hﬁ.m.. Al 3QAM |Aa
A J fr.m._u _.B:wr_.mv)..“_ oy .r_._m_r _.V.=+

9 '
B e
I
N
K5 M i
o= R .
ji; i ¥ Q
~ u 2
A -
e =
]|



2011

for
Fundamental
Chemistry

Kyoto J
University ' o X

Fukui Institute

aaet! - Lt
AR

RABKF
tEHSR—EEEMRE 72—






XL ®OIZ

2011 SR TRk 23 AR ) O U R SF MR Rk — Rl & e o 2 — i E & £ L 7ok
BB LET, Kt Z—id, KMRERTENOIL, K1 %o IR0 o
RIS L TE L TR Y £ 4, SEHEITBERMIZEEM & At seEtigic
HEIRE N L2 FFo TV AHICIBETFHAN, B ¥ —RDIEN 240 2 —F L
10 4 D A—s3—=/3Af P — & UCTLEFERE, BPFER, (LAt E O BRI 2
WHTANTEY , ZOAN—NEEEESEZMHKR L TWET, 2L TR hro4E
DI BN LB ISR B OM S 2 5 2 DHlEEZ > TE Y, B RIFREDE
B R B R O THEMEICWE LATHWET, ZofEtr ¥ —7 =n—LIRE
NHEEEEIL. B 2 —EHATHDIZ LICE > THOHEDT AT 4 7 T EWH
W, HHMEZEICHE T 2802 MiEsh TnET,

2006 F(E-RL 18 499 Atk —sl et 7Eil s — o U h—F U — & — & U THERW
IR B DB R TR A (9 RV PR E T A B ) & K IE =& ) — R0 B
L. BIEHCTOY —F = v 7a ML CTEVWTEY £3., sEekAir, BafibR
BLEEHE O BRIG HORLEF S HEE O TR O LR 2 B &, 2ER LV Z—T
WFEIZhA TE BIVE T, & HIZ 2009 (L 21 4TI TR ik — Rl aF JeEn 26 —
HRE L, A BRFAERR WREITE) OREREELZ )V —F IV —F—L LT
BB L, WFERT 20 R U E Le, 73, RESRAIL 2010 F(CHERL 22 )4 A 20 1F
R RACIRH SNVE Lz, TOH%BMELE LT, 2011 ECERL 23 )4 HICER RS
A > AT LR GCeMS) RHTZdZ DO RAF e 2 FIEE S o U —F
U—&—& UTHIBLE L, fildkdit, EBeRBILEmoBRamIcE T 205%
THERFEMEET TR b, SHEIREIRLEAE [d-BFEE RO
B LW RS R RIE I L 2R E g & T 2HE L ChohEd, filset
X, ZOTHETHELMERZHA I, TORA N "—H v ¥ —THRICHIA TV E
T FAEX, B X —DPEFMREOREM LD 2 AW L TWET, FERERIC,
A —OE LR TH 7L O AN, BTE, BRSO KRS, B TG H
LTELNET,

Yt X —OFELR MBI TR LET, RO X D BRI R4
BRI T v T 0 TEEBEGR A TRE L2 ZORIC L 0 | 1981 AE(HEFN 56 AT HMET
BRND ) —ALFEEZZE INE Lz, MIFEEDRFERT: TIRE®R I il
HALD L DIT, AR & PEER 72 & D T3 T 1985 F(BEFN 60 F) T BN TR b
FHFIERT ) SERSL S AVE LT, FUEMFEEEA OB T L7203, BHE0 L~ bid@ <
WMEREOMFTE BITHAE, HRAKRT, 4 HERYE. o TRFERTTOZRIC/ 0 | ik
FHETRy 777 AOWRE L U THER L TWET, 2 OEMEFIFERTIL 1998 £
CFRE 10 48) OREHAEAED THiE D%, 2002 FECERK 14 )R ZICHE S TR



MR X — e | BRIV s TWET, HERFOEHF & o7,
R B i L RAr. B oKLV X —RELTIREATHEEL
77

Atz —iE, EEEE HIEIE T, 2005 FCEKL 17 H) LD Fzal LA %7
RIS - BHRALT Y AR D T A A EMIRCBRME L TR £, 2011 FECERK 23 4F)
WIXEWNAMNEIZ RA > RER, PE, EEYOE -ROMAELHEE, 61 HEHtE
B —BRELE - BB ER S R T AEBE L E LT, 29 L EESEEEISE)
I DITIEMALT B LWV O BLED G, 2011 FCEER 23 4910 H IC[ERSEEEF 5T 4 3%
EL, TOEE EMEL D a—F ¢ x—4—f&L LT, FrEREHR L ORE#%
1 Z&RELE Lz, KerZ—i3, 4% b, Bk - 5HEAEDEICBT 502
EOROOEENZ R L, EEEEISEZ B L UTE20nWEB X TRBY £,

BIEBIK ISR o 2 = RV U LAZBREL TRV, D~y 77 T ZADW
FIC X D RRIHE, HEEEOME, WIS HHE R FENA DD DRA Y —FFKETT-
TEBYET, HRBEEO L -UEE <, RIS LTG0 D b FF 5 O R
TR 7,

EHICHREBIEBIO—BR & LT, 2011 4CERL 23 ) 0M@EH LD ) —~ UL E
ZHEIFECHTZHD, TREHBE L TR —LBn B —2 LD DX
WO Ra—F—%&%ELE Lz, a—F—CiZENER SN, i, /7 —X
VBRIV EREERY), BH5E — b - AE, BEARACEERL, WERERE LT
IZAB LTV ET,

KErH—iF, B X 2ICHBIIRELS H Y THAN, FRIESIXERTT, 4
%bH . WEKFH 2 WIZE NS & OIEFIFIE 2 B ICHED TITE W e B2 THY
F7, EICERBFEE EORFEMIZEE CTHY . O XD llEEE & 5
LT NWEBZTEY £7,

ZOFRIZE Y | R X —OIFEICHE A BROTHIIVEEETT, 2L T, #
AN ILFIRFZE DR & 70 0 | Rl 2 0T CRERRRICHEEL TS Z L2 EREL T
WET, REBICRYELER, At X —0IERREENTO & 21 THFER, B
R, AP O 2. ZHRBOB®MTHY . T IO BEILE L R 5%
HTT,

SRR 24 45 11 H

SRR R A v 4 — R
8



B R

FLHIT  REAPEHE—RRFELLE—F EB —F o i

I BEKE - RA—/S— e

1. BHEERR  -oooerrerrrrrrrr e 1
I = D B e PP P 9
(1) B o FomJf  worerrreremm 9
(2) FIFZ o B Jfe  ceerrtre e 3
(3) A28 2R e 5
(4) BEATZHEL  oooeeeeeereemmmmmm 15
(B) U HremTr [ e e eeeee et 19
(6) EFTEBZ (JAJH) worrrrrrrrrrmrmmmnnnn e e ettt 21

I EtMEE

1. T@i@}%éfﬁfﬁk .............................................................................. 29
2. TEAFIEE 7 0 7 4w L e 23

I MELRES

1. BT DRI ) — LR E 2B 30 JB4ET AVAR sk

 E T DRV EEDTER — e 53
2. FHKZEY 2 =T F ¥ 28R 2011 AT E R

Mer—7 v o7« 7B & B RIRE TR T D 2] e 53
3. Fukui International Symposium for Theoretical Chemistry (FISTC) ------ 54
4. @R Y- R YT A

— fEHEE T ) — VB E 30 BAEED A —— e 54
5. R —E0ATFIC T L F T T T e 55
6. HELADT T R Y T BT coeeeeeereereeaaeaaannnnnan s 55
I - I T e oS 55

IV WExE

1

2
3
4

= o = (PP 57
I e ) 79
BETEBNZIL (JAJE)  coverroreeeeeeeeeeeeeee e 90

o o 1 = P PP 96

— iii —



'

1. AE D IEFIBFZEEIZ AFUIRIIL  ovveerveeorreerneesmseesme e
O YRR oveee e
T i PP
4. B NICEE AR — ek ) — B B 30 8 AR R A B a

. Fukui International Symposium for Theoretical Chemistry (FISTC)

‘701:77‘\7_5\ .................................................................................

BRI 2 =T X S R201] R T Lo R e
. EHEE R AR A — VR Y T A

— kL = VEZESEF LS — AR — - T a s TN

CEHERREM R A I T RRY TR T A

9. HE~DT T R Y —FJEBHEIIEDEE  coovveeererrneee

R AR R —TF— X T Ly b

= T B 7 L e U

(AL TR FLAWURLDIZT, V=7 ECTHHBEWZITET,
http://www.fukui.kyoto-u.ac.jp/publication/AnnualReport2011.pdf)

_iV_



I BEHE - R—/X—/3 1 H¥— (2011)

I EEHE - X—/\—/\(HF—
1. HEHEE
Fri2 3
ik 4 K4 W =
vy r—F WO 3| TERIR R T
WA MFZEERY Bl % —5K H o — | LR+ LK
AR | BleL A —F | A M M k| ESTICREE - R A
TEGRRE | b & M | D EieRkem T
% % B BEHIRRE | Ll B | BRI
(CEEFE | ML & W | (i Al e R
B | Rk Rk | TOERRRE S T
P N T p——
AT W | O BB | (RIS EA LR
- (LRS- M)
B B | E I B | PR - SR
% B | B M | BRI
j | mE—mga s 27 2
% w® | swm W
TRy F 1 gy
SRS (LAARRIER L7 A0
A F— | B | A B | TERERMEE L
W B | @ % | SRR R e
R I e L
AT W s | Be s | TE
- " (CLEAHFIERE G Rk « AW b BB, )5 RE)
j e L |
GlEtile WeEER PR OETF | preps e re s )
ESEERIEE | AEEEGE | 6 m B E | WA
. WEMH | % % |
. f;;f,ﬁg%# JULT | R B m | WA CRARR
- j%’*ﬁ;%: Sff;f B | R AR
- N BRI R o —
T WERE R I e ()




I BEHE - X—/—/3 1 H— (2011)

2. EJOJ4—)L

(1) 2 42—k
(K& (S0op7)] | By o (a2 »WER)
(4| B2 —FR., #dz
[FriE] | TRafrsekt Mo e
[FFgEsE] | EHF v "R TERMERIESE &R E
[EL@EFERS] | 075-753-5465
[FAX] | 075-753-5447
[ETA—/7 FLZ]| tanaka@cms.MTL kyoto-u.ac.jp
[ —22—7] | http://cms.mtl kyoto-u.ac jp/tanaka.html
(WFIE 8] | B4 EER
(BUEDOMFFERRE] | © 7 2 v 7 ALEERS, FHEMEIR
[N — T — R] | BEFpRERGE B—REEE, B ) —8K50k, Xt
(B 2R | 1987 4 3 A KIK 2 R F B Feffl T2 e R i B B s Lo R AR s T
(A7) | 1987 4F 3 A KR RZ T+
[WEHE] | 1987 FF 4 A A ARFINIRILS R IBISC B (PD). 1987 4 6 A KFRKFFE £ 7
WRERT « B, 1993 4= 4 A ERFZ LA - BhF. 1996 42 5 A A K FRF
B R L X —RHERFZEE « BhEAR, 2001 4F 7 H RE R R B TARFSE R -
Bh#d, 2003 4F 12 A 5K FE R PR LA Rt - 2%
(TESMFFFEIRE] | 1992 4F 4 A <1993 453 B KA Y ~ v 7 A7T v 7 @R - KEHEE

GREEES)

[(F&iEE]

[E7pEE, ]
(2= 5 FELIN)

[ZEAfBItR D H

(

HA® R PR,

TLXY o H— T - TR NS S)
HAEZ I v 7 2Ha, BARSME S, ISHAYE TS,

American Ceramic Society, Materials Research Society

Journal of American Ceramics Society 7 = 1 — - ffg 52 7 B, World Academy of
Ceramics = 8., Journal of Physics : Condensed Matter fitE % 8. H ABRBTE
B =

1

. A. Seko, F. Oba, I. Tanaka, Classification of spinel structures based on first-
principles cluster expansion analysis, Phys. Rev. B 81 (2010) 054114

. A. Matsumoto, Y. Koyama, I. Tanaka, Structures and energetics of Bi,O,
polymorphs in a defective fluorite family derived by systematic first-principles
lattice dynamics calculations, Phys. Rev. B 81 (2010) 094117

. M. Choi, F. Oba, I. Tanaka, Role of Ti Antisitelike Defects in SrTiO,, Phys. Rev.
Lett. 103 (2009) 185502

. First-principles investigation of atomic structures and stability of proton-exchanged
layered sodium titanate M. Mori, Y. Kumagai, K. Matsunaga, and I. Tanaka, Phys.
Rev. B 79 (2009) 144117

. W. Olovsson, I. Tanaka, T. Mizoguchi, P. Puschnig, and C. Ambrosch-Draxl, All-
electron Bethe-Salpeter calculations for shallow-core x-ray absorption near-edge
structures, Phys. Rev. B79, (2009) 041102.

. K. Yuge, A. Seko, Y. Koyama, F. Oba, and I. Tanaka,First-principles-based phase
diagram of the cubic BNC ternary system, Phys. Rev. B 77, (2008) 094121

. I. Tanaka and F. Oba, First principles calculations for modern ceramic science and
engineering, J. Phys: Condens. Matter 20, (2008) 064215

. A. Seko, A. Togo, F. Oba, and I. Tanaka, Structure and stability of a homologous
series of tin oxides, Phys. Rev. Lett. 100, (2008) 045702

RASEE 74097« 7509 - T4v =K VB (2008 4F)

V== RREETRT
KEET IR

~
N

N 3T 3=« TRAET 2B (2006 4F )
JF4=1" « TV7I-2E (2004 4F )




I BEHE - R—/X—/3 1 H¥— (2011)

2 Bltri2—kK

(K& (50 57)]
(4]
[F7E]

e

(QERGIEEERD)

[FAX]

[BFA—1LT FL 2]

B —%
#fx
TEARFER 7 TR

FE A4 F# 205

(72720 T XLL)

075-383-2549
075-383-2555

ktanaka@moleng.kyoto-u.ac.jp

[F—2~—]
[0F5E55 57 ]
[(BUHEDOHFFERE]
[(DFENA*—U — ]
[ 5]

[=47]

(s 1 ]

http://www.moleng kyoto-u.ac.jp/~moleng_03/index_J html
WE LY - BELT

ST L B

H—f 2y, =130, tRbFoE 1

1978 4 3 A BB KR S LA J R b 7 s B iR R e T

1978 4£3 1 LAl (LK)

19794 6 AKETF —V—a =g e TR, VA F—F 7 I A B
1981 4F 12 A FUAR KRS L2888 T, 1988 4F 12 H [AIBh#d%. 1996 4E 11 A FU4B
KRS B LR Bz
AALYE - AAYIEYE - &

7=y F ) Fa—=T T

GHEE=S
[(F&iEE]

[EeEE, Fifims]
(&2 5 FLIN)

i
ti\

TR

T 7 = R

1.3+ ha=7 2AORMBHIN & feREYE GHEER LU
2y —HRR , 2009)

2. b (b~ A X —ilE) (3 AL+, 2010)

(UL FEE)

1. A. Tto, Y. Nakano, M. Urabe, T. Kato, and K. Tanaka, “Triradical Cation of
p-Phenylenediamine Having Two Nitroxide Radical Groups: Spin Alignment
Mediated by Delocalized Spin”, J. Am. Chem. Soc., 128, 2948-2953 (2006).

,

v—

2. Y. Hirao, M. Urabe, A. Ito, and K. Tanaka, “Intramolecular Spin Transfer in a
Spiro-Fused Bis(triarylamine)”, Angew. Chem., Int. Ed., 46, 3300-3303 (2007).

3. A. Ito, Y. Yamagishi, K. Fukui, S. Inoue, Y. Hirao, K. Furukawa, T. Kato, and K.
Tanaka, “Trimacrocyclic Arylamine and Its Polycationic States”, Chem.Commun.,
2008, Issue 48 (December 28), 6573-6575 (2008).

4. A.Tto, D. Sakamaki, H. Ino, A. Taniguchi, Y. Hirao, K. Tanaka, K. Kanemoto, and T.
Kato, “Polycationic States of Oligoanilines Based on Wurster's Blue”, Eur. J. Org.
Chem., 2009, Issue 26 (September), 4441-4450 (2009).

5. A. Tto, Y. Yokoyama, R. Aihara, K. Fukui, S. Eguchi, K. Shizu, T. Sato, and K.
Tanaka, “Preparation and Characterization of N-Anisyl-Substituted Hexaaza[1]
paracyclophane”, Angew. Chem. Int. Ed., 49, 8205-8208 (2010).

6. K. Suzuki, T. Matsuo, D. Hashizume, H. Fueno, K. Tanaka, and K. Tamao, “A
Planar Rhombic Charge-Separated Tetrasilacyclobutadiene”, Science, 331, 1306-
1309 (2011).

(LAt =0)




I BEHE - X—/—/ 1 H¥— (2011)

(K& (50 57)]
[H%4 ]

[F7E]

[#fF7E]

(ERGE-E)

[FAX]
[EFA—1LT FLR]
[F—2—]
(BF7E57 8]
[BAEDOHF TR
[BFFENZE ¥ — T — ]
]
]
]

N

[tk
[+
U

[

B =R

(FES IR FEE ]

GE=
[(F&iEE)]

[E7pE. Film]
(2 5 HLIN)

(AT RIER D2 H ]

KE Bk (BB =)
iz
B ¥ —

PS5 4 2 2

=
o
=t
o
paly
=3
—m
I

075-753-3740

075-753-3811

takao@scphys kyoto-u.ac.jp
http://www.ton.scphys.kyoto-u.ac.jp/nonlinear/

MRS PR - JEFR ORI B

MY 7 b~ 2 —

mFIREAR - X7 v - SREREE - N — TR

1977 45 1 A 5 RFRZBEEL A e R BR 20 — REEd LR E T
1977 45 1 A B E (R )

1979 427 A JUNKRSFHEZEB T, 1987 4F 8 H BAE DK & 1 REFH 2 Bh 2
B, 1991 1 A BAROKL T RFPBFERERE, 1999 4 4 A L ERFR 5P B
FRFER A%, 2004 4 1 H RHEB R P IREMEM B AR SE AT 0% . 2006 45 7 A FUER
KFRFBEHE P IR 2%

197849 H -19794F-6 5 K[E Pittsburgh K748 (David. Jansnow (%) (Mellon

T R)

HAME R, i Rss, BEAeY Y=

JPSJ Head Editor

1. T. Ohkuma and T. Ohta, Deformable self-propelled particles with a global coupling,
Chaos 20,023101(1-13) (2010)

2. T. Hiraiwa and T. Ohta, Viscoelasticity of a Single Semiflexible Polymer Chain,
Macromolecules 42, 7553-7562 (2009)

3. T. Ohta, T. Ohkuma and K. Shitara, Deformation of a self-propelled domain in an
excitable reaction-diffusion system, Phys. Rev. E 80, 056203 (2009)

4. T. Sakaue and T. Ohta, Probing Nonequilibrium Fluctuations through Linear
Response, Phys. Rev. E 77,050102R (2008)

5. Y. Tonosaki, H. Tokuda, V. Zykov and T. Ohta, Phase Dynamics for Nonlinear
Dissipative Waves under Symmetric Feedback, Europhysics Letters 83 50011-1-6
(2008)

6. R. Tamate, K. Yamada, J. Vinals, and T. Ohta, Structural rheology of microphase
separated diblock copolymers, J. Phys. Soc. Jpn.,77 034802 (2008)

7. M. Yanagisawa, M. Imai, T. Masui, S. Komura, Takao Ohta, Growth Dynamics of
Domains in Ternary Fluid Vesicles, Biophysical Journal 92, 115-125 (2007)

8. H. Shoji, K. Yamada, D. Ueyama and Takao Ohta, Turing patterns in three
dimensions, Phys. Rev. E 75,046212(13) (2007)

TULXFHoH— T3 7RV NE (200 84)




I BEHE - R—/X—/3 1 H¥— (2011)

3 R—/8—NAH—

(X4 (50 37e)]
(k4 ]

[F7E]

[#F5e2E]

[EEER]

[FAX]
[BETA—1NT KL X]
[F—2~—]

(W55 5587 ]

[BAE DT
[(TFRAFF—TU — ]
[ e 7R ]

[2#7]

(s 1 ]

[FESFFENE ]
GHEE=S
(@A)

(ER%E, Him)
(it 2% 5 4ELLPY)

[ZAArBEtR D2 H ]

KA Rk (BDE HTH)
#iz
TR B AL
A

075-383-2595

075-383-2760

akagi@fps.polym kyoto-u.ac.jp

http://www.fps.polym.kyoto-u.ac.jp

m AR, E LS B L

WM, WREYE. FIEVE, BEE O A IR E ST DA E R
MEMES T WIS S T RFRESOSY, FE S E ilE

TR TR FERHE 1% IR

T

BHRTI T, FPERWHE TR, B8R, B, FRZFEREWE 7
FERESE, FEMEM AR Y — R

BV T F N =T REY 2 ZN=NTRZWIITER, 23—V RFEEEIIER
AAEZR, M5, ARERRYS. 72U kss

SCEAF A BT (RS E BRI JE. 2005-2008) TR HEARILE AR ) ~— D #
[ e il & R HEe ) k3. Chair of 18th Iketani Conference, International
Conference on Control of Super-Hierarchical Structures and Innovative Functions of
Next-Generation Conjugated Polymers (2008), Chair of International Conference on
Science and Technolgy of Synthetic Metals (2010).

1. H. Hayasaka, T. Miyashita, K. Tamura, K. Akagi, “Helically ni-Stacked Conjugated
Polymers Bearing Photoresponsive and Chiral Moieties in Side Chains: Reversible
Photoisomerization-Enforced Switching between Emission and Quenching of
Circularly Polarized Fluorescence”, Adv. Func. Mater., 20, 1243 (2010).

2. M. Goh, G. Piao, M. Kyotani, K. Akagi, “Cis-Rich Helical Polyacetylene
Synthesized in Low-Temperature Chiral Nematic Liquid Crystal”, Macromolecules,
42,8590 (2009).

3. K. Akagi, “Helical Polyacetylene - Asymmetric Polymerization in a Chiral Liquid
Crystal Field”, Chem. Rev., 109, 5354 (2009).

4. T. Mori, T. Sato, M. Kyotani, K Akagi, “Macroscopically Aligned Helical
Conjugated Polymers in Orientation-Controllable Chiral Nematic Liquid Crystal
Field”, Macromolecules, 42, 1817 (2009).

5. M. Kyotani, S. Matsushita, T. Nagai, Y. Matsui, M. Shimomura, A. Kaito. K.
Akagi, “Helical Carbon and Graphitic Films Prepared from Iodine-Doped Helical

Polyacetylene Film using Morphology-Retaining Carbonization”, J. Am. Chem.
Soc., 130, 10880 (2008).

6. M. Goh, M. Kyotani, K. Akagi, “Highly Twisted Helical Polyacetylene with
Morphology Free From Bundle of Fibrils Synthesized in Chiral Liquid Crystal
Reaction Field”, J. Am. Chem. Soc., 129, 8519 (2007).

AR E (1999 4R ), HEERMAE (2000 4R ), H AWK &2 E i
SCE (2001 4R, o <IEE (2001 EFE ), B EAE (2002 AR ),
SCEREF PR ERERFHANE (2005 ), LR KP4 ZBEFRZ%S (2009
ERE) . A ARER PR EERE (2010 4FF)




I BEHE - X—/—/ 1 H¥— (2011)

[K4 (50 037)]
[4 ]
(PR ]

[FFA—1T FL2]
[— b))
[WF5Er 5]

[BAE OHF e E]

[BF5Epyz e — 0 — K]

1]

[“#(]

(s ]

GHEE=S

(ST

(L E. Fifam]
(#H= 5 FELIN)

(=T BafR D2 H ]

H A (272 HOOE)
i
TEEESERE MM

FEF v R A3 7 T AKX —018
075-383-2801

075-383-2420

tanaka@dipole7 kuic .kyoto-u.ac.jp
http://dipole7 kuic kyoto-u.ac.jp/
TERRIE AL

WAL T K O E R L) ORKRINEE - Ri7 7 X 2R L7t
PRAER RO 1EY

Welbiy, WIS, FEME., Rl 77 XE . BABME, Jerirty

1984 48 3 H RUHL R Lol L b AR AR 2
1986 4 3 J FURFERZFBE TAHHER LA AR BE LR E T

1986 4 3 H R R R AP LA eft T LR E LR E T

1986 - 4 H =H RKF T T+

1989 4= 4 A RUAB K LB+

1999 4 7 A FAD Tl Ky T2 Bh 3
2004 4 4 H FEBKFRKFPE T2 e fl 20%
2009 4 10 H EAEHATEI PR PR B8

AAtY T Iy 7 AHha, BARTS, WY YS, AR RS ik
MERIGEW S, B A ES 2. Materials Research Society, Optical Society of
America

MR AREERS BHE, EAM B2 B

1. Y. Hasegawa, T. Adachi, A. Tanaka, M. Afzaal, P. O’ Brien, T. Doi, Y. Hinatsu,
K. Fujita, K. Tanaka, and T. Kawai, “Remarkable Magneto-Optical Properties
of Europium Selenide Nanoparticles with Wide Energy Gaps”, Journal of the
American Chemical Society 130 (2008) 5710-5715.

2. X. Meng, K. Fujita, S. Murai, and K. Tanaka, “Coherent Random Lasers in Weakly
Scattering Polymer Films Containing Silver Nanoparticles”, Physical Review A 79
(2009) 053817-1-7.

3. H. Akamatsu, S. Oku, K. Fujita, S. Murai, and K. Tanaka, “Magnetic Properties of
Mixed-Valence Iron Phosphate Glasses”, Physical Review B 80 (2009) 134408-1-9.

4. H. Akamatsu, K. Fujita, S. Murai, and K. Tanaka, “Ferromagnetic Eu**-Based
Oxide Glasses with Reentrant Spin Glass Behavior”, Physical Review B 81 (2010)
014423-1-9.

5. X. Meng, K. Fujita, S. Murai, T. Matoba, and K. Tanaka, “Plasmonically Controlled
Lasing Resonance with Metallic-Dielectric Core-Shell Nanoparticles”, Nano Letters
11 (2011) 1374-1378.

The Australasian Ceramic Society/Ceramic Society of Japan (ACS/CJS) Joint Ceramic
Award (1997 ), BAY T I v 7 2AHEHRE (2005 4)




I BEHE - R—/X—/3 1 H¥— (2011)

[K4 (50 5370)]
(k47 ]

(77 ]

[#F5eE]

((ERGICERD)|

[FAX]
[BETA—1NT KL X]
[Fi— 2=
(W98 55 87 ]
[BAEDMFEIRE]
[(TFHEAFF—T — K]
[ 2 E ]

77 ]
]

1
R

=<

[
[

= 4
3

(FES IR FERE ]

GE=
[(F&iEE]

(7%, i)
(8% 5 /FLLY)

[ZAAirBafR D H ]

i
Bz
L FRRTERT A AR LA TR R
FIAF ¥ N AU TEFTASR N-324C 55
0774-38-3080

Ef (SLH BE)

0774-38-3084
naokis@e kuicr.kyoto-u.ac.jp

http://www kuicr.kyoto-u.ac.jp/labos/is2/scope_J.html
ALY

TR AT AT ZE RS

R - IO - S « BT
B - AR - 2 FIEAR - BT - R

* RIS

1976 4 3 A R R ZFRFBEE TR ZERH L R PRI LR T

1983 4= 3 A B+ CGRAETKRS)

1976 4 4 73 FFHEBIEAT 0 TR MBFIERECR | 1984 4 4 JRRAKFEL

BT, 1987 4 4 A AU RSP P 2%, 1992
iz

5 H R RS L AT SRR

1989 425 A-7 A AW =—7 » Linkoping KF#E~F (William R. Salaneck

##%) (Visiting Scholar)
AR 2. AAYHY

AARMEES, HTRER

AAREFRAEMERTER, APAMEFRRAEMELT « EYa VT8 oF#H

FREEER

1. R. Murdey, N. Sato and M. Bouvet, Frontier electronic structures in fluorinated

copper phthalocyanine thin films studied using ultraviolet and inverse
photoemission spectroscopies, Mol. Cryst. Liqg. Cryst. 455 (2006) 211-218.

2. H. Yoshida, K. Inaba and N. Sato, X-ray diffraction reciprocal space mapping study

of the thin film phase of pentacene, Appl. Phys. Lett. 90 (2007) 181930.

3. H. Yoshida and N. Sato, The crystallographic and electronic structures of three

different polymorphs of pentacene, Phys. Rev. B 77 (2008) 235205.

4. T. Hiramatsu, T. Sasamori, H. Yoshida, N. Tokitoh and N. Sato, Reversible

polymorphic crystalline transition of a push—pull-type molecule:
{4-[4,5-bis(methylsulfanyl)-1,3-dithiol-2-ylidene]cyclohexa-2,5-dien-1-ylidene}
malononitrile (BMDCM), J. Mol. Struct. 922 (2009) 30-34.

5. R. Murdey, M. Bouvet, M. Sumimoto, S. Sakaki and N. Sato, Direct observation

of the energy gap in lutetium bisphthalocyanine thin films, Synth. Met. 159 (2009)
1677-1681.

6. J. Tsutsumi, H. Yoshida, R. Murdey, S. Kato and N. Sato, An accurate calculation of

electronic contribution to static permittivity tensor for organic molecular crystals on
the basis of the charge response kernel theory, J. Phys. Chem. A 113 (2009) 9207-
9212.

7. J. Tsutsumi, H. Yoshida, R. Murdey and N. Sato, Spontaneous buildup of surface

potential with a thin film of a zwitterionic molecule giving non-centrosymmetric
crystal structure, Appl. Phys. Lett. 95 (2009) 182901.

1985 4 4 A H AR b2 (55 34 [0]) #ESRESE




I BEHE - X—/—/ 1 H¥— (2011)

(K% (50 57)]
(4]

[F7E]

[#fF7e=E]

(ERGE-E)

[FAX]

[EFA—1LT FLR]
[F—2a—]
(BF7E57 8]
[BlfE DT 7ER ]
[(FENEF—T — K]
[ s 21E ]

[*77]

(s EE ]

(FESMIFFEE ]
GHEE=S

[E70%E, Fifms]
(&2 5 FLIN)

[“AiBafR D2 H]

(b T9)

WHE — st & > AT DAL,

FESe v 28 A4 B 319 B

075-383-2733

075-383-2732

kitagawa@icems.kyoto-u.ac.jp

http://www.sbchem kyoto-u.ac.jp/kitagawa-lab/index.html

PRI, MR L

FHLZ LA B O BHEE & 2 D

SRR . SRARMGEAR, Jehkee. B G

1979 48 3 A 5 R RSB A i b 5 S B LR T

1979 47 J T+ UK )

1979 4 4 A KRB Lo B T 1983 4 4 A I s R 7B oA, 1988

4 IO PR Lo B i, 1992 47 4 A USTERSL R By o7 2

PRALZESE — AR PE R . 1998 4F 6 H AU K2R TR SRk - AW L

BHIHZ, 2007 47 10 H 5UEOREWE - Mkt 62 A7 LU - BILEREB X

OB R ARG TP e G Rk - ZEWEEE S Giie) 2d%

1986 4F 1987 £F: Texas A&M K Cotton WFFE=E I L5 5

HAfbZ =, s, MRS a5, KEES

1. “One-dimensional imidazole aggregate in aluminum porous coordination polymers
with high proton conductivity”, S. Bureekaew, S. Horike, M. Higuchi, M. Mizuno, T.

Kawamura, D. Tanaka, N. Yanai and S. Kitagawa, Nature Materials, 2009, 8, 831-
836.

2. “Selective sorption of oxygen and nitric oxide by an electron-donating flexible
porous coordination polymer”, S. Shimomura, M. Higuchi, R. Matsuda, K. Yoneda,
Y. Hijikata, Y. Kubota, Y. Mita, J. Kim, M. Takata and S. Kitagawa, Nature
Chemistry, 2010, 2, 633-637.

3. “Photoactivation of a nanoporous crystal for on-demand guest trapping and
conversion”, H. Sato, R. Matsuda, K. Sugimoto, M. Takata and S. Kitagawa, Nature
Materials, 2010, 9, 661-666. (Highlighted in News & Views in the same issue.).

[

. 2002 455 19 [A] H A2 A H

. 2007 4 Earl L. Muetterties Memorial Lectureship (University of California,
Berkeley)

. 2007 £RFRE 19 SRS L R H

. 2008 4F- Humboldt Research Award, Germany

. 2009 4E5F 61 [8] A A{L PR H

L2010 4F R A v m A A —Bl SR E R

- 2011 AFPK 23 AR R 20 B OO SURRR 2K B R B SR T Y

\S]

~N N B W




I BEHE - R—/X—/3 1 H¥— (2011)

(K& (50 57)]
(4]

[F7E]

[F7EE]

((ERGEEER

[FAX]
[BTA—17T FL =]
[F—2s—]
[BF7E57 8]

[HAEDOHTEAE]

[BFsEpyz e — 07— K]
(o]
[0

(s 1 ]

[(FEAMIFFERE ]
GlEE=S
[(F&EE]

[EEE, Fifmm ]
(2 5 FLIN)

[“AIRBAfR O H

=l
iz
PREERFSER
HEIRSER

075-753-3749

(Ll FAnh)

WELY: - FHEEEEL

w)FgE=

075-753-3779

yoshikaw @scphys kyoto-u.ac.jp
http://www.yklab.jp/
FERRERL S - i P

1) FEFHBRKCR TORMAY - ZZMIR9RF O B R LRI BT 5 AFJE
2) BB OYEY:

B R - BRZERIAORRFE O B AR - B SRR - Eo i
1976 - 5 A FE KPR Lo pHE LR E T
1976 4F 5 H Topfd -+ Rl Re)

1976 4= 10 H 5 KRFHA MR, 1979 4= 4 H  EE K F 8 5B # 4%,
1988 4 4 A AW B KFHEEMEFE, 1990 /£ 11 A 4 & B RKFHETEEE .
1991 4 4 A AR RFRFHEABIGTR AR 202, 1998 424 A FUERT
KZPEHE IR 282, 2002 4F 9 A FUEB K A& ok — &ttt o % — 3
F27 (BIAEICE D), 1998 4F 10 H ~1999 4F 6 A Universite Louis Pasteur %
B #d%. 2009 4F 2 H ENS, Paris & B #%

EWloOb 0L
Wl ARMEFR, Bl
Vise Chair, Commission C-6, International Union of Pure and Applied Physics, 72 &

1. “Large-scale vortex lattice emerging from collectively moving microtubules”,
Yutaka Sumino, Ken H. Nagai, Yuji Shitaka, Dan Tanaka, Kenichi Yoshikawa,
Hugues Chaté and Kazuhiro Oiwa, Nature, 483(7390), 448-452 (2012)

2. “In Vitro Murine Leukemia Retroviral Integration and Structure Fluctuation of
Target DNA”, Tatsuaki Tsuruyama, Weizhi Liu and Kenichi Yoshikawa, PLoS
ONE,7(2),e31533/1-8 (2012)

3. “Rigidity Matching between Cells and the Extracellular Matrix Leads to the
Stabilization of Cardiac Conduction”, Marcel Horning, Satoru Kidoaki, Takahito
Kawano and Kenichi Yoshikawa, Biophysical Journal, 102(3), 379-387 (2012)

4. “Enhancement of DNA compaction by negatively charged nanoparticles: Effect of
nanoparticle size and surfactant chain length”, Sergii Rudiuk, Kenichi Yoshikawa
and Damien Baigl, Journal of Colloid and Interface Science, 368(1), 372-377
(2012)

5. “Cell-Sized confinement in microspheres accelerates the reaction of gene
expression”, Ayako Kato, Miho Yanagisawa, Yuko Sato, Kei Fujiwara and Kenichi
Yoshikawa, Scientific Reports (Nature Publishing Group), 2,283/1-5 (2012)

H A IBM BF#HE (1991)




I BEHE - X—/—/ 1 H¥— (2011)

[K4]

(4 ]

(]

[FAX]

[ A—L7 KL =]

[FR—2—]

[(#F5E5 57 ]

[BAEDOHHTERE]

(WA F—T — R

GREESS)

(7, ]
(B2 5 ELIP)

[ZAifBItR D= H ]

Tanimura Yoshitaka

Professor

Department of Chemistry

Faculty of Science, 6th building #256

075-753-4017

075-753-4018

tanimura@kuchem kyoto-u.ac.jp

http://theochem .kuchem kyoto-u.ac.jp

Chemical Physics

nonlinear optical response

statistical physics

Keio University

Ph.D

Japanese Physical Soc

1. A. G. Dijkstra and Y. Tanimura, Correlated fluctuations in the exciton dynamics and
spectroscopy of DNA, New J. of Phys. 12,055005 (19pages) (2010).

2. M. Tanaka and Y. Tanimura, Multistate Electron Transfer Dynamics in the
Condensed Phase: Exact Calculations from the Reduced Hierarchy Equations of
Motion Approach, J. Chem. Phys. 132,214502 (11pages) (2010)

3. A. G. Dijkstra and Y. Tanimura, Non-Markovian entanglement dynamics in the
presence of system-bath coherence, Phys. Rev. Lett 104,250401 (4 pages) (2010).

4. A. Sakurai and Y. Tanimura, Does hbar play a role in multidimensional
spectroscopy? Reduced hierarchy equations of motion approach to molecular
vibrations, J. Phys. Chem. A 115, 4009-4022 (2011)

5. T. Hasegawa and Y. Tanimura, A polarizable water model for intramolecular and
intermolecular vibrational spectroscopies, J. Phys. Chem. B 115,5545-5553(2011).

Morino Foundation




I BEHE - R—/X—/3 1 H¥— (2011)

(K4 (50 57)]
(M4 ]

[F7)E]

[#F7E=E]

((ERGEER

[FAX]

(BT A—1T KL 2]
[F— =]
(#5557 ]

(B EDWFIEIRE]
[(FENEF—T — K]

G

[, Fim ]
(it 5 4 LLY)

[ZAAirBatR D H]

44

i (WEIFY OAL)

Hfx

WE — A i

REV AT AL (TEFER 0+ TR

Xy o2 AABE 002 BE

075-383-2566

075-383-2571

imahori@scl.kyoto-u.ac.jp

http://www.moleng .kyoto-u.ac.jp/~moleng_05/

AL - el
AR - HRABE - K7 577 ) /50—

BT 4V T7T—Ly e F ) Fa—7 - OB - BTHB)

1990 4 3 A R FE R FBe B A FERHE LA HIRRARE T

1990 4= 3 A B+ B R )

1990 4+ 4 H

KIE Y — 7 Bt T SR B 1992 4F 4 A KIRKSPESE

BEHEMFFEATEI T, 1999 4F 11 H KK F R R TR e R B #d% . 2001 4F 12
A B IR E A S X N AFE R EE GRIT) . 2002 45 2 A R R R
B TP s R 8%, 2002 4F 9 A sl K@k — i &ffst g v 4 — A — 30—
NA W — (FRE) . 2007 - 10 A AR E—HIIERE G > A 7 LS =

RS, s, KRS, KEERILS

1.

()N, I SRS S e

T. Sagawa, S. Yoshikawa, and H. Imahori, “1-D Nanostructured Semiconducting
Materials for Organic Photovoltaics,” J. Phys. Chem. Lett. (Perspective), 1, 1020-
1025 (2010).

. H. Imahori, T. Umeyama, and S. Ito, “Large 7 Aromatic Molecules as Potential

Sensitizers in Dye-Sensitized Solar Cells,” Acc. Chem. Res. 42, 1809-1818 (2009).

. Y. Matano and H. Imahori, “Phosphole-Containing Calixpyrroles, Calilxphyrins,

and Porphyrins: Synthesis and Coordination Chemistry,” Acc. Chem. Res. 42, 1193-
1204 (2009).

. H. Imahori, T. Umeyama, “Donor-Acceptor Nanoarchitecture on Semiconducting

Electrodes for Solar Energy Conversion,” J. Phys. Chem. C (Feature Article), 113,
9029-9039 (2009).

