu, 

Yoshiyuki Nakajima, Yoshihiro Nemoto, Kazuhito Tsukagoshi, and Takatsugu Wakahara, "Ambipolar to unipolar 

irreversible switching in nanosheet transistors: the role of ferrocene in fullerene/ferrocene nanosheets", J. Mater. 

Chem. C, 10, 3770-3774 (2022). DOI: 10.1039/D1TC05545C 

18. Kiriko Ishii, Tomomi Shimazaki, Masanori Tachikawa, and Yukiumi Kita, "Development of anharmonic 

vibrational structure theory using backflow transformation", Chem. Phys. Lett., 787, 139263 (2022). DOI: 

10.1016/j.cplett.2021.139263 

- 64 -



N N

N

- 65 -



NPT

E

E

n n n k

k

- 66 -



k

k

C t P t h .

P x t t

h t

k

- 67 -



Langmuir 

J. Phys. Chem. C 

- 68 -



L-2-

L-DEX

L-DEX L-2- L-2-CPA L-DEX

DFT

L-DEX L-2-CPA QM / MM L-2-CPA

5 Å 10 17 Asp10 Arg41 Lys151

Tyr157 Asp180 114 200 QM

MM Gaussian09 Our own N-layered Integrated molecular Orbital and Molecular mechanics

(ONIOM) TS IRC TS

TS Nudged Elastic 

Band NEB TS Reaction Plus Pro2 HPC

QM DFT B97X-D/6-31G (d)

MM AMBER

QM 185 QM B97X-D/6-31G (d)

29.43 kcal/mol 2022 Tyr157

QM

1 TS

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

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

S. Appl. Surface Sci. , 619, 156570.

- 69 -



Innovations in computational quantum science and large-scale simulation science

Phys. Rev. Lett. 93

J. Chem. Phys. 149

J. Chem. Phys. 156

Chem. 

Phys. Lett. 806

sij Phys. Rev. A 101

i J. Chem. Phys. 142

J. Chem. Phys. 139

:

:

g H E

- 70 -



giA gij giA

:

FC sij : 

sij rij

ij ij i j i j i j i js r r r x x y y z z

iExg :

i O N

non-BO :

3.1. 

giA

gij

g r

1.

n M E

- 71 -



giA gij

riA rij

n M

E

n M E

giA

giA gij

3.2.

rr

3.

n
M 

E

2S state

0.2

0.2

0.2

0.23

0.231

0.2313

0.2313

2Po state

-0.0

-0.0

-0.017

-0.017

-0.017

-0.017

-0.017

Phys. Rev. A 85

2.

n M E

- 72 -



3.3. :

Li2 J. Chem. Phys. 157 :

H4 Chem. Phys. Lett. 815 :

X1
g

+

a3
u

+
13

u

A1
u

+

21
g

+

13
g

B1
u

b3
g

+

11
g

: Exptl. (RK
: FC

RKR

exact

1.

- 73 -



2.

3.4. : FC sij

C2 :

sij

sij

Theor. 

Chem. Acc. 133 sij

n

sij

Rx (a.u.)

R y
(a

.u
.)

H2 + H2 4 H(1s)

H2 + H2

Energy 
scale 
(a.u.)

Rx (a.u.)

R y
(a

.u
.)

H4 (square)

4 H(1s)

Energy 
scale 
(a.u.)

Rx

Ry

Rx (a.u.)

R y
(a

.u
.)

3 H(1s) + H(2s)

H4 (rectangular)

Dissociation 
path to H2

Energy 
scale 
(a.u.)

4 (

1
g

+
1

u

1
g

1
g

+

--- 1
g

+
--- 1

u

--- 1
g

--- 1
g

+

MCSCF & 
ExtrapolationFC sij

-75.659

-75.609

-75.559

-75.509

-75.459

-75.409

-75.359

-75.309

-75.259

0.0 1.0 2.0 3.0 4.0 5.0

En
er

gy
 (a

.u
.)

R ( )

-75.659

-75.609

-75.559

-75.509

-75.459

-75.409

-75.359

-75.309

-75.259

0.0 1.0 2.0 3.0 4.0 5.0

En
er

gy
 (a

.u
.)

R ( )

X1
g
+ A1

u
RKR

RKR

FC sij FC sij

3.

sij

4.

- 74 -



sij

Nature Chem.

4

Chem. Eur. 

J. 22 sij

R

0.0

0.2

0.4

0.6

0.8

1.0

0.0 1.0 2.0 3.0 4.0 5.0

0
am

pl
itu

de

R ( )

C(s2p2,1)-C(s2p2,1)
C(s2p2,1)-C(s2p2,2)
C(s2p2,1)-C(sp3,1)
C(s2p2,1)-C(sp3,2)
C(s2p2,2)-C(s2p2,2)
C(s2p2,2)-C(sp3,1)
C(s2p2,2)-C(sp3,2)
C(sp3,1)-C(sp3,1)
C(sp3,1)-C(sp3,2)
C(sp3,2)-C(sp3,2)
C-(s2p3,1)-C+(s2p,1)
C-(s2p3,1)-C+(sp2,2)
C-(s2p3,1)-C+(sp2,1)
C-(s2p3,2)-C+(s2p,1)
C-(s2p3,2)-C+(sp2,1)
C-(s2p3,2)-C+(sp2,2)
C-(sp4,1)-C+(s2p,1)
C-(sp4,1)-C+(sp2,1)
C-(sp4,1)-C+(sp2,2)
C-(sp4,2)-C+(s2p,1)
C-(sp4,2)-C+(sp2,1)
C-(sp4,2)-C+(sp2,2)

0.5965

0.5369

0.4160

Req = 1.242 (Exptl.)

: 

4

2

2
1

g
+

0.0

0.2

0.4

0.6

0.8

1.0

0.0 1.0 2.0 3.0 4.0 5.0

0
am

pl
itu

de

R ( )

1
u

Req = 1.318 (Exptl.) C(s2p2,1)-C(s2p2,1)
C(s2p2,1)-C(s2p2,2)
C(s2p2,1)-C(sp3,1)
C(s2p2,1)-C(sp3,2)
C(s2p2,2)-C(s2p2,2)
C(s2p2,2)-C(sp3,1)
C(s2p2,2)-C(sp3,2)
C(sp3,1)-C(sp3,1)
C(sp3,1)-C(sp3,2)
C(sp3,2)-C(sp3,2)
C-(s2p3,1)-C+(s2p,1)
C-(s2p3,1)-C+(sp2,2)
C-(s2p3,1)-C+(sp2,1)
C-(s2p3,2)-C+(s2p,1)
C-(s2p3,2)-C+(sp2,1)
C-(s2p3,2)-C+(sp2,2)
C-(sp4,1)-C+(s2p,1)
C-(sp4,1)-C+(sp2,1)
C-(sp4,1)-C+(sp2,2)
C-(sp4,2)-C+(s2p,1)
C-(sp4,2)-C+(sp2,1)
C-(sp4,2)-C+(sp2,2)

1 +

0.5204
0.5159

5.

- 75 -



- 76 -



G

- 77 -



 
 

 
 

1-1 GABAA  

GABAA

GABA

 

1-2 tRNA  

RNA

tRNA

tRNA

EF-Tu tRNA  

2-1 GABAA  

GABAA (pdb id: 6x40)

GABAA

28,000 250,000

GROMACS

CHARMM36m

100 ns 6  

2-2 tRNA  

messenger RNA (mRNA)1

transfer RNA (tRNA)2 EF-Tu tRNA MARTINI

MARTINI 45,000

270,000 GROMACS EF-Tu tRNA

1 s 14

EF-Tu tRNA EF-Tu tRNA

 

- 78 -



3-1 GABAA

GABAA 9’

1(a) 9’

1(b) 9’

3-2 tRNA

2(a) tRNA

2(b) tRNA

2(b) 2(b)

tRNA

, 4 22 6 CBI

60 CBI 2022 36

, , 11 CBI 2022

.

1. GABAA

(a) 9’ (b) 

2. (a) 

(b) tRNA

- 79 -



Ultra-fast ab initio design of thermodynamic and optical properties of 
functional materials by large-scale first-principles molecular simulation 

based on fragment electronic state theory and electronic state 
informatics 

Fabian WEBER

:

EFP

CO2

COSMO-RS CO2

COSMO-RS 

200

653 RI-BP86/def2-SVPD

TURBOMOLE 

652C2

0.1 

COSMO-RS CO2

1553528

1553528 CO2

438

CO2

MACCS

3

ACS Omega 

- 80 -



- 81 -



- 82 -



- 83 -



- 84 -



J. Chem. Phys. 156

J. Chem. Phys. 157

J. Phys. Chem. B 127

- 85 -



- 86 -



- 87 -



1

” ” ”
”

1-1.

H–H C–C (J. Am. Chem. Soc. 2013, 
135, 18726.) C–O (Nat. Commun. 2015, 6, 6296.)

Figure 1, J. Am. Chem. 
Soc. 2021, 143, 12999–13004. DFT

1
2

C–H C–H

Figure . C–H

DFT

- 88 -



1-2. 

Ru MLCT

1,1,2,2-

Let Ru(bpy)2Let RuPd Ru(bpy)2LetPdCl2

2

Gaussian 16

M06/def2-TZVP IRC

Gaussian 09 M06/sdd (for Metals) 6-31G(d,p)(for

others) TD-DFT UV

3

3.1

3

(Organometallics 2023, 42, 865–870. ) X

C O

DFT HOMO-1

C O

(Figure 3)

Figure 3. 

- 89 -



600 nm

(Figure 4 ) DFT LUMO bpy

LUMO bpy Let

(Figure 4 ) Ru Pd

Let

Figure 4. Let LUMO

4

Polymers containing ester and ketone groups in chains: synthesis and their biodegradability. Haobo Yuan, Kohei

Takahashi, Shinya Hahashi, Chifeng Li, Kazuya Yamaguchi, Miwa Suzuki, Kenichi Kasuya, Kyoko Nozaki, 

103 2023 3 22 25 K301-3pm-03 ( )

Pt WO3−ZrO2 Kang

Yuan 103 2023 3 22–25

K305-4am-03 ( )

Synthesis and Reactivities of Cyclopentadienone Group 5 Metal Complexes. 

103 2023 3 22 25 K404-2am-03 ( )

103 2023 3 22 25 K603-3am-02 ( )

C-H

103 2023 3 22 25 K502-3pm-02 ( )

103

2023 3 22 25 K404-4am-04 ( )

( ) (III) / (III)

103 2023 3 22

25 K504-3am-13 ( )

- 90 -



     103    

2023 3 22 25  K502-2vn-14 ( ) 

PN    

  103    2023 3 22 25  

K504-2vn-06 ( ) 

-   

    103    2023

3 22 25  K705-3am-05 ( ) 

Heterolytic oxidative addition of group 13/14 element–hydrogen bonds by cyclopentadienone iridium complexes. 

Takuya Higashi, Shuhei Kusumoto, Kyoko Nozaki, 15th CaRLa Winter School 2023 German-American Institute, 

Heidelberg, Germany, 2023/03/19–24 (Poster). 

     49

   2022 12 8 10  PB-078 ( ) 

      12 CSJ 2022  

 2022 10 18 20  P1-062 ( ) 

Au/CeO2    

  12 CSJ 2022   2022 10 18 20  P2-044 ( ) 

Atom Swapping on Aromatic Rings: Conversion from Phosphinine Pincer Metal Complexes to Metallabenzenes by 

O2 Oxidation.     72   

 2022 9 26-28  2D-02 ( ) 

Au/CeO2    

  130    2022 9 20 22  1I01 ( ) 

1,1,2,2- Ru     32

   2022 9 20 22  2P116 ( ) 

     32  

  2022 9 20 22  2A07 ( ) 

   

   68    2022 9 6 8  

PA-06 ( ) 

13 /14   

   68    2022 9

6 8  O3-07 ( ) 

Baeyer-Villiger    

     71   

 2022 9 5 7  3E06 ( ) 

1,1,2,2- Ru     33

  2022 8 5 7  P-49 ( ) 

- 91 -



C O     

     129    2022

3 28 30  2A04 ( ) 

5  

Hydrogen-induced formation of surface acid sites on Pt/Al(PO3)3 enables remarkably efficient hydrogenolysis of C−O 

bonds in alcohols and ethers 

K. Oshida, K. Yuan, Y. Yamazaki, R. Tsukimura, X. Jin, K. Nozaki 

ChemRxiv 2023 (preprint) 10.26434/chemrxiv-2023-vjn0d 

Nickel-Catalyzed Selective Incorporation of Isolated In-Chain Carbonyls into Ethylene/Carbon Monoxide Copolymer 

Using Metal Carbonyls as a Carbonyl Source 

G. Yonezaki, F. Seidel, K. Takahashi, K. Nozaki 

Bull. Chem. Soc. Jpn. in press. 10.1246/bcsj.20230073 

Cyclopentadienone Vanadium(I) Complex; Synthesis, Red-Ox Activity and Application to Catalytic Transfer 

Hydrogenation 

T. Higashi, S. Kusumoto, K. Nozaki 

Organometallics 2023, 42, 865–870.  10.1021/acs.organomet.3c00135 

Structure and Reactivity of Ag(I) Complexes Bearing Tridentate Phosphinine Ligands 

K. Masada, S. Kusumoto, K. Nozaki 

Organometallics 2023, 42, 971–981. 10.1021/acs.organomet.3c00143 

Chemoselectivity Change in Catalytic Hydrogenolysis: Ureas to Formamides and Amines 

T. Iwasaki, K. Tsuge, N. Naito, K. Nozaki 

ChemRxiv 2023 (preprint) 10.26434/chemrxiv-2023-z49zw 

Multifunctional WO3−ZrO2-supported Platinum Catalyst for Remarkably Efficient Hydrogenolysis of Esters to 

Alkanes 

K. Yuan, Y. Yamazaki, X. Jin, K. Nozaki 

J. Am. Chem. Soc. 2023, 145, 3454–3461. 10.1021/jacs.2c11145 Featured on the supplementary cover. 

Chain Transfer Approach for Terminal Functionalization of Alternating Copolymerization of CO2 and Epoxide by 

Using Active Methylene Compounds as Chain Transfer Agents 

H. Nagae, S. Akebi, S. Matsushiro, K. Sakamoto, T. Iwasaki, K. Nozaki, K. Mashima 

Macromolecules 2022, 55, 9066–9073. 10.1021/acs.macromol.2c01761 

TEMPO as a Hydrogen Atom Transfer Catalyst for Aerobic Dehydrogenation of Activated Alkanes to Alkenes 

T. Ito, F. Seidel, X. Jin, K. Nozaki 

J. Org. Chem. 2022, 87, 12733–12740. 10.1021/acs.joc.2c01302 Selected as Most Read Articles in September 2022. 

Electron in a cube: Synthesis and characterization of perfluorocubane as an electron acceptor 