. A. Kira, T. Umeyama, Y. Matano, K. Yoshida, S. Isoda, J.-K. Park, D. Kim,

H. Imahori, “Supramolecular Donor-Acceptor Heterojunctions by Vectorial
Stepwise Assembly of Porphyrins and Coordination-Bonded Fullerene Arrays for
Photocurrent Generation,” J. Am. Chem. Soc., 131, 3198-3200 (2009).

. 2004 AL TR E
. 2006 4 H ARSEpfT R B2y
. 2006 - H AR{b 4
L2007 FEHIRT Y ) - T H—T 521 =LK AXVE
. 2007 FERBREFE

. 2007 FEF A ART » TR

A
=
e
=




I BEHE - X—/—/ 1 H¥— (2011)

(K4 (50 237)]
(4 ]

[FrE]

[#F7EE]

((ERGEEERD

[FAX]
[(EFA—1T FL 2]
[F—2b =]
[(#F5E55 57 ]
[BLfE D FERRS]

[BFsi s — 0 — K]

(TESMIFIENE]

GRS

(B E, e ]
(2 5 FLIN)

[ZAHrBafR D2 H ]

A - (PEBE D ronbH)
Hiiz
TEARRZER B T

v oS82 A4 B 118 B

075-383-2661

075-383-2651

ryoichi@cheme kyoto-u.ac.jp

http://www-tph.cheme .kyoto-u.ac.jp/

V7 kw4 —OFHEF

A ROHROFEE I 2 b—va

VT hwd— ang R EREEYIav—var U7 RER
1992 47 3 H#A REERF B TEMFERHME BRI L TR RE T
1996 4 3 At (T5) R

1994 429 A #7 R¥PRFPE HRBHAF R E B BB T, 1996 4F 3 H
AR F R F B AR B - T PR S5 B, 2000 4 1 H [RIGERD,
2004 4F 10 H RS KRR TR b TR B #d% . 2007 4= 4 A [F
WPz, 2008 4= 10 H R

2000 459 H -2001 8 A EEZ 7V v U RKAFZHE  (J-P. Hansen %)
B ENrEE (BF))

AAMEZR, LF TP, DFvialb—va ViRa

1. R. Tatsumi and R. Yamamoto, Direct numerical simulation of dispersed particles in
a compressible fluid, Phys. Rev. E 85,066704 (2012).

2. H. Mizuno and R. Yamamoto, Mechanical responses and stress fluctuations of a
strongly sheared supercooled liquid, Eur. Phys. J. E, 35,29 (2012).

3. H. Kobayashi and R. Yamamoto, Implementation of Lees-Edwards periodic
boundary conditions for direct numerical simulations of particle dispersions under
shear flow, J. Chem. Phys.,134,064110 (2011).

4. S. Yasuda and R. Yamamoto, Rheological properties of polymer melt between
rapidly oscillating plates: an application of multiscale modeling, EPL, 86, 18002
(2009).

5. T. Iwashita and R. Yamamoto, Short-time motion of Brownian particles in a shear
flow, Phys. Rev. E,79,031401 (2009).

6. Y. Nakayama, K. Kim and R. Yamamoto, Simulating (electro) hydrodynamic
effects in colloidal dispersions: smoothed profile method, Eur. Phys. J. E, 26, 361-
368 (2008).

2007 4E 1 H AR Y B UMFESREENE . 2002 4E 12 H 5 F3 I 2 Lb—3 3 VIS
P4 abs A
FHTE




I BEHE - R—/X—/3 1 H¥— (2011)

(X4 (50 n370)]
(4]

G-

[#F7E]

[E@ERE]

[FAX]
[ETA—1LT FL 2]
[F—2—)
[(#F5E
[HAEDOWFZERE ]

5787 ]

[WFZENAF—U— F]

[ eI ]

(7]

(s ]

[(FES R FERE ]
GHEE=S
(E==SHE )

[E7eEE, FifFim]
(2 5 HFLIN)

WE WS (aE LroL)
B
EERGRL MR A S

BEEEER 1 A 205 5
075-753-4220

075-753-4222
takada@biophys.kyoto-u.ac.jp
http://theory.biophys.kyoto-u.ac.jp
HEm B B

ARGy F DOREEREREL
i

ICOWNWTOHEGHZBL RN Pa—HF2 I a2 b—2 g U0

HZUNIE pTE—S— iR A

REEGERFEFLEIER R RE 5+ FHF R BUs LR R

NrETVT

1991 4 9 H iR AHFE
PR

1994 4F 3 HHZA -+ (R AWFIE RSB K5F2)

1991 -~ 1995 4 i IR} (=] 32 L FIAF e £ e (O TRV A8 PT) . 1995 4~
1998 4E H AP IR LSRR (4 Y 7 A KA FED . 1998 42~ 2001 440 F
KFLHFEAL R AT . 2001 45~ 2007 440 5 RFEE2 5 b2 R Bh 2% 2007
o~ R B FSE R E W B I A W W PR e,

199545 H -1998 4=3 H  K[EA VU /7 A KL FR (H ARSI R)
HARAE 2 HARYEL S
AARA Y aE s Z e

1. Wenfei Li and Shoji Takada, Self-learning multiscale simulation for achieving high
accuracy and high efficiency simultaneously, Journal of Chemical Physics, 130:
214108(6 pages), 2009

2. Naoto Hori, George Chikenji, R. Stephen Berry, and Shoji Takada, Folding energy
landscape and network dynamics of small globular proteins, Proceedings of the
National Academy of Sciences USA, 106: 73-78,2009

3. Kei-ichi Okazaki, and Shoji Takada, Dynamic energy landscape view of coupled
binding and protein conformational change: Induced-fit versus population-shift
mechanisms, Proceedings of the National Academy of Sciences USA, 105: 11182-
11187,2008.

4. Kei-ichi Okazaki, Nobuyasu Koga, Shoji Takada, Jose N Onuchic, and Peter G
Wolynes, Multiple-basin energy landscapes for large amplitude conformational

motions of proteins: Structure-based molecular dynamics simulations, Proceedings
of the National Academy of Sciences USA, 103(No0.32):11844-11849, 2006.

5. Nobuyasu Koga and Shoji Takada, Folding-based molecular simulations reveal
mechanisms of the rotary motor F1-ATPase, Proceedings of the National Academy
of Sciences USA, 103(No.14):5367-5372, 2006.




I HEEHKE - R—/8—/34 H— (2011)

[K4 (50 2372)]

(k4 ]

(FrE]

[#r7E=]

[FAX]

[EFA—17 FLX]

[F—2—]

[#r7E55 %]

[(HAEDOHTEAE]

[BFsEpze s — 0 — 1]

(1]

GHEE=S

[E72EE, Hifme]
(&% 5 FLIN)

OEZ (1TRPL LITOD)
HEZ

HUEARRERE bR
HPRFER 6 SRR 154 55
075-753-4006

075-753-4000

hayashig@kuchem kyoto-u.ac.jp
http://kuchem kyoto-u.ac.jp/riron/hayashig
HEm b - B

G 2287 By f-HERE D BlEm AT 5E

HUNRTERERE - v ab—a

1997 4 11 7 mUHER R B 2 SR L A B i R AR S T
1997 411 A it @F5%) GUEik?)

1998 4 4 H H ARZFEIRELSFFBIIZEE (4 EKS) . 2000 4 4 HK[EA Y
A RFERy 7 < R LR R . 2003 45 6 A ALK ek — sl &t
Tet o2 — LR R, 2003 4 10 A B2 ER IR B S X 23 F2EE . 2005
5 A R K SR F PR B 2t o R e 0

GERL/L/BEE ==

1. Local entropy difference upon a substrate binding of a psychrophilic a-amylase and
a mesophilic homologue. Takahiro Kosugi and Shigehiko Hayashi, Chem. Phys.
Lett.,501,517-522 (2011).

2. Protein collective motions coupled to ligand migration in myoglobin. Yasutaka
Nishihara, Shigeki Kato, and Shigehiko Hayashi, Biophys. J., 98, 1649-1657 (2010).

3. Electronic coulombic coupling of excitation-energy transfer in xanthorhodopsin.
Kazuhiro Fujimoto, and Shigehiko Hayashi, J. Am. Chem. Soc., 131, 14152-14153
(2009).

4. Proton transfer reactions in reaction center of photosynthetic bacteria, Rhodobacter
sphaeroides. Yu Kaneko, Shigehiko Hayashi, and Iwao Ohmine, J. Phys. Chem. B,
113, 8993-9003 (2009).

5. Photochemical reaction dynamics of the primary event of vision studied by a hybrid
molecular simulation. Shigehiko Hayashi, Emad Tajkhoshid, and Klaus Schulten,
Biophys. J., 96, 403-416 (2009).




(4) EEHE

I EEHKE - R—/85—/341 H— (2011)

(K& (50 57)]
(4]

[FrE]

[#F7E5]
(ERGE-E)

[FAX]

(7 A—LT KL 2]

RN iEH
HEZI%
(EBA S

wHE e v 2 — 206

(TE2rHD CwiAx)

Jek 2 — AR

075-711-7867

075-781-4757

hasegawa@fukui.kyoto-u.ac.jp

[ —22—7] | http://www.fukui kyoto-u.ac jp/~hasegawa
(wr7eoEr] | Bamiky: - | b
[BAEDOHFZERE] | SLREREMEE A E OB A I = X L O FhiEd KB O B3
[DFFENAF— U — F] | SebkrertE 0E. KBRS, 740 B2
[Ff& 2R | 1998 48 3 H AR LEEF7ER- Gk « B b 2 Rl 1% IR AR e T
[ZAA2] | 1998 £F 3 Al (%), nU#i R
(WEHE] | 1999 4F 11 A 5T RSE TARFJERNG AR - B L2 3B F. 2007 4F 4 H 5TH
RETAWEIERFE AR « AW bR % B 2. 2008 47 12 H 5T K2 T A2 9E )
R - WL REGERT, 2011 4 10 A U RE R TR —RL e set o 2 —ifk
iz, 2012 £F 4 A 531 FHEAnsepr & BnEEE=
[(TESMIFZEIE] | 1998 424 H -1999 45 10 A Lund KFHEG{LFF (B. 0. Roos #f%, AU = —
7)
[(FrE#x] | A, oFREs, BmbEies, RERSES, EYmBlrs
[F=iE®E] | B bertps HE
[F7p2E, “AiframsC] | 1. T. Kawatsu, K. Matsuda, and J. Hasegawa, “Bridge-Mediated Excitation Energy
(E % 5 HFLN) Transfer Pathways through Protein Media: a Slater Determinant-Based Electronic

Coupling Calculation Combined with Localized Molecular Orbitals”, J. Phys.
Chem. A 115(39), 10814-10822 (2011).

2. K. Fujimoto, K. Asai, and J. Hasegawa, “Theoretical Study of the Opsin Shift

of Deprotonated Retinal Schiff Base in the M state of Bacteriorhodopsin”, Phys.
Chem. Chem. Phys. 12(40), 13107-13116 (2010).

3. J. Hasegawa, T. Ise, K. Fujimoto, A. Kikuchi, E. Fukumura, A. Miyawaki, and Y.
Shiro, “Excited States of Fluorescent Proteins, mKO and DsRed: Chromophore-

protein Electrostatic Interaction Behind the Color Variations”, J. Phys. Chem. B,
114(8), 2971-2979 (2010).

4. K. Fujimoto, J. Hasegawa, and H. Nakatsuji, “Color tuning mechanism in human
red, green, and blue cone visual pigments: SAC-CI theoretical study”, Bull. Chem.
Soc. Jpn. 82(9), 1140-1148 (2009).

5. N. Nakatani, J. Hasegawa, and H. Nakatsuji, “Red Light in Chemiluminescence
and Yellow-green Light in Bioluminescence: Color-tuning Mechanism of Firefly,
Photinus pyralis, studied by the SAC-CI method”, J. Am. Chem. Soc. 129, 8756-
8765 (2007).

Wk 9-11 4 A AP IR Re A 7E B, PR 21 29 A o FRE PSRN E
PRk 23 4F 9 H QSCP Promising Scientist Prize of CMOA

[“EiRBafR D2 H]




I BEHE - X—/—/ 1 H¥— (2011)

[K4 (5027p)]

(k4 ]

(Frs]

[FAX]

[(GFA =T KL

[FR—2—]

(#F7E55 8]

[BlEDOHEHRE ]

[BF5Epyz e — 0 — K]

(W ]

GHEE=S

[EEE, Filims]
(&2 5 FLIN)

TR ZmH (ks KXLOT0)

M2

R RANE Y S —  ERTFEN

FABRFAEF ¥ /3R A4-024

075-383-2546

075-383-2799

nakao.yoshihide .5a@kyoto-u.ac.jp

http://www.moleng kyoto-u.ac.jp/~moleng_10/index_J.html
FHREALT - B b

BEREME S F O Wy D BRER B iR B

EREME @ BEEIA, A R

2003 4 3 H HRAEURZFRZEGE LS RHFFERG L 5 R s LR T
2003 4F 3 F fE (L) (UK

2003 4F 4 J HUERFRF P TGP ZERB) T, 2007 4 4 H 5UER R R T
FATFERENZL, 2011 4 1 H R RZERR TR —RR e o 2 —HEER

AAFR. DFRFR

1. Y. Nakao, K. Saito, S. Sakaki, “Theoretical investigation of pu-O-bridged dinuclear
Re complexes. Electronic structure, bonding nature, and absorption spectra”, Int. J.
Quant. Chem. 109, 2319-2327 (2009).

2. K. Umakoshi, K. Saito, Y. Arikawa, M. Onishi, S. Ishizaka, N. Kitamura, Y. Nakao,
S. Sakaki, “Luminescent Heteropolynuclear Complexes of 3,5-Dimethylpyrazolate
[Pt,Au,M,(Me,pz);] (M=Ag, Cu) Showing the Synergistic Effect of Three
Transition Elements in the Excited State”, Chem. Eur. J. 15, 4238-4242 (2009).

3. Y. I. Kurokawa, Y. Nakao, S. Sakaki, “Inverted Sandwich Type Dinuclear
Chromium(I) Complex and Its Analogues of Scandium(I), Titanium(I),
Vanadium(I), Manganese(I), and Iron(I): Theoretical Study of Electronic Structure
and Bonding Nature”, J. Phys. Chem. A, 114, 1191-1199 (2010).

4. H. Ando, Y. Nakao, H. Sato, S. Sakaki, “Comparison of Electronic Structures and
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Iron(Ill) Analogue”, Dalton Trans. 39, 1836-1845 (2010).
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1. Toshimasa Ishida, Shinkoh Nanbu, and Hiroki Nakamura, Non-adiabatic ab initio
dynamics of two models of Schiff base retinal, J. Phys. Chem. A, 113(16), 4356—
4366 (2009).

2. Toshimasa Ishida and Jun-ichi Aihara, Aromaticity of neutral and doubly charged
polyacenes, Phys. Chem. Chem. Phys. 11,7197 - 7201 (2009)

3. Wilfredo C. Chung, Shinkoh Nanbu, and Toshimasa Ishida, “Nonadiabatic ab Initio
Dynamics of a Model Protonated Schiff Base of 9-cis Retinal”, J. Phys. Chem. A,
114 (32), 8190-8201 (2010).

4. Shinkoh Nanbu, Toshimasa Ishida and Hiroki Nakamura, “Future Perspectives of
Nonadiabatic Chemical Dynamics”, Chemical Science, 1,663-674 (2010)

5. Wilfredo Credo Chung,* Shinkoh Nanbu, and Toshimasa Ishida, “A Nonadiabatic
Ab Initio Dynamics Study on Rhodopsin and its Analog Isorhodopsin: Chemical
Dynamics Reasons Behind Selection of Rhodopsin by Life”, Chem. Lett. 40, 1395-
1397(2011).
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YasuharuUchimoto, and Isao Tanaka, “Theoretical Fingerprints of Transition Metal
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Calculations”, J. Phys. Chem. C 115, 11871 (2011).
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695-709, (2010).
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compounds”, J. Phys.: Condens. Matter 21, 104208 (2009).
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1. H.-B. Li, A. J. Page, S. Irle, and K. Morokuma, Theoretical Insights into Chirality-
Controlled SWCNT Growth from a Cycloparaphenylene Template. ChemPhysChem
13, 1479-1485 (2012).

2. F. Liu, and K. Morokuma, A Computational Study on the Working Mechanism of
Stilbene Light-Driven Molecular Rotary Motor: Sloped Minimal Energy Path and
Unidirectional Nonadiabatic Isomerization. J. Am. Chem. Soc. 134, 4864-4876
(2012).

3. M. P. Grubb, M. L. Warter, H.-Y. Xiao, S. Maeda, K. Morokuma, S. W. North,
No Straight Path: Multistate Roaming as the Only Route for the NO3 — NO + O2
Reaction, Science, 335, 1075-1078 (2012).

4. S. Maeda and K. Morokuma, Toward Predicting Full Catalytic Cycles Using
Automatic Reaction Path Search Method: A Case Study on HCo(CO)3-Catalyzed
Hydroformylation, J. Chem. Theo. Comp. 8, 380-385 (2012).

5.J. Pang, X. Li, K. Morokuma, N. S. Scrutton, and M. J. Sutcliffe, Large-scale
Domain Conformational Change Is Coupled to the Activation of the Co-C bond in
the B12-Dependent Enzyme Ornithine 4,5-Aminomutase: A Computational Study. J.
Am. Chem. Soc. 134, 2367-2377 (2012).

6. Y. Nishimoto, Z. Wang, K. Morokuma, and S. Irle, Molecular and electronic
structures of endohedral fullerenes, Sc2C2@C3v-C82 and Sc2@C3v-C82:
Benchmark for SCC-DFTB and proposal of new inner cluster structures, Phys.
Status Solidi B, 249, 324-334 (2012).

7. Y. Matsuda, K. Hoki, S. Maeda, K. Hanaue, K. Ohta, K. Morokuma, N. Mikami,
and A. Fujii, Experimental and theoretical investigations of isomerization reactions
of ionized acetone and its dimer. Phys. Chem. Chem. Phys. 14,712-719 (2012).
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1. Pd(II)-Promoted Direct Cross-Coupling Reaction of Arenes via Highly Regioselective Aromatic
C-H Activation: A Theoretical Study, A. Ishikawa, Y. Nakao, H. Sato, S. Sakaki, Dalton Trans.,
39, 3279-3289 (2010).

2. Comparison of Electronic Structures and Light-induced Excited Spin State Trapping between
[Fe(2-picolylamine),]** and Its Iron(III) Analogue, H. Ando, Y. Nakao, H. Sato, S. Sakaki,
Dalton Trans., 39, 1836-1845 (2010).

3. Spin-orbit coupling in a model Hamiltonian for d-d excited states of Ni** ion aqueous solution, S.
Tuchi, S. Sakaki, Chem. Phys. Lett., 485, 114-118 (2010).

4. Inverted Sandwich Type Dinuclear Chromium(I) Complex and Its Analogues of Scandium(l),
Titanium(I), Vanadium(I), Manganese(I), and Iron(I): Theoretical Study of Electronic Structure
and Bonding Nature, Y.-I. Kurokawa, Y. Nakao, S. Sakaki, J. Phys. Chem. A, 114, 1191-1199
(2010).

5. Theoretical Study of Excited States of Pyrazolate- and Pyridinethiolate- Bridged Dinuclear
Platinum(II) Complexes: Relationship between Geometries of Excited States and
Phosphorescence Spectra, K. Saito, Y. Nakao, K. Umakoshi, S.Sakaki, Inorg. Chem., 49, 8977—
8985 (2010).

6. Multi-State CASPT2 Study of Native Iron(IlI)-dependent Catechol Dioxygenase and Its
Functional Models: Electronic Structure and Ligand-to-Metal Charge- Transfer Excitation, N.
Nakatani, Y. Hitomi, S. Sakaki, J. Phys. Chem. B, 115,4781-4789 (2011).

7. Theoretical Study of Photoinduced Epoxidation of Olefins Catalyzed by Ruthenium Porphyrin,
A.Ishikawa, S. Sakaki, J. Phys. Chem. A, 115,4774-4785 (2011).

8. Noble Reaction Features of Bromoborane in Oxidative Addition of B — Br ¢ — Bond to
M(PMe,), (M= Pt or Pd): Theoretical Study, G. Zeng, S. Sakaki, Inorg. Chem., 50, 5290-5297
(2011).

9. Theoretical Study of Pt(PR,),(AICL,) (R=H, Me, Ph, or Cy) Including an Unsupported Bond
between Transition Metal and Non-Transition Metal Elements; Geometry, Bond Strength, and
Prediction, S. Tsukamoto, S. Sakaki, J. Phys. Chem. A, 115, 8520-8527 (2011).

10.Theoretical study on aquation reaction of cis-platin complex: RISM-SCF-SEDD, a hybrid
aproach of accurate quantum chemical method and statistical mechanics, D. Yokogawa, K. Ono,
H. Sato, S. Sakaki, Dalton Trans, 40 (42), 11125-11130 (2011).

11.Theoretical Study on High-Spin to Low-Spin Transition of Fe(pyrazine) [Pt(CN),]}: Guest-
Induced Entropy Decrease, A. Hideo, Y. Nakao, H. Sato, M. Ohba, S Kitagawa, S. Sakaki,
Chem. Phys. Lett. 511(4-6), 399-404 (2011).
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Computational Chemistry

DNA-based asymmetric catalysis, pMMO enzymatic catalysis.

Computational study of catalysis processes in organometallic systems and bio-systems

2002 B.Sc. in Chemistry, Sun Yat-sen University,

2005 M.Sc. in Polymer Chemistry and Physics, Sun Yat-sen University

2007 Jointly Educating Ph.D. in computational organometallic chemistry, University
of North Texas,

2009 Ph.D. in Physical Chemistry (Theoretical and Computational Chemistry), Sun
Yat-sen University

Ph.D. in Physical Chemistry (Theoretical and Computational Chemistry), Sun Yat-sen
University

American Chemical Society
241st ACS National Meeting in Anaheim, CA.

1. Ke, Zhuofeng, Abe, S., Ueno, T., & Morokuma, Keiji,J. Am. Chem. Soc. 133
(20), 7926-7941 (2011) (JACS beta Select issue 13: Current Applications of
Computational Chemistry in JACS - Molecules, Mechanisms and Materials)

2. Liu, Y., Ke, Zhuofeng, Liu, Shuwen, Chen, Wen-Hua, Jiang, Shibo; Jiang, Zhi-
Hong. ChemMedChem 6 (9), 1654- 1664 (2011)..

3. Gao, H., Ke, Zhuofeng, DeYonker N. J., Wang J., Xu H., Mao Z.-W., Phillips, D.L..,
& Zhao C. J. Am. Chem. Soc.,2011, 133 (9), 2904-2915

4. Ke, Zhuofeng & Cundari, T.R. Organometallics 29 (4), 821-834 (2010). (Top10
Most Accessed Articles of Organometallics in 2010)

5. Guo, Z.; Xue, Jiadan; Ke, Zhuofeng; Phillips, D. L.*; Zhao, C.Y. J. Phys. Chem. B,
2009, /13, 6528-6532.

6. Foley, N. A,; Lee, J. P; Ke, Zhuofeng; Gunnoe, T. B.*; and Cundari, T. R. Acc.
Chem. Res. 2009, 42, 585-597

7. Lee,J.P.; Ke, Zhuofeng; Ramrez M. A.; Gunnoe, T. B.*; Cundari T. R.*; Boyle, P.
D.; Petersen, J. L. Organometallics 2009, 28,175 8-1775

8. Liu, Yan; Ke, Zhuofeng; Cui, Jianfang; Chen, Wen-Hua; Ma, Lin; Wang Bo*.
Bioorg. Med. Chem. 2008, 16, 7185-7192.

9. Foley, Nicholas A.; Ke, Zhuofeng; Gunnoe, T. Brent*; Cundari, Thomas R.*; and
Petersen, Jeffrey L. Organometallics 2008, 27, 3007-3017.

10. Guo, Zhen; Ke, Zhuofeng; Phillips, David Lee*; Zhao, Cunyuan¥*.
Organometallics 2008, 27, 181-188.
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State Scholarship Funds, China Scholarship Council (CSC) 2007
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Computational Chemistry

DFTB-MD simulation of chirality-controlled carbon nanotube growth and
determination of local chirality of carbon nanotube

Carbon nanotube, density-functional tight-binding, chirality

2004 B. Sc., Hanyang University, Seoul, Korea
2010 Ph. D., KAIST, Daejeon, Korea

Doctor of Philosophy, KAIST, Daejeon, Korea
2010, Postdoctoral fellow, KAIST, Daejeon, Korea
Korean Chemical Society

1. Joonghan Kim, Yoon Sup Lee, and Hyotcherl Ihee, “Density Functional and Ab
Initio Studies on Structures and Energies of the Ground State of CrCO”, Int. J.
Quantum Chem. 107,458 (2007).

2. Joonghan Kim, Tae Kyu Kim, Jangbae Kim, Yoon Sup Lee, and Hyotcherl Ihee,
“Density Functional and Ab Initio Study of Cr(CO), (n = 1 — 6) Complexes”, J.
Phys. Chem. A 111, 4697-4710 (2007).

3. Joonghan Kim, Sunhong Jun, Jeongho Kim, and Hyotcherl Ihee, “Density
Functional and Ab Initio Investigation of CE,ICF,I and CF,CF,I Radicals in Gas
and Solution Phases”, J. Phys. Chem. A 113, 11059-11066 (2009).

4. Joonghan Kim, Tae Kyu Kim, and Hyotcherl Ihee, “Theoretical Study on the
Reaction of Ti+ with Acetone and the Role of Intersystem Crossing”, J. Phys.
Chem. A 113, 11382-11389 (2009).

5. Jeewon Kang, Joonghan Kim, Hyotcherl Thee, and Yoon Sup Lee, “Molecular
Structures, Energetics and Electronic Properties of Neutral and Charged Hg,
Clusters (n=2-8)”, J. Phys. Chem. A 114, 5630-5639 (2010).

6. Joonghan Kim, Hyotcherl Thee, and Yoon Sup Lee, “Spin-Orbit Density
Functional and Ab Initio Study of HgX (X=F, Cl, Br, and I; n=1, 2, and 4)”, J.
Chem. Phys. 133, 144309 (2010).

7. Joonghan Kim, Tae Kyu Kim, and Hyotcherl Thee, “Density Functional and Spin-
Orbit Ab Initio Study of CF;Br: Molecular Properties and Electronic Curve-
Crossing”, J. Phys. Chem. A 115, 1264-1271 (2011).

8. Joonghan Kim, Hyotcherl Thee, and Yoon Sup Lee, “Spin-orbit ab initio study of
two low-lying states of chloroiodomethane cation”, Theor. Chem. Acc. 129, 343-
347 (2011).

9. Joonghan Kim, Stephan Irle, and Keiji Morokuma, “Determination of Local
Chirality in Irregular Single-Walled Carbon Nanotubes Based on Individual
Hexagons”, Phys. Rev. Lett. 107, 175505 (2011)

10. Joonghan Kim and Hyotcherl Thee, “Theoretical Study on the Reaction of
Butadiynyl Radical (C,H) with Ethylene (C,H,) to Form CH, and H”, Int. J.
Quantum Chem. 112, 1913-1925 (2012).
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Computational Chemistry

Molecular Dynamics simulations and electronic structure calculations of nanoscale
self-assembly processes (in particular, carbon nanotube & graphene nucleation and
growth).

Single-walled carbon nanotube, garphene self-assembly, nucleation, growth, healing,
(n,m)chirality, functionalization density-functional tight-binding

2004, Bachelor of Mathematics (Honours Class I), The University of Newcastle,
Australia

2004, Bachelor of Science (Honours Class I), The University of Newcastle, Australia
2008, Doctor of Philosophy, The University of Newcastle, Australia

Doctor of Philosophy, The University of Newcastle, Australia

2008, Postdoctoral Research Associate, Priority Research Centre for Energy,
Department of Chemical Engineering, The University of Newcastle, Australia
2009-2010, CREST Postdoctoral Research Fellow, Fukui Institute for Fundamental
Chemistry, Kyoto University, Japan

2010-2012, Fukui Postdoctoral Research Fellow, Fukui Institute for Fundamental
Chemistry, Kyoto University, Japan

American Chemical Society, Royal Australian Chemistry Institute

1. Y. Wang, A. J. Page, H.-J. Qian, Y. Nishomoto, S. Irle, K. Morokuma, “Template
Effect in the Competition Between Haeckelite and Graphene Growth on Ni(111):
Quantum Chemical Molecular Dynamics Simulations.”, J. Am. Chem. Soc., 133,
18837, (2011)

2. A.J.Page, K.R.S. Chandrakumar, S. Irle, K. Morokuma, “SWNT Nucleation from
Carbon-Coated SiO, Nanoparticles via a Vapor-Solid-Solid Mechanism”. J. Am.
Chem. Soc., 132, 15699, (2011)

3. A.J. Page, Y. Ohta, S. Irle, K. Morokuma, “Mechanisms of Single-Walled Carbon
Nanotube Nucleation, Growth and Healing Determined using QM/MD Methods”,
Acc. Chem. Res., 43, 1375, (2010)

4. A.J. Page, Y. Ohta, Y. Okamoto, S. Irle, K. Morokuma, “Defect Healing During
Single-Walled Carbon Nanotube Growth: A Density-Functional Tight-Binding
Molecular Dynamics Investigation”, J. Phys. Chem. C, 113, 20198, (2009)

5. A.J. Page, E. I. von Nagy-Felsobuki, “Rovibrational Spectra of LiH,*, LiHD*
and LiD,* Determined using FCI Property Surfaces”, J. Phys. Chem. A, 111, 4478,
(2007)

Australian Post-Graduate Award (2005-2008)
RACI Chemistry Honours Prize (2004)
Deans Medal, Faculty of Science and IT, The University of Newcastle (2004)
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075-711-7647

miho@fukui.kyoto-u.ac.jp

FHEALT - B b

1% 52 O SO HE (B3 2 BRAR AT ZE

—WE L EFRIETT

/%3 Kt + ONIOM 9%
2011 4F 3 A BFEFRB KRB B L AuF 2Rl SRl e T ndi g LR 1

2011 423 A filit: (BE%) (BHERSBART)

2009 FE 4 A — 2010 £ 3 A BEHERBAKRFZ R E TR B2 (CFH) -
TFZEBh %)

2011 FF 4 B FESKRFEEH il &ttt ¥ —7 2 a—
HAL S - RS R

1. M. Hatanaka, S. Yabushita, “An ab initio study on the f-f hypersensitive transition
intensities of lanthanide tribromide molecules”, Chem. Phys. Lett. 504, pp 193-198
(2011).

2. M. Hatanaka, S. Yabushita, “Theoretical Study on the f—f Transition Intensities of
Lanthanide Trihalide Systems”, J. Phys. Chem. A 113, pp 12615-12625 (2009).

3. T. Ikeno, I. Iwakura, A. Shibahara, M. Hatanaka, A. Kokura, S. Tanaka, T. Nagata,
T. Yamada, “Newly Designed Catalysts for the Enantioselective Borohydride
Reduction: Prediction from the Theoretical Analysis”, Chem. Lett. 36, pp 738-739
(2007).

4. 1. Iwakura, M. Hatanaka, A. Kokura, H. Teraoka, T. Ikeno, T. Nagata, T. Yamada,
“The Reactive Intermediate of Catalytic Borohydride Reduction by Schiff Base-
Cobalt Complexes”, Chem. Asian J. 1, pp 656-663 (2006).

2011 44 A ﬁ#ﬁ—ﬂwﬁ%ﬁ/& 7 r—
2010 £ 4 H  ARIEFE %ﬁﬁﬁmﬂ%ﬁﬁn%m%A K7z —
2009 43 H  HALHEEE 89 BEES  FAHREE
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Xin Li

Associate professor

Dalian Institute of Chemical Physics, Chinese Academy of Sciences
Room 104

+86-411-84379376

lixinbj@gmail.com

Computational Biochemistry

Studies of biological systems

Reaction mechanisms of metalloenzymes and photobiology

June 2005, Ph. D., College of Chemistry, Liaoning Normal University
Ph. D. in Physical Chemistry from Liaoning Normal University

July 2005-May 2007, Postdoctoral Fellow, Peking University
July 2007-December 2011, Postdoctoral Fellow, Fukui Institute for Fundamental
Chemistry

1. Xin Li, Lung Wa Chung, Piotr Paneth, and Keiji Morokuma, “DFT and
ONIOM(DFT:MM) Studies on Co-C Bond Cleavage and Hydrogen Transfer in B, ,-

Dependent Methylmalonyl-CoA Mutase. Stepwise or Concerted Mechanism?” J.
Am. Chem. Soc. 131, 5115-5125 (2009).

2. Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, and Keiji Morokuma,
“A Theoretical Study on the Nature of On- and Off-States of Reversibly
Photoswitching Fluorescent Protein Dronpa: Absorption, Emission, Protonation and
Raman”, J. Phys. Chem. B 114, 1114-1126 (2010).

3. Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, and Keiji Morokuma,
“Primary Events of Photodynamics in Reversible Photoswitching Fluorescent
Protein Dronpa”, J. Phys. Chem. Lett. 1,3328-3333 (2010).

4. Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, and Keiji Morokuma,
“Competitive Mechanistic Pathways for Green-to-Red Photoconversion in the
Fluorescent Protein Kaede: A Computational Study”, J. Phys. Chem. B 114, 16666-
16675 (2010).

5. Xin Li, Lung Wa Chung, and Keiji Morokuma, “Modeling Photobiology Using
Quantum Mechanics (QM) and Quantum Mechanics/Molecular Mechanics (QM/
MM) Calculations,” In “Computational Methods for Large systems: Electronic
Structure Approaches for Biotechnology and Nanotechnology” Reimers, J. R. Eds.
John Wiley & Sons, Inc., Hoboken, 2011, pp 397-433.

6. Xin Li, Lung Wa Chung, and Keiji Morokuma, ‘Photodynamics of All-trans Retinal
Protonated Schiff Base in Bacteriorhodopsin and Methanol Solution”, J. Chem.
Theory Comput. (Lett.) 7,2694-2698 (2011).

7. Lung Wa Chung, Xin Li, Hajime Hirao, and Keiji Morokuma, “Comparative
Reactivity of Ferric-Superoxo and Ferryl-Oxo Species in Heme and Non-Heme
Complexes”, J. Am. Chem. Soc. (Commun.) 133, 20076-20079 (2011).

8. Jiayun Pang, Xin Li, Keiji Morokuma, Nigel S. Scrutton, and Michael J. Sutcliffe,
“Large-Scale Domain Conformational Change Is Coupled to the Activation of
the Co—C Bond in the B ,-Dependent Enzyme Ornithine 4,5-Aminomutase: A
Computational Study” J. Am. Chem. Soc.134,2367-2377 (2012).

9. Chung, L. W.; Hirao, H.; Li, X.; Morokuma, K. “The ONIOM Method: Its

Foundation and Applications to Metalloenzymes and Photobiology”, WIREs
Comput. Mol. Sci. 2,327-350 (2012).

Postdoctoral Science Fund of China in Peking University, 2006; WATOC2011 Poster
Prize




I FE#HESE (2011)

[K4]
(4 1
(P ]

[EFA—17 FLX]
[ #5255 ]

[BfEDOHERE ]

[BFFENFEF—T — K]

[2£1E]

[“#]
(s 1 ]
GHEE=S

(7%, ]
(B2 5 ELIP)

[T BR D Z E 7 L]

K. R. S. Chandrakumar
JST Fellow

Fukui Kenichi Memorial Research Group 1, Fukui Institute for Fundamental
Chemistry

Room 203
075-711-7834
075-781-4757

krsc@fukui.kyoto-u.ac.jp; krschandrakumar@gmail.com
Computational Chemistry

DFTB-MD simulation of carbon nanotube growth from the metal decorated carbon
nanocones

carbon nanotube, nanocones, self-assembly, nanocapsules, density-functional tight-
binding

B.Sc., with distinction, Madurai Kamaraj University, (General Chemistry with Physics
and Mathematics as ancillary subjects) 1994

M.Sc., with first class, Madurai Kamaraj University, (specialization in Physical
Chemistry) 1996

Ph.D., Pune University, National Chemical Laboratory, 2003

Thesis Title: Theoretical studies on some aspects of chemical reactivity using density
based descriptors.

Doctor of Philosophy, Pune University, National Chemical Laboratory
Since 2004, working as a Scientific Officer at Bhabha Atomic Research Centre, India
Chemical Research Society of India.

1. Jena, N. K. Tripathy, M. K., Samanta, A. K., Chandrakumar, K. R. S. and Ghosh,
S. K. “Water molecule encapsulated in carbon nanotube model systems: effect of
confinement and curvature” Theo. Chem. Acc. 2012, 131, 1-12.

2.Jena, N K., Chandrakumar, K.R.S; Ghosh, S K. Beyond the gold-hydrogen analogy:
Doping gold cluster with H-atom-O, activation and reduction of the reaction barrier
for CO oxidation Journal of Physical Chemistry Letters 2011 2 1476-1480.

3. Page, AJ., Chandrakumar, K.R.S., Irle, S., Morokuma, K. SWNT nucleation from
carbon-coated SiO 2 nanoparticles via a vapor-solid-solid mechanism J. Am.
Chem. Soc. 2011, 133, 621-628.

4. Page, AJ., Chandrakumar, K.R.S., Irle, S., Morokuma, K. “Thermal annealing of
SiC nanoparticles induces SWNT nucleation: Evidence for a catalyst-independent
VSS mechanism” Physical Chemistry Chemical Physics 2011, 13, 15673-15680

5. Jena, N.K., Chandrakumar, K.R.S. Ghosh, S.K. DNA Base-Gold Nano Cluster
Complex as a Potential Catalyzing Agent: An Attractive Route for CO Oxidation
Process. J. Phys. Chem. C 2012, (In Press).

Indo-European Collaborative Project Grant (FP7); Project Title: Modeling of Nano-
scaled Advanced Materials Intelligently (MONAMI)

Young Scientist Award in 2008 from Department of Atomic Energy (DAE)

Young Scientist Medal Award in 2005 from the Indian National Science Academy
(INSA)
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Fengyi Liu

JST Fellow

Fukui Institute for Fundamental Chemistry

Room 207

075-711-7893

fengyiliu@fukui kyoto-u.ac.jp

Computational Chemistry

Theoretical calculation of molecular motor and switch

Artificial/biological molecular motor, molecular switch

Jun. 1998, B. Sc. in Chemistry, Hebei Normal University, China
Jun. 2001, M. Sc. in Chemistry, Hebei Normal University, China
Dec. 2005, Ph.D. in Chemistry, Beijing University of Chemical Technology, China

Ph. D. in Applied Chemistry, Beijing University of Chemical Technology

Sep. 2007-Jun. 2009, Postdoctoral researcher, Lund University, Sweden

1. Fengyi Liu and Keiji Morokuma, Computational Study on the Working Mechanism

of a Stilbene Light-Driven Molecular Rotary Motor: Sloped Minimal Energy Path
and Unidirectional Nonadiabatic Photoisomerization, J. Am. Chem. Soc., 2012, 134,
4864-4876.

. Shu-Feng Chen, Ya-Jun. Liu, Fengyi Liu, Luca De Vico, Roland Lindh,

Multireference calculations on the chemical origin and mechanism of firefly
bioluminescence, Luminescence, 2010, 25, 89-90.

. Fengyi Liu, Yajun liu, Luca De Vico, Roland Lindh, A CASSCF/CASPT2 Approach

to the Decomposition of Thiazole-Substituted Dioxetanone: Substitution Effects
and Charge-Transfer Induced Electron Excitation, Chem. Phys. Lett. 2009484 ,69-
75.

. Fengyi Liu, Yajun Liu, Luca De Vico, Roland Lindh, Theoretical Study of the

Chemiluminescent Decomposition of Dioxetanone, J. Am. Chem. Soc., 2009, 131,
6181-6188.

. Shu-Feng Chen,Feng-Yi Liu, Ya-Jun Liu, An ab initio investigation of the

mechanisms of photodissociation in bromobenzene and iodobenzene, J. Chem.
Phys.,2009, 131, 124304.