M. Sugiyama, M. Akiyama, Y. Yonezawa, K. Komaguchi, M. Higashi, K. Nozaki, T. Okazoe 

Science 2022, 377, 756–759. 10.1126/science.abq0516 

Pincer-Supported Perfluororhodacyclopentanes: High Nucleophilicity of M–CF Bond 

S. Hayashi, T. Murayama, S. Kusumoto, K. Nozaki 

- 92 -



Angew. Chem. Int. Ed. 2022, 61, e202207760. 10.1002/anie.202207760 

Mechanistic Insight into Rh-Catalyzed C(sp2)–O Bond Cleavage Applied to Cross-Coupling Reaction of Benzofurans 

with Aryl Grignard Reagents 

T. Iwasaki, W. Ishiga, S. Pal, K. Nozaki, N. Kambe 

ACS Catal. 2022, 12, 7936–7949. 10.1021/acscatal.2c01974 

Cationic and Neutral Iridium(III) Hydride Complexes Supported by a Rigid, Bidentate Boryl/Phosphine Ligand 

F. Seidel, K. Nozaki 

Organometallics 2022, 41, 1063–1066. 10.1021/acs.organomet.2c00126 

Incorporation of CO2-derived Bicyclic Lactone into Conventional Vinyl Polymers 

M. Hill, S. Tang, K. Masada, Y. Hirooka, K. Nozaki 

Macromolecules 2022, 55, 3311–3316. 10.1021/acs.macromol.1c02503 

- 93 -



 
 

PAHs

PAHs

PAHs

PAHs

 

PAHs

PAHs

PAHs PAHs

 

Bz (H2O)n

[1] S1

 

Gaussian 16 CAM-B3LYP/aug-cc-pVTZ with GD3BJ dispersion

 

1 (A C) Bz (H2O)8 S1

1 (D) D2d [1] S1 00

IR 1 (A) 3

AAD ADD OH

3700 cm 1 free OH 3640 cm 1 OH-

D2d 1 (D)  

1 (B, C) 00

- 94 -



AAD ADD OH- free 4 OH

 

1 (E)

1 (F) 3300 cm 1

D2d

IVR

 

Reference 

[1] C. J. Gruenloh et al., J. Chem. Phys. 109, 6601 

(1998). 

 

-4-

Aminobenzonitrile-Ar Ar - 16

2022 12 16  

MATI-IR 4 -Ar

Ar 4P006 16  

17  

4-Aminobenzonitrile+ Ar1 Ar

H 17  

R. Matsuno, O. Dopfer, M. Fujii, and M. Miyazaki, “Hydration rearrangement in the 4-aminobenzonitrile–(H2O)2 

cluster induced by photoionization: The effect of solvent-solvent interactions”, Chem. Eur. J. in press. DOI: 

10.1002/chem.202301128 

 

1. Comparison of IR spectra of the benzene (H2O)8 cluster at 

various vibrational levels in the S1 state (A C) with theoretical IR 

spectra of some stable isomers (D F) obtained at the CAM-

B3LYP/aug-cc-pVTZ with GD3BJ dispersion level of theory. The 

theoretical spectra were scaled by 0.98.  

- 95 -



- 96 -



G

G

- 97 -



r

- 98 -



20

T2CoMSA monthly talk

2022 1

ICCMSE 2022

5

TDA-MI Workshop 2022

APATCC-10

APATCC-10

APATCC-10

APATCC-10

APATCC-10

DX-GEM 5

Phys. Chem. Chem. Phys. 24

J. Photochem. 

Photobiol. A Chem. 426 Top. Current Chem. 380

ACS Phys. Chem. 

Au 2 J. Math. Chem. 61

J. Phys. Chem. C 126

J. Chem. Phys. 157

Chem. Phys. Lett. 806 J. 

Chem. Theory Comput. 18 J. 

Comput. Chem. Jpn. 21

Phys. Chem. Chem. Phys. 25

Chem. Phys. Lett. 816

RSC Adv. 13

- 99 -



Fig. 1 

The study of electronic properties of LB modified SnO2 electrode 
surfaces using density functional theory calculations. 
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Theoretical Study on the Aggregation Induced Emission of
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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A theoretical study on glycan recognition of 
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Entry Fluorinating reagent Solvent Yield of 3a (%) 
1 DAST CH2Cl2 47
2 DAST CHCl3 41
3 DAST 1,2-Dichloroethane 41
4 DAST THF 97
5 DAST 1,4-Dioxane 91
6 DAST Et2O 88
7 DAST 1,2-Dimethoxyethane 92
8 DAST acetone 86
9 DAST AcOEt 91

10 DAST DMF 92
11 DAST DMSO 80
12 DAST MeCN 86
13 DAST Pyridine 26
14 DAST THF (2.0 eq.) in CH2Cl2 66
15 DAST THF: CH2 Cl2 = 1: 1 91
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Molecular Mechanism of Protein Function Studied by Site-Selective 
Heat Current Analysis

, , T. WANG, , , , ,

We developed a so-called linear-homopolymer-like model, and performed site-selective heat current analysis of a 

protein using Amber and Curp (https://curp.jp) programs. 
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All-atom molecular dynamics simulations for functional soft materials
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Molecular mechanism of inhibition of SARS-CoV-2 infection
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Theoretical Studies on Mechanisms of Catalytic Reactions 
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Theoretical  Studies  on  Electronic  Properties 
of  Functional  Materials
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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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Theoretical study of catalytic reaction systems
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Theoretical study on the relation between the functional expression and the 
structure in protein 
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Development of Functions of Liquid Crystals Utilizing Dynamic 
Intermolecular Interactions Based on Molecular Motion
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Proton-coupled electron transfer (PCET)

Ni(itsq)2

DFT TD-DFT B3LYP

C H N S 6-31++G(d,p) Ni LanL2DZ

Gaussian 09

Ni(itsq)2

B3LYP Ni(itsq)2 LUMO

Ni(itsq)2 [Ni(itsq)(itsq+H)]+

[Ni(itsq+H)2]2+ LUMO

LUMO

Ni(itsq)2 PCET

Ni(itsq)2 χT 0.034 emu K

mol S = 1 2 S = 1/2

B3LYP J = 

0.17 eV

Ni(itsq)2 808 nm TD-DFT

Ni(itsq)2 801.3 nm HOMO LUMO 2

itsq Ni(itsq)2

Ni(itsq)2 ( )

HTf2N HTf2N 808 nm 1.54

TD-DFT

HTf2N CV Ni(itsq)2 1

63 mV [Ni(dcpdt)2]2− 1 29 mV 2

Ni(itsq)2

[Ni(dcpdt)2]2−

- 215 -



B3LYP Ni(itsq)2 LUMO 4.2 

eV [Ni(dcpdt)2]2− HOMO 3.2 eV

 

PCET [1]  

N

N

N

N-

N-

N-

N-

N-

[Invited Lecture]

[Invited Lecture]

Angew. Chem. Int. Ed.

- 216 -



- 217 -



MD 2000

1 ps MD 100 A

B 45

B q

5

400 200

- 218 -



0.9

q

AI (XAI)

PMF

- 219 -



- 220 -



- 221 -



- 222 -



 

 

1  

 
 
 
 
 
 
 
 
 
 
 
 

- 223 -



2  

3  

  
 

 

 

- 224 -



Theoretical investigation on structures of metal clusters and  
their reactivity 
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Theoretical Studies on Vibronic Couplings
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Properties of Bowl-shaped aromatic compounds 
and studies on the catalytic activity of metal clusters
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4. Expanded [2,1][n]Carbohelicenes with 15- and 17-Benzene Rings. Michihisa Toya, Takuya Omine, Fumitaka 

Ishiwari, Akinori Saeki, Hideto Ito,* Kenichiro Itami,* J. Am. Chem. Soc. 2023, 145, ASAP. DOI: 
10.1021/jacs.3c00109. 
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○Gergely Juhasz (Tokyo Institute of Technology) 
 

1 Introduction 

Transition metal oxide surfaces often play important roles in electrochemical and photoelectrochemical applications. 

Charge carriers that are responsible for these functions can form polarons in such semiconducting oxides, with various 

size and mobility. Understanding the polaronic effects help describe charge carrier dynamics and electrochemical 

reactions on the surface more accurately. In spite of their importance, the behavior of polarons are rarely studied in low 

dimensional structures like nanoparticles. In this study we focus on polaron formation in anatase-type TiO2 nanoparticles, 

where surface absorption of protons, the localized orbital states can play important effect. Previous studies on bulk TiO2 

found that the formation of large polaron can be reasonably well simulate using hybrid-functionals like B3LYP. This 

proposal is a continuous effort based on the result of previous year’s proposal. 

2 Methods 

2.1 Software: The calculations were performed using Density Functional-based Tight Binding (DFTB, software: 

DFTB+ ver 19.1) and DFT (software: TURBOMOLE, ver 7.4.1) methods. The DFTB calculations were performed using 

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

(PBE0, B3LYP) functionals. To consider potential dispersion effects, DFT-D3(BJ) dispersion model was applied. No 

solvent model was used. We used dense (m4) grid for better SCF convergence; otherwise default convergence criteria 

were applied.     

2.2 Geometry optimization: The nanoparticle models were manually created and preoptimized using DFTB. Whenever 

it was possible, the model with highest possible symmetry were used. The models in closed-shell electronic state were 

optimized using pure DFT, which were followed by optimization of models with charge careers and using hybrid 

functionals. This was followed by the optimization of nanoparticle models with H+ doped surfaces, then finally added 

extra charge. The verification of the geometry stability using frequency calculation were not possible due to the large 

computational cost.    

3 Results 

Using previously optimized models and handmade models, we scheduled the geometry optimizations on several 

nanoparticles. The calculations raised several challenges: 

- Many of the proposed polaronic structure has small bandgap (less than 0.4 eV) causing SCF instability. 

- DFT calculations with hybrid functionals (PBE0, B3LYP) require more time and memory, than with the pure 

one (PBE). These requirements for open shell structures were even more severe, close to and sometimes exceeing 

available calculation time and memory size. 

- Protons and H-radicals are highly mobile on the nanoparticle surface which made difficult to locate the optimal 

geometry in many cases.  
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Figure 1. Protonation of the 101 surface of anatase (left) and there different positions (a – c) of H on the Ti98 

model nanoparticle (position of H indicated by red circle)

Due to these difficulties plus the upgrade of the HPC nodes as well as unrelated scheduling conflicts, we have run out 

of time. Therefore we focused on the polaron on a single anatase model (Ti98) and different surface modification of it

(see figure 1).

Different H positions showed different stability, while all of the showed lattice distortion around the H and a bandgap

between 0.2-0.3 eV. These distortions showed that the absorption of H strongly couples of the polaron formation process 

and help the localization of extra electrons. The mechanism of the couple is suspected to be the modification of local 

vibration modes, and the extra electron binding capability of the H attached to the surface.

The localization of charge and distortion of the lattice could be observed in calculation using pure and hybrid 

functionals as well, showing that at least part of polaron formation and electronic coupling can be estimated even using 

pure functionals. Thanks to the significantly more memory and faster CPU in the new RCCES nodes, we continue our 

calculations and hope to obtain more calculation point using PBE0 and B3LYP hybrid functionals this year. A detailed 

analysis of the lattice distortions and the corresponding energetics is in preparation.

4 Talks and Posters

[★] G. Juhasz, “Differences of molecular absorption on titanium-dioxide surface - a computational study”, The 103rd

CSJ Annual Meeting (2023)

5 Publications

[ , in preparation] G. Juhasz, Investigation of polaron formation and charge trapping in anatase-type TiO2

nanoparticles with DFT method using hybrid-functionals
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Development of Radical Cationic 
Organometallic Molecular Wires and Switches
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Theoretical Studies on Structures and Reactivities of
Metal Complexes with Multifunctional Ligands

1

2
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Computational Molecular Spectroscopy: Computational Chemistry
on the Structure and Reaction of Molecules

ab initio
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ab initio

Ro-vibrationally averaged molecular structure of benzene: Why almost the same bond lengths are
observed for the C H and C D bonds?, J. Mol. Struct. 1243

)

J. Phys. Chem. A 127

J. Chem. Phys. .

J. Mol. Struct. 1243
J. Phys. Chem. A 127
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Measurement of Ion Temperature in Gas-Phase
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1. D. Asakawa, K. Saikusa, J. Am. Soc. Mass Spectrom. 333, 1548-1554 (2022)
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3. D. Asakawa, J. Am. Soc. Mass Spectrom. 334, 435-440 (2023)
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FIV HIV-1

Interaction analysis of FIV and HIV-1 protease inhibitor
using the FMO method

, ,

1: PIEDA ,

10 kcal/mol

. 
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S Osaki, T. Matsui, “Interaction analysis of FIV and HIV-1 protease inhibitor using the FMO method”, The 10th

Asian Pacific Association of Theoretical and Computational Chemistry, February 2023, Quy Nhon, Vietnam.

Y Kanamaru, T. Matsui, “Machine Learning Assisted DFT Calculation Using Solvation Model”, The 10th Asian

Pacific Association of Theoretical and Computational Chemistry, February 2023, Quy Nhon, Vietnam.

Y Kanamaru, T. Matsui, “Factor analysis of error in oxidation potential calculation: A machine learning study”,

Journal of Computational Chemistry 2022, 43, 1504-1512. 

S Onozawa, Y.Nishimura, T.Matsui,“A Theoretical Study on Rate Constants of Excited State Proton Transfer

Reaction in Anthracene-Urea Derivatives”, Bulletin of the Chemical Society of Japan 2023, 96, 215-222.

S Osaki, T. Matsui, “Interaction analysis of FIV and HIV-1 protease inhibitor using the FMO method”, in

preparation.
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Statistical mechanics analysis for biomolecular functions
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π

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

1
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3
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In silico design of synthetic oligoamides binding to proteins
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Ikuma Kohata, Ryo Yoshikawa, Kaoru Hisama, Shigeo Maruyama, “Machine learning molecular dynamics simulation 

of single-walled carbon nanotube growth”, 2023, arXiv preprint arXiv:2302.09264, submitted.

Fig.2 Edge healing processes on the developed view of the (8,7) SWCNT. (a) Reformation of a pentagon into a hexagon 

on the (8,7) SWCNT. (b) Reformation of a heptagon into a hexagon on the (8,7) SWCNT. The red and blue polygons 

denote the pentagon and heptagon, respectively.
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Theoretical Investigation on Selective Separation of Lanthanide/Minor 
Actinide Complexes in Solvent Extraction
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Development of organic semiconductors using theoretical calculation
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Computational catalyst design and analysis of luminescence properties & molecular 
dynamics of organic materials  
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R N(r)= ( |r | i) ”micro chemical environment”python

X. Yang et al., “Molecular Dynamics Simulation of Poly(Ether Ether Ketone) (PEEK) Polymer to Analyze 
Intermolecular Ordering by Low Wavenumber Raman Spectroscopy and X-ray Diffraction”, Polymers 14,
5406 (2022).
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Analysis of functions, intermolecular interactions and dynamics of 
membrane protein systems using Molecular Dynamics simulations
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Computational study on drug modalities
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3d
CO₂

Investigation of reaction mechanism of CO₂ reduction by homogeneous and 
heterogeneous catalysts composed of 3d transition metals 
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Mechanistic Investigations of Organic Reactions
by Experimental and Theoretical Combination
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Investigation of photoreaction mechanisms of photolyases
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Computational Investigation of Colossal Dielectric Permittivity Materials 
and Chemical Bonding Features of Transition Metal Dioxides (Usage Report)  

○ Pradeep R. Varadwaj and Ryoji Asahi  

(Institutes of Innovation for the Future Society, Nagoya University, Aichi 464-8601, Japan) 
 