. Jie Ren, Fengyi Liu, Yatong Zhang, David Wei Zhang, Initial reaction of HfO,

atomic layer deposition on silicon surfaces with different oxygen levels: A density
functional theory study, Thin Solid Film,2007,515,4702-4708.

Poster Prize on 7th Congress of the International Society for Theoretical Chemical
Physics, 2011, Tokyo, Japan.
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Hong-Yan Xiao

JST Fellow

Fukui Institute for Fundamental Chemistry
Room 208

075-711-7894

hyxiao@fukui.kyoto-u.ac.jp
Computational Chemistry

Exploring photodissociation mechanism of small molecules by GRRM and AFIR
programs

Photodissociation, excited state, conical intersection, nonadiabatic transition

Jun. 2002, B. Sc. in Chemistry, Liaoning Normal University, China
Jun. 2005, M. Sc. in Physical Chemistry, Liaoning Normal University, China
Jun. 2008, Ph.D. in Physical Chemistry, Beijing Normal University, China

Ph. D. in Physical Chemistry, Beijing Normal University

Since July 2008, working as an assistant researcher at Technical Institute of Physics
and Chemistry, Chinese Academy of Science

1. Ya-Jun Liu, Hong-Yan Xiao, Meng-Tao Sun, Wei-Hai Fang. Spin-orbit ab initio
investigation of the photodissociation of dibromomethane in the gas and solution
phases. J. Comput. Chem.29,2513-2519 (2008)

2. Isabelle Navizet, Ya-Jun Liu, Nicolas Ferré, Hong-Yan Xiao, Wei-Hai Fang
and Roland Lindh. Color-tuning mechanism of firefly investigated by multi-
configurational perturbation method. J. Am. Chem. Soc. 132,706-712 (2010)

3. Hong-Yan Xiao, Zhen Zhen, Huan-Quan Sun, Xu-Long Cao, Zhen-Quan Li, Xin-
Wang Song, Xiao-Hong Cui and Xin-Hou Liu. Molecular dynamics simulation of
anionic surfactant at the water/n-alkane interface. Acta Phys. -Chim. Sin. 26, 422-
428 (2010)

4. Huan-Quan Sun, Hong-Yan Xiao, and Xin-Hou Liu. Structural properties of
hydroxyl-substituted alkyl benzenesulfonates at the water/vapor and water/decane
interfaces. Sci. China Chem. 54, 1078-1085 (2011)

5. Hong-Yan Xiao, Satoshi Maeda and Keiji Morokuma. Excited-state roaming
dynamics in photolysis of a nitrate radical. J. Phys. Chem. Lett. 2,934-938 (2011)

6. Michael P. Grubb, Michelle L. Warter, Hong-Yan Xiao, Satoshi Maeda, Keiji
Morokuma and Simon W. North. No straight path: roaming in both ground- and
excited-state photolytic channels of NO; — NO +0,. Science 335, 1075-1078
(2012)

Qiu Shi Graduate Student Scholarship in Beijing Normal University (2007)
National Natural Science Foundation of China (2010)
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Lina Ding (T REHF)

JST Fellow

Fukui Institute For Fundamental Chemistry

Room 212

075-711-7631

ding@fukui.kyoto-u.ac.jp

photobiology

Photo reaction mechanism of biochemical and metal-complexes systems

Jun. 2004, B. Sc. in Chemistry, Zhengzhou University, China
Jun. 2007, M. Sc. in Organic Chemistry, Zhengzhou University, China
Jun. 2010, Ph.D. in Physical Chemistry, Beijing Normal University, China

Ph.D. in Physical Chemistry, Beijing Normal University, China

1. Lina Ding, Lung Wa Chung, Keiji Morokuma “Reaction Mechanism of Photo-
induced Decarboxylation of the Photoactivatable Green Fluorescent Protein:An
ONIOM(QM:MM) Study”, To be submitted.

2. Lina Ding, Keiji Morokuma, “Mechanisic study on the Photoisomerization in
Polypyridyl mononuclear ruthenium(Il) aquo (PMRA) complexe”, In preparation.

3. Lina Ding, Wei-Hai Fang, “Exploring Light-Induced Decarboxylation Mechanism
of o-Acetylphenyl-Acetic Acid from the Combined CASSCF and DFT Studies”, J.
Org. Chem. 2010, 75, 1630-1636.

4. Lina Ding, Lin Shen, Xue-Bo Chen, Wei-Hai Fang, “Solvent Effects on
photoreactivity of Valerophenone: A Combined QM and MM Study”, J. Org. Chem.
Featured Article 2009, 74, 8956-8962.

5. Lina Ding, Xue-Bo Chen, Wei-Hai Fang, “Ultrafast Asynchronous Concerted
Excited-State Intramolecular Proton Transfer and Photodecarboxylation of
o-Acetylphenylacetic Acid Explored by Combined CASPT2 and CASSCF Studies”,
Org. Lett. 2009, 11(7), 1495-1498.

6. Ganglong Cui, Lina Ding, Feng Feng, Yajun Liu, and Weihai Fang, “Insights into
Mechanistic Photochemistry of Urea”, J. Chem. Phys. 2010, 132, 194308;

Beijing Normal University, Academic Excellence Award, 2009.
Beijing Normal University, Scientific Achievement Award, 2010.
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Hai-Bei Li

JST Fellow

Fukui Institute for Fundamental Chemistry

Room 203

075-711-7834

hpli@fukui.kyoto-u.ac.jp

Computational Chemistry

MBD simulations of the formation and growth of carbon nanostructures: fullerenes, and
nanotubes

Fullerene, Hydrocarbon combustions, Self-assembly, Single-walled carbon nanotube,
Chirality, Graphene growth, Density-functional tight-bingding

2004, Bachelor of Chemistry, Qufu Normal University, China

2007, Master of Chemical Physics, University of Science and Technology of China,
China

2010, Doctor of Chemical Physics, University of Science and Technology of China,
China

Doctor of Philosophy, University of Science and Technology of China

1. Hai-Bei Li, Aister. J. Page, Sthephan. Irle and K. Morokuma, “Theoretical Insights
for Chirality-Controlled SWCNT Growth from a Cycloparaphenylene Template”,
ChemPhysChem, 13,1479, 2012.

2. Hai-Bei Li, Aister. J. Page, Ying Wang, Sthephan. Irle and K. Morokuma,
“Sub-Surface Nucleation of Graphene Precursors near a Ni(111) Step- Edge”,
ChemComm, Accepted. DOI:10.1039/c2cc32995f.

3. Hai-Bei Li, Shanxi Tian, and Jinlong Yang. Propene oxidation on V,O,,” cluster:
reaction dynamics to acrolein, J. Phys. Chem. A, 114, 6542,2010

4. Hai-Bei Li, Shanxi Tian, and Jinlong Yang. Propene oxidation with anionic cluster
V,0,, : selective epoxidation, Chem. Eur. J (communications) 15, 10747, 2009

5. Hai-Bei Li, Shanxi Tian, and Jinlong Yang. Theoretical study of the stepwise
protonation of the dioxo Manganese (V) porphyrin, J. Phys. Chem. B, 112, 15807,
2008

Qiu Shi Graduate Student Scholarship (2009)
Supported by the Scientific Research Foundation of Graduate School of USTC (2008)
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Lung Wa Chung
JST Fellow

Fukui Kennichi Memorial Research Group 1, Fukui Institute For Fundamental
Chemistry

Room 212

075-711-7631

chung @fukui.kyoto-u.ac.jp
https://sites.google.com/site/oscarlwchung/home
Computational Chemistry, Biochemistry and Biophysics
Metalloenzymes, photobiology, multi-scale simulations

Reaction mechanism of metalloenzymes, photobiology, bio-inspired systems and
catalysis; multi-scale simulations development

Aug. 2000, B.Sc. in Chemistry (1st Hon.), The Hong Kong University of Science &
Technology;
Aug. 2003, M. Phil. in Chemistry, The Hong Kong University of Science &
Technology;
Aug. 2006, Ph. D. in Chemistry, The Hong Kong University of Science & Technology

Ph. D. in chemistry, The Hong Kong University of Science & Technology

1. Chung, L. W,; Li, X.; Sugimoto, H.; Shiro, Y.; Morokuma, K. “A DFT Study on
a Missing Piece in Understanding of Heme Chemistry: The Reaction Mechanism

for Indoleamine 2,3-Dioxygenase (IDO) and Tryptophan 2,3-Dioxygenase (TDO)”
J.Am. Chem. Soc. 2008, 130, 12298.

2. Chung, L. W.; Hayashi, S.; Lundberg, M.; Nakatsu, T.; Kato, H.; Morokuma, K.
“Mechanism of Efficient Firefly Bioluminescence via Adiabatic Transition State
and Seam of Sloped Conical Intersection” J. Am. Chem. Soc. 2008, 130, 12880.

3. Li. X.; Chung, L. W.; Paneth, P.; Morokuma, K. “DFT and ONIOM(DFT:-MM)
Studies on Co-C Bond Cleavage and Hydrogen Transfer in B12-Dependent

Methylmalonyl-CoA Mutase. Stepwise or Concerted Mechanism?” J. Am. Chem.
Soc.2009, 131, 5115.

4. Li. X.; Chung, L. W.; Mizuno, H.; Miyawaki, A.; Morokuma, K. “A Theoretical
Study on the Natures of On- and Off-States of Reversibly Photoswitching

Fluorescent Protein Dronpa: Absorption, Emission, Protonation and Raman” J.
Phys. Chem. B 2010, /14,1114

5. Chung, L. W,; Li, X.; Sugimoto, H.; Shiro, Y.; Morokuma, K. “ONIOM Study on
a Missing Piece in Our Understanding of Heme Chemistry: Bacterial Tryptophan
2,3-Dioxygenase with Dual Oxidants”, J. Am. Chem. Soc. 2010, 115,11993.

6. Li, X.; Chung, L. W.; Mizuno, H.; Miyawaki, A.; Morokuma, K. “Primary Events

of Photodynamic in Reversibly Photoswitching Fluorescent Protein Dronpa” J.
Phys. Chem. Lett. 2010, 1,3328.

7. Nakamura, A.; Munakata, K.; Ito, S.; Kochi, T.; Chung, L. W.; Morokuma, K.;
Nozaki, K. “Pd-Catalyzed Copolymerization of Methyl Acrylate with Carbon
Monoxide: Structures, Properties and Mechanistic Aspects toward Ligand Design”
J.Am. Chem. Soc. 2011, 133, 6761.

8. Li, X.; Chung, L. W.; Morokuma, K. “Primary Events of Photodynamics of All-
trans Protonated Retinal Schiff Base in Bacteriorhodopsin, Methanol Solution and
Gas Phase” J. Chem. Theory Comput. (Lett.) 2011, 7,2694.

9. Chung, L. W_; Hirao, H.; Li, X.; Morokuma, K. “The ONIOM Method: Its
Foundation and Applications to Metalloenzymes and Photobiology”, WIREs
Comput. Mol. Sci. 2012, 2, 327.

10. Chung, L. W.; Li, X.; Hirao, H.; Morokuma, K. “Comparative Reactivity of
Ferric-Superoxo and Ferryl-Oxo Species in Heme and non-Heme Complexes” J.
Am. Chem. Soc. (Commun.) 2011, 133, 20076.

11. Tanaka, R.; Yamashita, M.; Chung, L. W.; Morokuma, K.; Nozaki, K.
“Hydrogenation of Carbon Dioxide Catalyzed by Ir-PNP Complex: Reversibility
and Reaction Mechanism” Organometallics 2011, 30, 6742.
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Galina Petrova

JST fellow

Fukui Institute for Fundamental Chemistry

Room 208

075-711-7894

075-711-7838

petrova@fukui.kyoto-u.ac.jp

Computational Chemistry

Hetero- and homogeneous catalysis

metalloenzymes, DNA based asymmetric catalysis, reaction mechanisms

2009, Ph.D. degree in Organic chemistry, University of Sofia, Bulgaria
2003, B.Sc. in Chemistry (Theoretical and physical chemistry), University of Sofia,
Bulgaria

Ph.D. in Organic chemistry, University of Sofia, Bulgaria

12/2010-04/2012, Postdoctoral Scholar at FIFC, Kyoto University, Kyoto, Japan
02-11/2010, Postdoctoral Scholar at the Faculty of Chemistry, University of Sofia
06/2009-01/2010, Postdoctoral Scholar at the Faculty of Chemistry, University of
Sofia & Excellence Centre for Advanced Materials UNION

7/2008-5/2009, Research chemist at the Faculty of Chemistry, University of Sofia

Bulgarian Catalytic Club, Bulgarian Zeolite Association

1. G. N. Vayssilov, G. P. Petrova, E. A. I. Shor, V. A. Nasluzov, A. M. Shor, P. S.
Petkov, N. Rosch, “Reverse hydrogen spillover on and hydrogenation of supported
metal clusters: Insights from computational model studies” Phys. Chem. Chem.
Phys. 14, 5879-5890 (2012).

2. G. N. Vayssilov, Y. Lykhach, A. Migani, T. Staudt, G. P. Petrova, N. Tsud, Tomas
Skala, A. Bruix, F. Illas, K. C. Prince, V. Matolin, K. M. Neyman, J. Libuda,
“Support nanostructure boosts oxygen transfer to catalytically active platinum
nanoparticles”, Nature Materials, 10,310-315 (2011).

3. G. P. Petrova, G. N. Vayssilov, N. Rosch, “Interaction of ethene and ethyne with
bare and hydrogenated Ir, clusters. A density functional study”, Catalysis Science &
Technology, 1,958-970 (2011).

4. N. Rosch, G. P. Petrova, P. St. Petkov, A. Genest, S. Kriiger, H. A. Aleksandrov, G.
N. Vayssilov, “Impurity Atoms on Small Transition Metal Clusters. Insights from
Density Functional Model Studies”, Topics in Catalysis, 54,363-377 (2011).

5. M. A. Rangelov, G. P. Petrova, V. M. Yomtova, G. N. Vayssilov, “Catalytic Role
of Vicinal OH in Ester Aminolysis - Proton Shuttle versus Hydrogen-Bonds
Stabilization”, J. Org. Chem., 75, 6782-6792 (2010).

Student award for high academic achievements of the Foundation for support of the
Bulgarian Higher Education named after Prof. Michael Klett (2003)
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Raman Kumar Singh

Post doctoral Researcher

Fuel Cell Nanomaterials Centre, University of Yamanashi, Japan
6-43 Miyamae-cho, Kofu 400-0021

055-254-7161

055-254-7161

singh@yamanashi.ac.jp

Computational Chemistry

Electronic structure calculation, electron-molecule resonance, proton conductivity of
fuel cell membranes, nonlinear optical properties of materials, polyyne nano-fusion
reactions

Dyson orbital, vibrational excitation cross-sections, Nafion, polyyne, single-wall
carbon nano tube

Dec 2004, Master of Technology, Birla Institute of Technology Mesra, India
Jan 2010, Ph.D. in Chemistry, Indian Institute of Technology Bombay, India

Ph.D. in Chemistry, Indian Institute of Technology Bombay, India

Feb 2010, Postdoctoral Researcher, RIKEN Advanced Science Institute, Japan

April 2011 ,Postdoctoral Fellow, FIFC, Kyoto University, Japan

Sept 2011, Postdoctoral Researcher, Fuel Cell Nanomaterials Centre, University of
Yamanashi, Japan

1. Raman K. Singh, Takao Tsuneda, Kenji Miyatake and Masahiro Watanabe,
“Theoretical Investigation of Proton Conductivity in Proton Exchange Membranes
for Fuel cells”, J. Phys. Chem. B, submitted (2012).

2. Raman K. Singh and Takao Tsuneda, “Reaction Energetics on Long-range
Corrected Density Functional Theory: Diels-Alder Reactions”, J. Comput. Chem.,
revised submitted (2012).

3. Raman K. Singh and M. K. Mishra, “Investigation of Ethynylpyridines using the
Electron Propagator Theory”, Int. J. Quant. Chem. 112(2), 426-439 (2012).

4. Raman K. Singh, Takao Tsuneda and Kimihiko Hirao, “An Examination of
Density Functionals on Aldol, Mannich and a-Aminoxylation Reactions Enthalpy
Calculations”, Theor. Chem. Acc. 130 (2-3), 153-160 (2011).

5. Raman K. Singh, J. V. Ortiz and M. K. Mishra, “Tautomeric Forms of Adenine:
Vertical Ionization Energies and Dyson Orbital”, Int. J. Quant. Chem. 110(10),
1901-1915 (2010).

6. Raman K. Singh and M. K. Mishra, Investigation of Ethynylfurans using the
Electron Propagator Theory, J. Phys. Chem. A, 113(51), 14150-14155 (2009).

7. Raman K. Singh and M. K. Mishra, “Electronic Structure Analysis and Vertical
Ionization Energies of Thiophene and Ethynylthiophenes”, J. Chem. Sci., 121(5),
867-872 (2009).

8. J. Melin, Raman K. Singh, M. K. Mishra and J. V. Ortiz, Tautomeric Forms of
Azolide Anions: Vertical Electron Detachment Energies and Dyson Orbitals, J.
Phys. Chem. A, 111(50), 13069-13074 (2007).

9. Raman K. Singh, M Sarma, A Jain, S Adhikari and M K Mishra, “Calculation of
Vibrational Excitation Cross-Sections in resonant e-molecule scattering using the
time dependent wave packet(TDWP) approach with application to the 2IT CO-
shape resonance”, J. Chem. Sci., 119(5), 385-389 (2007).

10. Raman K. Singh, M. Sarma and M. K. Mishra, “Approximate construction of
local complex potentials for a time dependent wave packet based treatment of
vibrational excitation cross-sections in resonant e-N2, e-CO and e-H2 scattering”,
Indian J. Phys., 81(10), 983-1002 (2007).

11. M. Sarma, Raman K. Singh and M. K. Mishra, “Local complex potential based
time dependent wave packet approach to calculation of vibrational excitation
cross-sections in e-N2, e-H2 and e-CO scattering,” Computation in Modern
Science and Engineering, Volume 2, Part A (American Institute of Physics),
963,227-230 (2007).

Fellowship for SAARC / IAESTE- Japan Academic Internship Programme 2008
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Travis Harris

JSPS Foreign Researcher

Fukui Kenichi Memorial Research Group 1, Fukui Institute for Fundamental

Chemistry

212

075-711-7631

075-781-4757

tvharris @fukui kyoto-u.ac.jp

Computational Chemistry

Computational studies of metalloenzymatic reactions
Ferritin, ferroxidase, di-iron, non-heme

2006, B.A. (summa cum laude), Willamette University, Salem, OR, USA
2011, Ph.D., Montana State University, Bozeman, MT, USA

Doctor of Philosophy, Montana State University, Bozeman, MT, USA

2011, General Chemistry Lab TA, Montana State University
2007, Research Assistant, Montana State University
2006, Biochemistry Lab TA, Willamette University

1. Harris, T. V.; Szilagyi, R. K. Comparative Assessment of the Composition and

Charge State of Nitrogenase FeMo-Cofactor. Inorg. Chem., 2011, 50 (11), 4811.

. Harris, T. V.; Szilagyi, R. K. Nitrogenase Structure and Function Relationships by

Density Functional Theory. In Nitrogen Fixation: Methods and Protocols; Ribbe, M.
W. Ed.; Humana Press: New York, 2011; pp 267-292.

. Harris, T. V.; Szilagyi, R. K.; McFarlane Holman, K. L. Electronic Structural

Investigations of Ruthenium Compounds and Anticancer Prodrugs. J. Biol. Inorg.
Chem. 2009, 14 (6), 891.

. Pool, V. L.; Klem, M. T.; Holroyd, J.; Harris, T.; Arenholz, E.; Young, M.; Douglas,

T.; Idzerda, Y. U. Site Determination of Zn Doping in Protein Encapsulated Zn Fe,
.0, Nanoparticles. J. Appl. Phys. 2009, 105 (7),07B515.

. Pandey, A. S.; Harris, T. V.; Giles, L. J.; Peters, J. W.; Szilagyi, R. K.

Dithiomethylether as a Ligand in the Hydrogenase H-Cluster. J. Am. Chem. Soc.
2008, 130 (13),4533.

NSF Materials Computation Center Travel Grant, 2011
Kopriva Graduate Student Fellowship, 2009
Molecular Biosciences Fellowship, 2007-2011
Mildred Livingston Grant, 2007-2008

ACS Montana Travel Grant, 2007
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Yuh Hijikata

FIFC Fellow

Fukui Institute for Fundamental Chemistry

Room 303

075-711-7907

hijikata@fukui.kyoto-u.ac.jp

http://www.users.iimc kyoto-u.ac.jp/~z59354/member_e/hijikata.html
Quantum Chemistry, Coordination Chemistry

Gas Adsorption

Porous Coordination Polymers

Mar 2008, Master of Eng., Graduate School of Engineering, Kyoto University
May 2011, Ph.D. of Eng., Graduate School of Engineering, Kyoto University

Ph.D. of Eng. from Kyoto University

Oct. 2011- FIFC Fellow (Kyoto University)
Apr. 2011-Sep. 2011  Specially Promoted Research Fellow (Kyoto University)
Apr. 2008-Mar. 2011 JSPS Research Fellow (DC1) (Kyoto University)

Chemical Society of Japan, Japan Society of Coordination Chemistry,
Japan Society for Molecular Science

1. Nobuhiro YANAI, Koji KITAYAMA, Yuh HIJIKATA, Hiroshi SATO, Ryotaro
MATSUDA, Yoshiki KUBOTA, Masaki TAKATA, Motohiro MIZUNO, Takashi
UEMURA, and Susumu KITAGAWA, “Reporting structural transformation of soft
porous crystals for detection of CO,”, Nat. Mater., 10, 787-793 (2011)

2. Yuh HIJIKATA, Satoshi HORIKE, Daisuke TANAKA, Juergen GROLL, Motohiro
MIZUNO, Jungeun KIM, Masaki TAKATA, and Susumu KITAGAWA, Differences
of crystal structure and dynamics between soft porous nanocrystal and bulk
crystal”, Chem. Commun., 47, 7632-7634 (2011)

3. Yuh HIJIKATA, Satoshi HORIKE, Masayuki SUGIMOTO, Hiroshi SATO,
Ryotaro MATSUDA, and Susumu KITAGAWA, “Relationship between Channel

and Sorption Properties in Coordination Polymers with Interdigitated Structures”,
Chem. Eur. J.,17,5138-5144 (2011)

4. Satoru SHIMOMURA, Masakazu HIGUCHI, Ryotaro MATSUDA, Ko YONEDA,
Yuh HIJIKATA, Yoshiki KUBOTA, Yoshimi MITA, Jugeun KIM, Masaki
TAKATA, and Susumu KITAGAWA, “Selective Sorption of oxygen and nitric
oxide by an electron-donating flexible porous coordination polymer”, Nat. Chem., 2,
633-637 (2010)

5. Yuh HIJIKATA, Hiroyuki NAKASHIMA, and Hiroshi NAKATSUIJI, “Solving
non-Born-Oppenheimer Schrédinger equation for hydrogen molecular ion and its
isotopomers using the free complement method”, J. Chem. Phys., 130,024102-1-11
(2009)

JSPS Research Fellowships for Young Scientists (DC1) 2008-2011
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075-711-7907

saono@fukui.kyoto-u.ac.jp

WAL - SRR - B

VR T OB & B SE IR O A7 SO 0 BRGR B g AT

3D-RISM-SCF £, F#8; QM/MM {5, B H = R VX — AT, IRBERNAS AT |
JEI IR o AT

2010 4F 3 7 FUERR TR AR B AT JERH b B B R - R AR AR AT 245 SRR A 1R
2

2010 4F 9 H B4 CaBbR)

2010 4 4 A FEKFRFZBEELEF e RH L5558 iHE B

2010 4 5 H FAELKSE W - Ml A o A7 LML Bg i B
2010 4E 10 A FHESKF: WE - HIBFEA > A 7 LA FrEFE R
2011 4 4 A pUERKRT: ek — il afst v v % — RpEmfsE B

1. Aono S., Sakaki S., “Proposal of new QM/MM approach for geometry optimization
of periodic molecular crystal: Self-consistent point charge representation for
crystalline effect on target QM molecule” Chem. Phys. Lett. (accepted 2012).

2. Aono S., Yamamoto T. and Kato S. “Solution reaction space Hamiltonian based on
an electrostatic potential representation of solvent dynamics” J. Chem. Phys. 134
144108 (2011).

3. Aono S., Kato S. “Proton Transfer in Phenol-Amine Complexes: Phenol Electronic
Effect on Free Energy Profile in Solution” J. Comput. Chem. 31 2924-2931 (2010).

4. Aono S., Minezawa N. and Kato S. “Electronic spectra of coumarin-151 in polar
solvents: Linear response free energy approach” Chem. Phys. Lett. 492 193-197
(2010).
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075-711-7907

075-711-4757

stsukamoto@fukui.kyoto-u.ac.jp

http://www.users.iimc kyoto-u.ac.jp/~z59354/

FRFLE: - iR

BB & EEHA O BRI

BEBER

fith 7" — 7"

2010 FEILM KRR ZFR G B LA R+ 7 v & A B Tog s g 42 HIaR iR e

-

2010 43 HfEi+ (BE%E) (UM REF)

77 FF¥43. American Chemical Society

1. “Experimental and Theoretical Approaches Toward Anion-responsive Tripode-

Lanthanide Complexes: Mixed Donor Ligand Effects on Highly Coordinated
Complexation and Luminescence Sensing Profiles” Y. Kataoka, D. Paul, H.
Miyoka, T. Yaita, E. Miyoshi, H. Mori, S. Tsukamoto, H. Tatewaki, S. Shinoda, and
H. Tsukube, Chem. A Eur. J. 2008, 14, 5258

. “CASSCF and CASPT?2 calculations for lanthanide trihalides LnX3 using model

core potentials” S. Tsukamoto, H. Mori, H. Tatewaki, and E. Miyoshi, Chem. Phys.
Lert. 2009, 474,28

. “Theoretical Study of Pt(PR3)2(AICI3)(R-H, Me, Ph, or Cy) Including an

Unsupported Bond between Transition Metal and Non-Transition Metal Elements;
Geometry, Bond Strength, and Prediction” S. Tsukamoto and S. Sakaki, J. Phys.
Chem. A, 2011, 115, 8520

. “Theoretical Study of Metallasilatranes; Bonding Nature and Prediction of New

Metallasilatrane” S. Sakaki, D. Kawai, and S. Tsukamoto, Collect. Czech. Chem.
Comm, 2011, 76,619
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Milind Madhusudan Deshmukh

SPR Fellow

Fukui Institute for Fundamental Chemistry

Room 304

075-711-7907

milind@fukui kyoto-u.ac.jp

http://www.users.iimc kyoto-u.ac.jp/~z59354/member_j/milind.html

Theoretical and Computational Chemistry

Trapping gas molecules in Metal Organic Framework, Non covalent Interactions
Metal-Organic Framework, Binding Energy, Potential Energy Surface

March 2001, Master of Sci., University of Pune, India
October 2008, Doctor of Philosophy, Department of Chemistry, University of Pune,
India

Doctor of Philosophy from Department of Chemistry, University of Pune, India

August 2008 to April 2010: Postdoctoral Research Fellow, Tata Institute of
Fundamental Research, Mumbai, India
June 2010 to present: Postdoctoral Research Fellow, Kyoto University, Japan

1. Milind M. Deshmukh, and Shigeyoshi Sakaki, “Two-step Evaluation of Potential
Energy Surface and Binding Energy of van der Waals Complexes” J. Comput.
Chem. 33 617 (2012).

2. Jayasree K. Kedkar, Milind M. Deshmukh, Shridhar R. Gadre. Shridhar P. Gejji,
“Intramolecular Hydrogen Bonding and cooperative interactions in Calix[n]arenes
(n=4,5)"J. Phys. Chem.A. 116, 3739 (2012).

3. Milind M. Deshmukh and Shigeyoshi Sakaki, “Binding Energy of Gas Molecule
with Two Pyrazine Molecules as Organic Linker in Metal-Organic Framework: Its

Theoretical Evaluation and Understanding of Determining Factors” Theo. Chem.
Acc. 130,475 (2011).

4. Milind M. Deshmukh, Bartolotti Libero Jr., and Shridhar R. Gadre, “Intramolecular
Hydrogen Bond Energy and Cooperative Interactions in a-, -, and y-Cyclodextrin
Conformers”, J. Comput. Chem. 32,2996 (2011).

5. Milind M. Deshmukh and Shridhar R. Gadre, “Estimation of N-H---O=C
Intramolecular Hydrogen Bond Energy in Polypeptides”, J. Phys. Chem. A. 113,
7927 (2009).

Senior Research Fellowship of Council of Scientific and Industrial Research (CSIR)
2005-2008. Senior Research Fellowship of Centre for Developing Advanced
Computing (CDAC), Pune, 2004-2005.
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[X4] | Guixiang Zeng
[1#%42] | SPR Fellow
[77)&] | Fukui Institute for Fundamental Chemistry
[#F%22] | Room 303
[ESEERE] | 075-711-7907

[ETA—/7 KL R] | guixang.zeng@fukui.kyoto-u.ac.jp

(#5277 8] | Computational Chemistry
[BAAE DOHFZEFEE] | Unusual Electronic Process of the H — H bond activation across a Ni — B unit

[BFZEN% S —T — F]

H — H bond activation, metal-ligand cooperation mode, first-row transition metals

[Z%£] | June 2010, Ph. D., School of Chemistry & Chemical Engineering, Nanjing University
[“#(2] | Ph. D. in Physical Chemistry from Nanjing University
[#%E] | Sep.2010~, Postdoctoral Fellow, Kyoto University

[E7eEE, I C] | 1. Guixiang Zeng, Yong Guo, Shuhua Li, “H, activation by a (PNP)Ir(C,H,)complex

(% 5 FLIN)

via the dearomatization/aromatization process of the PNP ligand: A computational
study” Inorg. Chem. 48, 10257 (2009).

2. Guixiang Zeng, Shuhua Li, “Mechanistic insight on the hydrogenation of

conjugated alkenes with H, catalyzed by early main-group metal catalysts” Inorg.
Chem. 49,3361 (2010).

3. Guixiang Zeng, Shuhua Li, “Insights on Dehydrogenative Coupling of Alcohols

and Amines catalyzed by a (PNN)-Ru(II) Hydride Complex: Unusual Metal—
Ligand Cooperation” Inorg. Chem. 50, 10572 (2011).

4. Guixiang Zeng, Shigeyoshi Sakaki, “Noble Reaction Features of Bromoborane

in Oxidative Addition of B-Br o0-Bond to [M(PMe,),] (M= Pt or Pd): Theoretical
Study” Inorg. Chem. 50,5290 (2011).

5. Guixiang Zeng, Shigeyoshi Sakaki, “Theoretical Study on the Transition-Metal

Oxoboryl Complex: M—BO Bonding Nature, Mechanism of the Formation
Reaction, and Prediction of a New Oxoboryl Complex” Inorg. Chem. 51, 4597
(2012)
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takagi@fukui.kyoto-u.ac.jp
RHEEE - Bk
d- EFEEROHGLS, LS A 507 Ok & G

ERAEITE, B CER, o rinEHE

1997 % 3 H  SEERFPEB bR 2%

1999 43 H WAL KFRFEGEHE M ERML SR E -3 & T
2002 4F 3 A BRUER ST K RFBe Bl Se AL s 3R (& T
2002 4F 3 H  BRERHEE L (HRUERNL KR F)

2002 44 H  HASH RIS ReRIAFE B (PD)

2005 4F 4 H  HARBLRUFICHERE - 0 TRVEARERT B E
20074E5H FAY 74w T R=<—) L7 N7 K% IR
2011 £ 1 A HARRLFEIFITHERS - 0 FRFAIF9EET BMIFZERk B
2011 FE 4 A RAEBKT: - Rk —si &t v ¥ — FrENER

2007 4E5 H 201012 KAV « 74 Uy FRA=<—/L 7/ R¥ [+t
#9552  (Gernot Frenking #43%)

ERS (vt ==

1. “A Theoretical Study of Unusual Y-Shaped Three-coordinate Pt Complex: Pt(0) o-Disilane
Complex or Pt(I) Disilyl Complex?” N. Takagi, S. Sakaki, J. Am. Chem. Soc., in press.

2. “Carbodiphosphorane-Analogues E(PPh,), with E = C - Pb. A Theoretical Study with
implications for ligand design” N. Takagi, R. Tonner, G. Frenking, Chem. Eur. J., 18, 1772-
1780 (2012).

3. “Bonding Situation in “Early-Late” Transition Metal Complexes CIL,M-M’(PCl,), M = Ti, Zr,
Hf; M’= Co, Rh, Ir) - Theoretical Study for a Ligand Fine Tuning of M-M’ Bonds -” N. Takagi,
A. Krapp, G. Frenking, Z. Anorg. Alleg. Chem. 637, 1728-1735 (2011).

4. “Divalent Pb(0) Compounds” N. Takagi, G. Frenking, Theor. Chem. Acc., 129, 615-623 (2011).

5. “Bonding Analysis for Metal-Metal Multiple bonds in R;M-M'R, (M, M’ = Cr, Mo, W; R =Cl,
NMe,)” N. Takagi, A. Krapp, G. Frenking, Inorg. Chem., 50, 819-826 (2010).

6. “On the nature of homo- and heterodinuclear metal-metal quadruple bonds — Analysis of the

bonding situation and benchmarking DFT against wavefunction methods™ N. Takagi, A. Krapp,
G. Frenking, Can. J. Chem., 88, 1079-1093 (2010).

7. “Divalent E(0) Compounds (E = Si - Sn)” N Takagi, T. Shimizu, G. Frenking, Chem. Eur. J.,
15, 8593-8604 (2009).

8. “Divalent Si(0) Compounds” N Takagi, T. Shimizu, G. Frenking, Chem. Eur. J., 15, 3448-3456
(2009).

9. “Do Lead Analogues of Alkynes Take a Multiply Bonded Structure?” N. Takagi, S. Nagase,
Organometallics, 26, 3627-3629 (2007).

10.“Tin Analogues of Alkynes. Multiply Bonded Structures vs Singly Bonded Structures” N.
Takagi, S. Nagase, Organometallics, 26, 469-471 (2007).

11.“Effects of Bulky Substituent Groups on the Si-Si Triple Bonding in RSi=SiR and the
Short Ga-Ga Distance in Na,[RGaGaR]. A Theoretical Study” N. Takagi, and S. Nagase, J.
Organomet. Chem. 692,217-224 (2007).

2002 4F 2005 4= H ARFANIRELEY B RIHFSE S (PD)
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Masayuki Nakagaki

SPR Fellow

Fukui Institute for Fundamental Chemistry

Room 303

075-711-7907

nakagaki@fukui kyoto-u.ac.jp

http://www.fukui.kyoto-u.ac.jp/

Computational Chemistry

Electronic Structure of Inverted Sandwich Type Complexes

Electronic Structure of Metal Complex, Multireference Theory

March 2005, Master of Sci., Graduate School of Science, Kyushu University
March 2009, Doctor of Sci., Graduate School of Science, Kyushu University

Doctor of Science from Kyushu University

Apr. 2009, Postdoctoral Fellow, Kyushu University

Japan Society for Molecular Science

1. M. Nakagaki, E. Nishi, K. Sakota, H. Nakano, H. Sekiya, “A model two-
dimensional potential for internal rotation of 9-methylanthracene studied by
electronic spectroscopy and DFT calculations” Chem. Phys. 328, 190-196 (2006)

2. K. Sakota, Y. Komoto, M. Nakagaki, W. Ishikawa, H. Sekiya “Observ- ation of a
catalytic proton/hydrogen atom relay in microsolvated 7-azaindole-methanol cluster

enhanced by a cooperative motion of the hydrogen-bonded network™ Chem. Phys.
Lett. 435, 1-4 (2007)

3. X. Zhang, Y. Komoto, K. Sakota, M. Nakagaki, H. Nakano, T. Shinmyozu, H.
Sekiya “Heavy mass effect on excited-state double-proton transfer in 7-azaindole
dimer by CI substitution” Chem. Phys. Lett. 441, 176-180 (2007)

4. X. Zhang, Y. Komoto, K. Sakota, N. Masayuki, T. Shinmyozu, S. Nanbu, H.
Nakano, H. Sekiya “Remarkable suppression of the excited-state double-proton
transfer in the 7-azaindole dimer due to substitution of the dimethylamino group
studied by electronic spectroscopy in the gas phase” Chem. Phys. Lett. 443, 194-
198 (2007)
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Terutaka Yoshizawa

SPR Fellow

Fukui Institute for Fundamental Chemistry

Room 303

075-711-7907

075-711-4757

yoshizawa@fukui.kyoto-u.ac.jp

http://www.users.iimc kyoto-u.ac.jp/~z59354/

Theoretical chemistry

Relativistic quantum chemical calculations of NMR shielding constants

NMR, DFT, Douglas—Kroll-Hess method, Transition metal complexes

March 2006, Master of Sci., Graduate School of Science, Tokyo Metropolitan
University

March 2009, Doctor of Sci., Graduate School of Science and Engineering, Tokyo
Metropolitan University

Doctor of Science from Tokyo Metropolitan University

Apr. 2009, Postdoctoral Fellow, Kyushu University
Jan. 2010, Postdoctoral Fellow, RIKEN
Apr. 2011, (SPR) Fellow, Kyoto University

1. T. Yoshizawa and M. Hada, “Calculations of Frequency-Dependent Molecular
Magnetizabilities with Quasi-Relativistic Time-Dependent Generalized Unrestricted
Hartree-Fock Method”, J. Comput. Chem. 28, 740-747, (2007)

2. T. Yoshizawa and M. Hada, “Relativistic quantum-chemical calculations of
magnetizabilities of noble gas atoms using the Douglas—Kroll-Hess method”,
Chem. Phys. Lett. 458, 223-226, (2008)

3. T. Yoshizawa and M. Hada, “Relativistic and Electron—Correlation Effects on
Magnetizabilities Investigated by the Douglas—Kroll-Hess Method and the Second-
Order Mgller—Plesset Perturbation Theory”, J. Comput. Chem. 30, 2550-2566,
(2009)

4. T. Yoshizawa and T. Nakajima, “Second-order generalized unrestricted Moller—
Plesset perturbation theory for the spin—orbit part of zero-field splitting tensors”,
Chem. Phys. Lett. 515,296-301, (2011)

JSPS Research Fellowships for Young Scientists(DC) 2007-2009
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Postdoctral Associate

Department of Chemistry, Princeton University

Frick Chemistry Laboratory, #355

+1-609-258-9369

naokin@princeton.edu

s - SRR

TUYNAVEy U= T a3 Y XL XD DMRG D%kl

DMRG, T VY% hU—2  Fo R ~—_ BBLEIEK

2010 43 A BUARRZFR P TR 5eRt o0+ TR LR e T

2010 4F 3 H T+ (RUERKRS)

2009 4F 4 H  SHIRELAS R R (DC2)
2011 %4 A EHsk—i &gt ¥ —e 7 = u—

1. Naoki Nakatani, Jun-ya Hasegawa, and Hiroshi Nakatsuji, “Red Light in
Chemiluminescence and Yellow-Green Light in Bioluminescence: Color-Tuning
Mechanism of Firefly, Photinus Pyralis, Studied by the Symmetry-Adapted Cluster-
Configuration Interaction Method” J. Am. Chem. Soc. 129(28), 8756-8765 (2007)

2. Naoki Nakatani, Jun-ya Hasegawa, and Hiroshi Nakatsuji, “Artificial color tuning
of firefly luminescence: Theoretical mutation by tuning electronic interactions
between protein and luciferin” Chem. Phys. Lett. 469, 191-194 (2009)

3. Naoki Nakatani, Yoshihide Nakao, Hirofumi Sato, and Shigeyoshi Sakaki,
“Theoretical Study of the Iron Sulfur Cluster-free Hydrogenase (Hmd): What is the
Active Center of Hmd?” Chem. Lett. 38(10), 958-959 (2009)

4. Naoki Nakatani, Yoshihide Nakao, Hirofumi Sato, and Shigeyoshi Sakaki,

“Theoretical Study of Dioxygen Binding Process in Iron(IIl) Catechol Dioxygenase:

“Oxygen Activation” vs. “Substrate Activation™ J. Phys. Chem. B 113, 4826-
4836 (2009)

5. Naoki Nakatani, Yutaka Hitomi, and Shigeyoshi Sakaki, “Multistate CASPT2 Study
of Native Iron(IIl)-Dependent Catechol Dioxygenase and Its Functional Models:
Electronic Structure and Ligand-to-Metal Charge-Transfer Excitation” J. Phys.
Chem. B 115,4781-4789 (2011)

Poster Award on the 48" Sanibel Symposium (2008)
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1. T. Matsui, T. Sato and Y. Shigeta, “Sequence dependent proton-transfer reaction in

stacked GC pair II: The origin of stabilities of proton-transfer products”, Chemical
Physics Letters, 478, pp.238-242 (2009).