1 Introduction 

Development of high-performance dielectric materials is necessary for device miniaturization 
and high-energy density storage applications. The relative dielectric permittivity ( rel) of dopped 
material has shown to increase appreciably (about 2-3 orders of magnitude higher compared to that 
of the parent system), especially when rutile TiO2 (R-TiO2) is appropriately co-doped with an 
appropriate main-group element and/or transition metal (viz. Nb/In). The mechanisms underlying the 
phenomenological enhancement have not been clarified both for the parent and dopped materials. 
There is already a longstanding controversy on the inconsistency between the experimental values of 
the ionic dielectric constant of many transition metal dioxides, including TiO2. For example, some 
early works reported of the last century claimed colossal dielectric constant for the rutile phase of 
TiO2, with rel values in the range, 102 – 104. Others have rejected such experimentally observed 
claims since their experimental findings ( rel values between 85 and 211 at different temperature 
scales) cannot reproduce such large rel values reported in previous studies. Clearly, the research topic 
is of significant interest, and the chemical physics and physical chemistry of parent and dopped TiO2 
systems, as well as other transition metal dioxide materials with and without co-doping, are yet to be 
examined both theoretically and experimentally. Therefore, this study was initiated with the aim to 
clarify the importance of factors (physical properties) responsible for the enhancement of the parent 
TiO2 systems in various phases, as well as to propose dopped transition metal oxide-based materials 
that feature large dielectric permittivity.  

2 Methods 

Density functional theory (DFT) calculations were performed using the Vienna Ab initio Simulation Package 

(VASP), which was accessible from the user’s account. As planned, several polymorphs of the crystal lattice of TiO2 was 

investigated using DFT, employing periodic boundary conditions. The DFT functionals included the PBE, PBE+U (U = 

3.5 eV), PBEsol, PBEsol + U, SCAN and SCAN-rVV10. The results obtained from these calculations were benchmarked 

against high-level of theory employed, HSEsol, and HSE06. Since one of the interests was to examine the effect of PAW 

potentials and DFT functionals on the physical properties of the parent systems, three different PAW potentials (Ti, Ti_pv, 

and Ti_sv) were employed. The polymorphs of TiO2 include rutile, brookite (B), anatase (A), pyrite (P), and fluorite (F) 

phases, which have been known at different temperature ranges in the crystalline phase.  

The physical properties investigated were lattice constants, lattice density, lattice volume, energy stability, band 

structure, density of states, charge density features, and mechanical properties. The latter property was evaluated to 
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demonstrate the mechanical stability of the studied materials, including the evaluation of various elastic moduli (viz. Bulk, 

Young moduli and Poisson's ratio, etc). The different levels of theory stated above, in conjunction with the three different 

PAW potentials (Ti, Ti_pv, and Ti_sv), were utilized. Various k-meshes to sample the Brillouin zone and cut-off energies 

for plane-wave and electronic loops for geometry convergence were invoked depending on the system size investigated.  

Normal mode vibrations associated with the phonon modes were also calculated at different levels of theory, in 

conjunction with the three different PAW potentials (Ti, Ti_pv, and Ti_sv), to demonstrate the dynamical stability of the 

polymorphs of TiO2, and several dopped TiO2 materials. Density functional perturbation theory (DFPT) and Frozen 

Phonon Finite Difference method (FPFDM) were used. The FPFDM calculates the force constant matrix by displacing 

each atom in the crystal lattice and calculating the resulting forces on every other atom. For these calculations, 2 2 and 

3 3 supercells were used depending on the system size. The phonopy code was used. Gaussian 16 and other codes (ASE) 

were used whenever essential and to explore the chemical bonding scenarios at molecular levels.  

3 Results 

As mentioned above, the polymorphs of TiO2 investigated include the rutile, brookite, anatase, pyrite, and 

fluorite phases, which are present in different temperature ranges of the crystalline phases. Since the dielectric properties, 

especially ionic permittivity, are highly dependent on cutoff energy and k-mesh grid size, we tested the convergence of 

cutoff energy and k-mesh. In particular, for each of the cutoff energies of 520, 600, 650, 700, and 750 eV, the k-meshes 

of 4 4 4 through 5 5 5 to 6 6 6, 7 7 7, 8 8 8, 9 9 9 to 10 10 10 were invoked. Each of these calculations, 

especially those involved, high k-mesh and cut-off energies were not only computationally expensive but also invoked a 

greater number of CPU cores. The results of the combined use of the PBEsol functional in conjunction with the standard 

PAW potential centered on Ti indicated that the ionic permittivity of TiO2 polymorphs may be comparable to that reported 

in inelastic scattering experiments. The use of high-level theory (HSEsol and HSE06) in combination with standard 

potentials was very computationally expensive, but the results of dielectric permittivity obtained from this level of theory 

were relatively more accurate in reproducing experimental dielectric constants. The density functional perturbation theory, 

as well as frozen phonon approximation, was invoked. Table 1 shows, for example, a comparison of ionic (low-frequency) 

and electronic (high-frequency) components ( ij
(0) and ij

( ), respectively) of the relative dielectric permittivity tensor r 

of R-, A- and B-TiO2, obtained using three cutoff energies (520, 600 and 750) in combination with the PBEsol and three 

PAW potentials Ti_std, Ti_pv and Ti_sv. Both low- and room-temperature experimental values of r reported by various 

authors are included. Table 2, for example, lists the ionic (low-frequency), electronic (high-frequency) components ( ij
(0) 

and ij
( ), respectively) of the dielectric permittivity tensor r of R-TiO2, obtained using high-level HSEsol and HSE06 

calculations in combination with the three PAW potentials Ti_std. A cut-off energy of 700 eV was used.  

In order to understand the wide variation of the static dielectric constant, we have attempted to examine the 

dependance of the charge density profile on the DFT functionals PBE, PBE+U (U = 3.5 eV), PBEsol, PBEsol + U, SCAN, 

SCAN-rVV10, HSEsol, and HSE06, all in conjunction with the three PAW potentials Ti_std, Ti_pv and Ti_sv. The results 

allowed us to demonstrate the reproducibility of the experimental ionic dielectric constant with the hard PAW potential 

centered on Ti, and to clarify the origin of the spurious (soft) nature of the phonon modes predicted by the two soft 

potentials Ti_pv and Ti_sv.  
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 The results obtained for the elastic 

properties using various DFT functionals 

noted above, together with the three PAW 

potentials employed, enabled us to 

demonstrate that all the polymorphs 

examined were mechanically stable. Table 

3, for example, compares the PBEsol 

(frozen phonon finite difference method) 

computed elastic properties of brookite 

TiO2, obtained using three different PAW 

potentials on their corresponding relaxed 

lattice geometries. The nature of elastic 

anisotropy in the crystal lattice was also 

revealed. 

In addition, the most crucial 

issue was how the subtle change of the 

crystal lattice of TiO2 influences and 

introduces ferroelectric features. Our 

calculations using three different PAW 

potentials and computational methods 

have enabled us to reveal how strongly 

can the induction of the ferroelectric 

modes enhances the ionic dielectric 

permittivity, especially for the low-lying 

IR (and Raman) active vibrational modes. 

Calculations of phonon band structures 

and density of states allowed us to 

Table 1: Comparison of ionic (low-frequency) and electronic (high-

frequency) components ( ij
(0) and ij

(  ), respectively) of the relative 

dielectric permittivity tensor r of R-, A- and B-TiO2, obtained using three 

cutoff energies in combination with the PBEsol and three PAW potentials 

Ti_std, Ti_pv and Ti_sv. Both low- and room-temperature experimental 

values of r reported by various authors are included. 

 
a Reported at the LDA and GGA levels, using Quantum Expresso software.  

b Low-temperature data refer T = 1.6 K.  

Table 2: The ionic (low-frequency), electronic (high-frequency) components ( ij
(0) and ij

( ), respectively) of the 

dielectric permittivity tensor r of R-TiO2, obtained using HSEsol and HSE06 in combination with the three PAW 

potentials Ti_std. A cut-off energy of 700 eV was used. 
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understand the dynamical stability of 

the polymorphs of TiO2. Figure 2, for 

example, shows the phonon band 

structures of the F- and P-phases that 

indicate the possibility of any 

dynamically unstable lattice, even 

though the R-, A- and B-TiO2 lattice 

were found to be dynamically stable 

(not shown), in agreement with 

experiment. The only feature that 

manifests with the combination 

between the Hubbard term and DFT is 

the disappearance of all soft (low 

frequency IR active) phonon modes, 

meaning that the combination does not predict the dynamic instability of the R-TiO2 lattice predicted by Ti_pv and Ti_sv 

in combination with PBE. 
We have examined the isotropic pressure dependence of the geometry, zone-center phonon modes and relative 

dielectric constant of R-, A- and B-TiO2. Figure 3, for example, shows such a dependence of the lowest five -center 

phonon modes on the applied pressure of R-TiO2. When the applied pressure increases, it causes the expansion of the 

rutile lattice, as well as the lattices of the other polymorphs. These calculations led us to a rationalization that the 

ferroelectric instability can be induced in the TiO2 lattice by applying negative hydrostatic pressure. At least three low-

lying phonon modes (A2u, B1u and Eu) of R-TiO2 are observed to be sensitive not only to the onset of ferroelectric phase 

transitions, but also to the hard and soft nature of the three PAW potentials.  

Table 3: Comparison of PBEsol (frozen phonon finite difference method) computed elastic properties of B-TiO2, 

obtained using three different PAW potentials on their corresponding relaxed lattice geometries.a,b 

 
a Properties include the Bulk modulus B, Shear modulus S, Young’s modulus Y, Poison’s ratio , Pressure-wave modulus P, the Bulk 

modulus/Shear modulus ratio B/S, longitudinal velocity vl, transverse velocity vt, average velocity vm, Debye temperature D, Zener 

anisotropy A, Universal anisotropy index AU and Log-Euclidean anisotropy AL. 

 
Figure 2: Illustration of phonon dispersion of F- and P-TiO2, respectively, 

obtained using density functional perturbation theory at the [PBEsol/Ti_std] 

level. The 4 4 4 (192 atoms) and 2 2 2 (96 atoms) supercells were utilized 

for the phonon calculations for F- and P-TiO2, respectively. Phonon 

frequencies in the vertical axis are in THz (1 THz = 33.3564 cm-1).  
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The effect of double doping on the rutile lattice 

of TiO2 was also examined using DFT. The crystal 

lattices of various bulk and supercell metal dioxide host 

species (viz. VO2, MnO2, ZnO2, ReO2, IrO2, MoO2, SiO2, 

and SnO2, etc) were geometrically relaxed using very 

tight convergence criteria, in conjunction with affordable 

high k-mesh grids. Our computational investigation 

included the 2×2×3 and 3×3×3 supercell structures of 

rutile TiO2 and Nb2O5. We have done so as to examine 

the effect of wt% dopants on the physical properties of 

the resulting systems discussed already above. Double 

dopants (viz. N and In replaces two different Ti sites in 

R-TiO2 supercell lattice) were mainly considered. The 

dopped systems examined, for example, include VCe, 

VEr, VEu, VGd VHo, VLa, VLu, VNd, VPm, VPr, VSc, 

VSm, VTm, VW, VY, and VYb, as well as NbAs, NbBi, 

NbN, NbP, NbSb, AsN, HfN, SbN, TaN, ZrN, VAl, VAs, 

VB, VBi, VGa, VIn, VN, VP, and VSb, etc. Analysis of 

the computed results of lattice and dielectric properties 

of these dropped systems is underway, yet further 

computation of several of these dopped systems is 

necessary to arrive at publication quality results since 

convergence of Born effective charges is identified to be one of the main issues in generating reasonable quality relative 

permittivity. 
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Figure 3: (Left) PBEsol level external (hydrostatic) 

pressure dependence of the lowest five -centered phonon 

modes of R-TiO2, obtained with PAW potentials: (a) 

Ti_std; (b) Ti_pv; (c) Ti_sv. (Right) The dependence of 

dielectric permittivity (ionic) on applied pressure, obtained 

PAW potentials: (d) Ti_std; (e) Ti_pv; (f) Ti_sv.   
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Study of electronic structures and reactivity of pentanuclear iron 
complex
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Fine Control of Molecular Metal Complexes and Multinuclear Clusters, 
and Elucidation of their Electronic Structures

C) 1 [Cp*(OC)2Cr GeTsi] 

Cp*Cr(CO)3Me TsiGeH3  [Cp*(OC)2(H)Cr=Ge(H)Tsi] 
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Important Kohn–Sham orbitals of 1’

(lower), calculated at the B3PW91/SDD[Cr]: 6-311+G(2d,p)[H,C,O,Ge,Si] level of theory.
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Vanitaracin A Talaromyces sp. B

2015 2022

Vanitaracin C

a a

a

a

Talaromyces

J. Antibiot. 76

a b c d 
1H 77.70% 22.30% 0.00% 0.00%

13C 99.16% 0.83% 0.00% 0.01%

All 99.76% 0.24% 0.00% 0.00%
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Computational chemistry simulation of functional materials 
using nanocarbons and organic materials 
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Molecular Simulation of Self-Assembly of Biomolecules
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Molecular Dynamics Study on Functional Self-Assembled Soft 
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Analysis of radical mechanophores using theoretical calculation and 
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Mechanism of material transport into amphiphilic molecular assemblies
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Molecular Simulation of Polymer Fracture
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○Zichang Xu (BIKEN, Osaka University) 
 

1 Introduction 

The adaptive immune system's ability to recognize non-self molecules through specific antibody-antigen interactions 

has been utilized to create antibodies for uses such as lab tests and targeted protein treatments. However, pinpointing the 

complex structures or interactive residues of these antibody-antigen pairs remains a daunting task. Although numerous 

computational methods have been designed for this purpose, integrating them for a strong, cohesive solution remains 

difficult. With advancements in protein structural modeling using Deep Learning, we've reassessed this issue to 

understand the effect of modern protein modeling on antibody-antigen binding and docking. AbAdapt merges antibody 

and antigen modeling with docking and scoring to identify specific features for epitope prediction. Its accuracy is closely 

tied to the quality of input models. It uses Repertoire Builder for antibody modeling by default, but can also accept 

structures. We've evaluated the performance of AlphaFold2 antibody models within AbAdapt using extensive benchmarks, 

including a cross-validation and a diverse holdout set. 

2 Methods 

AbAdapt and AbAdapt-AF pipelines: AbAdapt was run using default parameters, as described previously. In brief, 

antibodies were modeled using Repertoire Builder16 and antigens were modeled using Spanner. Here, any templates with 

bound antibodies overlapping with the true epitope were excluded. Two docking engines (Hex and Piper) were used to 

sample rigid docking degrees of freedom. Machine learning models were used to predict initial epitope and paratopes, 

score Hex poses, score Piper poses, score clusters of Hex and Piper poses, and predict antibody-specific epitope residues. 

For LOOCV calculations, each time an antibody-antigen pair was used as a query, each ML model was re-trained. For the 

Holdout datasets, training was performed on the entire LOOCV dataset. For the AbAdapt-AF pipeline, the only procedural 

difference was that AlphaFold2 was used for antibody prediction instead of the default Repertoire Builder method. 