2.T. Matsui, H. Miyachi, Y. Nakanishi, Y. Shigeta, T. Sato, Y. Kitagawa, M. Okumura

and K. Hirao, “Theoretical Studies on Sulfur and Metal Cation (Cu(Il), Ni(II),
Pd(IT), and Pt(I))-Containing Artificial DNA”, Journal of Physical Chemistry B,
113, pp.12790-12795 (2008).

3. H. Miyachi, T. Matsui, Y. Shigeta and K. Hirao, “Effects of mercury(Il) on

structural properties, electronic structure and UV absorption spectra of a duplex
containing thymine-mercury(II)-thymine nucleobase pairs”, Physical Chemistry
Chemical Physics, pp. 909-917 (2010).

4. T. Matsui, A. Oshiyama and Y. Shigeta, “A Simple Scheme for pKa of 5-substituted

Uracils” Chemical Physics Letters, 502, pp.238-242 (2011).

5. Y. Nakanishi, T. Matsui, Y. Kitagawa, Y. Shigeta, T. Saito, Y. Kataoka, T.

Kawakami, M. Okumura and K. Yamaguchi, “Electron Conductivity in Modified
Models of Artificial Metal-DNA Using Green's Function-Based Scattering Theory”,
Bulletin of Chemical Society of Japan, 84, pp.366-375 (2011).

6. T. Matsui, H. Miyachi, T. Baba and Y. Shigeta, “A Theoretical Study on Reaction

Scheme of Silver (I) Containing 5-Substituted Uracils Bridge Formation”, the
Journal of Physical Chemistry A,.115, pp.8524-8531 (2011).

7. K. Kamiya, T. Matsui, T. Sugimura and Y. Shigeta, “Theoretical Insight into

Stereoselective Reaction Mechanisms of 2,4-Pentanediol-Tethered Ketene-Olefin
[2+2] Cycloaddition”, The Journal of Physical Chemistry A,116, pp. 1168-1175
(2012).

8. T. Matsui, T. Baba, K. Kamiya and Y. Shigeta, “'An accurate density functional

theory based estimation of pKa value of polar residues combined with experimental
data: from amino acids to minimal proteins”, Physical Chemistry Chemical
Physics 14, pp. 4181-4187 (2012).

9. T. Matsui, H. Miyachi, Y. Shigeta and K. Hirao (2012) “Metal-Assisted Proton

Transfer in Guanine-Cytosine Pair: An Approach from Quantum Chemistry”, in
Some Applications of Quantum Mechanics, ISBN 978-953-51-0059-1, edited by
Mohammad Reza Pahlavani , InTech, pp. 167-188.
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Wilfredo Credo Chung

Associate Professor 5

Department of Chemistry, De La Salle University — Manila, Philippines
Room 312, St. Joseph Hall

+63 2 536 0230

+63 2 524 0451

wilfredo.chung@dlsu.edu.ph

Computational Chemistry

Theoretical elucidation of reaction mechanisms and dynamics of important molecules
in the electronic ground and excited states

potential energy surface, wave packet dynamics, conical intersection, diabatic
representation, QM/MM

March 1991, Bachelor of Science in Chemical Engineering, University of San Carlos,
Cebu City, Philippines

October 1999, Master of Science in Chemistry, Mindanao State University — Iligan
Institute of Technology, Iligan City, Philippines

March 2007, Doctor of Science, Graduate School of Science, Tohoku University

Doctor of Science, Tohoku University

March 1992 — June 1993 Research and Development Chemist, Treasure Island
Industrial Corporation, Cebu City, Philippines

June 1994 — October 1996 Lecturer, Colleges of Arts, Sciences and Engineering,
Saint Joseph Institute of Technology, Butuan City, Philippines

November 1996 — March 2003 Lecturer, Department of Chemistry, Northern
Mindanao State Institute of Science and Technology, Butuan City, Philippines

August 2007 — September 2007 Postdoctoral Fellow, Laboratory of Theoretical
Chemistry, Tohoku University

October 2007 — September 2011 Center Fellow, Fukui Institute for Fundamental
Chemistry, Kyoto University

May 2012 — present Associate Professor 5, Department of Chemistry, De La Salle
University — Manila, Philippines

Chemical Society of Japan, Japan Society for Molecular Science, Chemical Society of
the Philipines, Samahang Pisika ng Visayas at Mindanao

1. W. C. Chung, S. Nanbu and T. Ishida, QM/MM Trajectory Surface Hopping
Approach to Photoisomerization of Rhodopsin and Isorhodopsin: The Origin of
Faster and More Efficient Isomerization for Rhodopsin, J. Phys. Chem. B, 116 (28),
8009-8023 (2012).

2. W. C. Chung, S. Nanbu and T. Ishida, A Nonadiabatic Ab Initio Dynamics Study
on Rhodopsin and Its Analog Isorhodopsin: Chemical Dynamics Reasons behind
Selection of Rhodopsin by Life, Chemistry Letters 40, 1395-1397 (2011).

3. W. C. Chung and T. Ishida, An MD simulation of the decoy action of Epstein—Barr
virus LMP1 protein mimicking the CD40 interaction with TRAF3, Theoretical
Chemistry Accounts 130,401-410 (2011).

4. W. C. Chung, S. Nanbu and T. Ishida, Nonadiabatic ab initio dynamics of a model
protonated Schiff base of 9-cis retinal, J. Phys. Chem. A 114, 8190-8201 (2010).

5. W. M. I. Hassan, W. C. Chung, N. Shimakura, S. Koseki, H. Kono and Y. Fujimura
Ultrafast radiationless transition pathways through conical intersections in photo-
excited 9H-adenine, Phys. Chem. Chem. Phys.,12,5317-5328 (2010).
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Room 209

075-711-7902

iwaki@fukui.kyoto-u.ac.jp

http://www fukui.kyoto-u.ac.jp/users/iwaki/topj.htm

Soft Matter, Biological Physics

Interfacial Phenomena, PEMS of coarse-grained model polymer folding

Polyelectrolyte, DNA folding transition, Thermofluid, Photophoresis

March 2001, Master of Sci., Graduate School of Science, Kyoto University
March 2004, Doctor of Sci., Graduate School of Science, Kyoto University

Doctor of Science from Kyoto University

Apr. 2004, Postdoctoral Fellow at The City University of New York, USA
Apr. 2005, Okayama Institute for Quantum Physics

The Physical Society of Japan

1. T. Iwaki, N. Makita and K. Yoshikawa, “Folding transition of a single semiflexible
polyelectrolyte chain through toroidal bundling of loop structures”, The Journal of
Chemical Physics 129(6), 065103 (13 pages) (2008)

2. T. Saito, T. Iwaki, and K. Yoshikawa, “DNA compaction induced by neutral
polymer is retarded more effectively by divalent anion than monovalent anion”,
Chemical Physics Letters 465(1-3), 40-44(2008)

3. T. Iwaki, “Effect of internal flow on the photophoresis of a micron-sized liquid
droplet”, Physical Review E 81,066315 (13 pages) (2010)

4. FENMF—, EWER, o8 CME” ICHHEORENHIES”, N
7 4 20114E5 75 pp. 13-21
5.Y. Higuchi, K. Yoshikawa, T. Iwaki, “Stiffness causes opposite trend on the folding

transition of a single polymer chain in a confined space”, Physical Review E 84,
021924 (5 pages)
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[/, “#IF3m3C] | 1. Hiroyuki Kitahata, Natsuhiko Yoshinaga, Ken H. Nagai, and Yutaka Sumino,
(2 5 FLIN) “Spontaneous motion of a droplet coupled with a chemical wave” Phys. Rev. E.
Rapid Communications 84,015101 (2011).

2. Philippe Marcq, Natsuhiko Yoshinaga, and Jacques Prost, “Rigidity sensing
explained by active matter theory” Biophys.J. 101, L33-L35 (2011).

3. Hong-Ren JIANG, Natsuhiko YOSHINAGA, and Masaki SANO, “Active Motion
of Janus Particle by Self-thermophoresis in Defocused Laser Beam”, Physical
Review Letters, 105, 268302 (2010)

Editor's suggestion and Viewpoint in Physics, 3, 108 (2010) Debut of a hot “fantastic
voyager”

4. Natsuhiko YOSHINAGA, Jean-Francois JOANNY, Jacques PROST and Pilippe
MARCQ, “Polarity patterns of stress fibers”, Physical Review Letters, 105, 238103
(2010)

5. Takahiro SAKAUE and Natsuhiko YOSHINAGA, “Dynamics of Polymer
Decompression: Expansion, Unfolding and Ejection”, Physical Review Letters, 102,
148302 (2009).

6. Hong-Ren JIANG, Hirofumi WADA, Natsuhiko YOSHINAGA, and Masaki SANO,
“Manipulation of Colloids by Nonequilibrium Depletion Force in Temperature
Gradient”, Physical Review Letters, 102,208301 (2009).
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1. A. Defusco, N. Minezawa, L. V. Slipchenko, F. Zahariev, and M. S. Gordon,

“Modeling solvent effects on electronic excited states”, J. Phys. Chem. Lett. 2,
2184-2192 (2011).

. N. Minezawa and M. S. Gordon, “Photoisomerization of stilbene: A spin-flip

density functional theory approach”, J. Phys. Chem. A 115,7901-7911 (2011).

. N. Minezawa, N. De Silva, F. Zahariev, and M. S. Gordon, “Implementation of

the analytic energy gradient for the combined time-dependent density functional
theory/effective fragment potential method: Application to excited-state molecular
dynamics simulations”, J. Chem. Phys. 134, article No. 054111 [12 pages] (2011).

. S. Aono, N. Minezawa, and S. Kato, “Electronic spectra of coumarin-151 in polar

solvents: Linear response free energy approach”, Chem. Phys. Lett. 492, 193-197
(2010).

. N. Minezawa and M. S. Gordon, “Optimizing conical intersections by spin-flip

density functional theory: Application to ethylene”, J. Phys. Chem. A 113, 12749-
12753 (2009).
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Kunkun Guo

FIFC Fellow

Fukui Institute for Fundamental Chemistry

Room 204

075-711-7838

075-711-7838

guo@fukui.kyoto-u.ac.jp

http://www.fukui.kyoto-u.ac.jp/

Soft matter physics

Phase separation of ageuos two polymer system encapsulated by vesicle

Photo-functional molecules, Potential surfaces, non-adiatbatic transition

June 2002, Master of Sci., ICCAS, China
June 2005, Doctor of Sci., Fudan University, China

Doctor of Science from Fudan University, China

August. 2005, Postdoctoral Fellow, Max-Planck Institute for Colloid and Interface,

Germany

Chemical Society of China, American Physics Society

1. Kunkun Guo, Wenjia Xiao, Dong Qiu, “Polymerization of actin filaments coupled

with adenosine triphosphate hydrolysis: Brownian dynamics and theoretical
analysis”, J. Chem. Phys. 135(10):105101 (2011).

. Kunkun Guo, Jianfeng Li, “Exploration of the Shapes of double-walled vesicles

with a confined inner membrane” J. Phys.: Condens. Matter. 23:285103 (2011).

. Kunkun Guo, Wenchi Han, “Growth of Dynamic Actin Filament via Brownian

Dynamics Simulations,” Acta Chimica Sinica, V69(02):145-152 (2011).

. Kunkun Guo, JC Shillcock, R Lipowsky, “Treadmilling of Actin Filaments via

Brownian Dynamics Simulations”, J. Chem. Phys. 133(15)155105(20100

. Jiafang Wang, Kunkun Guo, Lijia An, M. Mueller, ZG Wang, “Micelles of Coil-

Comb Block Copolymers in Selective Solvents: Competition of Length Scales,”
Macromolecules, 43,2037(2010)

. Kunkun Guo, Jiafang Wang, Feng Qiu, Hongdong Zhang, Yuliang Yang, “Shapes of

fluid vesicles anchored by polymer chains”, Soft matter, 5:1646(2009).
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American Physical Society

1. T. Kawatsu, J. Hasegawa, “Excitation energy transfer in GFP-X-CFP model

peptides (X = amino acids): Direct Versus through-bridge energy transfers,” Int. J.
Quantum Chem. published online: 23 FEB 2012.

2. T. Kawatsu, J. Hasegawa, K. Matsuda, “Bridge-mediated excitation energy transfer

pathways through protein media: a Slater determinant-based electronic coupling
calculation combined with localized molecular orbitals,” J. Phys. Chem. A 2011,
115,10814-10822.

3. J. Hasegawa, T. Kawatsu, K. Toyota, K. Matsuda, “Chemical-intuition based LMO

transformation simplifies excited-state wave functions of peptides,” Chem. Phys.
Lett. 2011, 508, 171-176.

4. T. Kawatsu, M. Lundberg, K. Morokuma, “Protein free energy corrections in

ONIOM QM:MM modeling: A case study for isopenicillin N synthesis (IPNS),” J.
Chem. Theory Comput. 2011, 7, 390-401.

5. M. Lundberg, T. Kawatsu, T. Vreven, M. J. Frisch and K. Morokuma, “Transition

states in the protein environment — ONIOM QM:MM modeling of isopenicillin N
synthesis,” J. Chem. Theory Comput. 2009, 5, 222-234.
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3. Fukui International Symposium for Theoretical Chemistry (FISTC)

Place: Fukui Institute for Fundamental Chemistry, Kyoto University

Schedule: Wednesday, August 31, 1300:0opening, lectures and banquet
Thursday, September, 1, 2011, 9:00: lectures; 1700: closing
banquet: Aug. 31 PM 7:00-9:00

Organizers: Keiji Morokuma, Shigeyoshi Sakaki
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(FISTC)Z 1)

4. BHE-RESHAREUE—DURIIVA

F I EEFRFEHHF LM AEE L F¥—V VU RY T A

H K 20124 (PR 244) 1 H6 H

% BT RESRFEIR LSt 2 — (BF REEE)

i LR WFREMESERTERT RRTSERT BTR)

MRAL - IER Z foe T D AR TR (L5 SR & Blim O O 2 |

FERE AR (B LA v H— U —F U — )
LS DFRGRIIZE © 71T ¢ THRMN S HIE, Rk~

T N (BYEEOTIERT BHARART IR RRAER)
[a L Va—& LEHEAE)

RAF—F v g

B (1IFZHAML—L)

— a—b—70LAF —

11:00—12:00

13:30—14'15

14:15—15:00

15:30—17:20

17:30—19:00



I HFREHREE (2011)

5. V5% —tz)—
HoEBHELF—EIF—
H F 201245 (P24 4F) 3 A 16 H  14:00—17:00
% P RESKRFREE A v 2 — (BF KEHEE)

14 : 00—15 : 00 Shinkoh Nanbu (Sophia Univ., Tokyo)

“Nonadiabatic dynamics in photochemical processes”

15:00—15: 30 Yoshihide Nakao (FIFC)
“Theoretical Study of Physical Properties in First-Row

Transition Metal Complexes”
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“Coarse-grained molecular simulasions of Large biomolecules :

From theory to applications”
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Z<HESNTOWD N, B U2k &K Lk o LMo
EHZDHDHFETHEV LN TR, KAFE TiL,
minimum orbital deformation (MOD)i%E & Pipek-Mezey (PM)
EEMAEDE D FIED REEEZREZL, XTT R
G310 MO A 3RKed | ilEREEDFHEIZ IS Lz,

Mla®XHICfEKESEIL, 777 A h1-312201 T
IS WELE 2 H L CMOD IEIC K 0 . ZOMOES T PY A
WCEVREI LT, ®1ced IRTEIIC, UAHEMNICRL
7= BREIC L < — B L RTE(EBLEN S b, £, 7 P ‘

P O CREIL LA ST h, <7 F Kisale  pe (WT 70T T F o

JaAE U= 3G B ke n #luE 235 S 7= (X 1be), JAEALIE, PUPEN X4 fragment |2
BOWTHW S NS REE,

(d) 83(m) (€) 100{zxco)
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Wiz, ZOREALEZ AW T, BIEIREOHE AT (a)CMO ZAW-BE
e BEICILCIS AR, [ 22 101, SR PEMO z0.38(—> 1250

72 OMO Z FHWNTHS B L7 bR BE D I B BE AL DWW TR 121 127
F. R R E R OB L, ‘0'36(- _’-)

B BEFREENE BN D, K 2b 121, KFIEDOREN  (b)LMO ZRAW-5E
B TR D MBI R R, 2o, [k LPLM%o.év(—» 312

BB D07 I MIRIEORATHE To 5 = & 5 5 > — o
T2 B, IR LT N0 & FIV 5 &, AT 4 ik -0-63(- —’)
T 57D OUIERHERICH Y T 2B FEENRS L. 8 Fig. 2 EF AT F ROFE R kiE
BB IE S BRI 7B = & b, SR A s Bl DI

(a)CMO & (b)LMO % V72354,

[ BEE(LEE &2 VT b — R L X — BRI DT ]

Fhe = % )V ¥ — @ (BET) s E €8x, R+ —¢ 7277 % —OEIRAER D electronic
coupling, Ty DRE I DHFIZIHIT D, o T, T &ZFE - T 7562 TEET DA =X A
EHRCX D, AT, R LI rHuEEZ AW, T ZitH T2 FEEZE L, 2,
EET #& R 2 fiMT 5 728 @D tunneling configuration flux |ZES< FEEAFE L, 22k,
JiiEE = L — DARTERR B4 5 B2 AT S ATRE & 72 0 | hEBENC AWV SN D 8LE T D 5E
2R, T RX BRI M AR 5 Z L AEETH D,

LR OMERDT=DIAT o T2FHETIE, K 3 1R LT T MeaW % vz, Fragment 1-4
MWH ZOEBRRL, Rb— 7787 %—xtE LT T 25tE LT, ARIOETNARTF K51 T
X, BRI T BT 56 7Y vy U N T 5MBEHO%G 5L, N ——T7 27872 —MOEHHE
RTINS Do te, BHEHEOMIL, 77— U HAEROZMm RIS 5 Rk T X TRl
X PR F— PR F-FH F A BRE) S 715 Forster BEREIZ L D 2 L 3o T, M TRF—& 7
7 7B —ORAIC K o TIXMEEDS ISR 256 bR CE 7o, £o, MEIHIZIW T EET
R EMIT LI 2 A, 7Y v PO XY P REEZN LEREREETH -7, AT,
AITRLTIZL 9T, XTI F FEGH O n-niBB 7 EOFE R LR o7, SRR Lic/BTEk
ETIE, ZRUEIC L —&T 2 KO ICHUEEZ A WS 50T, x5 &7 5 R OH0E % bR EELIC
BT HHDICEHTE | EET K2 BEMICEREST 5 Z L alaE & Ie o7z,

Through- 0.014 WIVY[e]
peptide

&

Frag. 1

Fig. 3 £ N7 F MW ORE &85y Fig 4 REALS FEEZ AW CEHE L, 7 F NS
B O DI E LT 5, ZAE LT BB, BUEIT RO AT 5t
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[PSIT ISH L DFIRE AR bV & B EER OELOEIRIZBE 4 5 B ]

HAEROFEREAEESRTH S PSIT OFUGF L (RC, K 5 ARfR) & RC AR SO F0 (bRC, X 5
FHHR) X, EERICFE—OEFEAZF L, MENEET 212620200563, HBRINAZ Lok
LB FRBENA D =R LN KEL B D (X 6ab), AWZETILS T /X757 U T T elongatus
D RCIZBFDHI7mr 7 4 VAREK (K 56) (BT 2E8HMEFFHREEZITV, hEREOE FHE%
it L. B SN2 RN AT MV & )w)E LTz,

B 6 1Z7x L7z X 912, PSIT RC & bRC DFHR AT hbid, EERAIZEIH S 2 I A T
IV EMERIZHEBLITE TV 5, PSTT O A7 M UIZI WD Tl b IRE) TR EE 23 K & O bk iR B 1,
Chly & Py, DFE—FhEIRED =X oD v TV T2 D HDTHY, Chly, Py, OEBEMAR-E
— AV NBEWVIIERDE D K2 R AEAERN A LIV, TERD D AT x LT LIS Py, Py,
6725 T BIKIX, bRC DX ) RV A/ERITELS . Z OB W TR & HTE OSSO OE
FHEEDOEWDRHA LR o7z, o, MW ZERIERN KON Z &I12X Y | PSIT TIXP DA A

(a)Front view

(@a)PSIl RC
" cale,

: | InProten 2 : |
? ' ‘ ;“ jl »'“ ey ¥ ‘
j £ ’ Pheoy, Chiy "
R | - [l
E u ::-.--rn.« Wy Exptl Exatation energy e
e s
f ) | i
o
A |‘_
Fig. 5 PSII(fk) & AL EHE (R) 0D a3 N . Fig. 6 (a)PSII RC (b)bRC DHWKUL AT R LZDU

T, EBRER E R, B kegr o5 1R A
VERZZET A0, oo 7 4 VNEKREBSF

ELTHE L, BERHITHERT vy v LTHE
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[NV TAFa XFARLT 4 ALEDTEBT DERGRART NV 7 b OfENT]

A S CF, BE#HAL 7 4 & bh

Wi, BEHRRLT 2 ALEW E L T, 0 _l ﬁ @ @ 1
BB R AE D = L —HERLAK 0.25 eV b 1% 120 123 @
DFFLT MR T EBMOERT VNS, @l 10 ey .
Ry M LIZdnT 4 D A% 5 o 8 ‘3% ﬁ 030
BRE~ OISR HIE ST BT, i * B L I .g&
NE—EEET B FEE LT CF, @R B0 7 “

B L ST,

ZOY7 FOFKE LT, CF &I 5EFHY
I L EEEHRIRNE 2 Hivlz, SAC-CI 3HH
ZATW o 25 R, 0.30 eV DR T V7 b AE B,

Orbital energy /
W
.
! F
{ 2
>%k§* r

¥
62

ERICEBRE R A B TX 2, KIS, 2O | b ]
- . 6.0 ~e__-640 639
REMITT D720, T RIZT7VFrRLT 4k o e
VBT AEEEA T BELR LT o2 2E T % w138
ALk 25, 0.23eV OFF L7 FiRbRE, 80 —| OB e 739
BT, AT MBI T, TS5 0. 23 oV, gg
BTHIEN 0.07 eV ODFENH D Z LA b
7oy Z DK D IRHEEEADE ARV H,PcCH;  H,Pc HPc_distorted H,PcCF,

A e o L <7 Fig. 7 JhEIZBI 57 5 liE = %L F— DM E KT
74ﬂziﬂ:n%®tﬁﬂﬂ\x/\& ks @%LT 2 <. P AL 2 (HPe)., T kT A F AN T 4
SRR S 2N BN D Z EPBRTE L (HPeCHy), & T 7 A Fa B 7 4 & v
- (H,PcCF3), HyPcCF; DA &R 238 A L 7= HyPe.,

2. Fm3C

(1) J. Hasegawa, T. Kawatsu, K. Toyoya, and K. Matsuda
“Chemical-intuition based LMO transformation simplifies excited—-state wave
functions of peptides”
Chem. Phys. Letters, 508(1-3), 171-176 (2011).
(2) Y. Kitagawa, K. Matsuda, and J. Hasegawa
“Theoretical Study of the Excited States of the Photosynthetic Reaction
Center in Photosystem II: Electronic Structure, Interactions, and Their
Origin”
Biophys. Chem. 159(2-3), 227-236 (2011).
(3) T. Kawatsu, K. Matsuda, and J. Hasegawa
“Bridge-Mediated Excitation Energy Transfer Pathways through Protein Media:
a Slater Determinant—Based Electronic Coupling Calculation Combined with

Localized Molecular Orbitals”
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J. Phys. Chem. A 115(39), 10814-10822. (2011).
(4) J. Hasegawa and K. Matsuda
“Theoretical study of the excited states and the redox potentials of
unusually distorted B—trifluoromethylporphycene”
Theoret. Chem. Acc. 130(2-3), 175-185 (2011).
(5) Y. Yamamoto, J. Hasegawa, and Y. Ito
“Kinetic investigation on carbamate formation from the reaction of carbon
dioxide with amino acids in homogeneous aqueous solution”
J. Phys. Org. Chem., 25(3), 239-247 (2012).
(6) T. Sakano, J. Hasegawa, K. Higashiguchi, and K. Matsuda
“Chronological Change from Face-On to FEdge-On Ordering of Zinc
Tetraphenylporphyrin at Phenyloctane-HOPG Interface”
Chem. Asian J. 7(2), 394-399 (2012).
(7) T. Kawatsu and J. Hasegawa
“Excitation Energy Transfer in GFP-X-CFP Model Peptides (X=amino acids):
direct vs. through-bridge energy transfers”
Int. J. Quantum Chem. (2012) In press
(8) J. Hasegawa, K. Fujimoto, and H. Nakatsuji
“Color tuning in human cone visual pigments: the role of the protein
environment”

Progress in Theoretical Physics and Chemistry (2012) In press
o)

(1) Jun—ya HASEGAWA, Kazuhiro FUJIMOTO, and Hiroshi NAKATSUJI,
“Color tuning in photo—functional proteins”
ChemPhysChem 12(17), 3106-3115 (2011).

(1) J. Hasegawa
“Excited states of photo—functional proteins: SAC—CI study” (Invited talk)
The 4-th Japan—Czech-Slovakia Symposium on Theoretical Chemistry, Prague,
Czech, 2011.5.18-20.
(2) J. Hasegawa
“Laser control of reactions of photo—switching molecules” (Invited talk)
BioInformatics in Torun — BIT11, N. Copernicus University, Torun, Poland,
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(3) J. Hasegawa
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“Excited states of photo—functional proteins” (Invited talk)
Fukui International Symposium for Theoretical Chemistry, Kyoto, 2011.8. 1-9. 1.
(4) J. Hasegawa
“Theoretical study on the excited states and molecular interactions of
photo—functional proteins” (Invited talk)
The 14-th Asian Chemical Congress, Bangkok, Thailand, 2011.9.2-4.
(5) J. Hasegawa
“Excited states of photo—functional proteins: SAC-CI study” (Invited talk)
The 16—th Quantum Systems in Chemistry and Physics, Kanazawa, 2011.9.12-17.
(6) RA&JIEH
AW T-2 AT LAORIEIKEE S EEE~OBER T 7o —F | (IKIEGEH)
AR FRHRETES B2 WRmv Ay F 7)) | BERBRTE, Fk2443
H25-28H.
(7) RA&)EH
Dtkre e R E ISR T D RhEREE & 0 FIRIAE AR ) (A TE)
AHERE R X — s U =T v a T I A A = AT DR RS TR
MEDT Fu—F] | FREAGEET, RkK24E1H 24, 26H.
8) B&)I i,
DEREREMEERE DO 7 —F 2 —= 7] (IKIEHGETE)
KBCRFE A EMZETTE X T — “Z NIV ERFPORREED  —FEER - Blmitse
FHOMET =", KBRS, 20114E11 21, 221,
9) BN i wE b, RAE IR
ZHRNE 22 N T2 0 T 0B O JRfE LS« BhECIREE~ DS (R EZERR)
oMoy R ER R, AL, 9H20-23H, 2011.
(10) Bl 4, Al b, RAHE IR
Z WA & D RTE(RIE © hEIREE~ DS H (Poster)
F1ARIHER LSRR MRS, 5H12-14H, 2011.
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1. SHFEEDOHEDOER

SEEITERERITE L B ATERES BRI &7« 455 F O R oStttz >
" \Tb}l:% ji’ﬁi/) f:o

[38&HI2] BB EETHE LB AL RBIERITER 2 22BN 7 & OMAEDE T, SERAMELE TR

RBA LD ENTE, R RBEENTEHT L LD 5, FEEMESRITFLETFIZ, @A U IRE

ZROPERITFEER R SIUSHTE RN H 5, T b OREN BRI DA 2 P %

L ITHEREVE R R PR IR D HIECRR G N 5 723D | BERE D I O BER R KO BT 5,
SEETAFY T MG LIS BAREROHMRR G €T YT NG LI 2 4a 8 Ak o F

K ORI E BFALFEFRICE VLN Lz, £, B o RGO BEET ORLIZ O

T, ABIREER R 2 DB USRI I VB BT LT,

[(FFXYSIEBEREREFOEIERAECRETIHR] CREEICHEBEMAR EI/EN 2 RS2SR
SEIRIT. S ERAGLEEAR E U COSHIEIRF ST 5, Scheme 1 [T/ L7A ¥4 7 FEEB LT
Cr(IIN)-Co(Il) %88 (1) & Cr(II)-Co(ID)-Cr(IID) —EZEEERQRITZNENDBEF LIS =32 DA

PALH, FRBHOORPTAE CHICOHEERRS D, 72, 2 o 9 1+
ITEIR CRE RERETERFET D2 ENgho T D 1], A ‘\ﬁ?ﬁ‘\\o._ __o,,,,_c|)_\\iN
BFZE T, AR 2 & A LR & SRS L Y R LT @olo«j;@
WRE T HEDOARE 2R HIT LT, 1

B3LYP G5 % U RIE DM IGB L 247\ 52 © LR IE & NS
KA B LARREDFAKRf = % /L ¥ —% Broken Symmetry(BS)i5 CitH WA O{;}O;} RY Fo{o
L. RFIAEY OMBEhENLEL BNERTHOAL VL& i 2 O@;c’

JE D 1 s FHHIC State-averaged CASSCF £ & MCQDPT 5% 7=,
FEJEPBEELIX Cr, Co | Stuttgart-Dresden @ ECP & JLEB#% %, £ D Seheme 1 AT MR BORAR
L DJFFZ cc-pVDZ Z i L7, BB T A 62N T 272812, Spin-Orbit Coupling(SOC) /™ X
V=T TN L o TR SN D HE M2 THIREBORRE 21TV, BHEMIEORE S &5
fili L7z, B3LYP &% TliX Gaussian 09 %, Z OfthdOFHH TiX GAMESS % W\ /e,

AHEIC L V567 JfE% Table 11273 L7z, 1 & 21336ICE A Table 1. J value (em™)
EARIEN R b LE T, RBMOREAE ATHEFITHOEE ) ihod 1 5
MEFE AEAER 3MFTET 5, B3LYP B ORI S IL 0 & D IE[2]T

JEZFMT 5L, 1 TIE218em™ 272420 . FEBED 2.16 cm™ & B3LYP 218 2.6
EL nﬁ H ) ) Jr;k %Cm U IRE S o CASSCF 025 023
. - = N - 4 -
< ELT CASSCE &/ Tl LIz 02semt & o
EERAESC BILYP {5 & e~ TIFIT/A SVMEE 725 72, RIS, KR 0]
Expt. 216 181
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OB R IT AR 5 72012,
SN K DA N Z 72 SOC &
BAEATV, RV~ Ui % LT
B L BALR ) &2 i~ T2, 1BE-
Wil =R ih#kiT CASSCF #E THH
e J ETITERE BHRE T,

Figure 1 1Z7% L7- & 9 IZB3LYP #H5
THLNTEJEOLGAEIZEISHBEL
72, Figure 2 {22 1% LT x, y, z il
I & AN 2 DT T A D
RS- R dh# 2~ L7z, 10 K LT ORI TIE 4B CBarEfm B/ER Lz A B 228 x fili 7 mic
MWTWDZ ERHALMNERST,

anT / emPmol' K

[ESVSIEREZREREARDOEFRPORLICETIMR] U o ORI EFIEREmN T &
WHIHILTEY | BT A ZA~DISHPHFRFEZ TV D, [PtuMy(Bpym)y(Bupz),](PFs), (M = Au(3),
Ag(4)) (Bpym = 2,2"-Bipyrimidine, Bupz = 3-tert- butylpyrazole) |35 72 U %2 R9[3], 3DV
AT MVIT o R ORENENICHOR T 2 E 2 F 5. 4 D A7 FLd 150 K LU ClRlkE
OIS 2 FFo, AT CTIIBET 20 7 v 2 — A F 2 RO EEZZE L& L FFHE %
ATV, BERH TR T 2 i 2 BEER RO AR L 72,

Pt, Au, Ag (21 Christiansen D FNNGLAR T > v /L & RER# 2 . BfL
FIZIE ce-pVDZ & Vo, M b & =1L F — DRl 1T B3LYP
AW, ERPOBREZFHET D X 0 CHEA A R0 B % S E
M CHERB LT V(ERET )& AW TS RE(LZ 1TV, B o5
AT MV EFHL L7z, ST IX NAO(Natural Atomic Orbital)iE CIRE L,
[E R E 7 /L CORERIE L Tl Buckingham Potential % M=, 22 CTOFHH
IX Gaussian 09 T1T- 7=,

TR AL TR D B OBRF RN D 3 & 4 OFBILLLCT
(m*(Bpym) — n(Bupz)) TH ¥ | FEHT RV F—ITLNEi233¢eV,223eV 72572, LrL, LLCT
TIEEEN I R T 2 E R R OND Z L EB 2 o T, EROBHAT MLEFET D,
3 & 4 OREEIREOFGEAERE TO M-M BT, XEEEO L O L H_ZNF10394,0.30 A
£< 72V, Bupz O\ E 3 LG & X BEE L TIERZ2 > T\ e, 165 T, EEH TosHED
EIIREZFET 21213, BiET 20 7% —A 4 PRy RO R EZBE LT-ERET LT
BREBEZZDMLERD D, HOI, SEIRICEEET 5 12 D PFy @O P 0D A i il A M 2
£7 )L(Figure 1) T, MEMZ 00 DH-1 T TSR EITo72, MEMEZIR T2, 1
HIH L 3EHOEZZ R AXF—|IHICEF L, 3402 REMO=FLF—72E 0.07eV,0.10eV &
ThENEF Lz, 38 4O TOREETIX LLCT & MLCT OhEIRIEEZ LV, BT X —A F 1T
TV Bpym(n )W B S B ENT 5720, BATBEL OFIEIRREIX R L EIC /D, 2, #IKD NAO
LR OEIHENRE S ZEL LT DT, HIZAMUDSERDOERMEZZR LIET NV EB X T,
PEIRICBERET D PFs 4 NAO Eff CRIL L, AEM ZBEET 28EEOPLIZEWZET LT, HE

Figure 1. [E{L&ET /L
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WiE 0D 2 FTOB L&~ Table 2. Emission Energies (eV)

FR AT o7 L 25, $EO SEEDS Ll

e e ; MLCT LLCT nn*  MLCT LLCT mn*  Exp..”
NAOEM DZALIIN S B oTee. T 0™ 533 537 2.44 — 232 2.52
Z O & T DR OE — 223 220 — 262 229 2.40

e LTHWT, EfET L

1T So, T IREE DS R A2 1T > T, AT R X —ZFHl L7z, Table2 [ZR L7z K 52, B
FTIE3 & 41Z LLCT ° MLCT £V & n-n* BB ORhEIREN = L F—mICLZE L oo T, A
ETNEEATLHI LT, 3L 40V T -t BBHEORKETH D Z ENRHLMNI -T2,

[(HFR r HBRIEEVOBREFORNLICEATIME] ZERNEHK%EZ 5T Scheme 2 (27T L 9 72861
B RS AT T W FEEEZ R D, IERICZE CRIFIE o 7o miiEx & 5 2 & FH
NTW5BA4], F/o, n HERICAT Ot ELZEAL CEIREZHECTE 5720, LAz L
7 hua=27 2k LTIHERITER SN TS, LLensb, FERF
O n BB ORI L CTHEwFRILIZE A LT TR LT, &
FHOmEND HEREBOMIANKRD b TWD, ABFZE Tl 8 o 4t
B TFIZONT, ~TRITEOFGEZHOLNIL, JAEF & BERFOL
TEREIGE 2RO D T LT, WU« =R F—Z2 LN LT,

LAFOFHFE TIL ce-pVDZ Z RIERE S E L THVZ, B3LYP %K% O TD-B3LYP 5 CHE & fcifb,
21TV, i = RV ¥ —|% TD-BLYP #£ & TD-B3LYP #:. GMCPT L TRz, FHE v r— L
L T GMCPT D GAMESS % H\\ 1342 T Gaussian 09 CTfT - 7=, FERF O i &AL X CPMD
Ry =V TCRREEE, 8T Yy VR OEMIRER S W T T o7, 22 L, RO
JEhit = L — XA A T & [EAEIZ Gaussian 09 (2 &> C TD-B3LYP 5 Cifth L 7=,

KAHAFIZEIT DRI « T R —(ZDO\ T TD-BLYP %, TD-B3LYP ¥, GMCPT TR 7=
fE 9% Table 3 (278 L7z, Z ORIV « R IZIE HOMO-LUMO ] OEBE N KE K FEHE L TWDHT-0,
S| WREBDRBEAEEILF /A R LD | BHEZRAF—1TM 04 eV ERESA =T AT T |
3%, THF F ORI T R —DOEBREIL 2.94 eV TH DA, TD-BLYP LTI R /L F —% /]
S EAEL D, GMCPT HBIFFHHE 2 2 N 242 5 7= D Eh AL E OHIFR 2 3 L 72 O TR = 3L X —
ERESHEM b o7, o T, W » =R X —OFHIIZIE THF HFOFERE & ki L < —
# L7- TD-B3LYP {EZ W5 Z Ll LTz,

A BIRAN 1 ERICEZ DB LT L 25, LUMO T o*(Si-H)D A M BAERA N o
WRRICHET D720, WL - BT F—% K
026V BT &S T L ARSI, Tie, oA it — o SAIOMIL = FL X (o)

Scheme 2

GMCPT  BXP:
DALE DI TT PRI » 5= px o F—HT/h &< 7 -BLYP -B3LYP in THF
Absorption 2,60 2.96 340 2.94

D2 LN o7z, BRTIZET D S REED
T%iﬁ&i/fﬁﬁqj L &i&ilﬂ CLTHY R &Hﬂi*ﬂ/f\'*— HIE Emission 2.26 2.53 2.96 2.81
ENEEDL RIS, FEREIED R 2 & 5720, CPMD /X
v =TT S RO ERBELARFARETH Y | IREFIREE
PIFHNRV, A KRITER L7200 FI2OWT, T REED Absorption  2.90 _
B LRSS 1240 Gaussian 09 & CPMD /Xy 77—V TIEIER prision 241 261

Table 4 W - FEET R L F—(eV)

in solid  Exp. in solid
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CTHHZ L, KAMHFO S KRELAD T KEOHENRKE S LEDLT, WIN - o LF—bik
VMEZ D2 LR LT, Ko T, EEFO S, IREOHEIX T, IREOHEZRHTHZ &L
T, EEF ORI « T RLF—% Table 4 [ZF & D7, BRSO RIEIRAEDREE LKA T & [
BRlicx /A FRlZ LD ERPORBETFAX—ITHK 05 eV ERES A =7 AV T BT L
DB 5Tz, A%, BhEIREOHERIZ ] 5202 572912, CPMD JEIZ XV fi#fr 457
ETHD,

(3cik]

[1] J. Vallejo, 1. Castro, J. Ferrando-Soria, M. del Pino Dénis-Hernandez, C. Ruiz-Pérez, F. Lloret, M. Julve, R.
Ruiz-Garcia, J. Cano, Inorg. Chem., 50,2073 (2011).

[2] K. Yamaguchi, T. Tsunekawa, Y. Toyoda, T. Fueno, Chem. Phys. Lett., 143, 371-376 (1988).

3.

[3] K. Umakoshi (private communication).