Naturally, all ML models were re-trained specifically for this use case. 

3 Results 

We took advantage of AlphaFold2, a state-of-the-art protein modelling tool provided on the RCCS server, integrating 

it within the AbAdapt pipeline. The fundamental expectation from this integration was to achieve superior accuracy in 

modelling antibodies, subsequently translating to better paratope predictions, docking results, and epitope identification 

specific to the antibody. Our hypothesis was validated as we witnessed substantial improvement in multiple areas of our 

pipeline. The incorporation of more accurate antibody models derived from AlphaFold2 contributed to our pipeline's 

effectiveness. This integration was particularly evident when we applied AbAdapt-AF to an anti-receptor binding domain 

(RBD) antibody complex benchmark. We observed that AbAdapt-AF exceeded the performance of three alternative 

docking methods and displayed superior epitope prediction accuracy compared to other epitope prediction tools tested on 

the same benchmark (Fig. 1).  
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Fig. 1. Docking performance of 25 anti-RBD antibody complexes. (A) The CAPRI quality of the best model from top 

1/5/10 ranked models by ZDOCK, top 1/5/10/30/50/100/all ranked models by AbAdapt and AbAdapt-AF, and top 

1/5/10/30/50/100 by HawkDock and HDOCK. The color of each cell was their corresponding CAPRI quality showed as 

acceptable (grey) and medium (orange). (B) The number of successful queries by ZDOCK, AbAdapt, AbAdapt-AF, 

HawkDocK, HDOCK. 

 

Moreover, our study also demonstrated that while the integration of AlphaFold2 with AbAdapt represents a robust and 

incremental way of improving antibody-specific epitope predictions, there remains considerable scope for enhancement. 

False-positive epitope predictions were still prominent, indicating the need for a broader benchmark comprising various 

antigens for a fair and systematic performance comparison of AbAdapt-AF and other tools (Fig. 2). 
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Fig. 2. Epitope prediction of 25 anti-RBD antibody complexes. The comparison of epitope prediction performance 

using probability (A) and a threshold for epitope classification (B). The performance indices are calculated in evaluation 

metrics and averaged. Bold character indicated the highest value of each item. (C) Epitope map visualization of 

representative queries. The native epitope (column 1) and predicted epitope by EpiPred (column 2), AbAdapt (column 3), 

and AbAdapt-AF (column 4) are colored red on the RBD surface. The probability of prediction by AbAdapt and AbAdapt-

AF are shown in columns 5 and 6. The value below each prediction is indicated as F1 score (left) and ROC AUC (right). 
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4 Publications 

Xu, Z., Davila, A., Wilamowski, J., Teraguchi, S., & Standley, D. M. (2022). Improved Antibody Specific 

Epitope Prediction Using AlphaFold and AbAdapt. ChemBioChem, 23(18), e202200303. 

https://doi.org/10.1002/cbic.202200303 

 

The computation was performed using Research Center for Computational Science, Okazaki, Japan (Project: 21-

IMS−C116 and 22-IMS−C136).  
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“Ligand-Controlled Regiodivergence in Nickel-Catalyzed Vinylcyclopropane Rearrangement”, Irifune, K.; Yamazaki, 

K.; Nakamuro, T.; Murakami, M.; Miura, T., 7th UK-Japan Catalysis Meeting, Department of Chemistry, University of 

Oxford, 17-18th April 2023. Poster Presentation. 

5  

 Formica, M.; Rogova, T.; Shi, H.; Sahara, N.; Ferko, B.; Farley, A. J. M.; Christensen, K. E.; Duarte, F.; Yamazaki, 

K.; Dixon, D. J. Catalytic Enantioselective Nucleophilic Desymmetrisation of Phosphonate Esters. Nat. Chem. 2023, 15, 

714-721. 

Rozsar, D.; Farley, A. J. M.; McLauchlan, I.; Yamazaki, K.; Dixon, D. J. Bifunctional 

Iminophosphorane-Catalyzed Enantioselective Nitroalkane Addition to Unactivated α,β-Unsaturated Esters. Angew. 

Chem. Int. Ed. 2023, 62, e2023033. 

 Irifune, K.; Yamazaki, K.; Nakamuro, T.; Murakami, M.; Miura, T. Ligand-Controlled Regiodivergence in 

Nickel-Catalyzed Vinylcyclopropane Rearrangement. in preparation. 
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Exploiting weak interactions in apolar ices. Phase I. Benchmark
study, H on CO, and CO2

User List

1. (◦) Aikawa, Yuri

2. Takayanagi, Toshiyuki

3. Furuya, Kenji

4. Molpeceres, German

(The University of Tokyo, Saitama University, National Observatory of Japan, The Univer-
sity of Tokyo)

1 Introduction

Interstellar molecular clouds are regions of space characterized by very low temperatures (10 K) and density
of particles (104 particles cm−3). Because of the low temperature conditions, abundant molecules accrete
on top of micrometer sized dust grains, forming interstellar ices. Despite the harsh conditions, these ices
sport a rich chemistry, that are thought to be dominated by hydrogenation reactions by the H atom, owing
to the high mobility and the possibility of said atom to tunnel through potential energy barriers.

Interstellar ices chemical composition is varied and depends on many environmental factors, such as dust
temperature, local particle density or visual extinction. Remarkably, polar ices like H2O and NH3 dominate
at earlier stages in a molecular cloud, because they are efficiently formed from the hydrogenation of atoms
on bare interstellar dust, creating an ice mantle through reactions of the type: O + 2 H −−→ H2O, or N +
3 H −−→ NH3. At later stages, other molecules are either synthesized on the newly formed ice surface (i.e.
CO2) or in the gas-phase (i.e CO, N2).

With the formation of apolar molecules like CO, N2 or CO2, the interstellar ice surface starts to be populated
with molecules whose intermolecular interactions are radically different than H2O or NH3. This means that
the molecules formed or depleted on ices whose major composition is for example CO, will be less strongly
bound to the surface, enabling diffusive chemistry otherwise inhibited.

In this project spanning two fiscal years, we study the differences in the chemistry of polar ices (H2O) and
apolar ones (CO, CO2). We mainly focus on three distinct topics:

• Gas-phase reactions enriching polar and apolar ices.

• Chemistry on polar and apolar ices.

• Differences in physical processes on polar and apolar ices.

In the first part of the project, we have studied the binding properties of a series of adsorbates on CO ice
and compared with the binding on H2O, complementing our results with astrochemical models. We have
also undertaken the creation of a reactive potential for the dynamical study of the hydrogenation of CO ice.
Additionally we studied the formation mechanism of CO2 ice and how this mechanism changes on H2O and
CO ices. Finally, we have complemented our solid phase studies with auxiliary calculations on gas-phase
processes relevant for interstellar chemistry.

2 Methods

Our methodology is eminently computational, with an interplay of electronic structure calculations (density
functional and wave function theory based), molecular dynamics (using neural network interatomic poten-
tials), rate equation theories (transition state theory, RRKM theory, instanton theory) and astrochemical
modelling. In particular, the RCCS resources are mostly allocated for the expensive sampling calculations
using DFT. For this fiscal year, most of the calculations involved DFT evaluation of the binding energies of
a series of adsorbates on CO and H2O clusters.

For FY2023 our methodology also is planned to include automatic reaction discovery searches through the
GRRM code (ADDf and AFIR calculations).
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3 Results

We made the most of the computer time that we were granted, even though we could not employ it during
the whole second term of the 2022 fiscal year due to RCCS renovations. Thus the results covered here
include the calculations performed between February–April 2023. Specifically, we carried out calculations
that are currently included in three papers close to submission on in revision, along with an ancillary project
on reaction discovery whose calculations are finished and for which the manuscript preparation will begin
shortly. The finished projects are:

1. Floating in Space: How to Treat the Weak Interaction between CO Molecules in Interstellar Ices.

2. Enhanced complex organic molecules formation on CO ice.

3. Cracking the Puzzle of CO2 Formation on Interstellar Ices.

Project (1) is part of a collaboration with Leiden University to characterize the nature of the weak interaction
on CO ice by means of accurate pair potentials fitted to CCSD(T)/AVTZ data, and use the highly accurate
resulting force-field to benchmark DFT to accurately and affordably study reactions contemplated in project
(2). We found that the ωB97M-V/ma-def2-TZVP method is able to capture the physics of CO ice quanti-
tatively. The publication supporting this results is undergoing peer review. In project (2) we revealed that
CO ice is an excellent promoter of complex chemistry at very low temperatures in comparison with H2O,
this is mainly due to the weak intermolecular interaction of certain molecules, most notably CH3, HCO or
H3CO with CO, that in turn promotes radical-radical reactions on its surface, forming efficiently complex
(and prebiotic) molecules like CH3CHO, CH3OCH3 or NH2CHO. The publication summarizing these results
is undergoing peer review. Finally, in project (3) we undertook a theoretical effort to characterize the CO +
OH −−→ CO2 + H reaction on H2O and CO ices. We found that the reaction is rather inefficient and does not
proceed at low temperatures, stopping at the stable HOCO radical. Moreover, we confirmed that, thanks to
the surface stabilization promoted by the H2O ice, the formation of HOCO is favoured on these ices, and
that on CO such a reaction requires further energy input from the media. Our results are reconciled with
the literature relying on a second reaction step HOCO + H −−→ CO2 + H2. The publication supporting this
results is finished and will be submitted shortly. The RCCS resources were employed during February and
March 2023 to carry out expensive calculations for these projects. Some calculations needed to be finished
with the FY2023 budget. In addition to the above described calculations, some RCCS resources were also
allocated to study reactivity in the gas and surface phase, utilizing the GRRM code in tandem with elec-
tronic structure solvers to deepen in the chemical reactivity of important prebiotic precursors and also to
find elusive transition states on CO and H2O clusters. Finally, we are in the final stages of the construction
of a neural-network based reactive potential to study the CO + H −−→ HCO reaction on CO ices.

4 Talks and Posters

• Physical Processes on Apolar Ices. Invited talk Next Astrochemistry International Meeting (December
2022).

• Reaction dynamics on amorphous solid water surfaces using interatomic machine learned potentials.
Contributed talk. Next Astrochemistry Local Meeting (March 2023).

• Atomistic Insights on the Chemistry of the Interstellar Medium. Invited seminar at the University of
Tokyo (April 2023)

5 Publications

The following publications are the ones that employ computational resources from RCCS.

• Ferrari. B., Molpeceres, G., Kästner, J.,Aikawa, Y., van Hemert, M., Meyer, J. and Lamberts, T.
Floating in Space: How to Treat the Weak Interaction between CO Molecules in Interstellar Ices. ACS
Earth Sp. Chemistry, Submitted �

• Molpeceres, G., Furuya, K. and Aikawa, Y. Enhanced formation of interstellar complex organic molecules
on carbon monoxide ice. Astrophys. J., Submitted. �

• Molpeceres, G., Enrique-Romero, J. and Aikawa, Y. Cracking the Puzzle of CO2 Formation on Inter-
stellar Ices. In preparation. �
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Theoretical studies of relaxations and reaction dynamics 
 in condensed phase 
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 S. Saito, "Conformational Dynamics of Proteins and Liquids", Department Seminar, IIT Kanpur, Kanpur, India, 
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 T. Mori and S. Saito, “Molecular insights into the intrinsic dynamics and their roles during catalysis in Pin1 

peptidyl-prolyl isomerase”, J. Phys. Chem. B 126, 5185-5193 (2022). 

 T. Inagaki, M. Hatanaka, and S. Saito, “Anisotropic and finite effects on intermolecular vibration and relaxation 

dynamics: Low-frequency Raman spectroscopy of water film and droplet on graphene by molecular dynamics 

simulations”, J. Phys. Chem. B (in revision). 
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories
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Protein aggregation and its inhibition observed by molecular dynamics 
simulations
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Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations

1

UVSOR-III X BL3U X (XAS)

XAS

(MD)

(EtOH)
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EtOH CH2 – CH2 6 Å EtOH
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1(a) (b) EtOH K XAS

4 CH3 C 1s 3s, 3p

(CH3 3s, CH3 3p1, CH3 3p2) CH2 C 1s 3s (CH2 3s)

 1. (a) K XAS (b) 

CH2 – CH2 6 Å
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OPTICS & PHOTONICS International Congress 2022, Yokohama (Japan), 2022/4/21. ( ) 
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Protein design with computation and biochemical experiments
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Protease plasmid BL21*(DE3) IPTG

BugBuster Ni-NTA Column

TEV Protease His-tag TEV protease

Ni-NTA column His-tag Gel

3.2

1 1

SEC-MALS
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4.1

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

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

4. Rosetta Mach 5. 
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Design principles for proteins and exploration of novel ones , IPR x RIKEN(BDR) Symposium 

2023 Dive into Data of Life , 2023 2

  Nobuyasu Koga “De novo design of protein structures”, iNANO-IMS-ExCELLS Interdisciplinary Nanoscience 
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Exploration of intramolecular networks of antibodies by molecular 
dynamics simulation
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S. Yanaka, R. Yogo, H. Yagi, K. Kato, “Multifaceted observation of conformational dynamics and interactions of 

antibodies”, ABA-APPA-TBS Joint Congress in Taiwan

S. Yanaka, K. Kato, “Integrative approach for the observation of conformational dynamics and interactions of 

antibodies”, The 7th International Symposium on Drug Discovery and Design by NMR

S. Yanaka, K. Kato, “Investigation of conformational dynamics and interactions of antibodies towards their 

functional improvement”, 143 2
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Multidisciplinary Approach”, Symposium on Frontier Research for Disease-related Proteins 2023 Korea-Japan Joint 

Meeting for Molecular Sciences
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Kato Koichi Yagi Hirokazu Yanaka Saeko, “Four-dimensional Structures and Molecular Designs of Glycans”, 

Trends in Glycoscience and Glycotechnology, 34, 2022
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Molecular simulations of multiscale dynamics in the function of 
biomolecular machines
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Ab-initio calculation of magnetism and phonon properties in molecular 
systems and condensed matter

, ,

,

, ,

1
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Feldman GULP
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augmented wave) DOS VASPKIT
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Si ”, The Journal of Chemical Physics, 156, 244502 (2022)
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Svetlana Klyatskaya, Mario Ruben, Ying-Shuang Fu, “Spin-orbital Yu-Shiba-Rusinov states in single Kondo molecular 
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3

Creation of the assembled structures bearing 3D conjugation 
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[6]N-belt DFT
HOMO LUMO
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Theoretical Study on Transition-Metal-Catalyzed Organic Reactions
-Investigation of Halogen -Bonding Interactions toward Effective Molecular Recognition-

MIP
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Molecular dynamic simulation for the ion selectivity analysis of the ion 
channels 
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4 MRI

Functional and structural analysis of four dimensional MRI of the brain.

1

MRI( ) 4

6000 4 MRI 2022

2

MRI
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MRI FSL v5.0.11 (https://fsl.fmrib.ox.ac.uk /fsl/fslwiki/)

TBSS BedpostX ProbTrackX 

MELODIC/FIX HCPpipeline, fMRIprep, BIDS 3 MRI

13 8000

ENIGMA Enhancing Neuro Imaging Genetics through Meta-Analysis 100

-

http://enigma.ini.usc.edu/ongoing/enigma-schizophrenia-working-group/

3
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