[4] H. Yamada, C. Xu, A. Wakamiya, S. Yamaguchi, Macromol Chem. Phys. 210, 904-916 (2009).
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Hideo Ando, Yoshihide Nakao, Hirofumi Sato, Masaaki Ohba, Susumu Kitagawa, Shigeyoshi
Sakaki,

"Theoretical study on high-spin to low-spin transition of {Fe(pyrazine)[Pt(CN),]}: Guest-induced
entropy decrease”

Chem. Phys. Lett. 511, 399-404 (2011).

Yusaku [. Kurokawa, Yoshihide Nakao, Shigeyoshi Sakaki,

“Theoretical Study of Inverted Sandwich Type Complexes of 4d Transition Metal Elements:
Interesting Similarities to and Differences from 3d Transition Metal Complexes”

J. Phys. Chem. A 116, 2292-2299 (2012).

Yoshihiro Matano, Kazuaki Matsumoto, Hironobu Hayashi, Yoshihide Nakao, Tatu Kumpulainen,
Vladimir Chukharev, Nikolai V. Tkachenko, Helge Lemmetyinen, Soji Shimizu, Nagao Kobayashi,
Daisuke Sakamaki, Akihiro Ito, Kazuyoshi Tanaka, and Hiroshi Imahori,
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J. Am. Chem. Soc. 134, 1825-1839 (2012).

Ken Saito, Yoshinori Eishiro, Yoshihide Nakao, Hirofumi Sato, Shigeyoshi Sakaki,

“Oscillator strength of symmetry-forbidden d-d absorption of octahedral transition metal complex:
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E—RB A FENV)FEIC K o0 —F 7 v 2y 7 SNSRI BT 5 BERRIOMT 5
14l HER L E R, [, 2011/5/14, 3E5b
Yoshihide Nakao
“Theoretical Study of Structures and Absorption Spectra of Thermochromic Copper(II) Complex”
Fukui International Symposium for Theoretical Chemistry (FISTC), Kyoto, 2011/8/31
RS
MEWs @ g % & AT 2R BEEAR DR OCBIRIZ B 2 BRI 7L
FHolmIEE AL FERTm =, 1, 2011/9/18, S2-6
R ESL, ERESC. PR
b F Rt b B9 O A T D IEEIZ B3 2 PRERAF L
HAEFRENEFHFR, 2012/3/25, 1A4-10
By CwiAE, A, TR
(%7 ARG L7228 8 s R ORI B3 % Blam B IE
HAEFRENEFFR, 2012/3/25, 1A4-32

Z Ol

(1

2

3)

TR 5

[CPMDIEIZ L DB REEIRD 2 A F X7 A

(L BOGRRISTRR AN 7 4, JLIfEIE, 2011/9/24
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[EBSEEENTSEZE  International Relationship Office
FrEHRZ GH BIE Program-specific Associate Professor Toshimasa ISHIDA
1. Summary of the research of the year

(1) A Nonadiabatic Ab Initio Dynamics Study on Rhodopsin and its Analog Isorhodopsin

Rhodopsin (Rh) has 11-cis retinal as chromophore and is the photosensitive chemical found on the
outer segment of rod-like cells in the retina, the light-sensing structure of the eye. Isorhodopsin
(isoRh) is an Rh analogue that contains 9-cis retinal embedded in the same opsin environment. Both
are known to yield bathorhodopsin (bathoRh), a photoisomer that contains all-trans retinal, via
cis-trans isomerization of the 11 or 9 position upon absorption of a photon. Despite their similarity,
the photoisomerization period and quantum yield is largely different. Rhodopsin photoisomerization
is experimentally known to be faster (tgn, = 200 fs, tisorn = 600 fs) and more efficient (quantum yield:

Drp = 0.65, Disorn = 0.22). We carried out non-adiabatic ab initio dynamics calculations on the two

molecules. 16 16
s s (b) isoRh
The experimental photoisomerization < | | \ W ) .
< 44 ! T4

period and bathoRh quantum yield were

. ~o 30 60 90 120 150 180 ] 30 60 90 120 150 180
reproduced reasonably. One of slight loy1| (degree) iogl (degree)

differences between the simulation and
Figure 1. Change in length of the active bond -C,-C1-
experiments are due to the failure of the

chosen QM/MM treatment to reproduce a ~0.2

against the absolute value of the dihedral angle

Ci.1-C-Cs1-Cysp for typical (a) Rh (n = 11) and (b)

kcal mol” barrier at the isoRh excited state
isoRh (n = 9) trajectories leading to the all-trans form.

reported in experiments. In our previous . . . : :
p P p The solid and dashed lines show that trajectories are in

calculation, we found a 10 kcal mol ™! barrier at
the excited and ground states and the black triangles

the excited-state potential energy surface of an » ,
correspond to transition from the excitated state to the

isoRh model system that caused trapping of ground state.
trajectories. Even a tiny barrier in the present

case would have slowed down the photoisomerization by trapping the trajectories in the excited
state and yield a quantitatively accurate timescale and quantum yield. Figure 1 shows the diagram
of the active twist angle and the length of the active bond for five typical trajectories for Rh and
isoRh. Fast and straightforward dynamics in Rh is shown in Figure la whereas complicated
excited-state dynamics is evident in the isoRh case in Figure 1b. Why is the isoRh
photoisomerization more difficult compared to that of Rh? One reason is the atomic displacements

required by the chromophore at the excited state potential energy surface to reach the conical
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intersection region. Shown in Figure 2 is a superimposed image of the Sy optimized geometry and
the geometry adapted by the chromophore at the crossing region. The pocket that contains the
retinal chromophore is similar in shape for both the Rh and isoRh case. Opsin residues Thr118 and
Tyr268 create a narrow gap near the -Cy=C;¢-C;;= region of the retinal chain with the two residues
coming as close as 7 A to each other. The isoRh photoisomerization is more difficult compared to
that of Rh because of at least two reasons: (1) the isoRh isomerization requires more space than that
of Rh and (2) the dihedral that needs to be twisted in the isoRh case (-Co=C¢-) is situated within the
narrow gap between Thr118 and Tyr268.

the
induced by

reason would be initial
of

surrounding residues. The initial force between

Another

acceleration retinal atoms
two atoms for a few retinal-opsin atom pairs is
listed in Table 2. Cys187 and Tyr268 are close
enough to the chromophore to significantly
influence the isomerization. For example, for the
atomic distance between the C;, hydrogen in
retinal and the oxygen in Cysl187, the projected
inter-atomic force for Rh is about 15 times larger
than the counterpart for isoRh. Also, a five-fold
difference is found for the force between retinal
Cjo and Tyr268. Such differences partially explain
the discrepancy in the rate and efficiency of the
cis-trans isomerization between the Rh and isoRh

chromophores.

Comparison with the previous gas-phase

simulations reveals three other consequences

shown below.
Figure 2. Superimposed structures of the S, optimized

The protein causes (almost) one-way )
geometry (gray) and geometry at the MECI (pink) for the

twist of the active angle. As shown in Figure _ ) _
(a) Rh and (b) isoRh case. Also shown is the opsin pocket

3(a), all of the Rh trajectories go through only

that contains the chromophore. The pocket surface is the
one MECI region with clockwise-twisted ¢9 and

This MECI

overlapped envelope of amino residues surrounding the

counterclockwise-twisted  ¢;.
branches towards the formation of bathoRh (and
the regeneration of the reactant). The relaxation

of the excited state of isoRh, on the other hand,

retinal chromophore, which is generated using the S,
optimized geometry wherein the retinal chromophore is

artificially removed.

goes through two MECI regions, shown in Figure 3(b). Most of trajectories from isoRh go through
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the MECI region with ¢9 ~-90° and (a) Rh counterclockwise (b) IsoRh counterclockwise
. . . . 360 [o Rh -+ ' 180 fsoRh  » "
clockwise-twisted ¢;, which is 5o ganor - Jisorf Rhf| ot1aosRn + | RH
’ BathoRh =
. 270 | 90
shown as CI(isoRh->BathoRh). 4 8 A Taad . 8
g| & Bathono *C,(Rh_ﬁathop\h) s . %9'11;’ ciskh '!"c|(|soRh->9,11-dicisRh)§
. . . ol & t ° 3 E
This MECI is responsible for all of 3|2 Rh a 3|2 IsoRH® 3
8| € 2 8¢ 2
bathoRh  generation. A few *°| %] Vs 90 1€ 1soRh->Bathoh) 112
h h o ® BathoRho Rh o
trajectories go through another o IsoRha 1300 °.]
J g g ORMig0 90 o 90 180 Rh o a0 180 270 360
MECI region ___fui (degree) 011 (degree)
clockwise — " clockwise

(CI(isoRh->9,11-dicisRh)), which

is responsible for 9,11-dicisRh. Thus,  Figure 3. Diagram of the twist angles of -C;;=C,>- (¢;;) and
photoexcitation of Rh only gives -Cy=C,q- (¢o) at the transition points. The minima in the ground
bathoRh as a product whereas 1SoORh  state (open blue circles) and conical intersections (filled blue
yields 9,11-dicisRh in addition to circles) obtained in the present calculations are plotted in the
bathoRh. Note that the reaction time  diagram. Rh = rhodopsin, isoRh = isorhodopsin, bathoRh =

18 longer through  bathorhodopsin, 9,11-dicisRh = 9,11-dicis rhodopsin,
CI(isoRh->BathoRh) (ta=233 fs) CI=minimum energy conical intersection.

than that through

CI(isoRh->9,11-dicisRh) (ta.=188 fs). Secondly, the protein environment enhances the production
of bathoRh. When the opsin environment was totally ignored, the calculated bathoRh (all-trans
PSB) quantum yield was only 0.27 and 0.13, respectively. Explicit consideration of the opsin
residues significantly improves the theoretical quantum yield to 0.51 and 0.31, respectively. This
would be mainly due to the unidirectional rotation in opsin environment. The third effect of the
opsin on the dynamics is to cause transitions to take place near MECIs. Comparison of transition
points in Figure 3 with those in the calculations in vacuo reveals that the present transition points
with the opsin environment are nearer the MECI points than the points without the opsin. The opsin

would prevent inefficient, premature hops especially in the isoRh case.

(2) Changes in the Electronic Structures of a Single Sheet of Sashlike Polydiacetylene Atomic

Sash upon Structural Transformations

Atomic sash (AS) is a single sheet of a sashlike macromolecule comprising a column of alkyl
chains bridged by a polydiacetylene (PD) chain. The AS is produced by the intramonolayer
polymerization of 17,19-hexatriacontadiyne molecules laid flat on a graphite (0001) surface under
ultrahigh vacuum. In an AS conformer initially formed at low temperature (AS-I), the PD chain and
the R carbon atoms of the alkyl chains are raised higher than other carbons of methylenes in contact
with the substrate; with rising temperature, the AS-I is transformed to another conformer AS-II, in

which all the carbon atoms are placed in a common plane. A simplified model is constructed in this
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study to obtain an optimized geometric structure of the AS-I, and its electronic structures are
compared with those of the AS-II. The first-principles calculations for the model under periodic
boundary conditions reveal that their energies are almost the same. The optimization also tells us
the existence of the third stable conformer AS-III that has been suggested on the basis of STM
images. In addition, it is found that the HOMO-LUMO energy gap of the AS-I is larger than that of
the AS-II, and the orbital shapes dependent on the conformation successfully explain the result.
This means that the AS-I — AS-II transformation of the ideal infinite polymer is not related to the

chromatic transition of bulk PDs

(3) An MD simulation of the decoy action of Epstein—Barr virus LMP1 protein mimicking the
CD40 interaction with TRAF3

The Epstein—Barr virus (EBV) is associated with a variety of malignancies and chronic active
EBYV infection is a severe systemic disease associated with high rates of mortality and morbidity. In
this paper, the dynamics of the interaction of EBV-expressed latent membrane protein 1 (LMP1)
with cellular signaling intermediate tumor necrosis factor receptor (TNFR)-associated factor 3
(TRAF3) is simulated using standard classical molecular dynamics (MD) protocols. For comparison,
the dynamics of the interaction of TRAF3 with CD40, a TNFR mimicked by LMP1 to effect EBV
infection is also calculated under similar conditions. Essential dynamics (ED) analysis is carried out
to identify important degrees of vibrational freedom that relate to protein function and virus
infection. Both the MD simulation and ED analysis reveal novel interactions that help explain the
structural decoy action of LMP1 over CD40. These interactions involve the consensus sequence
PXQXTXX shared by CD40 and LMP1. In LMP1, we have found novel interaction of Asp 209
with TRAF3 and the interaction is crucial although the adjacent Asp 210 was suggested to be
essential by the X-ray analysis. In CD40, it is found that the hairpin formation is not indispensable
for the interaction with TRAF3.

(4) Electronic and Magnetic Characteristics of Polycyclic Aromatic Hydrocarbons with

Factorizable Kekul e Structure Counts

The Kekulé structure count (K) for some types of polycyclic aromatic hydrocarbons (PAHs),
such as fluoranthene and perylene, can be factorized into the product of those for two or more
aromatic subunits. The ring-current map for these PAHs placed in a perpendicular magnetic field
exhibits a substantial localization on aromatic subunits. We found that such localization of n
circulation is a characteristic of fairly small K-factorizable species in the neutral electronic state.

Even in such a case, no single © molecular orbital (tMO) is associated with localized & circulation.
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Apparent localization of m circulation is caused by the superposition of currents induced by all

occupied tMOs. & circulation is less localized in larger K-factorizable species.

2. Original papers

(1) Suhara, Masanori; Ozaki, Hiroyuki; Endo, Osamu; Ishida, Toshimasa; Katagiri, Hideki,

Egawa, Toru; Katouda, Michio
"Changes in the Electronic Structures of a Single Sheet of Sashlike Polydiacetylene Atomic
Sash upon Structural Transformations"
J. Phys. Chem. C, 115(19), 9518-9525(2011)
(2) Wilfredo Credo Chung and Toshimasa Ishida*,
An MD simulation of the decoy action of Epstein-Barr virus LMP1 protein mimicking the
CDA40 interaction with TRAF3
Theo. Chem. Acc. 130(2), 401-410 (2011).
(3) Jun-ichi Aihara*, Rika Sekine and Toshimasa Ishida

Electronic and Magnetic Characteristics of Polycyclic Aromatic Hydrocarbons with

Factorizable Kekule Structure Count
J. Phys. Chem. A. 115(33), 9314-9321 (2011)
(4) Wilfredo Credo Chung,* Shinkoh Nanbu, and Toshimasa Ishida
“A Nonadiabatic Ab Initio Dynamics Study on Rhodopsin and its Analog Isorhodopsin:

Chemical Dynamics Reasons Behind Selection of Rhodopsin by Life”,
Chem. Lett. 40(12), 1395-1397(2011).

3. Presentation at academic conferences

(1) Wilfredo C. Chung, Shinkoh Nanbu, Toshimasa Ishida
Comparison of the 9-cis retinal photoisomeriation with the 11-cis counterpart
SCERR A TR « iR A — "—a v Vo — X OREFM] 7nd =7 bR
HRT/HETIab—ar Y7 b7 ONZERTE FHo5E AT URT DL
P102 2011/2/23 w7

(2) mEEMRE, AEEE, BT, Bs W, PE
HiWr BGER 2 R L7270 FikG
SCERREAE TR « iR A — "—a v Vo — X OREFM] 7nd =27 bR
HRT/HETIab—ar Y7 by =T ONZERTE FHo5E AT URY DL
P103 2011/2/23 =

(3) Ishida, Toshimasa; Aono, Shigetoshi
“A QM/MM study on reactions of the axial ligand exchange in CooA protein”
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Chung, Wilfredo Credo; Nanbu, Shinkoh; Ishida, Toshimasa
“Nonadiabatic ab initio dynamics of rhodopsin and isorhodopsin: a QM/MM trajectory surface
hopping (TSH) approach based on the Zhu-Nakamura theory”
5 27 B RORERm S 1P23 2011/6/8 HUR KT (BRN)

Toshimasa Ishida, Wilfredo Credo Chung; Shinkoh Nanbu, and Hiroki Nakamura
“Non-adiabatic ab initio dynamics of 11-cis retinal photoisomerization
Ninth Triennial Congress of the WORLD ASSOCIATION OF THEORETICAL AND
COMPUTATIONAL CHEMISTS(WATOC 2011)”, July 17, 2011, Santiago de Compostela,
Spain

S. Nanbu , T. Ishida, and A. D. Kondorskiy
“Non-adiabatic dynamics with semiclassical trajectories: applications to photo-isomerization”
Ninth Triennial Congress of the WORLD ASSOCIATION OF THEORETICAL AND
COMPUTATIONAL CHEMISTS WATOC (WATOC 2011), July 19, 2011 Santiago de
Compostela, Spain
T. Murakami, K. Saita, W. C. Chung, T. Ishida and S Nanbu
“Theoretical study of photo-physical properties of indolylmaleimides
Ninth Triennial Congress of the WORLD ASSOCIATION OF THEORETICAL AND
COMPUTATIONAL CHEMISTS WATOC (WATOC 2011)”, July 21, 2011 Santiago de
Compostela, Spain
Toshimasa Ishida, Wilfredo Credo Chung; Shinkoh Nanbu, and Hiroki Nakamura

Non-adiabatic ab initio dynamics of 11- and 9-cis retinal photoisomerizationNon-adiabatic ab

initio dynamics of 11-cis retinal photoisomerization
Excited states and non-adiabatic processes in complex systems. Theoretical
approaches(WATOC2011 Satellite Meeting), July 25, 2011 Sant Feliu de Guixols, Spain

Toshimasa Ishida,

Photoisomerization dynamics of 11-cis and 9-cis retinal. An origin of difference between
rhodopsin and its analog

Fukui International Symposium for Theoretical Chemistry, Aug. 31, 2011, Kyoto, Japan
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Hidekazu IKENO
Assistant Professor
1. Summary of the research of the year

Theoretical Fingerprints of Transition Metal L, 3 XANES/ELNES for Lithium Transition
Metal Oxides

Transition metal oxide crystals with topotactic and reversible lithium insertion/extraction capability,
such as LiCoO,, LiNiO,, LiMn,0,, and their alloys, have been used as cathodes of a lithium ion battery.
Although they have already been used commercially, many studies for improving their electrochemical
performance, such as lifetime and rate capability, are still ongoing. Characterization of the transition metal
ions in the cathodes during the charge/discharge cycles is one of the essential points for such studies. Among
the many techniques, spectroscopic methods to measure X-ray absorption near-edge structures (XANES) and
electron energy loss near-edge structures (ELNES) at transition metal L,;-edges (M L,3-edges) are very
powerful to selectively observe the electronic states and local environment of transition metal ions.

It is known that M-L,; XANES/ELNES show widely spread multiplet structure because of the strong
electronic correlation among 2p core-hole and 3d electrons. For simulating these spectra, the present authors
have developed an ab initio multiplet method based on the relativistic configuration interaction theory.
Experimental M-L,; XANES/ELNES with different d-electron numbers, coordination numbers, and
symmetries have been successfully reproduced without any adjustable parameters[1,2].

In this work, we aim at providing theoretical fingerprints of M-L,; XANES/ELNES for for LiMO, (M
= Mn, Fe, Co, Ni) and Li-extracted MO, that should be useful for the analysis of experimental spectra.
Theoretical spectra obtained by the ab initio multiplet method are given for six set of oxides with several
different crystal structures. The effects of oxidation states, spin states, and crystal structures including that of
the Jahn-Teller (JT) distortion on the M-L,; XANES/ELNES are discussed[3].

First, the variations of M-L, 5 spectra with M in the layered structures were studied. The results are
summarized in Fig. 1. It is clearly seen that the spin state and oxidation state can be unambiguously
determined using these theoretical fingerprints.

The variations of M-L,; spectra of LiMO, and Li-extracted MO, with the crystal structures were
examined for M = Mn and Fe. The dependence of spectral shapes on crystal structure was very small in the
case of LiMO,. The spectral difference became larger in the case of Li-extracted MO,, which originated from
the stronger covalent bonding between M-3d and O-2p orbitals in MO, than in LiMO,.

The Ls/(Ls;+Ly) branching ratio was also calculated. The branching ratio changes with the atomic
number, oxidation state, and spin state. The results imply that the branching ratio can be used to identify the
oxidation and spin states, except for the case of Fe'". However, the branching ratio was insensitive to the

crystalline structure.
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The effects of the JT distortion on M-L, 5 spectra for two compounds with ¢* high-spin state, namely,
LiMnO, and FeO, with layered structures, were examined. The presence and orientation of the distortion can
be easily and clearly detected by measuring the orientation dependence of the spectra, although the
orientationally averaged spectra do not change so much with the JT distortion.

The ab initio multiplet calculations can well reproduce experimental spectra. It therefore has the
predictive performance of theoretical fingerprints of M-L,; XANES/ELNES for transition metal compounds
with arbitrary atomic arrangement and symmetry. High-quality XANES/ELNES measurements and reliable
theoretical fingerprint calculations should be a powerful and unique combination for the characterization of

M ions during the charge/discharge cycles in the cathodes of lithium ion batteries.

0.5 . ‘Mn‘ ! ! 0.8 . ! ! Fe‘ ! ! 0.8 e CP R 0.4 — NI ———
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Fig. 1 Theoretical M-L,; XANES/ELNES of LiMO, and Li-extracted MO, (M=Co, Ni) with layered
structures. Theoretical spectra from the high-spin (HS) and low-spin (LS) states are drawn in the black and

red lines, respectively, for each compound.
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Fig. 2 Jahn-Teller effect on the theoretical Mn-L, 3 XANES/ELNES of LiMnO, with layered structures.

Theoretical spectra are averaged over all directions.
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Relativistic Configuration Interaction Calculations of X-ray Magnetic Circular Dichroism
(XMCD)

Soft x-ray absorption spectroscopy (XAS) and its magnetic circular dichroism (XMCD) are widely
used to investigate the electronic and magnetic structures of the selected element in materials. The XMCD is
a difference of two XAS spectra taken in the magnetic field: the one is taken with left circularly polarized
(LCP) light, and the other is taken with right circularly polarized (RCP) light. By using circularly polarized
light, we can utilize not only the selection rule for angular momentu (AL = £1), but also that for magnetic
momentum number: when LCP (RCP) light is irradiated, only electric dipole transitions with AM = +1 (AM
= -1) are allowed. XMCD is usually interpreted using the sum-rules introduced by Thole and Carra[4,5]
which enable us to determine the expectation values of orbital moment <.,> and spin moment <S,> at the
ground state by just integrating observed spectra. However, it is known that the effective moment obtained
by these sum-rules have large errors up to 30% in the real systems. The detailed analysis of XMCD by the
first principle calculations is thus strongly desired.

In this study, we have extended the relativistic configuration interaction (CI) method to compute the
electronic structure under the external magnetic field, and applied to the calculation of transition metal L,

XMCD spectra. In order to include the effect of external magnetic field in the CI, the Zeeman term,

HZeeman = ZIUB(Ik +2sk)' B,
k

is added to the many-electron Hamiltonian. Here B is 4
the external magnetic field, and x5 is the Bohr 12| XAS .
magneton. After digonalizing the Hamiltonian matrix, 1.0+ 1
the oscillator strengths of electric dipole transition are 081 i
calculated for left and right-circularly polarized light, g 061 1
respectively, to obtain the XMCD spectra. ;\& 2-:

Fig. 3 shows L,3 XAS and XMCD of isolated gE -0 N/~ J\/\_L :
Fe*" ion (d°, °Ss, ground state) with various magnetic \‘exl 0.1 XMCD & 4& i
field. As the magnetic field stronger, the absolute 8 0 A A A
amplitude of XMCD signal becomes larger because & 01t o — ]
the Zeeman splitting at the initial state is larger. Inside 02r e
the magnetic compounds, the exchange interaction :Z:i : ‘zg% E :
among transition metals further split the multiplet 05 , , , , , , ,

700 705 710 715 720 725 730 735 740

levels. This effect can be mimicked by add the
Energy (eV)

molecular field, B, into B. The spin and orbital

contribution to the magnetic moment can also be Fig 3. Theoretical L, ; XAS and XMCD spectra of

. 3+ - . . .
obtained numerically from the eigenfunctions. the isolated Fe’" ion with various magnetic field.
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2. UF=FU—=F= Keiji MOROKUMA

Research Leader, Kenichi Fukui Memorial Research Group 1
1. Summary of the research of the year
Multi-level Simulation of Complex Molecular Systems

The goals of the research of this group are 1. to develop further the hybrid theoretical methods (such as
ONIOM) already proposed by us, 2. to demonstrate that such hybrid methods can be used for simulations of
structures, reactions and dynamics and 3. to solve some of the important problems in each field. Our research is
supported in part by the Institute and in large fraction by a 5-year grant in the area of High Performance
Computing for Multi-Scale and Multi-Physics Phenomena from CREST (Core Research for Evolutional Science
and Technology) program of JST (Japan Science and Technology Agency) until March 2012. With ten to twelve
postdoctoral fellows (both Fukui fellows and JST fellows), a few visiting graduate students and several research
assistants in the group, as well as in collaboration with my group at Emory University, the group of Prof. Stephan
Irle (a CREST collaborator) of Nagoya University as well as Prof. Satoshi Maeda, Assistant Professor at Hakubi
Center, Kyoto University and from November 2011 at Hokkaido University, we have a strong team of
theoretical/computational chemists working together toward a common goal. Since detailed description on
individual projects can be found in the reports of postdoctoral fellows, here the areas of studies and titles of
individual projects are summarized.

I. Simulation of Reactions and Dynamics of Complex and Biomolecular Systems

In the area of multi-level simulation of complex and biomolecular systems, in recent years we have studied
structures and reactions of metalloenzyme systems mainly using the active site models in which only the active
site atoms are explicitly included in the QM calculations. In the last few years we have explicitly included the
effects of protein employing the ONIOM QM/MM scheme. We optimized the structures of intermediates and
transition states of enzymatic reactions, and in some cases included the statistical effects of protein by QM/MM
molecular dynamics. In a few examples we have found that the protein effects completely changed the
mechanism of reaction, compared to the active-site models. We also perform direct dynamics calculations using
QM and QM/MM methods to study the primary events of photochemical processes of organic and biomolecular
chromophores. We recently expanded our theoretical studies of catalytic reactions that take place in the nano
cavity created by the protein and nucleic acids.

a) Reaction Mechanism of Biosynthesis of Antibiotic Fosfomycin in HppE (See research activities of Dr.
Chung and Dr. Petrova)

b) DFT study of the mechanism of NO reduction in bacterial nitric oxide reductase (See research activities
of Dr. Hatanaka)

¢) Effect of protein environment on the NO reduction: An ONIOM study reductase (See research activities
of Dr. Hatanaka)

d) Comparative Reactivity of Hydrogen Atom Transfer (HAT) with Important Metal-Oxo and
Ferric-Superoxo Species (See research activities of Dr. Chung)

e) Theoretical modeling of stereochemistry control of copper catalysts based on the chirality of DNA (See
research activities of Dr. Ptrova)

f) Theoretical Study of Asymmetric Hydration Catalyzed by DNA-based Artificial Enzyme
Metalloenzymes (See research activities of Dr. Ke)

g) Theoretical Study of Polymerization Catalyzed by Artificial Metalloenzymes (See research activities of
Dr. Ke)

h) ONIOM Investigation of Iron Uptake by Ferritin (See research activities of Dr. Harris)

i) Ring-Opening and Ring-Closure Mechanism of Spiropyran-Merocyanine Photochromic Reaction (See
research activities of Dr. Liu)
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j) Photodynamics and Isomerization Mechanisms of All-trans and 13-cis, 15-syn Retinal Protonated
Schiff Base in the light-adapted and dark-adapted Bacteriorhodopsin (See research activities of Dr. Xin
Li)

k) Reaction Mechanism of Photo-induced Decarboxylation of the Photoactivatable Green Fluorescent
Protein:An ONIOM(QM:MM) Study (See research activities of Dr. Ding)

1) Mechanistic study on the Photoisomerization in Polypyridyl mononuclear ruthenium(II) aquo (PMRA)
complex (See research activities of Dr. Ding)

m) Reaction Mechanism of Hydrogenation of Carbon Dioxide Catalyzed by Ir-PNP Complex (See research
activities of Dr. Chung)

I1. Simulation of Nanomaterials

In the area of simulation of nanomaterials, we continued our research efforts on quantum chemical
molecular dynamics (QM/MD) computations of carbon and other nanostructure formation based on density
functional tight binding (DFTB). Single-walled carbon nanotubes (SWNTs) have been one of representative
nanotechnology materials and their various potential applications. Although SWNTs are known to be efficiently
synthesized using metal catalyst, its growth mechanism is still not well understood. In order to understand
interplay among feedstock carbon, nanotube, and metal, we have implemented growth simulations of
metal-catalyzed SWNT using DFTB MD simulations. This year we invented a theoretical method to define the
local chirality of irregular carbon nanotubes and used this definition to analyze mechanism of retention and loss
of chirality during the growth of carbon nanotubes.

a) Effects of Molecular Dynamics Thermostats on Descriptions of Chemical Non-Equilibrium (See
research activities of Dr. Page)

b) Functionalization of Fullerenes Using a Genetic Algorithm (See research activities of Dr. Page)

¢) The Reaction Pathway for C,H, Polyyne Fusion Reactions: A Theoretical Investigation (See research
activities of Dr. Signh)

d) Determination of Local Chirality in Irregular Single-Walled Carbon Nanotube Based on Individual
Hexagons (See research activities of Dr. Kim)

e) Chirality-Controlled Carbon Nanotube Growth from Organic Templates (See research activities of Dr.
Page)

f) SWCNT Growth from Chiral Carbon Nanorings: Prediction of Chirality and Diameter Influence on
Growth Rates (See research activities of Dr. Haibei Li)

g) Sub-Surface Nucleation of Graphene Precursors near a Ni(111) Step-Edge (See research activities of Dr.
Haibei Li)

III. Method Developments and Applications

Previously we have extended the Global Reaction Route Mapping (GRRM) method developed previously by
Ohno and Maeda to automatic search of the minimum of seam of crossing (MSX) including the conical
intersection. This year we applied this method for elucidation of the mechanism of photodissociation reactions. In
photodissociation of NO3, we found a totally new kind of reaction mechanism, in which the molecule in an
excited state roam around a roaming transition state and branches into the direct excited state dissociation and the
ground state dissociation after nonadiabatic transition to the ground state. This mechanism since has been
unequivocally proved by an experimental study.

A new method, artificial force-induced reaction (AFIR) method, suitable to determining the transition and
intermediates of reactions of two or more molecules A + B (+C...) — X, has been developed based on imposing
an artificial attractive force between the reactant molecules. The application of this method to the Passerini and
other multicomponent organic reactions has shown that textbook mechanisms of some of the multicomponent
reactions are wrong, and actually additional molecules are involved as a catalyst. The method has also been used
to determine the best reaction pathway for the full catalytic cycle for the reaction of C,H4 + CO + H; catalyzed by
HCo(CO);.

(Work in collaboration with Prof. Maeda, who was Assistant Professor at Hakubi Center of Kyoto University
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and Visiting Assistant Professor at FIFC. See also his Research Activities)

a) Finding Reaction Pathways of Type A + B — X: Toward Systematic Prediction of Reaction
Mechanisms

b) No Straight Path: Roaming in Both Ground- and Excited-State Photolytic Channels of NO; — NO +
0;

¢) Fitting Global Ab Initio Potential Energy Surfaces for Low-lying Doublet States of NO; (See research
activities of Dr. Xiao)

d) Exploring Multiple Potential Energy Surfaces: Photochemistry of Small Carbonyl Compounds
Experimental and Theoretical Investigations of Isomerization Reactions of Ionized Acetone and Its
Dimer

e) Theoretical Study of the Photodissociation Dynamic of Ketene

f) Toward Predicting Full Catalytic Cycle Using Automatic Reaction Path Search Method: A Case Study
on HCo(CQO);-Catalyzed Hydroformylation

N

Original papers

H.-B. Li, A. J. Page, S. Irle, and K. Morokuma, Theoretical Insights into Chirality-Controlled SWCNT Growth from a
Cycloparaphenylene Template. ChemPhysChem 13, 1479-1485 (2012).

2. F. Liu, and K. Morokuma, A Computational Study on the Working Mechanism of Stilbene Light-Driven Molecular

—_—

Rotary Motor: Sloped Minimal Energy Path and Unidirectional Nonadiabatic Isomerization. J. Am. Chem. Soc. 134,
4864-4876 (2012).

3. M. P. Grubb, M. L. Warter, H.-Y. Xiao, S. Maeda, K. Morokuma, S. W. North, No Straight Path: Multistate Roaming
as the Only Route for the NO3 [1 NO + O2 Reaction, Science, 335, 1075-1078 (2012).

4. S. Maeda and K. Morokuma, Toward Predicting Full Catalytic Cycles Using Automatic Reaction Path Search Method: A
Case Study on HCo(CO)3-Catalyzed Hydroformylation, J. Chem. Theo. Comp. 8, 380-385 (2012).

5. J. Pang, X. Li, K. Morokuma, N. S. Scrutton, and M. J. Sutcliffe, Large-scale Domain Conformational Change Is
Coupled to the Activation of the Co-C bond in the BIl2-Dependent Enzyme Ornithine 4,5-Aminomutase: A
Computational Study. J. Am. Chem. Soc. 134, 2367-2377 (2012).

6. Y. Nishimoto, Z. Wang, K. Morokuma, and S. Irle, Molecular and electronic structures of endohedral fullerenes,
Sc2C2@C3v-C82 and Sc2@C3v-C82: Benchmark for SCC-DFTB and proposal of new inner cluster structures, Phys.
Status Solidi B, 249, 324-334 (2012).

7. Y. Matsuda, K. Hoki, S. Maeda, K. Hanaue, K. Ohta, K. Morokuma, N. Mikami, and A. Fujii, Experimental and
theoretical investigations of isomerization reactions of ionized acetone and its dimer. Phys. Chem. Chem. Phys. 14,
712-719 (2012).

8. S. Sekharan, S. Yokoyama,. K. Morokuma. Quantum Mechanical/Molecular Mechanical Structure, Enantioselectivity
and Spectroscopy of Hydroxyretinals and Insights into the Evolution of Color Vision in Small White Butterflies, J. Phys.
Chem. B. 115, 15380-15388 (2011).

9. J. M. Knaup. K. Morokuma and S. Irle, A simulation of possible carbon nanotubes slitting in a CMOS compatible way,
Mater. Express, 1, 343-349 (2011).

10. H. M. Nguyen, H. Hirao, U. V. Dang, K. Morokuma, Computational Studies of Bacterial Resistance to b-Lactam
Antibiotics: Mechanism of Covalent Inhibition of the Penicillin-Binding Protein 2a (PBP2a), J. Chem. Inf. Model. 51,
3226-3234 (2011).

11. R. Tanaka, M. Yamashita, L. W. Chung, K. Morokuma, and K. Nozaki, Mechanistic Studies on the Reversible
Hydrogenation of Carbon Dioxide Catalyzed by an Ir-PNP complex, Organometallics, 30, 6742—6750 (2011).

12. L. W. Chung, X. Li, H. Hirao and K. Morokuma,, Comparative Reactivity of Ferric-Superoxo and Ferryl-Oxo Species in
Heme and non-Heme Complexes. J. Am. Chem. Soc 133, 2007620079 (2011).

13. K. Ando and K. Morokuma, DFT and ONIOM Study on the Alkylation of the Lithium Enolate in Solution:
Microsolvation Cluster Models for CH2=CHOLi + CH3Cl + (THF)0-6, Theo. Chem. Acct. 130, 323-331 (2011).

14. Y. Okamoto, F. Kawamura,.Y. Ohta, A. J. Page, S. Irle and K. Morokuma, SCC- DFTB/MD Simulation of Transition
Metal Catalyst Particle Melting and Carbide Formation, J. Comp. Theo. Nanosci. 8, 1755-1763 (2011).

15. B. Saha, S. Irle, and K. Morokuma, Hot giant fullerenes eject capture C2 molecules. QM/MD simulations with constant
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density. J. Phys. Chem. C, 115, 22707-22716 (2011).

16. S. Sekharan and K. Morokuma, Why 11-Retinal? Why Not 7-, 9- or 13-in the Eye? J. Am. Chem. Soc. 133,
19052-19055 (2011).

17. Y. Wang, A. J. Page, Y. Nishimoto, H.-J. Qian, K. Morokuma and S. Irle, Template Effect in the Competition Between
Haeckelite and Graphene Growth on Ni(111): Quantum Chemical Molecular Dynamics Simulations, J. Am. Chem. Soc.
133, 18837-18842 (2011).

18. J. Kim, S. Irle and K. Morokuma, Determination of Local Chirality of Irregular Single-Walled Carbon Nanotube Based
on Individual Hexagons. Phys. Rev. Lett. 107, 175505/1-5 (2011).

19. W. Zhang, Y. Tang, M. Lei, K. Morokuma, and D. G. Musaev, Ditantalum dinitrogen complex: Reaction of H2
molecule with “end-on-bridged” [TalV]2(u-n1:m1-N2) and bis(p-nitrido) [TalV]2(u-N)2 complexes. Inorg. Chem. 50,
9881-9490 (2011).

20. S. Abdel-Azeim, X. Li, L. W. Chung and K. Morokuma,, Zinc—Homocysteine Displacement in Cobalamin-Dependent
Methionine Synthase and its Role in the Substrate Activation: DFT, ONIOM, and QM/MM Molecular Dynamics Studies.
J. Comp. Chem. 32, 3154-3167 (2011).

21. H. Hirao and K. Morokuma, ONIOM(DFT:MM) Study of 2-Hydroxyethylphosphonate Dioxygenase: What Determines
the Destinies of Different Substrates? J. Am. Chem. Soc. 133, 14550-14553 (2011).

22. A. J. Page, K. R. S. Chandrakumar, S. Irle and K. Morokuma, Thermal Annealing of SiC Nanoparticles Induces
SWNT Nucleation: Evidence for a Catalyst-Independent VSS Mechanism. PhysChemChemPhys, 13, 15673-15680
(2011).

23. X.Li, L. W. Chung, and K. Morokuma, Photodynamics of All-trans Retinal Protonated Schiff Base in Bacteriorhodopsin
and Methanol Solution, J. Chem. Theo. Comp. 7, 2694-2698 (2011).

24. S. Maeda and K. Morokuma, Finding Reaction Pathways of Type A + B — X: Toward Systematic Prediction of
Reaction Mechanisms, J. Chem. Theo. Comp. 7, 2335-2345 (2011).

25. A. Altun, K. Morokuma and S. Yokoyama, H-bond network around retinal regulates the evolution of ultraviolet and
violet vision, ACS Chem. Bio. 6, 775-780 (2011). DOI: 10.1021/cb200100f

26. H.-J. Qian, A. van Duin, K. Morokuma and S. Irle. Reactive Molecular Dynamics Simulation of Fullerene Combustion
Synthesis: ReaxFF vs DFTB Potentials. J. Chem. Theo. Comp. 7, 2040-2048 (2011). DOI: 10.1021/ct200197v

27. H. Hirao, F. Li, L. Que, Jr., and K. Morokuma, Theoretical Study of the Mechanism of Oxoiron(IV) Formation from
H202 and a Nonheme Iron(II) Complex: O—O Cleavage Involving Proton-Coupled Electron Transfer, Inorg. Chem. 50,
6637-6648 (2011).DOI: 10.1021/ic200522r

28. Z. Ke, S. Abe, T. Ueno and K. Morokuma, Rh-catalyzed Polymerization of Phenylacetylene: Theoretical ~Study of the
Reaction Mechanism, Regioselectivity and Stereoregularity, J. Am. Chem. Soc. 133, 7926-7941 (2011).

3. Review article

1. S. Sekharan, A. Altun and K. Morokuma, Computational Chemistry of Vision in Vertebrates and Invertebrates, in
“Annual Reports in Computational Chemistry”, Vol. 7, ed. R. A Wheeler, Elsevier. 215-233 (2011).

2. S. Maeda, K. Ohno and K. Morokuma, Exploring Multiple Potential Energy Surfaces: Photochemistry of Small Carbonyl
Compounds, in Advances in Physical Chemistry "Accurate potential energy surfaces and beyond: chemical reactivity,
binding, long-range interactions and spectroscopy", eds. L. Bytautas, J. Bowman, X. Huang and A. Varandas,
268124/1-1313 (2011).

3. X. Li, L. W. Chung, and K. Morokuma, Modeling Photobiology Using Quantum Mechanics (QM) and Quantum
Mechanics/Molecular Mechanics (QM/MM) Calculations, in “Computational Methods for Large Systems: Electronic
Structure Approaches for Biotechnology and Nanotechnology”, ed. J. R. Reimers, John Wiley, Hoboken, NJ, pp. 397-434
(2011). ISBN: 978-0-470-48788-4.

4. L.W. Chung, H. Hirao, X. Li and K. Morokuma, The ONIOM Method: Its Foundation and Applications to
Metalloenzymes and Photobiology, WIREs Comput. Mol Sci 2, 327-350 (2012). doi: 10.1002/wcms.85

5. S. Irle, G Zheng, Z. Wang and K. Morokuma, Dynamics Simulations of Fullerene and SWCNT Formation, in
Spectroscopy, Dynamics, Moelcular Theory of carbon Plasmas and Vapors, Eds. L. Nemes and S. Irle, World Scientific,
375-416 (2012).

4. Presentation at academic conferences and universities

Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase Reactions to Nano Structures,
Catalysts, and Enzymatic Reactions Division of Chemistry and Biological Chemistry. Nanyang Technological
University. March 26, 2012
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How much can complex chemical reactions be understood by the use of theoretical and computational chemistry?
Hiratsuka Symposium at Kanagawa University, March 9, 2012

Theoretical Studies of Chemical Reactions and Dynamics -- Mainly ONIOM Applications, The workshop
“Introduction to Gaussian: Theory and Practice” February 23, 2012. Global Scientific Information and Computing
Center (GSIC) & Computational Chemistry Collegium, Tokyo Institute of Technology (TITECH)

Two Stories of Chemical Reactions. 1. Exploring Reaction Pathways Using Automated Reaction Route Finders. 2.
Nucleation, Growth and Healing Processes of Single-Walled Carbon Nanotubes. Quantum Molecular Dynamics: A
Conference in Honor of William H. Miller, University of California, January 9-12, 2012

Application of molecular simulations to bionaoscience, Supercomputing Workshop, Institute for Molecular Science,
Okazaki, Japan, January 24-25, 2012

Theoretical studies of chemical reactions. From the frontier theory to present and future. Fukui Center Symposium,
January 6, 2012

Theoretical Studies of Chemical Reactions — From Simple Molecules to Complex Systems. Molecular Science
Symposium, Sapporo, Japan, September 21, 2011.

Nucleation, Growth and Healing Processes of Single-Walled Carbon Nanotubes from Metal Clusters and SiO, and
SiC Surfaces: Density Functional Tight-Binding Molecular Dynamics Simulation, Sixteenth International
Workshop on Quantum Systems in Chemistry and Physics, Kanazawa, Japan, September 11, 2011

Theoretical Studies of Chemical Reactions and Dynamics of Biomolecular Systems in Protein, 14th Asian
Chemical Congress (14ACC), Bangkok, Thailand, September 8, 2011

Theoretical Studies of Chemical Reactions — Gas Phase Reactions to Nano Structures, Catalyses, and Enzymatic
Reactions in Ground and Excited Electronic States, 7th Congress of the International Society for Theoretical
Chemical Physics, Waseda University, Tokyo, Japan, September 2, 2011

Exciting World of Theoretical Studies of Chemical Reactions - From Gas Phase Reactions to Nano Structures,
Catalysts, and Enzymatic Reactions, Dalian Institute of Chemical Physics, Chinese Academy of Science, Dalian, China,
Exploring Reaction Pathways Using Automated Reaction Route Finders. International Conference on Theoretical and
High Performance Computational Chemistry, Xi'an, China, August 11-14, 2011

Computational Studies of Chemical Reactions of Molecular Systems: Overview of Our Recent Activities. 2011 Congress
of World Association of Theoretical and Computational Chemistry (WATOC), Santiago de Compostela, Spain, July
16-22,2011

ONIOM QM/MM studies of reactions of transition metal complexes in biological and biomimetic environment. 3rd
Quantum Bioinorganic Chemistry Conference, Cesky Krumlov, Czech Republic; June 25-28, 2011

Exciting World of Theoretical Studies of Chemical Reactions - From Gas Phase Reactions to Nano Structures,
Catalysts, and Enzymatic Reactions. Heyrowsky Institute, Czech Academy of Science, Prague, Czech Republic, June 24,
2011

Public talks

. Let’s Explore the World of Chemical Reactions Using Computer (in Japanese), Open Lectures for High School

Students, in Commemoration of the 30th Anniversary of Prof. Fukui’s Nobel Prize, Fukui Institute for Fundamental
Chemistry, Kyoto University, July 30, 2011.

. Let’s Explore the World of Chemical Reactions Using Computer (in Japanese), Kyoto University Junior Campus

2011, Fukui Institute for Fundamental Chemistry, Kyoto University, September 19, 2011.

. Let’s Explore the World of Chemical Reactions Using Computer (in Japanese), Academic Day, Kyoto University,

March 10, 2012.

. Let’s Explore the World of Chemical Reactions Using Computer (in Japanese), Moriyama High School, Shiga

Prefecture, March 19, 2012.

. Let’s Explore the World of Chemical Reactions Using Computer, Nanyang Technical University, Singapore, March

26, 2012.
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Shigeyoshi SAKAKI

Research Leader, Kenichi Fukui Memorial Research Groups II

1. Summary of the research of 2011

Molecules and molecular systems which consist of transition metal element, organic moiety,
non-transition metal element, and hypervalent element are attractive research targets in wide areas of
chemistry. Actually, those molecules and complexes play important roles as metal enzymes, molecular
catalysts, and molecular devices such as photosensitizer, molecular switch, luminescence material etc.
Their functions deeply relate to their those electronic structures. In this regard, it is worthy elucidating the
electronic structure of the complex system including transition metal element. Moreover, their electronic
structures are interesting from the point of view of theoretical/computational chemistry, because their
electronic structures are not simple but complicated in many cases. In particular, transition metgal
complexes bearing large correlation effects are challenging research target even nowadays.

This year, we theoretically investigated (i) Noble Reaction Features in Oxidative Addition of
B-Br 0-Bond of Bromoborane to M(PMes): (M= Pt or Pd), (ii) Reaction Mechanism and
Reaction Features of Epoxidation of alkenes by Ru-porphyrin (iii) MS-CASPT?2 study of iron(III)
complexes of catechol dioxygenase, (iv) HS->LS Transition of the Hoffmann type MOF,
{Fe'(pz)[Pt"(CN)4]}, by CS, absorption. We wish to report summary of them.

(1) Noble Reaction Features in Oxidative Addition of B—Br 6—Bond of Bromoborane to M(PMe;), (M=
Pt or Pd)

Formation processes of cis—boryl complexes via oxidative additions of B—H, B—B, and B—E (E=Si,
Ge, or Sn) bonds to low—valent transition—metal complexes have been clarified theoretically.' However, the
mechanism for trans-boryl complex produced by the oxidative addition of B—X (X=Cl, Br, or I) bond to
Pd(0) and Pt(0) complexes remains unclear yet, in which the cis—trans isomerization is proposed to be
involved. However, the cis-trans isomerization occurs via spin conversion process in general, > but the
cis-trans isomerization taking place on single potential surface has not been investigated well. Here, we
theoretically investigated the oxidative addition of the B—Br bond of bromoborane Br,B(OSiMes) to
M(PMes), (M = Pt or Pd) to explore possible reaction pathways and to clarify the process of the thermal

cis—trans isomerization in this reaction.

The first step is the coordination of Br:B(OSiMes) with M(PMes): (M = Pt or Pd) to form a

possible (Scheme 1); one is the E.= 0.6(P)  120° (Pd)
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Interestingly, the thermal cis—trans isomerization was found to occur on the singlet potential
energy surface due to the strong donation ability of the boryl group. The reason is interpreted
in terms of the very strongly donating boryl ligand, as follows: Because the boryl ligand is
very strongly donating, it destabilizes one d, orbital, the other four d orbitals become doubly
occupied and hence the closed-shell singlet is the ground state.

(ii) Reaction Mechanism and Reaction Features of Epoxidation of alkenes by Ru-porphyrin
Epoxidation of olefine by [Ru(TMP)(CO)(O)]” (TMP = tetramesitylporphine), which is a key step of
the photocatalyzed epoxidation of olefin by [Ru(TMP)(CO)], is studied mainly with the density functional
theory (DFT) method, where [Ru(Por)(CO)] is employed as a model complex (Por = unsubstituted
porphyrin). This reaction is of considerable interest because dioxygen molecule is not the oxygen source

but water is the oxygen source; in other words, the water is employed as reactant. The CASSCF method was

also used to
150 L 147
investigate the \;\)g/;;f U,
. 1.97 139 N2 .
electronic structure ~ //\ - 135 e = ~208 ui :,ﬂ\\””z_m‘
. . Y ‘ﬂ’ﬁ ~ / b — - e ’ S
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of the CASSCF Fig.2 Geometry changes of ethylene epoxidation by Ru-porphyrin

wave function is
10.0

larger than 85%, suggesting that the static

N — Ethylene
correlation is not very large. Also, % Zz _ itz;i”;e
unrestricted-DFT-calculated natural orbitals are £ =

essentially the same as CASSCF-calculated ones, ? ]

here. On the basis of these results, we employed é o

the DFT method in this work. Present é ;:Z

computational results show characteristic features 5o

of this reaction, as follows: (I) The epoxidation Reactant  Olefin  Transition  Product Product

. . . L. adduct state complex
reaction occurs via carboradical-type transition  Fig 3 Energy changes by epoxidation of three
state. Neither carbocation-type nor concerted olefins by Ru-porphyrin

oxene-insertion-type character is observed in the

transition state. (ii) Electron and spin populations transfer from the olefine moiety to the porphyrin ring in
the step of the C_Obond formation. (iii) Electron and spin populations of the olefin and porphyrin moieties
considerably change around the transition state. (iv) The atomic and spin populations of Ru change little in
the reaction, indicating that the Ru center keeps the +II oxidation state in the whole catalytic cycle. (v) The
stability of the olefiene adduct [Ru(Por)(CO)(O)(olefiene) considerably depends on the kind of olefin, such
as ethylene, n-hexene, and styrene. In particular, styrene forms a stable olefin adduct. And, (vi) interestingly,
the difference in the activation barrier among these olefin is small in the quantitative level (within 5

kcal/mol), indicating that this catalyst can be applied to various substrates. This is because the stabilities and
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electronic structures of both the olefin adduct and the transition state are similarly influenced by the
substituent of olefin.

(iii) MS-CASPT?2 study of iron(III) complexes of catechol dioxygenase

In bioinorganic chemistry, non-hem iron

complexes attract a lot of interest, because of their

. . . . . PCA
interesting catalytic reactions such as oxygenation of . Q4

. . 3
aromatic compounds. In such non-hem iron(III) & &
catechole dioxygenase, the relation between activity and ¢ %
ligand-tometal charge-transfer (LMCT) transition Bﬂisiﬁo AT

energy was pointed out experimentally. We (4) PCD—PCA (8) [ReCTRAN AT

theoretically investigated the LMCT excitation of the
native iron(III)-dependent catechol dioxygenase and its
functionalmodel complexes with multistate complete

active space second-order perturbation theory
(MS-CASPT2). The ground state calculated by the
MS-CASPT2 method mainly consists of the iron(III)

_ (©) [Fe(TPA)DMO)[* () [Fe(TPA)ACO)*
catecholate electron configuration and moderately of the  Fjg 4 Model Fe(II) complexes examined

iron(II) semiquinonate electron configuration for both of  here

the enzyme active centers and the Table 1. MS-CASPT2- and CAS-PT2-calculated LMCT
model complexes when the active transition energy of model complounds (in V)

center exists in the protein environment

L. Compound MS-CASPT2 CASPT2 TD-DFT Expt.

and the model complexes exist in the
solution. However, the ground-state PCD-PCA 1.57 0.74 0.81 1.75
wave function mainly consists of the [Fe(TPA)(CAT)]" 1.45 0.46 1.41 1.53
iron(II) semiquinonate electron [Fe(TPA)(DMC)+]+ 1.25 0.23 1.45 1.39
[Fe(TPA)(3CC)] 1.54 0.62 1.36 1.58

configuration for both the enzyme

active  site  without a  protein

environment and themodel complexes in vacuo. These results clearly show that the protein environment and
solvent play important roles to determine the electronic structure of the catecholatoiron(Ill) complex. The
LMCT excitation energy clearly relates to the weight of the iron(Ill)-catecholate configuration in the ground
state. The reactivity and the LMCT excitation energy directly relate to the ionization potential of the
catecholate (IPCAT) in the model complex. This is because the charge transfer fromthe catecholatemoiety to
the dioxygen molecule plays a key role to activate the dioxygen molecule. However, the reactivity of the
native catechol dioxygenase ismuch larger than those of the model complexes, despite the similar IPCAT
values, suggesting that other factors such as the coordinatively unsaturated iron(Ill) center of the native

enzyme play a crucial role in the reactivity.

(iv) HSLS Transition of the Hoffmann type MOF, {Fe" (pz)[Pt"(CN),]}, by CS, absorption

It is recently reported that a porous coordination polymer (PCP), {Fe'(pz)[Pt"(CN)4]} (pz = pyrazine,
Figure 4), adsorbs various guest molecules to induce spin transition between the LS and the HS states at
room temperature. For instance, LS—HS transition is induced by adsorption of guest species whose size or
occupation number per pore is large in many cases. This transition is understood by steric repulsion between
bulky guests and the PCP framework, as follows. The steric repulsion is smaller in the HS framework than in
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the LS one because the HS framework is larger than the LS one. Hence, the HS framework is favorable for
adsorption of bulky guests. This is the reason why the LS—HS transition is induced by bulky guests. In the
case of adsorption of CS,, on the other hand, reverse HS—LS transition is unexpectedly induced. The reason
of this reverse transition is not clear at all.

We investigated the

7.0
mechanism of the ¢ ' _eolk
CS;-induced HS—-LS <L AJ;jﬁl 2ol
i o~ T
transition of J'! ’ii 2 .0l
3 ¥ ~ >0
{Fe(p)[P(CN)]}, TR B ol
e . ' A g 300 [LS
considering hindered .q,'“f_l N
u\;l c O
rotational entropy of the pz "'i § Lol t . . . .
ligands. In the guest-free PCP, R as CHets S TN TN TN
‘ Vi V.
pz ligands rotate much casier ~ Fig. 4 Hoffmann-type 0 _ n , 2m
) ) MOF ) Rotation angle 8 (rfzd) of the pz ligand
in the HS framework than in Fig. 5 Pyrazyne rotation around Fe-Fe

the LS one, as shown in Fig. 4. This is because the steric ~ axis

repulsion in the HS framework is weaker than in the LS one. Thus, the entropy difference (AS,,,) between the
LS and the HS states is positive. In CS, clathrate, however, CS, molecules are strongly adsorbed between pz
ligands to suppress the pz rotation and to decrease ASrot. We evaluated the ASrot value and estimated how
much T, shifts through the CS, adsorption. The results indicate that the decrease in AS,, induces the
HS—LS transition. All computational results and discussion are consistent with the experimental ones. This
is the first clear understanding of the 7, shift based on the entropy difference between the LS and the HS
states.

2. Original papers

(1) Hirofumi Sato,Chisa Kikumori, Shigeyoshi Sakaki
“Solvation structure of coronene-transition metal complex: a RISM-SCF study”
Phys. Chem. Phys. 13,309-313 (2011).
(2) Naoki Nakatani, Yutaka Hitomi, and Shigeyoshi Sakaki
"Multi-State CASPT2 Study of Native Iron(Ill)-dependent Catechol Dioxygenase and Its
Functional Models: Electronic Structure and Ligand-to-Metal Charge-Transfer Excitation”
J. Phys. Chem. B. 115, 4781-4789 (2011).
(3) Atsushi Ishikawa and Shigeyoshi Sakaki,,
Theoretical Study of Photoinduced Epoxidation of Olefins Catalyzed by Ruthenium Porphyrin
J. Phys. Chem. A, 115, 4774-4785 (2011).
(4) Shigeyoshi Sakaki, Daisuke Kawai, and Shinya Tsukamoto
Theoretical Study of Metallasilatranes; Bonding Nature and Prediction of New Metallasilatrane
Collect. Czech. Chem. Commun. 76, 619—629 (2011).
(5) Atsuhi Ikeda, Yoshihide Nakao, Hirofumi Sato, Shigeyoshi Sakaki,
A resonance theory consistent with Mulliken-population concept
Chem. Phys. Lett., 505, 4-6 (2011).
(6) Guixiang Zeng and Shigeyoshi Sakaki
Noble Reaction Features of Bromoborane in Oxidative Addition of B-Br c—Bond
to M(PMe;3), (M= Pt or Pd): Theoretical Study
Inorg. Chem., 50, 5290-5297 (2011).
(7) Shinya Tsukamoto and Shigeyoshi Sakaki
Theoretical Study of Pt(PR;),(AICl;) (R=H, Me, Ph, or Cy) Including an Unsupported Bond
between Transition Metal and Non-Transition Metal Elements; Geometry, Bond Strength,
and Prediction
J. Phys. Chem. A, 115, 8520-8527 (2011).
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Daisuke Yokogawa, Kohei Ono, Hirofumi Sato, Shigeyoshi Sakaki
Theoretical study on aquation reaction of cis-platin complex: RISM-SCF-SEDD, a hybrid aproach
of accurate quantum chemical method and statistical mechanics
Dalton Trans., 40, 11125-11130 (2011).
Hideo Ando, Yoshihide Nakao, Hirofumi Sato, Masaaki Ohba, Susumu Kitagawa, Shigeyoshi
Sakaki
Theoretical Study on High-Spin to Low-Spin Transition of {Fe(pyrazine)[Pt(CN)4]}:
Guest-Induced Entropy Decrease
Chem. Phys. Lett., 511, 399-404 (2011).
Shibata, Naoto, Hirofumi Sato, Shigeyoshi Sakaki, Yuji Sugita
Theoretical Study of Magnesium Fluoride in Aqueous Solution
J. Phys. Chem., B, 115, 10553-10559 (2011).
Hiroyuki Sakaba, Hiroyuki Oike, Masaaki Kawai, Masato , Takami, Chizuko Kabuto, Mausumi
Ray, Yoshihide Nakao, Hirofumi Sato, and Shigeyoshi Sakaki
Synthesis, Structure, and Bonding Nature of Ethynediyl-Bridged Bis(silylene)
Dinuclear Complexes of Tungsten and Molybdenum
Organometallics, 30,4515-4531 (2011).
Kazuhide Ichikawa, Ayumu Wagatsuma, Yusaku I. Kurokawa, Shigeyoshi Sakaki, Akitomo
Tachibana
Inverted-sandwich-type and open-lantern-type dinuclear transition metal complexes: theoretical
study of chemical bonds by electronic stress tensor
Theor. Chem. Acc., 130, 237-250 (2011).
Milind Deshmukh, Shigeyoshi Sakaki
Binding energy of gas molecule with two pyrazine molecules as organic linker in
meal-organic framework: its theoretical evaluation and understanding of determining
factors
Theor. Chem. Acc., 130, 475-482 (2011).

3. Presentation at academic conferences
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Shigeyoshi Sakaki

“Theoretical Study of Dinuclear Transition Metal Complexes: Interesting Electronic Structures and
Molecular Properties, 4™ Japan-Czech-Slovakia Joint Symposium for Theoretical and
Computational Chemistry, Prague, 2011/5/18-20. (Invited Talk)

Shigeyoshi Sakaki

“Heterolytic C-H o-Bond Activation Reaction; Driving Force, Regioselectivity, Orbital Mixing,

and Its Application to Pd-Catalyzed Direct Cross-Coupling Reaction”, 9" World Association of
Theoretical and Computational Chemists (WATOC2011), Sanchiago de Compostella, Spain,
2011/7/17-22. (Invited Talk)

Shigeyoshi Sakaki, Milind Deshmukh, Hideo Ando, Yoshihide Nakao, Hirofumi Sato

“Theoretical Study of Gas-Adsorption to Metal-Organic-Framework (MOF)”

7th Congress of the International Society for Theoretical Chemical Physics (ISTCP-VII) at Waseda
University, Tokyo, Japan on September 2-8, 2011. (Invited Talk)

Shigeyoshi Sakaki

“Theoretical Study of o-Bond Activation Reaction by Transition Metal Complex and Catalytic
Reaction Including It”, The 14™ Asian Chemical Congress 2011 (14 ACC) Sept. 5-8, 2011 in
Bangkok, Thailand. (Invited Talk)

Shigeyoshi Sakaki

“C-H o-Bond Activation Reaction and Catalytic Reactions by Transition Metal Complexes:
Theoretical Study”, The 9™ International Conference on Computational Methods for Science and
Technology (ICCMSE), Oct., 2 to 7, Halkidiki, Greece (Invited Talk)
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Satoshi MAEDA
Visiting Assistant Professor (The Hakubi Center, Kyoto University),
Kenichi Fukui Memorial Research Group 1

(To 31 Jan. 2012)
1. Summary of the research of the year
1-0. Introduction
The mechanism of chemical reactions can be elucidated by exploring quantum chemical potential
energy surfaces (PESs) and finding reaction pathways [1,2]. Search for transition state (TS)
structures is the primal task in such studies, since a reaction path can be computed easily by the
intrinsic reaction coordinate (IRC) method [3] once a corresponding TS structure is found. Reaction
mechanisms of numerous chemical reactions have been elucidated by calculations of TS structures
and corresponding reaction pathways.

One TS structure can be found by a geometry optimization starting from an initial guess
structure [4]. However, an initial guess structure leads only to a TS structure anticipated from it. For
finding unexpected pathways as well as anticipated ones, systematic search is necessary using an
automated reaction path search method.

There had been no general method which can explore chemical reaction pathways automatically
on quantum mechanical PESs until very recently. Hence, we have developed two such methods:
global reaction route mapping (GRRM) method [5-7] and artificial force induced reaction (AFIR)
method [8, original paper 7]. These two are independent but complementally to each other. Reaction
pathways of type A — X (isomerization) and A — X + Y (dissociation) can be explored by GRRM,
while AFIR can search for A+ B — X (+Y) type synthetic pathways.

We applied these methods to some complex chemical reactions: photolysis of atmospheric
molecules [original papers 1 and 5], an organometallic catalysis [original paper 3], and a
photoionization induced dynamics in a hydrogen-bond cluster [original paper 4].

We developed a set of Li-H-C-O DFTB parameters and it was employed in a simulation study
on sputtering and reflection dynamics of lithiated carbon material bombarded by slow hydrogen
atoms [original paper 2]. A very accurate calculation of the energetics of POCl + ¢ — PO + Cl
reaction was also performed to analyze experimental data concerned with electron catalyzed mutual
neutralization reactions of POCIl;~ and POCl, each with Ar" and Kr' [original paper 6].

Works in original papers 1, 2, 4, and 6 were conducted with experimental groups.

[1] Schlegel, H. B. J. Comput. Chem. 2003, 24, 1514.

[2] Jensen, F. Introduction to Computational Chemistry, 2nd edn., Wiley, Chichester, 2007.
[3] Fukui, K. Acc. Chem. Res. 1981, 14, 363.

[4] Schlegel, H. B. WIREs Comput. Mol. Sci. 2011, 1, 790.
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] Ohno, K.; Maeda, S. Chem. Phys. Lett. 2004, 384, 277.
] Maeda, S.; Ohno, K. J. Phys. Chem. A 2005, 109, 5742.
] Ohno, K.; Maeda, S. J. Phys. Chem. A 2006, 110, 8933.
] Maeda, S.; Morokuma, K. J. Chem. Phys. 2010, 132, 241102.

1-1. No Straight Path: Roaming in Both Ground- and Excited-State Photolytic Channels of
NO; — NO + O, (original paper 1)

Roaming mechanisms have recently been observed in several chemical reactions alongside
trajectories that pass through a traditional transition state. Here, we demonstrate that the visible
light—induced reaction NO; — NO + O, proceeds exclusively by roaming. High-level ab initio
calculations predict specific NO A doublet propensities (orientations of the unpaired electron with
respect to the molecular rotation plane) for this mechanism, which we discern experimentally by ion
imaging. The data provide direct evidence for roaming pathways in two different electronic states,
corresponding to both previously documented photolysis channels that produce NO + O,. More
broadly, the results raise intriguing questions about the overall prevalence of this unusual reaction

mechanism.

1-2. Dynamics of Deuterium Retention and Sputtering of Li—-C—O Surfaces (original paper 2)

Chemistry as well as sputtering and reflection dynamics of lithiated carbon material, bombarded by
slow hydrogen atoms are studied. We present a realistic method for computational simulation of the
dynamics of the polar Li—-C—O—H material dynamics. It is based on an approximate, semi-empirical
quantum mechanics of electrons and classical mechanics of nuclei. Results are wvalidated
qualitatively by comparison with experiments and with a first principle DFT computations. In
particular, we explain observed details of the hydrogen bonding chemistry in lithiated carbon,

showing that incoming hydrogen interacts preferably with Li-C rather than C structures.

1-3. Toward Predicting Full Catalytic Cycle Using Automatic Reaction Path Search Method: A
Case Study on HCo(CO);-Catalyzed Hydroformylation (original paper 3)

Toward systematic prediction of reaction pathways in complex chemical reaction systems by
quantum chemical calculations, a new automatic reaction path search approach has been proposed on
the basis of the artificial force induced reaction (AFIR) method [J. Chem. Theory Comput. 2011, 7,
2335-2345.]. We demonstrate in this Letter that this approach enabled semi-automatic determination
of the full catalytic cycle of the HCo(CO);-catalyzed hydroformylation. The search was fully
systematic; no initial guess was required concerning the entire reaction mechanism as well as each
transition state structure. This approach opens the door to non-empirical prediction of complex

reaction mechanisms involving multiple steps in multiple pathways, such as full cycles of catalytic
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reactions.

1-4. Experimental and Theoretical Investigations of Isomerization Reactions of Ionized
Acetone and Its Dimer (original paper 4)

Ionization dynamics of acetone and its dimer in supersonic jets is investigated by a combination of
experimental and theoretical techniques, both of which have recently been developed. In
experiments, the neutral and the cationic structures are explored by infrared predissociation
spectroscopy with the vacuum-ultraviolet photoionization detection schemes. Reaction paths
following the one-photon ionization of the acetone monomer and its dimer have been studied by the
joint use of several theoretical methods including the ab initio molecular dynamics, the global
reaction route mapping, the intrinsic reaction coordinate, and the artificial force induced reaction
calculations. Upon one-photon ionization, the dimer isomerizes to the H-bonded form, in which the
enol cation of acetone is bound to the neutral molecule, while this enolization is energetically
forbidden in the acetone monomer. The enolization of the dimer cation occurs through a two-step
proton-transfer from the methyl group of the ionized moiety, and is catalyzed by the neutral moiety

within the dimer cation.

1-5. Exploring Multiple Potential Energy Surfaces: Photochemistry of Small Carbonyl
Compounds (original paper 5)

In theoretical studies of chemical reactions involving multiple potential energy surfaces (PESs) such
as photochemical reactions, seams of intersection among the PESs often complicate the analysis. In
this paper, we review our recipe for exploring multiple PESs by using an automated reaction path
search method which has previously been applied to single PESs. Although any such methods for
single PESs can be employed in the recipe, the global reaction route mapping (GRRM) method was
employed in this study. By combining GRRM with the proposed recipe, all critical regions, that is,
transition states, conical intersections, intersection seams, and local minima, associated with multiple
PESs, can be explored automatically. As illustrative examples, applications to photochemistry of
formaldehyde and acetone are described. In these examples as well as in recent applications to other
systems, the present approach led to discovery of many unexpected nonadiabatic pathways, by

which some complicated experimental data have been explained very clearly.

1-6. Temperature Dependences of Rate Coefficients for Electron Catalyzed Mutual
Neutralization (original paper 6)

The flowing afterglow technique of variable electron and neutral density attachment mass
spectrometry (VENDAMS) has recently yielded evidence for a novel plasma charge loss process,

electron catalyzed mutual neutralization (ECMN), i.e., A"+ B +e — A + B + ¢ . Here, rate
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constants for ECMN of two polyatomic species (POCl; and POCI, ) and one diatomic species
(Br, ) each with two monatomic cations (Ar" and Kr') are measured using VENDAMS over the
temperature range 300 K-500 K. All rate constants show a steep negative temperature dependence,
consistent with that expected for a three body process involving two ions and an electron. No
variation in rate constants as a function of the cation type is observed outside of uncertainty;
however, rate constants of the polyatomic anions (~1 x 10™® cm® s™" at 300 K) are measurably higher

than that for Br, [(5.5+2) x 10" cm®s™ at 300 K].

1-7. Finding Reaction Pathways of Type A + B — X: Toward Systematic Prediction of
Reaction Mechanisms (original paper 7)

In these five decades, many useful tools have been developed for exploring quantum chemical
potential energy surfaces. The success in theoretical studies of chemical reaction mechanisms has
been greatly supported by these tools. However, systematic prediction of reaction mechanisms
starting only from given reactants and catalysts is still very difficult. Toward this goal, we describe
the artificial force induced reaction (AFIR) method for automatically finding reaction paths of type
A +B — X (+Y). By imposing an artificial force to given reactants and catalysts, the method can
find their reactive sites very efficiently. Further pressing by the artificial force provides approximate
transition state and product structures, which can be easily reoptimized to the corresponding true
ones. This procedure can be executed very efficiently just by minimizing a single function called the
AFIR function. All important reaction paths can be found by repeating this cycle starting from many
initial orientations. We also discuss perspectives of automated reaction path search methods toward

the above goal.

2. List of original papers

(1) M. P. Grubb, M. L. Warter, H. Xiao, S. Maeda, K. Morokuma, S. W. North, No Straight Path:
Roaming in Both Ground- and Excited-State Photolytic Channels of NO; — NO + O,, Science,
2012, 335, 1075-1078.

(2) P. S. Kirstic, J. P. Allain, A. Allouche, J. Jakowski, J. Dadras, C. N. Taylor, Z. Yang, K.
Morokuma, S. Maeda, Dynamics of Deuterium Retention and Sputtering of Li—C—O Surfaces.,
Fusion Eng. Des., [doi:10.1016/j.fusengdes.2011.07.009].

(3) S. Maeda, K. Morokuma, Toward Predicting Full Catalytic Cycle Using Automatic Reaction
Path Search Method: A Case Study on HCo(CO);-Catalyzed Hydroformylation., J. Chem.
Theory Comput., 2012, 8, 380-385.

(4) Y. Matsuda, K. Hoki, S. Maeda, K.-i. Hanaue, K. Ohta, K. Morokuma, N. Mikami, A. Fujii,
Experimental and Theoretical Investigations of Isomerization Reactions of Ionized Acetone and

Its Dimer., Phys. Chem. Chem. Phys., 2012, 14, 712-719.
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S. Maeda, K. Ohno, K. Morokuma, Exploring Multiple Potential Energy Surfaces:

Photochemistry of Small Carbonyl Compounds., 4dv. Phys. Chem., 2012, 2012, 268124 (13
pages).

N. S. Shuman, T. M. Miller, J. F. Friedman, A. A. Viggiano, S. Maeda, K. Morokuma,
Temperature Dependences of Rate Coefficients for Electron Catalyzed Mutual Neutralization.,

J. Chem. Phys., 2011, 135, 024204 (8 pages).

S. Maeda, K. Morokuma, Finding Reaction Pathways of Type A+ B — X: Toward Systematic

Prediction of Reaction Mechanisms., J. Chem. Theory Comput., 2011, 7, 2335-2345.
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1. Summary of the research of the year

I. Theoretical Study of Polymerization Catalyzed by Artificial Metalloenzymes.
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Figure 1. Plausible active sites A, B and C inside Rh(nbd)*apo-Fr for the Rh-diene catalyzed polymerization of PA: the
Rh-insertion, Rh'-metathesis or Rh"-insertion.

Artificial metalloenzyme is a promising strategy to mimic enzyme catalytic functions or to
develop novel enzyme-like catalysis, via combination of metal complex(es) into a host protein,.
This strategy exhibits the advantages of metal complex in easy accessibility, broad substrate scope,
and versatile reaction transformation, and the merits of enzyme in high efficiency, specific
selectivity, and green chemistry. Therefore, it has intriguing potentials in the application and
development of catalysis, through chemical evolution of metal complexes component and genetic
evolution of the protein component. However, the design of new artificial metalloenzymes is rather
challenging due to the complicated interactions between metal complex and protein, especially
when the metal complexes have variable geometries in binding sites. To advance development of
artificial metalloenzymes, it is important to detailedly understand the active site and the exact
reaction mechanism inside host protein. Unfortunately, it is difficult to characterize the active
species for the catalysis inside artificial metalloenzymes. Sometimes, only with some X-ray crystal
structures of catalytic precursors or intermediates, the catalysis process inside artificial
metalloenzyme is still less known. This study will clarify, with QM/MM studies, the complicated
reaction polymerization mechanism for a recently developed artificial metalloenzyme system
(Rh(nbd)-apo-Fr), with the X-ray proposed A, B, and C types of binding sites (Figure 1).

We have previously studied computationally the detailed mechanism of polymerization of PA
catalyzed by the homogenous catalyst [Rh(nbd)Cl], without protein environment. (J. Am. Chem.
Soc. 2011, 133, 7926-7941). The equilibriums of the reaction intermediates in the solution are more

complicated than generally assumption. The Rh', Rh™, and Rh-carbene types of intermediates are
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Our results also demonstrate that the hydrophobic active site D can retain the native regio and

stereoselectivity of the Rh-catalyzed polymerization of PA without protein. The preferred potential

energy surfaces, as well as reaction scheme, are shown in Figure 2. The overall reaction mechanism

is shown in Scheme 1. This study highlights the importance of theoretical study in mechanistic

understanding and rational design of artificial metalloenzymes, indicating that even with X-ray

crystal structures at hand we may still be far from fully understanding the active site and the

catalytic mechanism of artificial metalloenzymes.

I1. Theoretical Study of Asymmetric Hydration Catalyzed by DNA-based Artificial Enzyme.
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Figure 4. The thermodynamic stabilities of the studied Cull

complexes in aqueous.

Biomacromolecule, like DNA, based
catalysts recently emerges as an attractive
the

pure

strategy to synthesis of

enantiomerically compounds.
Through recombination of DNA and
metal complexes with a specific ligand,
high

enhancement

stereoselectivity and rate
had been achieved in
several important applications, such as

Diels—Alder, Michael addition,

Friedel-Crafts reactions and hydration

reactions. A novel non-enzymatic
catalytic enantioselective hydration of
enones was recently published by Ben L.
Feringa, Gerard Roelfes and co-workers.
The chiral b-hydroxy ketone product was
obtained in up to 82% enantiomeric
excess. Importantly, this diastereospecific
and enantioselective reaction had no
equivalent in conventional homogeneous
catalysis. Herein, our theoretical study

aims to understand the mechanism and

the factors that controlling the
enantioselectivity, which is of
fundamental important to the
development of these types hybrid
catalysis with DNA

First, we studied the geometries and the thermodynamic stabilities of the studied Cu"



IV BRZREAE (2011)

complexes in aqueous. Copper plays important roles in metal-catalyzed and enzymatic processes.
Natural copper compounds usually exist as Cu' and Cu" states. Cu" with an open-shell @’ electronic

configuration is harder than Cu' and softer than Cu™

, thus have complicated coordination situation,
especially due to its Jahn-Teller effect(Figure 3). We performed DFT calculations for four, five and
six-coordinated Cull complexes with model systems (L1-Cu-R’) and real systems (L1-Cu-R)
(Figure 4). The results for both model and real systems consist well with each other and suggest that
the Cu" complexes prefer five and six-coordinated structures with additional axial solvent ligands,
rather than a four-coordinated square planar structure.

Table 1. Binding Energy from Docking Simulation.

Binding Energy | DNA1N(3.75) | DNA2N(3.75) DNA1L(6.5) DNA2L(6.5)
(kcal/mol) minor groove minor groove into layer into layer
L1-Cu4-R -5.42 -4.58 -5.58 -5.42
L1-Cu5-R -6.29 -5.23 -5.95 -5.69
L1-Cu6-R’ -6.16 -5.69 -6.71 -6.50
L2-Cu-R -8.89 -7.10 -9.25 -8.79

DNAI1/2N is oligonucleotides with normal structures whose base-pair distance is 3.75 A; DNA1/2L is oligonucleotides
with artificial structures whose base-pair distance is elongated to 6.5 A to estimate the capability of complex to insert
into the DNA base-pair.

Secondly, we used combined docking and MD simulation to evaluate the binding modes and
binding energies of Cu" complexes to DNA molecules. The binding manners and binding free
energies (BE) obtained by docking simulation are summarized in Table 1. We systematically
compared the docking behaviors for the four-coordinated L1-Cu4-R’, the five-coordinated
L1-Cu5-R’, and the six-coordinated L1-Cu6-R’. It is found that L1-Cu6-R’ and L1-Cu5-R’ have
stronger binding affinities to both DNA1 and DNA2 than L1-Cu4-R’ does. Compared with the
binding manner in the minor groove (DNA1/2N, BE = -6.16/-5.69 kcal/mol), the L1-Cu6-R’
prefers to insert into the base-pair of DNA (DNA1/2L, BE = -6.71/-6.50 kcal/mol). As for the
L2-Cu-R complex (model for hydration reaction),

Hydration reaction prefers

we also found that it prefers a binding manner of ¢ Re-face Constrain face?
t-B
Corts 175
Cuir™ N\ Si-face Open face ?
\N D-A reaction prefers

insertion rather docking in the minor groove. The
binding affinity of L2-Cu-R to the minor groove

of DNA1/2N is calculated to be -8.89/-7.10 Q/N~Me
kcal/mol. A stronger binding free energy H-bond assistance
(-9.25/-8.79 keal/mol) is obtained for L2-Cu-R oo

steric effect

for its insertion into the layer of DNA1/2L. MD

simulation starting with the obtained docking Figure 5. The plausible stereoselective controlling

binding modes as initial structural also found that  factors for the asymmetric catalysis by DNA-based

the intercalations insertion should be more arrificial enzyme.
favorable than the minor groove aggregations,

and the intercalations prefer specific layer of the base pairs.
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Thirdly, to reveal the plausible stereoselective controlling factors (Figure 5) that playing a role
in the asymmetric hydration, we studied the Cu-catalyzed hydration reaction in the aqueous solution.
Our calculation suggested that the general proposed hydration reaction assisted by coordinated
water molecules is less feasible. Both the 1,4-addition and the 1,2-addition reaction mechanisms
require to overcome reaction barriers of about 30 kcal/mol. However, with a deprotonated aqueous
Cu" complexes model, the hydration reaction barrier is only about 16 kcal/mol. Our results indicate
that the acidity/basicity of the coordinated ligand or the base-pair/phosphodiester linkage may play

an important role in the stereoselectivity.

Scheme 2. Generally proposed Cu-catalyzed hydration reaction mechanism.

H

o 9Ho

| t-Bu .
0 2 H,0 syn-addition
CC H\ \f/ , Cu”/ CCu” anti- addmonC ” or CCUH
N/NMe /NMe /N,Me /NMe
\—/
H,0
\ \O/‘ K? /@:n
Co o f
2 N,Me

syn- addmon
N7 N- Me

2. Original papers

(1) Ke, Zhuofeng, Abe, S., Ueno, T., & Morokuma, Keiji, Catalytic Mechanism in Artificial
Metalloenzyme: QM/MM Study of Phenylacetylene Polymerization by Rhodium Complex
Encapsulated in apo-Ferritin. /. Am. Chem. Soc. Submitted.

(2) Ke, Zhuofeng, Abe, S., Ueno, T., & Morokuma, Keiji, Rh-catalyzed Polymerization of
Phenylacetylene: Theoretical Studies of the Reaction Mechanism, Regioselectivity and
Stereoregularity. J. Am. Chem. Soc. 133 (20), 7926-7941 (2011). (JACS beta Select issue 13-
Current Applications of Computational Chemistry in JACS - Molecules, Mechanisms and
Materials)

3. Presentation at academic conferences

(1) Ke, Zhuofeng, Abe,S., Ueno, T., Morokuma, K. Catalytic Mechanism in Artificial
Metalloenzyme: QM/MM Study of Phenylacetylene Polymerization by Rhodium Complex

Encapsulated in apo-Ferritin. The 7th Symposium of Fukui Institute for Fundamental
Chemistry, FIFC, Kyoto University, Kyoto, Japan. Jan. 6th. 2012. (poster)

4. Others
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Joonghan KIM
FIFC Fellow, Fukui Kenichi Memorial Research Group 1
1. Summary of the research of the year

Determination of Local Chirality in Irregular Single-Walled Carbon Nanotube Based on

Individual Hexagons

The chirality of single-walled carbon nanotubes (SWCNTSs) has great importance since their physical
and electronic properties strongly depend on it. In this respect the chirality-controlled SWCNT growth is an
essential prerequisite for useful applications in nanotechnology. For the chirality-controlled growth, the
preservation of predefined chirality of initial structures such as cap and seed SWCNTs is essential during the
growth process. However, the chirality of irregular structures of SWCNTs, especially, those formed during
the growth process, was difficult to define in contrast to the definition of the chirality of ideal SWCNTs,
usually done using a graphene sheet with the direction of roll-up vector. This means that a new method is
urgently required to define the chirality based not on the whole tube structure but on the individual hexagons
that are formed during the growth process. Thus, we have recently developed the local chirality index
(LOCI) method to determine the local chirality of arbitrary SWCNTs. For a growing, straight SWCNT
structure, the principal axes (PAs), denoted as the global PAs (GPAs) may be calculated trivially. The
z-component of the GPAs (GPAZ) is then assumed to be parallel to the growth axis of the SWCNT itself. We
note here that if this assumption does not hold (i.e. if GPAZ and the growth axis are not approximately
parallel) then the straightforward applicability of the LOCI method is limited, and a more involved
methodology is required to determine GPAZ. Each constituent hexagon in the SWCNT structure is then
identified, and its individual PAs, denoted as the /ocal PAs (LPAs), are calculated. The angle (¢) between
GPAZ and the z-axis of each hexagon’s LPAs (LPAz) can then be used to determine the efficacy of the LOCI
method for each hexagon. Hexagons with ¢ = 90° (i.e. the plane of the hexagon is parallel to the growth axis
of the SWCNT) are ideally suited to the LOCI method, whereas ¢ = 0° (i.e. the plane of the hexagon is
perpendicular to the growth axis of the SWCNT, such as in a cap) are not. All hexagons in the sidewall of an
ideal SWCNT are categorized as the former. Intermediate cases (hexagons with ¢ between 0 and 90°) may be
transformed to the suitable hexagon via two consecutive Euler rotations. Having done so, three angles (8, &,
and 6;) formed between the planes defined by GPAZ and three pairs of para carbon atoms in the hexagon are
calculated. The effective average, 8 (6= [6, + & + 6]/3 — 60), of 6, 6, and 6; is denoted as the local
chiral angle. By definition, 0° < @ < 30°, and the overall chirality of a SWCNT can be described using a
distribution of all constituent local chiral angles.

The present method has been applied to various SWCNT-like irregular structures as well as ideal
SWCNTs, and the results of distributions of local chiral angles are shown in Figs. 1(a)-(h). The histograms
were used for the representation of distributions of the local chiral angles & for all hexagons, color-coded

both in the structure and distribution, from red for zigzag (ZZ, 6=0°) through yellow to green for armchair
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L g (AC, 6=30°) (see inset in Fig.
i i 1(a)). The width of each
) P> . histogram bin is 0.5°. Firstly,
® ® we have calculated the local

chiral angles of ideal seed
o »  SWCNTs of ZZ(10,0) with a

1 length of 11 A (total 40
hexagons), AC(5,5) with a
length of 10 A (total 35
hexagons), and chiral(5,3) with
a length of 12 A (total 32
hexagons). The results are
shown in Figs. 1(a), (b), and (c),

, &\ /@ 5 respectively. The histograms in
/ ~J

these figures show only one

Number of Hexagons

(e) ®)

ORI ,
7 \j ’) peak each as we expected. The
1hl |

values of the local chiral angles
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o
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local chiral angles for distorted

Fig. 1. Histograms of the local chiral angles of various ideal and irregular SWCNT-like structures. Cao cap  structures. These

Color codes used are illustrated in (a) as a triangle, from red for 0 to green for 30°. (a) Ideal ZZ(10,0) structures were optlmlzed using

SWCNT with a length of 11 A. (b) Ideal AC(5,5) SWCNT with a length of 10 A. (c) Ideal chiral(5,3) DF 1B method in the presence
SWCNT with a length of 12 A. (d) AC-type distorted Cu cap. (e) ZZ-type distorted Cqo cap. (f) of a Fess cluster supporting the

Irregular SWCNT obtained from DFTB/MD simulations in the trajectory A (T= 1000 K; at 45 ps of cap and are distorted from the

simulation). The magenta wire frames show new added C atoms during DFTB/MD simulations. The ideal Cs, structures; they have

bars with black borderline indicate new added hexagons during DFTB/MD simulations. (g) Irregular been used as an initial structure
SWCNT obtained from DFTB/MD simulations in the trajectory E (T= 1000 K; at 45 ps of simulation). in DFTB/MD simulations. The

(h) Irregular SWCNT obtained by DFTB/MD simulations in the trajectory G (T= 1000 K; at 45 ps of AC_typ e Ca cap has  ten
AC-type of hexagons and

ZZ-type C49 cap has five AC

simulation).

and five ZZ-types of hexagons, which can be distinguished visually. Both AC-type and ZZ-type Cy4 caps
have five i/l-suited hexagons near top site of the cap. For the regular Cs,-symmetric caps, we should have
obtained two sharp peaks near & = 30° for AC-type and two peaks near & = 30° and 0° for ZZ-type. The
results of these distorted AC- and ZZ-type caps are shown in Figs. 1(d) and 1(e), respectively. The

distributions are not sharply peaked and indicate that the present method can detect subtle changes in the
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chiral angle by distortion of the structure. Thus the present method provides a new accurate tool for detection
of changes of local chiral environment during the dynamics of formation and annealing of SWCNT. The
distributions of local chiral angles of three typical irregular SWCNTSs obtained in DFTB/MD simulations of
continued growth of a prepared AC hexagons during the growth simulation in Figs. 1(f)-(g). For example, in
Fig. 1(f) a total of eight new hexagons were added, as shown in the black borderline in the histogram; the
local chiral angles of preexisting and new added hexagons are found distributed near 30.0°. This result
indicates that the local chirality of SWCNT shown in Fig. 1(f) is essentially retained. However, it does not
mean a success of the chirality-controlled SWCNT growth since the one new added hexagon located on the
underneath of SWCNT in Fig. 1(f) fortunately possesses AC chirality despite of the existence of defects
(pentagon and heptagon) near the hexagon. This example in Fig. 1(f) shows very good growth of SWCNT
except defects because of many newly added hexagons and the preservation of the original chirality. An
example in Fig. 1(g) shows that all local chiral angles are distributed near 30.0°, except one whose local
chiral angle is 2.9° (red colored hexagon). The value of 2.9° local chiral angle indicates that this hexagon is
of ZZ-type. The formation of the ZZ-type hexagon was attributed to the existence of defect (pentagon in this
case). Therefore, if any defect occurs and a new hexagon is added without healing process, the new added
hexagon cannot maintain the chirality of the existing tube. The initial structure before MD simulation had
twenty hexagons, and the present structure after MD growth process has also twenty hexagons. This
indicates that some preexisting hexagons were broken by incoming feedstock (C atoms in this case) and
defects are formed, which results in the failure of the chirality-controlled growth. Thus, the preservation of
the preexisting hexagons seems to be crucial for the chirality-controlled SWCNT growth. In the example of
Fig. 1(h), the distribution of the local chiral angles is very broad; containing hexagons with all kinds of local
chiral angles. In particular, the local chiral angles for some newly added hexagons (with black borderline in
the histogram) are different from those of the preexisting hexagons. As can be seen in these results, the LOCI
method can monitor the state of the growth process and how the chirality is destroyed or maintained during

the growth process.

Dynamics of Local Chirality during SWCNT Growth: Armchair versus Zigzag Nanotubes

We examine the time-evolution of SWCNT chirality and local chiral angles during SWCNT growth
(TE-LOCI). This is achieved via monitoring the average local chiral angle or LOCI of all hexagons, and its
standard deviation (o), as a function of time. Despite of its simplicity, this analysis provides detailed
understanding of the growth process and the dynamics of SWCNT chirality itself. We have applied
TE-LOCI to AC(5,5) and ZZ(8,0) SWCNTs during their growth process. TE-LOCI analysis of trajectory
(5,5)s10w-B (Fig. 2(a)) shows no dramatic change in the average § and corresponding o, from the original
chirality of the SWCNT ((5,5) in this case) for the first 300 ps of growth. However, this does not indicate the
success of chirality-controlled SWCNT growth, since SWCNT growth in this trajectory exhibited heptagon
and pentagon defects (Fig. 2(b)). In particular, incoming carbon atoms readily initiated hexagon — heptagon
transformation. This fact is reflected in the LOCI analysis; the total number of hexagons in the SWCNT at
300 ps (19 hexagons) was decreased compared to that in the initial SWCNT (20 hexagons). Alternatively,
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Fig. 2. TE-LOCI analysis )of slow (5 5) SWCNT growth, demonstrating (a), (b)
chirality-controlled (5,5) SWCNT growth observed in trajectory (5,5)q0w-B, and (c),(d) a
loss of (5,5) SWCNT chirality during growth observed in trajectory (5,5)sow-F. Data
shown in (a),(b) are average 6 values, error bars denote ¢ deviation. (¢) Local chiral
angles of all hexagons in trajectory (5,5)q0w-B at 300 ps. (d) Local chiral angles of all
hexagons in trajectory (5,5)q0w-F at 220 ps. Red and blue bars denote original and added
hexagons, respectively. Black, white, and brown spheres denote carbon, hydrogen, and

iron, respectively. Cyan spheres denote carbon atoms discussed in the text.

the local chirality can change during
the growth process, a phenomenon
typically indicated by a sudden change
in either/both 6 and/or ¢ (for example,
such as that observed at 220 ps in
trajectory (5,5)siow-F, Fig. 2(c)). In this
case, this sudden change was caused by
the formation of a single hexagon with
a significantly different local chiral
angle; this hexagon was the result of an
incoming carbon atom attacking a

210.28 ps

process,

pentagon  at (ie. a

defect-healing somewhat
ironically). Nevertheless, this hexagon
ultimately possessed a local chiral angle
that is more typical of a zigzag SWCNT
(6=9.7°),

defect

since the adjacent heptagon

was not removed. Another

instance of ‘defective’ hexagon formation was observed in this trajectory at 211.36 ps, in this case =14.6°.

Both hexagons here remained in the SWCNT structure for the remainder of the simulation. From these

observations it is concluded that in order to accomplish chirality-controlled SWCNT growth, the prevention

of defect formation is a key factor. Thus, chirality-controlled growth is not determined solely by the

defect-healing process (such as in trajectory (5

defect formation in the first place.
As can be seen in Fig. 3(a), local
chirality is in

preserved trajectory

(8,0)s10w-A during growth. That is, no
fluctuation in @ was observed. In addition,
new hexagons exhibiting the

chirality of the SWCNT were added

‘original’

during growth. Although this trajectory
shows chirality-controlled growth, at least
in the context of TE-LOCI analysis, it also
exhibited a defect that resulted from the
destruction of preexisting hexagons, as
observed also in the case of (5,5) SWCNT
growth. Abrupt changes in the local
chirality were also observed during (8,0)

SWCNT growth, as in the case of (5,5)

,5)sow-F, Fig. 2(d)), but additionally by the ability to impede
(a) (c)

Average Angle (Deg.)
Average Angle (Deg.)

ettt tiitetting :Whm%dﬁ%hﬁ“hhHH

o 50 100 150 20 20 30 o s0 100 150 200 0 30
Time (ps)

"

Time (ps)

()

.«i{!

250.36 ps.

250.20 ps.

20 30 10 20 0
Local Chiral Angle 8 (Deg.)

250.08 ps.

Number of Hexagons

Number of Hexagons

%
3
Y 4,9
2 h
‘i ” Front Rear
‘ |
o
o 0

Local Chiral Angle 8 (Deg.)

Fig. 3. TE-LOCI analysis of slow (8,0) SWCNT growth, demonstrating (a),(b)
chirality-controlled (8,0) SWCNT growth observed in trajectory (8,0)s0w-A, and (c),(d)
a loss of (8,0) SWCNT chirality during growth observed in trajectory (8,0)q0w-D. Data
shown are average 6 values, error bars denote ¢ deviation. (¢) Local chiral angles of all
hexagons in trajectory (8,0)s0w-A at 300 ps. (d) Local chiral angles of all hexagons in

trajectory (8,0)s0w-D at 220 ps. Color schemes as in Fig. 2.
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SWCNT growth. This is illustrated in Fig 3(c), which depicts the TE-LOCI of trajectory (8,0)s1ow-D. Up until
250 ps, local chirality was conserved during growth at a value essentially equivalent to that of a pristine
zigzag SWCNT. However, as shown in Fig. 3(d), an incoming carbon atom inserted directly into an existing
pentagon defect at 260 ps, thereby creating a hexagon possessing near-armchair chirality (6=29.2°). This
structure was subsequently maintained for the remainder of the simulation. It is noted that the formation of
this hexagon takes place via a route commonly associated with defect formation, viz. carbon atom insertion
into an existing C—C bond. Following this result, we conclude that the preservation of local chirality during
growth cannot be achieved in the absence of healing processes that remove defect structures located near the
SWCNT-catalyst interface. That is, healing during SWCNT growth is necessary for the conservation of local
chirality.

2. Original papers

(1) Joonghan Kim, Stephan Irle, and Keiji Morokuma,
“Determination of Local Chirality in Irregular Single-Walled Carbon Nanotube Based on
Individual Hexagons”, Phys. Rev. Lett. 107, 175505 (2011)

(2) Joonghan Kim, Alister J. Page, Stephan Irle, and Keiji Morokuma,
“Dynamics of Local Chirality during SWCNT Growth: Armchair versus Zigzag

Nanotubes”, submitted
3. Presentation at academic conferences

(1) Joonghan Kim and Keiji Morokuma
“Determination of Local Chirality of Irregular Single-Walled Carbon Nanotube Based on
Individual Hexagons”
7™ Congress of the International Society for Theoretical Chemical Physics, Tokyo, Sep. 4,
2011

4. Others
(1) Joonghan Kim, Alister J. Page, Stephan Irle, and Keiji Morokuma
“The dynamics of Local Chirality during SWCNT Growth: A QM/MD Investigation”
The 9" Symposium of Fukui Institute for Fundamental Chemistry, Kyoto, Jan. 6, 2012
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Alister PAGE

Fukui Fellow, Fukui Kenichi Memorial Research Group 1

1. Summary of the Research of the Year

(A)
The electronic properties of single-walled
carbon nanotubes (SWCNTs) are solely

determined by their atomic structure, which is
specified by a pair of chiral indices (n,m). Precise
chirality control during SWCNT synthesis has
become the ‘holy grail’ of nanotube research since
it became clear that conventional high-temperature
synthetic methods are incapable of achieving such
control. Recent success in the synthesis of
[n]cycloparaphenylenes ([n]JCPPs) has fueled
speculations on their use as organic templates in
the ‘bottom-up’ synthesis of (n,n) SWCNTs and
general carbon nanostructures. We have proposed
a mechanism of SWCNT growth from [n]CPPs
based upon the ethynyl (C,H) radical. The
formation of this radical from acetylene (C,H,) is
known experimentally to take place at
temperatures as low as 100 K on a variety of
surfaces, including Fe, alumina and silica. The
benefits of this radical-based mechanism over
‘traditional’,  Diels-Alder  cycloaddition-based
approaches are numerous. Firstly, a decrease in the
activation energy of approximately one order of
magnitude is obtained using C,H instead of C,H,.
In addition, hydrogen abstraction from the growing
SWCNT edge by C,H (which we show to take
place ca. 40 % of the time) produces radical
centers on the growing SWCNT, which in turn
facilitate much more labile SWCNT growth via
C,H, addition, see Fig. 1. For further details of our
QM/MD simulations of SWCNT growth via C,H
addition to [n]CPPs, see the report of Dr Hai-Bei
Li.

We have further demonstrated catalyst-free,
chirality-controlled growth of chiral and zigzag
SWCNTs from organic precursors using quantum
chemical simulations. Comparison of C,H- and
C,H,-based growth mechanisms highlights the role
of the C,H radical in the growth of chiral and
zigzag SWCNTs, as well as the growth of armchair
SWCNTs. In agreement with current experimental
and theoretical data concerning transition-metal
catalyzed SWCNT growth, we have shown here
that the SWCNT growth rate under significantly
different (i.e. low temperature, catalyst-free)
conditions correlates directly with the chiral angle
0 of the SWCNT fragment. This relationship is

Chirality-Controlled Carbon Nanotube Growth from Organic Templates
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Fig. 1 (a) Reactive PES of C,H and

biphenyl/phenanthrene interaction, resulting in
hexagon formation. In all cases, prior C,H addition is
a barrierless process. (b) Reactive PES of C,H, and
biphenyl/phenanthrene radical interaction, resulting in
hexagon formation. Three possibilities, in which
neither H*/ H* have been abstracted (ie. DA
cylcoaddition, IV), H has been abstracted (V) and both
H?/ H* have been abstracted (VI) are shown. All data
computed using B3LYP/6-31G(d); Gibbs free
energies calculated at 500 K.
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Fig. 2. (a) Reaction mechanism for hexagon addition to [#]CPP precursors (II-R) and H, renormalization via DA
cycloaddition. (b) AGH(II-TS1), (c) AG(II-INT) (d) AG*(II-TS2) and (e¢) AG(II-P), relative to II-R, for [n]CPP
precursors. All data computed using B3LYP/6-31G(d); Gibbs free energies calculated at 500 K.

therefore an intrinsic property of the SWCNT edge structure itself; the trend may presumably only be
enhanced or minimized, but hardly reversed, by altering the conditions of growth. On the other hand, results
presented here suggest that the relationship between the SWCNT’s diameter and its rate of growth depends
explicitly on the growth conditions. Contemporary theories of SWCNT growth rates, which are shown to be
in good agreement with experimental data, are implicitly diameter-independent. Our simulations of C,H-
based SWCNT growth also show diameter-independent SWCNT growth rates. Conversely, the energetics of
SWCNT growth via DA-based cycloaddition of C,H; is influenced strongly by the SWCNT diameter, with
the growth rate being proportional to the SWCNT diameter, see Fig. 2. Under such conditions, SWCNT
diameter must therefore be taken into account if the mechanism and kinetics of SWCNT growth are to be
understood. Most notably, our theoretical investigation points to the possibility that, for a given C,H/C,H,
feedstock ratio, a SWCNT diameter/chirality combination that yields a maximum growth rate exists.

(B)  Functionalization of Fullerenes Using a Genetic Algorithm

Functional carbon nanomaterials, such as graphene oxide, are being heralded as a cornerstone of the next
generation of nano- and micro-scale devices. However, our understanding of the factors underpinning the
functionalization of graphene, SWCNTs and fullerenes is relatively limited at this time. One of the
mitigating factors in this respect is the combinatorial size of the problem; for example, to determine the
thermodynamically most favorable hydroxylated adduct of Cs for M OH groups one must consider
M!/[60!(M-60)!] structures (and more generally M!/[n!(M-n)!] for a structure with n possible
functionalization sites). Clearly this cannot be achieved using QM methods, even for relatively modest cases.
In the case of CgHs, the number of symmetrically distinct isomers is 45,010 (from a total of 5,461,512
structures in total). One possible alternative is to consider the use of n-Hiickel theory as an approximation to
a full QM description of functionalization, since the disruption to the m-conjugation of the carbon
nanostructure presumably accounts for the majority of the energy associated with functionalization. In some
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cases this is certainly true; however, in others n-Hiickel theory, and other topological approaches (such as the
Zhang-Zhang polynomial approach) fail to describe functionalization completely. We have shown that this
shortcoming of these simplified approximations coincides with those cases in which a large geometrical
deformation of the functionalized structure takes place, see Figs 3 and 4. By definition, these simplified
approaches cannot describe such geometrical considerations, and so in general one must employ more
sophisticated methods to describe carbon nanostructure functionalization.

To this end, we have optimized a genetic algorithm (GA) that is designed to predict the most stable
structural isomers of hydrogenated and hydroxylated carbon nanostructures. While this GA was
parameterized using hydrogenated and hydroxylated C,y fullerenes, anticipate that it will applicable to the
functionalization of any nanostructure, since it only considers energy of a given structure (which it is trying
to minimize). Density functional theory (DFT) and density functional tight binding (DFTB) methods are
both employed to compute isomer energies in the parameterization of the GA. We have shown that DFTB
and DFT levels of theory are in good agreement with each other and that therefore both sets of optimized GA
parameters are very similar. An energy decomposition analysis (EDA) for both CyH, and C,(OH), systems
reveals that, for only few functional groups, the relative stabilities of different structure isomers may be
rationalized simply with recourse to n-Hiickel theory. However, upon a greater degree of functionalization,
n-electronic effects alone are incapable to describe the interaction between the functional groups and the
distorted cage, and both o- and m-electronic structure must be taken into account in order to understand the
relative isomer stabilities.
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Fig. 4. (a) EDA of C,,(OH), functionalization.
Fig. 3. (a) EDA of CyH, functionalization. DFT DFT E4{Cy) and E;, for 57 distinct isomers
E4#(Cs) and E; for 57 distinct isomers shows that the shows that the isomers with the most favorable
isomers with the most favorable AE are those with the AE are those with the largest E;,. However,
largest E;y. (b), (¢) Structural deformation of the (b) hydrogen bonding between adjacent OH groups is
most and (c) least stable C,H, isomers according to seen to increase E;, substantially as shown in (b).
Hickel (left) and DFT/DFTB (right). Structures Conversely, in the absence of these stabilizing
shown are DFT-optimized. Functionalized structures hydrogen bonds, E; is seen to decrease, as shown
are given in red and the pristine C,, cage is given in in (c).

blue.

(C) Effects of Molecular Dynamics Thermostats on Descriptions of Chemical Non-
Equilibrium

—108 —



IV BRREAE (2011)

The performance of popular molecular dynamics (MD) thermostat algorithms in constant temperature
simulations of equilibrium systems is well known. This is not the case, however, in the context of non-
equilibrium chemical systems, such as chemical reactions or nanoscale self-assembly processes. We have
investigated the effect of popular thermostat algorithms on the natural dynamics of a non-equilibrium,
chemically reacting system. By comparing constant-temperature quantum mechanical MD (QM/MD)
simulations of carbon vapor condensation using velocity scaling, Berendsen, Andersen, Langevin and Nosé-
Hoover Chain thermostat algorithms with ‘natural” NVE simulations, we have shown that efficient
temperature control and reliable reaction dynamics are mutually exclusive under conditions of chemical non-
equilibrium, see Fig. 5. This problem may be circumvented, however, by placing the reactive system in an
inert He atmosphere which is itself described using NVT MD, see Fig. 6. We have demonstrated that both
realistic temperature control and dynamics consistent with natural NVE dynamics can then be obtained
simultaneously. In essence, the thermal energy created by the natural dynamics of the NVE subsystem is
drained by the thermostat acting on the NVT atmosphere, without adversely affecting the dynamics of the
reactive system itself.
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Fig 5. Comparison of time-dependent velocity Fig 6. Comparison of time-dependent velocity
distributions of a reactive C, system using (a) NVE distributions of a reactive C, system using (a) NVE
C, and a Nosé-Hoover Chain thermostat coupled (b) C,, (b) NVE C,+He, and (c) NVE(C)-NVT(He)
strongly (o = 188.37 ps) and (c) weakly (o = 0.19 ensembles. For reference, time-dependent Maxwell-
ps™) to the degrees of freedom of the system. For Boltzmann velocity distributions at the corresponding
reference, time-dependent Maxwell-Boltzmann NVE MD simulation temperatures are included in (a)
velocity distributions at the corresponding NVE (grey lines). NVE/NVE(C)-NVT(He) simulations use
MDsimulation temperatures are included in (a) C:He=1:1. P(v) shown only take into account carbon
(grey lines). Temperature control comes at the cost atom velocities.

of sacrificing a reliable description of the ‘natural’
reaction dynamics.
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1. Summary of the research of the year

(A) DFT study of the mechanism of NO reduction in bacterial nitric oxide reductase

Nitrous oxide reductase (NOR) is a key enzyme for the reduction of NO which is a
step in anaerobic respiration process.

2NO + 2H" +2e¢” — N,O + H,0 (1)

This reaction is interesting because it contains N-N bond formation and N-O bond
cleavage. Additionally, NOR has a key to clarify the evolutional history of acquirement
of aerobic respiration, because NOR has the same ancestor as Cytochrom c¢ Oxidase
(CcO) which catalyzes the reduction of O, in aerobic respiration. The overall structure
of NOR is quite similar to that of CcO, though the structure of active site and proton
pathway are different. The most notable difference in active site between NOR and CcO
is that the active site of NOR has a heme-Fe and a non heme-Fe, so-called Feg, whilst
that of CcO has a heme-Fe and a non heme-Cu. Therefore, the role of two metal centers
could have a quite important key to clarify the evolutional change.

Although several mechanisms have been proposed in previous studies, such as the
cis:Feg mechanism, the trans mechanism, and the cis:bs; mechanism, it is a highly
controversial issue. In this study, we performed density functional theory to understand
the enzymatic mechanism of NO reduction. An X-ray structure of cytochrome
c-dependent NOR (cNOR) from Pseudomonas aeruginosa (PDB code 300R) was used

as a starting point for our calculations.

Fes Fes Fes O/FEB‘P
As shown in Figure 1, we compare . No o Onto N
the reaction energy profile for three o> fe> o> fe> mef:f;;br?ism
Cmpl Cmp2 Cmpé Cmp7
mechanisms, and clarify that first NO Fey
coordinates to heme-Fe and second +NO OT\NO voms
NO form a stable N-N bond with NO e QCFE—DS mechanism
coordinating to  heme-Fe. The Fes Fe;anO
formation of N-N bond between two “no TR o cis:Fe,
NO seems difficult, because it is well QCF;?S CQmF—Sf mechanism

known that two neutral NO molecules

cannot form a stable bond in gas

Scheme 1. Possible reaction pathways for two
NO addition
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Figure 1. The reaction energy (in

kcal/mol) for two NO addition

and two electrons, and the subsequent

phase. However, NO coordinating to heme-Fe
can coordinate to the second neutral NO
molecule without reaction barrier, because
NO in Cmp2 is partly reduced by heme-Fe,
and has an anionic character.

After producing the five membered-ring
complex (Cmp7), one N-O bond has to be
cleaved to yield N,O (Cmp9). Then, the
remaining oxygen atom coordinates to both
two Fe centers to form a woxo complex
(Cmp10). After the addition of two protons

dissociation of a water molecule, Cmp10 can

return to the starting point of this enzymatic cycle (Cmpl), as summarized in Path(a) in

Scheme 2. However, the barrier of N-O bond cleavage from Cmp7 is 27.9 kcal/mol,

which is too large compared with the experimental barrier of 13.3 kcal/mol.

To find a favorable reaction path,

examined, because two protons and two

protons and electrons adducts to Cmp7 are

electrons which are needed for this reaction can

be added in any step of this reaction. Firstly, we focus on the NO cleavage mechanism

of protonated Cmp7 (Cmp7p) as shown in Path(b) in Scheme 2. Surprisingly, the barrier

of N-O bond cleavage from [Jo Path(a)
septet Cmp8p is only 11.1 (0 Fes Feg  +2H"
: S I ~ -
) ) \N-N o0 N,0 o *2e
kcal/mol, which is much lower FI > F| No F| o Cmpl
I E> C e>' 2 e M2
than that from the deprotonated Cmp7 Crmp9 C;mplo
complex (Cmp7). However, l+|.|+
combined with the energetics of JO. To, Path(b)
Feg~ Feg~ Feg Feg +
H /75870 / (0] | +H
proton transfer from Glu21l to O\ _p T OH +2e-
hyponitrite (N,0,), which is = 7 10> | —— cmet
yp 2Y2), Fe Fe Fe 'N20 Fe 'Hzo
barrier for N-O bond cleavage l+ef
from Cmp7p is 18.6kcal/mol §O. Yo, Path(c)
) i ) H Feso /Feg\? Feg Fe\B +HY
which is still larger than the N HO N HO e OH +e-
i i R e Sl
experimental barrier of 13.3 Fe Fe Fe _-N,0_ Fe_ -H,0
kcal/mol. In other words, a Cmp7h Cmp8h CmpSh  Cmp10h

proton addition does not promote the
N-O bond cleavage.
Secondly, reduced Cmp7p, which

Scheme 2. Possible reaction pathways for NO

bond cleavage and N,O dissociation
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means a proton and an electron adduct to Cmp7, is examined (Cmp7h) whose reaction
pathway is shown in Path (c) in Scheme 2. In this case, the proton transfer from Glu211
to hyponitrite is endothermic by 2.6kcal/mol and the barrier of subsequent N-O bond
cleavage reaction is 8.4 kcal/mol. Therefore, the barrier of N-O bond cleavage from
sextet Cmp7h is 11.0 kcal/mol which is good agreement with the experimental barrier
of 13.3 kcal/mol. To clarify the total barrier for NO bond cleavage, we need to estimate
the energetics of electron transfer from heme 5 ,which is another heme in cNOR and a
relay point of electron transfer, to Cmp7p. Although, it is difficult to calculate accurate
absolute redox potentials because they depend on the surrounding environments,
relative redox potential values for the same model can be calculated with much higher
accuracy because the surroundings are the same. Therefore, we fit the parameter by
using electron affinity of Cmp10p in our model to adjust its electron affinity calculated
by Seigbahn et al. By using this parameter, energetics of electron transfer to Cmp7p can
be estimated which is exoergic by -5.4 kcal/mol. Therefore, on the basis of the results of
our DFT calculations, we propose an enzymatic reaction mechanism of NO reduction in
cNOR as shown in Scheme 3. It should be noted that our proposed mechanism is the
same as that of NO reduction in “heme Fe/ non heme Cup system” proposed by
Seigbahn and coworkers.

Jo bo el Jo
Fes Fes Mo H Fero g ey Sferg  Fes Fes Lyt

Q / (0] |
#NO  NO+NO SN-N +H* NN +e OGN HANN HO o OH +e-

— | — | — | — | —> | — |2 —> | —>Cmpl
< Fes cFes c Fe c Fes Fe Fe Fe ~N20 _ fe _ -H20O
Cmp1l Cmp2 Cmp7 Cmp7p Cmp7h Cmp8h CmpSh Cmp10h

Scheme 3. Proposed mechanism for NO reduction in bacterial cNOR
(B) Effect of protein environment on the NO reduction: An ONIOM study

As seen in the previous section, we found a reasonable pathway as seen in Scheme 3
and succeeded in explaining the experimental reaction barrier. Next, we recalculate the
energetics of this reaction pathway by using ONIOM (DFT:MM) method to examine
the effect of surrounding residues. We expected that the reaction barrier for the rate
determining step (N-O bond cleavage step: TSgn on) could be lowered by considering the
surrounding environment because the typical role of enzyme is to promote the reaction
by lowering the reaction barrier. However, the energetics from Cmp8h through Cmp10h
calculated by ONIOM-ME and ONIOM-EE methods are quite similar to that calculated
by DFT method, although there are differences of optimized geometries caused by the

restriction from surrounding protein. To clarify the effect of protein, we focus on the
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N-O bond cleavage step (Cmp8h—TSgy on) and examine the following effect, such as (1)
electrostatic (ES) and van der Waals (vdW) interactions between QM and MM region
and (i1) deformation of QM region. Firstly, the effects of ES and vdW interactions are
examined. If these interactions between QM and MM in TSg op are smaller than those in
Cmp8h, the reaction barrier obtained by ONIOM must have a lower value than that
obtained by DFT in gas phase. To clarify how QM-MM interaction affects the value of
reaction barrier, we calculate difference of ES and vdW interaction energies, and
decompose them into contributions from each
~ residue in the protein. However, the ES and vdW
interactions lower the barrier of N-O bond
cleavage only by 2.8 kcal/mol, and -0.1 kcal/mol,
respectively, and only several residues near from
the active site have the contributions. Both ES and
4= vdW effects do not affect the reaction barrier so
[ ... much, that means the mechanism of NO reduction

. | can be controlled by the several residues

coordinating to heme-Fe and non heme-Feg

directly. Lastly, we focus on the effect of

Figure 2. Geometry of TSg;, o5 for NO
bond cleavage calculated by
ONIOM-ME method

surrounding protein on the geometry of the active
site, so-called the effect of deformation of QM
region. One of the notable differences of
geometry between DFT (in gas phase) and ONIOM is that heme obtained by DFT has a
planar structure whilst heme obtained by ONIOM has a puckering structure because of
the geometric restrain from surroundings. In addition, we notice that intermediates
without bridged structures between heme Fe and non heme Fe dissociate only in gas
phase. Therefore, it can be said that the most important role of surrounding protein is to
keep a reasonable distance between upper part (non heme-Fep part) and lower part
(heme-Fe part).

2. Original papers

(1) Miho Hatanaka, Keiji Morokuma, “The Mechanism of the reduction of nitric oxide
in cytochrome c-dependent nitric oxide reductase (c(NOR): A DFT study” Manuscript in
preparation.

3. Presentation at academic conferences
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1. Summary of the research of the year

Photodynamics and Isomerization Mechanisms of All-trans and 13-cis, 15-syn
Retinal Protonated Schiff Base in the light-adapted and dark-adapted

Bacteriorhodopsin

Bacteriorhodopsin (bR) is a transmembrane protein in the purple membrane of
Halobacterium salinarium. All-trans retinal protonated Schiff base (RPSB) is
covalently linked to Lys216 of the protein in the light-adapted bR. Absorption of a
photon by RPSB can trigger a photocycle with several photostationary states (Scheme
1). In addition, there is a 40:60 mixture of all-trans (bRar) and 13-cis, 15-syn (bR3¢)
in the dark-adapted bR (see Scheme 1). bR;3¢ can not release a proton but equilibrates
thermally with bRar in the minute range. Photodynamics of all-frans and 13-cis,
15-syn retinal protonated Schiff base (RPSB) in bacteriorhodopsin and without an
environment have been elucidated by nonadiabatic ONIOM(QM:MM) and QM
simulations. For both all-trans and 13-cis, 15-syn RPSB, bR protein favors the
C13=C14 bond-specific, ultrafast and unidirectional photoisomerization with a high
quantum yield. The all-trans and 13-cis, 15-syn chromophore can be photoisomerized
to 13-cis, 15-anti and 13-trans, 15-syn (not 13-trans, 15-anti) RPSB, respectively.
Moreover, a thermal isomerization from 13-trans, 15-syn to 13-trans, 15-anti
(all-trans) occurs by rotating the C15=N double bond. Therefore, there are
light-induced and thermal isomerizations from 13-cis, 15-syn (dark-adapted bR) to
all-trans RPSB (light-adapted bR). In addition, the thermal isomerizations between
several intermediates 13-cis, 15-syn (bRy3c), 13-trans, 15-syn (Ki3c), all-trans (bRat),
and 13-cis, 15-anti (Kat) in bR protein have been further investigated by the ONIOM
(QM:MM) method. The key role of protein environment is discussed. The

isomerization mechanisms for the light-adapted and dark-adapted bR to their K states
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have been elucidated in the present work.

Scheme 1

13-cis, 15-syn (dark-adapted bR)

3 17 15NE,
2 ’\me

bRg7o ho
all-frans (Iighl-adapted bR)
0540 UC) 0 v .
7 11 13) @ o~
8 iy Y216

4
\@ =C8-CO-C10-C1  §y, = C10-C11-C12-C13

= H-C11-C12.H ¢,y = C12-C13-C14-C15
d1n = C20-C13-C14H 4y = C14-C15-N-Ce

1.0
----13C-Gas(NC)
—— 13C-Gas(CS)
os ----13C-bR(NC)
m 1 —— 13C-bR(CS)
= H ~---18C-bare(NC)
T i ——— 13C-bare(CS)
o H
& 06 - H
= H
=8 L
® i
o H
E=] H
=04 - . I—|
o H
=g H
o -,
= H |
0.2 -
0.0 ‘ | _ . ‘ ‘
o} 200 400 Time (fs) goo 800 1,000
1.0 ;
H
' ----AT-Gas(NC)
—— AT-Gas(CS)
08 --—= AT-bR(NC)
m —— AT-bR(CS)
S ---=AT-bare(NC)
= —— AT-bare(CS)
[=9
& 0.6 -
@
=
m
o
S
c 0.4 -
=
o
3
0.2 -
0.0 . : ‘
o] Time (fs) goo 1,000

Figure 1. Excited-state population for photoisomerization of 13-cis, 15-syn (upper)

and all-trans (lower) within and without bR protein.
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2. Original papers
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—118 —



V BRREAE (2011)

K. R. S. CHANDRAKUMAR
JST Fellow, Fukui kenichi Memorial Research Group 1
(To 10 May 2011)
1. Summary of the research of the year 2012

Formation of Carbon Nanocapsule from Carbon Nanocone Aggregates around Nickel
Nanocluster: An Insight from Density Functional Tight-Binding based Molecular
Dynamics (DFTB-MD) Method

In our recent study, we have reported that interaction of nanohorns with the iron or
nickel catalyst at higher temperature leads to the formation of a new form of carbon
nanomaterials called as, nanooysters, a hollow graphene capsules containing metal particles
that resemble pearls in an oyster shell. The structure of the oyster consists primarily of
hexagons along with a few pentagons that are typically localized near the edges where the
two cones are joined together. It may be noted that the formation of nanooysters has also been
experimentally characterized. = Herein, we demonstrate the effect of the change in
disclination (apex) angle (DA) or cone angle of the nanohorns is very significant in such high
temperature reactions. In particular, the nanohorns with DA-60 can lead to the formation of
nanooysters while the carbon nanocapsule-like structure is preferably formed from the
aggregates of the nanohorns with DA-120. The structural transformation of carbon nanocone
into nanocapsules in the presence of iron and nickel nanoclusters as catalyst has been studied
using the recently developed density functional tight binding (DFTB) based molecular
dynamics simulation. In the present DFTB/MD simulations, we employed the
self-consistent-charge DFTB (SCC-DFTB) method in combination with a finite electronic
temperature approach with T;=10000 K to evaluate the quantum chemical Born-Oppenheimer
potential on the fly. In the molecular dynamics simulations the velocity-Verlet integrator
was used with a time step of 1 fs, and the nuclear temperature was controlled by connecting
the Nose—Hoover chain thermostat to the degrees of freedom of the present model system.
We have annealed the initial starting structure at different temperatures 1500, 2000 and 2500
K for 10 ps, and ten such trajectories have been considered at the respective temperature for
30-40ps. Thus, the investigation in this work is comprised of a total of 60 trajectories plus a
large number of less systematic supplementary simulations. As shown in Figure 1, Our
initial structure comprise of the nanocone with definite length along with the iron nanocluster
of size Fesg and Niss.

Figure 1: Structures of the Carbon nanohorn with apex

angle 120°, as well as the catalysts Nizg and Fesg,
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The nanohorn with DA-120 is structurally different from that of DA-60 and at the apex
region of the nanocone, DA-120 is characterized by the presence of 4m-ring instead of
Sm-ring of DA-60. We initially optimized the iron and nickel nanoclusters of size 38 along
with the nanohorn DA-120 with diameter 5 A.  The metal clusters are found to have the face
centered cubic structure with octahedron symmetry and the interaction of the cone is favored
with the cluster at the face with 7-atom ring structure. The geometrical parameters along
with the binding energy details are given in Table 1. Strikingly, it can be seen from Table 1
that the binding of strength of DA-120 is almost twice that of DA-60 with the iron or nickel
nanoclusters. In addition, the binding of strength of the nanocone with the iron cluster is
observed to be much stronger than nickel cluster.

Table 1: Binding energy and geometrical parameters of the nanocones (DA-60 and DA-120)
interacting with iron and nickel nanoclusters

Metal Cone-Metal-Cone (C-M-C)
Cluster (M

uster (M) M-C C-C@5/4m BE
DAG60-Fess 2.281 1.434/1.498 -3.91
DA120-Fess 2.205 1.544/1.547 -6.03
DA60-Nisg 2.387 1.425/1.463 -2.15
DA120-Nisg 2.334 1.486/1.584 -3.59

In all the MD trajectories, the above optimized structure of the individual complexes
of iron and nickel is considered to the initial structures with different random seed numbers.
Our initial results for iron complexes at 1500 and 2000 K reveal that part of the metal cluster
is covered by one cone and the other cone either covers the metal cluster or it is in the
suspended position. The apex part of the cone is always connected to the catalyst even at
~15ps and the 4m-ring is found to be stable. At 2000k, some of the trajectories show that
the 4m-ring at the apex region is destroyed and metal encapsulated complex structure is
observed. However, at 2500 K, only few trajectories exhibit the cone-cone interaction and
most of the structures are found to be very much similar to the encapsulated complex or
partially connected cone-cone types of structures even up to 30 ps. These results for the
DA-120 are completely different from that of DA-60 wherein the structural transformation of
cone into nanooyster-like transformation is observed at temperatures range of 1500 -2500 K
within 6-8 ps. The reason for such differences may be due to the strong interaction of
DA-120 with the iron cluster, the flexibility or movement of the cones is restricted and hence,
the cones remains to be intact with the catalysts. In some cases, the 4m-rings are destroyed
at the apex region and the resulting complex with such defect structure very strongly bound to
the Fe surface. The thermal energy supplied even at 2500 K is not sufficient to overcome
the interaction between the 4m-rings of the cones and the catalyst. However, at 3000 - 3500
K, the nanocones are decomposed into small carbon clusters and hence, the nanooyster-like
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transformation is not observed for the case of iron.

Let us now discuss the nature of interaction
of nickel nanoclusters with nanocones, DA-120.
More strikingly, the present results as shown in
Figure 2, demonstrate that the resultant product is
neither nanooyster nor the complex obtained for
iron case. Herein, the observed product is

nanocapsule-like  structure, comprising mostly
Figure 2: carbon Nanocapsule with

the Nickel Catalyst

6m-rings around the capsule and 5Sm-rings at the

regions where the cones are interconnected to each

other (interfacial region). This feature is very uniquely observed for the case of nickel
catalyst.

The snapshots for the formation of carbon nanocapsule are presented in Figure 3 and
the corresponding carbon polygonal ring formation dynamics is represented in figure 4. It
can be seen from figure 3 that the nanocones slowly move from the catalyst surface,
maintaining the metal-cone interaction through the 4m-ring of the apex region of the
nanocone. The cone-cone interaction initially begins with the bonding at the peripheral
regions of the cones and this process drives the formation of few polygonal carbon rings in
the time interval of 9-12 ps (as shown in figure 4). Once the two cones are intact with each
other, the contact of the cone with the catalyst becomes weak and the peripheral regions of
both the cones are connected each other at 16 ps, this leading to the formation of carbon

nanocapsule.

Figure 3: The mechanism of the nickel catalyzed nanocapsule formation.

The numbers at each snapshot indicate the time in ps.
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Figure 4: Carbon polygonal ring formation dynamics for one of the trajectories at 1500

K, catalyzed by Nisg cluster.

From the Figures 3 and 4, it is evident that initially, both the cones have to move forward
from the tip position to the edge and thereafter, both the cones are zipped together. The entire
process is leading to the formation new 5m and 6m-rings as it is shown in Fig. 4.
Considering the time scale, it can be mentioned that the flipping of the cones and the
formation of the capsule-like structure takes place in the time range of 10-12 ps and 14-15ps,
respectively. In addition, our simulation results illustrate that the transformation process is
faster at 2500K compared to that of 1500K. It can be seen from Fig.4 that the nanocapsule
growth process and the increment in the number of new 5m and 6m-rings at 1500K is quite
sharp, indicating the growth process is quite fast with threshold time period. We have also
observed that the 3m and 7m-rings are not formed. More strikingly, the structure of the tube
is not changed after annealing the structure up to 34ps, which is also evident from the ring
count (From Fig. 4). Since the interaction strength of the nanocapsule with the nickel
cluster is found to be very weak, the nanocapsule is liberated from the catalyst surface.
The irregular shape of the capsule can be attributed due to the presence of Sm-rings. In
general, one 4m-ring is present at the capping region, which is surrounded by the five
6m-rings in the normal cones. However, the number of 5m-rings is increased to 8-10,
during the growth of the capsule along with few 6m-rings. This type of arrangement of the
rings causes the irregular types of structure. Since the nanocone has the zigzag as well as
armchair types of edges, the formation of 5m, 6m and 7m rings is expected when two cones
joins together especially at the interface region. These features are completely different
from the case of iron cluster-nanocone interaction.

On comparing DA-120 nanocone interaction with the iron/nickel-catalyzed reaction,
the mechanism of the formation of the nanocapsule structure is found to be profoundly
different from the DA-60. In the present case, the basic structure of the zigzag as well as
armchair types of edges are not destroyed at the peripheral region and hence, the mechanism
of the formation of the nanocapsule has been explained in terms of the interface or bridge
region at the intra-molecular junctions of the two cones which can have the Sm-rings around

the tube. However, in case of nickel cluster-induced tube formation, the mechanism is not
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very apparent from the trajectories. The zigzags as well as armchair types of edges are found
to have no role. Thus, although there are some similarities with the interaction of nanocones
DAG60 with different catalysts, the interaction of the cones DA-120 with the iron and nickel
cluster is very different from each other.

2. Original Papers

1. DNA Base-Gold Nano Cluster Complex as a Potential Catalyzing Agent: An
Attractive Route for CO Oxidation Process
Naresh K Jena, KRS Chandrakumar, and Swapan K Ghosh J. Phys. Chem. C, 2012
(In Press) DOI: 10.1021/jp304660

2. Water Molecule Encapsulated in Carbon Nanotube Model Systems: Effect of
Confinement and Curvature
Naresh K. Jena, Manoj K. Tripathy, Alok K. Samanta, K. R. S. Chandrakumar and
Swapan K. Ghosh Theo. Chem. Acc. 131, 2012, 1205

3. High-Temperature Transformation of Fe-Decorated Single-Wall Carbon Nanohorns to
Nanooysters: A Combined Experimental and Theoretical Study (Communicated to
Nanoscale)

3. Presentations at Academic Conferences
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Fengyi LIU

JST Fellow, Fukui kenichi Memorial Research Group 1

1. Summary of the research of the year

Ring-Opening and Ring-Closure Mechanism of Spiropyran-Merocyanine Photochromic Reaction

The photochromic reaction of Spiropyran-Merocyanine(SP-MC) photochromic reaction has been a hot but
challenging subject for theoretical chemists. Due to the dramatic changes of electronic structure during the
ring-open and ring-closure processes and highly flexible geometry of MC isomers, the potential energy
surfaces of SP-MC are complex. The efficient nonadiabatic path from excited- to ground state, including
crucial structures such as conical intersections and unusual intersystem crossing, have not been well

understood.

O o UV(365nm)
K

| Vis,A
Spiropyran(SP) Merocyanine(MC) NO,
NO,
QN
sy Mo
H ©) | O
Ob© CH; ¢
H-MC NO,-MC MCOH"

Figure 1. Spiropyran-Merocyanine photochromic reaction path and unsubstituted MC(H-MC), 6-NO,
MC(NO,-MC) and protonated MC(MCOH").
Unsubstituted H-SP<—~MC photoisomerization: We carried out CASPT2//CASSCEF calculation to explore
the ground- and excited-state PESs of the model molecule. The SP-MC ring-opening reaction takes place in
two steps: (1) Photocleavage of C-O bond. Starting from the FC(S,-SP), the molecules follow two primary
reaction paths, S;-SP =2 S;-TCC and S;-SP 2S;-CCC, both are barrierless downhill MEP. Along the S;-MEP,
the Sy and S, curve intersect with each other and form extensive state-interacting regions (S;-So gaps <10
kcal/mol). The torsional modes around dihedral angle «, f and y (See Figure 1 for definition) regulate the
branching ratio in the initio step, and are responsible for the strong state-interacting region along the reaction
path. (2) Isomerization between MC Isomers. In principle, OBF, HT and BP can take place in MC
photoisomerization. Considering of their relative long life time (~10ps), low isomerization barriers and
flexible reaction paths, all MC conformers can be generated from the CCC and TCC. Several type of MECIs

were located at the CASSCEF level and are responsible to produce ground-state MC isomers.
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The ring-closure mechanism of MC chromic reaction is studied. It is found the bond rotations around 3 are
crucial for ring-closure, y less important, and o bond are highly unfeasible. The most efficient reaction path
corresponds to FC-TTC(S,)> CI (So/S1,p2)> TS(B2,S;) = TCC(S;) = Cl2s1502>SP(Sy). These results

agree with the experimental findings.

NO,-SP~>MC photoisomerization: The photochromic reaction for NO,-SP-MC is more complicated than
unsubstituted one, since the NO,- substituent has significant to the electronic state, especially inducing
charge-transfer process during C-O bond cleavage and formation.. The ring-opening mechanism for NO,-SP
was studied at the SA4-CASSCF(12,11) level with CASPT2 energy correction. NO,-SP molecule is initially
excited to S1 (z—>w*) state, then the C-O bond cleavage take place along two paths (as shown in Figure 2).
During this process, two type of Cls, CI(S,/S;) and CI(S,/Sy) play their roles to form MC products. The
experimentally undetectable excited-state intermediates, S;-CCC and S;-TCC were optimized and are located

in the shallow well of the S1 PES. The NO,-SP*-> TCC reaction path is more favorable than NO,-SP*—>

CCC.
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(a) S,-MEP: C-O cleavage via TS1 (b) S,-MEP: C-O cleavage via TS2

Figure 2. The Ring-openning reaction paths for NO,-SP->MC.

NO,-SP—MC acidichromic/photochromic reaction: Acidichromism stands for the phenomenon that the
protonated form and the conjugate base of some compounds have distinctly different absorption spectra. It
can occur in together with photochromism. In such cases, it is possible to take advantage them to construct
interesting molecular devices. The reaction scheme of acdio-/photochromic reaction of SP and MC are

shown in Figure 3.
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Figure 3. Schematic SP-MC Acido- and photochromic reaction path.

In this scheme, how does the reaction take place between neutral NO,-SP and MCOH" is not known; in

addition, the role of experimentally suggested side-reaction (C-N cleavage) is also to be understood.

Therefore, 4SA-CASSCF(12-in-11)/6-31G calculation were carried out to locate the C-O and C-N cleavage.

It is found the protonated MCOH" isomers are more stable that protonated SP, which reverses the direction of

the SP-MC thermalchomism. Actually once the O15 in SP is attached by proton, the C-O bond dissociates

instantly to produce CCCOH" or TCCOH"; then isomerization take place among the MCOH" isomers. The

protonation/deprotonation of molecule only occur in MC form (rather than SP).

We also found the C-N cleavage in N-protonated SP(SP-NH") as a competing side-equilibrium process,

accounting for the unreactive “sink” reported by UV/vis spectroscopy experiment. The C-N dissociation on

S, state is as low as ~6.5 kcal/mol so it take place easily though a CI between S,/S, states (Figure 4).

Figure 4. SPNH >MA" as an unreactive sink.
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2. Original papers

(1) Fengyi LIU, Keiji MOROKUMA,

2)

“Computational Study on the Working Mechanism of a Stilbene Light-Driven Molecular
Rotary Motor: Sloped Minimal Energy Path and Unidirectional Nonadiabatic
Photoisomerization”,

J. Am. Chem. Soc., 2012, 134, 4864—4876.

Fengyi LIU, Keiji MOROKUMA,

"Ring-Opening and Ring-Closure Mechanism of the Spiropyran-Merocyanine
Photochromic Reaction: A CASSCF/CASPT2 Study”

manuscript in preparation.

3. Presentation at academic conferences

()

Fengy Liu and Keiji Morokuma, Poster on:

"Theoretical study on the working mechanism of stilbene light-driven molecular rotary
motor",

“7th Congress of the International Society for Theoretical Chemical Physics”, September

2-8, 2011, Tokyo, Japan.
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Hongyan XIAO
JST Fellow, Fukui Kenichi Memorial Research Group 1
1. Summary of the research of the year
I. Fitting Global A4b Initio Potential Energy Surfaces for Low-lying Doublet States of NO3

Recently a joint experimental and theoretical work proved the exclusive excited-state roaming pathway

in the reaction NO; — NO + O, that eventually produced two different product channels (a) and (b).

NO, +hv —>NO(2HQ,V=0—1,10WN)+OZ(3Z;,V=5—10) major channel (a)
—)NO(ZHQ,VZO—I,highN)-i-Oz(32;,V=0—4) minor channel (b)

The theoretical studies predicted specific NO A doublet propensities, namely, orientations of the unpaired
electron with respect to the molecular rotation plane for the two product channels. The experimental studies
using the ion imaging technique via multiple rotational branches proved that the major product channel with
a high O, vibrational excitation produced a lower translational energy NO fragment in the A' A doublet state,
while the minor product channel with a low O, vibrational excitation produced a higher translational energy
NO fragment in the A" A doublet state, confirming the theoretical predictions.

In order to fully support the theoretical conclusions derived from potential energy surface (PES)
characteristics and limited classical dynamics from dissociation transition states, it is highly desirable to
perform classical and hopefully quantum dynamics calculations for complete evolution of the system from
photoexcitation in the Franck-Condon region through succeeding nonadiabatic and dissociation processes to
the product. In order to make this possible it is essential to have full PESs of multiple electronic states
involved at a higher level than used in our previous reaction path characterization study. In particular, we are
concerned with a small active space (11¢,80) used in such a study, which might have resulted in some errors
in the very flat PESs in the roaming region as well as dissociation transition states.

In the present work, we develop such analytical global PESs for NO; on the basis of multistate
(MS)-CAS(17e,130)PT2/aug-cc-pVTZ ab initio calculations. The fits are made on roughly 74000
MS-CAS(17¢,130)PT2/aug-cc-pVTZ calculations of electronic energies, where these PESs are invariant of
permutations of oxygen atoms (see below Fitting scheme). The surfaces describe two roaming pathways for
NO; — NO,-----O — NO + O, involving different electronic states discovered in the photolysis of NO;
[Xiao, H. Y. et al. J. Phys. Chem. Lett. 2011, 2, 934]. These pathways become accessible at excess energy of
~210 kJ/mol above the ground state global minimum of NO;. The ab initio data below 360 kJ/mol are
reproduced very well by the fitted PESs with the fitting RMS errors of less than 5.5 kJ/mol for all the three
states. Moreover, key local minima and energy profiles along the roaming pathways on the fitted PESs are
compared with those on the ab initio PESs. In addition, potential contour maps in the roaming region are also
compared. These careful evaluations of the fitted PESs suggest that the present fitted PESs are well suited for

future dynamics calculations of this system.
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I1. Theoretical Study of the Photodissociation Dynamic of Ketene

The photodissociation dynamics of ketene (H,CCO) has been paid close attention by experiments and

theories in the past several decades. At 193 nm the ketene photolysis has the following pathways:

H,CCO+hv — CH,(X’B)+CO (1)
CH,(@'4)+CO  (2)
CH,(b'B)+CO  (3)
HCCO(X?4"Y+H (4)
C,OX’Z)+H, (5

For the photochemical reactions of ketene in the near ultraviolet absorption region, the mechanism is
very clear that the ketene molecule in the ground state (Sy) was first excited to the first excited singlet state
(Sy) via a UV laser (300~360 nm), and the excited ketene underwent nonadiabatic transition to lower
electronic states, i.e. Sy and the first triplet state (T,), the final leading to the C=C bond fission mainly
occurred on the Sy and T, states, which are relative to pathway (2) and pathway (1), respectively. In the
higher excitation energy region (193~215 nm) within the banded S,—S, absorption system, although there
have been numerous experimental and theoretical reports, the photodissociation dynamics of ketene still
need gain a further insight.

To be motivated by some experimental different conclusions and the fast development of the high level
theoretical calculation methods, we will do a systemic study on the photodissociation dynamics of ketene
considering the six lowest electronic states (S, S1, Sz, Ty, T, and Tj), in order to explore the photodissociation
mechanism of ketene under the higher excitation energy.

We proposed the main photodissociation mechanism of ketene as follows (see Figure 1), after one photon
absorption to the S, state, ketene can decay to the S,/S;/T, intersection through S,-TS along the minimum
energy path on the S, state. Since the internal conversion is usually more efficient than the intersystem

crossing from the S,/S,/T, intersection, it may further be inactive to the S; state. Due to a higher dissociation
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barrier (267.1 kJ/mol) on the S; state, S; will relax to the Sy state via S;/Sp-MSX. Finally, ketene directly
dissociates into CH2(51A1)+CO()~( 'S*)on the S, state. The result supported the experimental ones. In

addition, we assigned the correlative dissociation pathways.

HCCO(X2A")+H

Figure 1. The PESs for the processes of ketene photoexcitation and photolysis. “’The values are the

dissociation energies in experiment.

I11. Theoretical Study on Catalytic Enantioselective Mechanism of Passerini Reaction

The Passerini three-component reaction, which involves a carbonyl compound, a carboxylic acid and an
isocyanide, has been investigated intensively during the past two decades. Recently, Maeda S. and coworkers
used the artificial force induced reaction (AFIR) method to study on the mechanism of the Passerini reaction
systematically and proposed that the Passerini reaction is actually a four-component reaction via
four-component transition states (TSs) involved an extra carboxylic acid. Based on the previous study, we

will continue to explore the mechanism and enantioselectivity of the Passerini reaction in relation to catalyst.

1 2 3 Cat.

Figure 2. The structures of reactants and catalyst in the Passerini reaction.
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In this study we chose the real system in experiment (Angew. Chem. Int. Ed. 2008, 47, 388) to search, as
shown in Figure 2. In comparison with the Passerini reaction involving catalyst, we also considered no
catalyst reaction, that is to say only including reactants 1, 2 and 3. We used the ONIOM(M062X/6-31G:PM6)
method in the initial AFIR search, where the mixing order of different species is based on the experimental
procedure. Then, all the lower energy pathways were optimized by the ONIOM(M062X/6-31+G**:PM6)
method. We also considered the solvent effect using PCM model, where toluene is as a solvent.

The present ONIOM(MO062X/6-31+G**:PM6) results show that in no catalyst system, the products are
racemic adducts. In the generation chirality step, the difference of the energy barrier between TSs to produce
S-conformation and R-conformation is only 0.2 kJ/mol. For the involving catalyst system, we found eight
TSs (4 S-conformation and 4 R-conformation) in the generation chirality step. In Figure 3, we take examples
for the structures of TSs. (Si-face attack is relative to R-conformation; Re-face attack is relative to
S-conformation.) The difference of the energy barrier among TSs is about 1.8 kJ/mol. Although the results
are in agreement with the experimental ee value (S-conformation is major), the difference of the energy

barrier is too small. Therefore, we are carrying on the high level calculations to validate the present results.

Re-face
Si-face R
e 0" =
\\\ 0,‘ ~ ) 1 B VRN
J#N ; < « \ Q v ‘.3
\{

Figure 3. The structures of transition state in the generation chirality step.

2. Original papers

(1) Hongyan Xiao, Satoshi Maeda and Keiji Morokuma
“Excited-state roaming dynamics in photolysis of a nitrate radical”
J. Phys. Chem. Lett. 2, 934-938 (2011).

(2) Michael P. Grubb, Michelle L. Warter, Hongyan Xiao, Satoshi Maeda, Keiji Morokuma
and Simon W. North.
“No straight path: roaming in both ground- and excited-state photolytic channels of NO3 —
NO +0y”
Science 335, 1075-1078 (2012)

(3) Hongyan Xiao, Satoshi Maeda and Keiji Morokuma
“Global 4b Initio Potential Energy Surfaces for Low-lying Doublet States of NO3”
Submitted.
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(4) Hongyan Xiao, Satoshi Maeda and Keiji Morokuma
“Multireference Theoretical Study of the Photodissociation Dynamics of Ketene”

Manuscript in preparation.
3. Presentation at academic conferences

(1) Hongyan Xiao, Satoshi Maeda and Keiji Morokuma (Poster)
“A theoretical study on the photodissociation of HNO; involving S,, S; and Sy states”
7™ Congress of the International Society for Theoretical Chemical Physics, Abstract page
3PP-47, Tokyo, Japan, September 2~8, 2011.
(2) Hongyan Xiao, Satoshi Maeda and Keiji Morokuma (Poster)
“Multireference theoretical study of the photodissociation dynamics of ketene”
The 9™ FIFC symposium, Kyoto, January 6, 2012.
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1. Summary of the research of the year

Reaction Mechanism of Photo-induced Decarboxylation of the

Photoactivatable Green Fluorescent Protein: An ONIOM(QM:MM) Study

Green fluorescent protein (GFP) and its variants have played an important role in
biological imaging and analysis. Photoactivatable fluorescent proteins have attracted a plenty
of scientific interests, since dramatic contrast by emission upon an irradiation makes them

particularly popular and important as optical markers.

http://zeiss-campus.magnet.fsu.edu/tutorials/fluorescentproteins/pagfpchroma/index.html

Photo-induced transformation between the neutral form (responsible to the A band) and
anion form (the B band) of the GFP chromophore is essential to fluorescent emission. As
shown in Scheme 1, an irreversible Type II and so-called Kolbe mechanism was proposed for
the wild-type (WT) GFP which accompanies the photo-induced decarboxylation of GLU222,
supported by X-ray crystallography and mass spectrometry. Due to the similarity to the well
known thermal Kolbe reaction, the decarboxylation of GLU222 of GFP (or GLU219 of
PA-GFP) was proposed to occur because of the photo-induced oxidation of GLU; upon
photo-excitation one electron transfers from anionic GLU to the chromophore, followed by
decarboxylation of the neutral species. The reported order of the decarboxylation rate (254
nm > 280 nm > 476 nm) showed clearly that it was excitation-wavelength dependent.
Recently, X-ray crystal structures of native and photo-activated states of PA-GFP were also
reported. In addition, rate measurements for irreversible photoactivation in WT-GFP and

PA-GFP reveal similar kinetics.
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Very recently, Roy et al. reported QM/MM and MD study of the decarboxylation process
of IrisFP; here however one electron was arbitrarily removed from the QM system.; Nakatsuji
and Krylov et al. have identified the critical CT states involved in the Kolbe mechanism
which were proposed to be accessible via either directly one-photon absorption, or a two-step

excitation via S;.
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Scheme 1. Irreversible Type Il Kolbe mechanism for the photo-decarboxylation.

Knowledge of potential energy surfaces (PESs) of the ground and excited states involved
is of great importance in understanding the reaction mechanism. In particular, it is a challenge
to characterize the nature of electronic structures involved and details of the decarboxylation
process. Here, we investigated the reaction mechanism of the irreversible photo-induced
decarboxylation of PA-GFP, which is still unclear and remains unresolved till now, by the

ONIOM(CASSCF:Amber) and ONIOM(CASPT2: Amber) methods.

Mechanisic study on the Photoisomerization in Polypyridyl mononuclear

ruthenium(Il) aquo (PMRA) complexe

Polypyridyl mononuclear ruthenium(Il) aquo (PMRA) complexes have considerable
attractions as competent water oxidation catalysts, since the typical feature was established
for a series of Ir complexes and polypyridyl ruthenium compounds. Relative to the higher
nuclearity systems, the mononuclear systems that generally easier synthesis and study bring
the important implications related to water oxidation catalysts. The proton-coupled
electron-transfer reactions associated with the water splitting bring comprehensive studies on
PMRA complexes because how electrons and protons are transferred is critical in developing
our understanding of important biological reactions such as respiration, nitrogen fixation, and

photosynthesis as well as energy conversion in artificial photosynthesis or fuel cells. Up to
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now, the rare photo-isomerization reaction has been surprisingly observed in
cis-[Ru(bpy),(OH,),]*" (bpy = 2,2-bipyridine) and trans-[Ru(tpy)(pynp)OH,]*" by Meyer and
Yagi, respectively. In case of cis-[Ru(bpy),(OH,),]*", the trans form appeared to be a
photo-stationary state and slowly reversed to the cis form. However, no evidence of a
photostationary  state was found between trans—[Ru(tpy)(pynp)OHz]2+ (A) and
cis-[Ru(tpy)(pynp)-OH,]*" (A”) during 5-75 °C. However, the forward process from trans- to
cis- form can occur and the reverse cannot. The redox reactions and water oxidation catalyses
are significantly controlled by the photoisomerization.

As a possible mechanism proposed by Yagi, the photoisomerization process should take
place as following: visible-light irradiation can generate metal-ligand charge transfer CMLCT)
state which is followed by the thermally accessible metal-center (*MC) state, on which an
aquo ligand dissociation could occur from A and a five-coordinate [Ru(tpy)(pynp)]*’
intermediate could be formed; a water molecule re-coordinates to the metal center of the
intermediate from the opposite side of tpy plane to form A’ isomer. The Ru-O bond cleavage
could be involved since the consistence between the photoisomerization activation
energy(41.7 kJ mol™) and the water exchange activation enthalpy (50.6-87.8 kJ mol™) in
ruthenium aquo complexes. However, no clear information could explain why the forward

isomerization from A to A’ can occur but the reverse process cannot, despite two compounds

with similar UV-vis spectrum.

Figure 1 The structures of A and A’ with labels on main atoms and group names

Theoretical study on the photo-isomerization pathways between
trans-[Ru(tpy)(pynp)OH,]*" and cis-[Ru(tpy)(pynp)-OH,]** would be interesting to clear the
reason why two compounds with similar UV-vis spectrum have different reactivity. Also, the

investigation study on the mechanism will be important for the new design of water splitting
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catalysts since the redox and oxidate reactions are significantly controlled by the

photoisomerization.

2. Original Papers
(1) Lina Ding, Lung Wa Chung, Keiji Morokuma

“Reaction Mechanism of Photo-induced Decarboxylation of the Photoactivatable
Green Fluorescent Protein:An ONIOM(QM:MM) Study”
To be submitted
(2) Lina Ding, Keiji Morokuma
“Mechanisic study on the Photoisomerization in Polypyridyl mononuclear
ruthenium(Il) aquo (PMRA) complexe”

In preparation

3. Presentation at academic conferences
(1) Lina Ding, Lung Wa Chung, Keiji Morokuma

“QM/MM study on the Photoinduced decarboxylation mechanism of Photoactivable
Green Fluorescent Protein”

7™ Congress of the International Society for Theoretical Chemical Physics (4PP-62),
Tokyo, Sep. 2-8. 2011

(2) Lina Ding, Lung-Wa Chung, Keiji Morokuma. Theoretical Study on the
Photoisomerization of Mononuclear Ruthenium(II) Monoaquo Complex,

e — NV EZYE 30 BERS 5UER, 2012, Jan.01
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Hai-Bei LI
JST Fellow, Fukui Kenichi Memorial Research Group 1

1. Summary of the Research of the Year

(A) SWCNT Growth from Chiral Carbon Nanorings: Prediction of Chirality and
Diameter Influence on Growth Rates

Traditional CNT growth methods, such as carbon-arc, laser evaporation, and catalytic
chemical vapor deposition (CCVD) are incapable of in situ control of (n, m) chirality during
CNT synthesis, primarily due to the high temperatures employed. Recently proposed
bottom-up strategy based upon organic synthetic methods represents a more realistic approach
towards chirality-controlled SWOCNT growth. While the relationship between
cycloparaphenylenes (CPP) and the growth of armchair SWCNTs was at first a theoretical
hypothesis, organic species including CPPs have been synthesized by a number of groups. It
was originally imagined that chirality-controlled SWCNT growth could be achieved in this
manner using low temperature CVD in conjunction with, for example, acetylene. In the
present work, we illustrated the catalyst-free, chirality-controlled growth of chiral and zigzag
single-walled carbon nanotubes (SWCNTSs) from organic precursors using quantum chemical
simulations. Growth of (6,6), (4,3), (6,5), (6,1), (10,1) and (8,0) SWCNTs was induced by
ethynyl radical (C,H) addition to organic precursors. Figure 1 depicts the evolution of
(6,6)-SWCNT growth following the simulation time. About 7.5-A-long (6,6) SWCNT with
almost 5 belts is produced within 500 ps. The present QM/MD simulations have shown that
C,H radicals can facilitate the H abstraction, and act as sidewall growth agent, that is, the
successful growth of (6,6)-SWCNT 1is proposed by H-abstraction and C,H insertion
mechanism, as shown in Figure 1. Figure 2 shows the six-membered ring counting statistics
as a function of simulation times during (n,m)-SWCNT growth. All the simulations show a
strong dependence of the SWCNT growth rate on the chiral angle. The SWCNT diameter
however does not influence the SWCNT growth rate under these conditions. This agreement
with a previously proposed screw-dislocation-like model of transition metal-catalyzed

SWCNT growth rates [F. Ding, et al. Proc. Natl. Acad. Sci. 2009, 106, 2506] indicates that the
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SWCNT growth rate is an intrinsic property of the SWCNT edge itself. Conversely, using ab
initio simulation, we predict that the rate of SWCNT growth via Diels-Alder cycloaddition of
C,H, is strongly influenced by the diameter of the SWCNT, which suggests that the

relationship between the SWCNT’s diameter and its rate of growth depends explicitly on the

growth conditions.

*
5.00 ps 5.25 ps 25.00 ps 25.33 ps 25.78 ps
55.07 ps 56.43 ps 145.53 ps 155.00 ps 225.00 ps
EE v a
.
225.27 ps 273.20 ps 315.00 ps 405.00 ps 485.00 ps

Figure 1. The snapshots of SCC-DFTB/MD simulations of (6,6)-SWCNT growth.
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Figure 2. Six-membered ring counting statistics as a function of simulation times.
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(B) Sub-Surface Nucleation of Graphene Precursors near a Ni(111) Step-Edge

Graphene, a two-dimensional honeycomb lattice of sp® bonded carbon atoms, has
attracted much attention due to its remarkable electronic, optical, and mechanical properties.
Despite a great number of experimental and theoretical investigations on graphene nucleation
and growth, the precise, atomistic nucleation and growth mechanism of graphene remains the
topic of fierce debate. In the present work, graphene nucleation at a Ni(111) step-edge has
been modeled by means of quantum chemical molecular dynamics (QM/MD) simulations at
1,180 K. These simulations demonstrate for the first time the nucleation of a graphene island
precursor not on the Ni(111) surface, but in the Ni(111) subsurface. The mechanism of
graphene nucleation observed in trajectory T1 is depicted in Figure 1. Nucleation occurs via
three stages: (a) sub-surface diffusion of carbon atoms leads to the formation of small carbon
chains; (b) coalescence of these chains leads to the formation of amorphous carbon clusters;
(¢) simultaneous sub-surface — surface precipitation, and amorphous—>sp® conversion of the
carbon cluster. A sufficiently high local carbon concentration in the Ni(111) subsurface is a
necessary prerequisite for graphene nucleation. These QM/MD simulations also shed light on
the precise role of the step-edge on the graphene nucleation process. After precipitation of the
graphene island precursor to the Ni(111) surface takes place, the step-edge defect provides
anchoring points, via dominant ¢ C-Ni bonding. In contrast to common assumptions, these
simulations demonstrate that the step-edge defect (and the Ni(111) surface in general) is a
highly malleable and mobile entity, capable of being deformed, or even destroyed, by the
precipitating carbon structure. While such deformation and destruction of the step-edge is
observed during the nucleation process, we demonstrate the Ni(111) step-edges ability to

‘heal’ itself over longer periods of time.
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23.0 ps 64.5 ps

Figure 1. QM/MD simulation showing sub-surface nucleation of a graphene precusor on
Ni(111) (trajectory T1). Cyan spheres represent C atoms; yellow/red spheres represent

non-step-edge/step-edge Ni atoms, respectively.

2. Original papers

(1) H. B. Li, A. J. Page, S. Irle and K. Morokuma, “Theoretical Insights for Chirality-Controlled
SWCNT Growth from a Cycloparaphenylene Template”, ChemPhysChem, 13, 1479 (2012).

(2) H. B. Li, A. J. Page, Y. Wang, S. Irle and K. Morokuma, “Sub-Surface Nucleation of
Graphene Precursors near a Ni(111) Step- Edge”, ChemComm, Accepted.
DOI:10.1039/c2¢cc32995f.

(3) H. B. Li, A. J. Page, A. M. Mebel, S. Irle, and K. Morokuma, “SWCNT Growth from Chiral
Carbon Nanorings: Prediction of Chirality and Diameter Influence on Growth Rates”,
Journal of the American Chemical Society, (Submitted).

(4) H. B. Li, A. J. Page, A. M. Mebel, S. Irle, and K. Morokuma, “Fullerene Formation from
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Hydrocarbon Combustions: Quantum Chemical Molecular Dynamics Study”, Manuscript
in preparation.

(5) H. B. Li, S. Irle and K. Morokuma, “Growth Mechanism of Hexagonal-Shape PAH
Fragments in H-Rich Environment”, Manuscript in preparation.

(6) H. B. Li, A. J. Page, S. Irle and K. Morokuma, “Surface Nucleation of Graphene Precursors
under Lower Bulk Carbon Concentration”, Manuscript in preparation.

(7) H. B. Li, A. J. Page, S. Irle and K. Morokuma, “Dependence of the Catalyst-Free
Bottom-up Growth of Single-Walled Carbon Nanotube on Temperature”, Manuscript in

preparation.

3. Presentations at Academic Conferences

H. Li, S. Irle and K. Morokuma, “Fullerene Formation from Hydrocarbon Combustions:

Quantum Chemical MD Study”, 7 Congress of the International Society for Theoretical

Chemical Physics, Abstract page 4PP-78, Tokyo, Japan (Septemper 2~8, 2011)
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Lung Wa CHUNG

JST Fellow, Fukui kenichi Memorial Research Group 1

1. Summary of the research of the year

1a. Reaction Mechanism of Biosynthesis of Antibiotic Fosfomycin in HppE. Hydroxypropylphosphonic
acid epoxidase (HppE) is a novel non-heme enzyme, that has a unique active site and catalyzes epoxidation
from (S)-hydroxypropylphosphonic acid (HPP) to give antibiotic fosfomycin (Scheme 1). Interestingly,
reaction can be changed to dehydrogenation or oxygenation, when (R)-HPP or (S)-hydroxybutylphosphonic
acid (HBP) was used as the substrate. Ferryl-oxo and ferric-superoxo species have been proposed to be an
active oxidant for the key hydrogen atom transfer (HAT) step in HPPE. We have carried out
ONIOM(QM/MM) calculations to study reaction mechanisms of divergent reactions in HppE (Scheme 2).

We found that conformation of the substrate can influence the reaction site for HAT and thus change the

product.

Scheme 1.
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1b. Comparative Reactivity of Hydrogen Atom Transfer (HAT) with Important Metal-Oxo and
Ferric-Superoxo Species. Heme- and non-heme-containing oxygenases and oxidases play vital roles in
many selective and efficient biochemical oxidations. Several species including ferryl-oxo,
ferric-hydroperoxo and ferric-peroxy were proposed or found to act as oxidants in these enzymes. In addition
to the well-known high-valent ferryl-oxo species, not-well-characterized lower-valent ferric-superoxo
species have recently been suggested or observed to be an alternative electrophilic oxidant, e.g. in
isopenicillin N synthase (IPNS), hydroxyethylphosphonate dioxygenase (HEPD), and tryptophan 2,
3-dioxygenase (TDO). Furthermore, some recent synthetic ferric-superoxo and other metal superoxo
complexes were reported to be capable of catalyzing oxidation, including C-H bond activation. Notably,
many non-heme enzymes can use ferric-superoxo species as an oxidant, but only few heme enzymes (TDO,
IDO and NOD so far) use ferric-superoxo species! We theoretically and systematically compare reactivity of
several key ferric-superoxo and ferryl-oxo model complexes. Reactivity is found to correlate well with
thermodynamic driving force and can increase with higher electrophilicity of the oxidant. Reactivity of the
ferric-superoxo oxidants generally is not “superior” to the ferryl-oxo ones. Compared to the high-spin
non-heme ferric-superoxo, the lower reactivity of low-spin heme ferric-superoxo, seldom utilized in nature,
can be attributed to lower electrophilicity and more pronounced quenching of anti-ferromagnetic coupling
between the ferric and superoxo parts (Scheme 3). On the basis of these results, I suggested that a cationic

heme-like ferric-superoxo could be a reactive oxidant.

Scheme 3.
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In addition, I further generalized HAT mechanisms (Scheme 4), based on the comparative study on HAT
with important Fe-oxo species (heme, non-heme and synthetic model complexes). In general, there can be
two classes of HAT mechanisms via either ferryl-oxo or ferric-oxyl type transition state. For the former case,
type of ET (o or ) can affect the reaction path (o or n-pathway). The c-pathway via a-ET is generally more
favorable in many non-heme complexes. While the n-pathway with stabilization of half-filled 3d orbital was
found to take place in HPPE, in which ferric-oxyl type (i.e. ligand-metal charge-transfer state) transition state

1s involved.
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Scheme 4.

lc. Reaction Mechanism of Hydrogenation of Carbon Dioxide Catalyzed by Ir-PNP Complex: A
PNP-ligated iridium(IIl) trihydride complex 1 was reported to give the highest catalytic activity for
hydrogenation of carbon dioxide in aqueous KOH by Nozaki group. The catalytic hydrogenation can be
tuned to be a reversible process with the same catalyst at the expense of the activity, when triethanolamine
was used as a base. DFT calculations were performed to understand reaction mechanism of hydrogenation of
carbon dioxide. Our calculations suggested two competing reaction pathways: either the deprotonative
dearomatization step or the hydrogenolysis step as the rate-determining step (Scheme 5). The results nicely

explain our experimental observations, dependence of both the strength of the base and hydrogen pressure.
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2. Original papers

(1)

)

3)

4)

)

Chung, L. W.; Hirao, H.; Li, X.; Morokuma, K. “The ONIOM Method: Its Foundation and
Applications to Metalloenzymes and Photobiology”, Wiley Interdisciplinary Reviews: Comput. Mol.
Sci. 2012, 2, 327.

Abdel-Azeim, S.; Li, X.; Chung, L. W.; Morokuma, K. “Zinc-Homocysteine Displacement in
Cobalamin-Dependent Methionine Synthase and its Role in Substrate Activation: DFT and ONIOM
Study”, J. Comput. Chem. 2011, 32, 3154.

Li, X.; Chung, L. W.; Morokuma, K. “Primary Events of Photodynamics of All-trans Protonated
Retinal Schiff Base in Bacteriorhodopsin, Methanol Solution and Gas Phase” J. Chem. Theory
Comput. (Lett.) 2011, 7, 2694.

Chung, L. W.; Li, X.; Hirao, H.; Morokuma, K. “Comparative Reactivity of Ferric-Superoxo and
Ferryl-Oxo Species in Heme and non-Heme Complexes” J. Am. Chem. Soc. (Commun.) 2011, 133,
20076.

Tanaka, R.; Yamashita, M.; Chung, L. W.; Morokuma, K.; Nozaki, K. “Hydrogenation of Carbon
Dioxide Catalyzed by Ir-PNP Complex: Reversibility and Reaction Mechanism” Organometallics
2011, 30, 6742.

3. Presentation at academic conferences

(1)

2)

Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, Keiji Morokuma “Reaction
Mechanisms of Novel Fluorescent Proteins”, (oral) the seventh Congress of the
International Society for Theoretical Chemical Physics, Tokyo, September 4, 2011.

Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, Keiji Morokuma “Reaction
Mechanisms of Photophysics and Photochemistry of New Fluorescent Proteins”, 5th Asia
and Oceania Conference for Photobiology, Nara, July, 31, 2011.
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JST Fellow, Fukui Kenichi Memorial Research Group I

1. Summary of the research of the year

Towards understanding the HppE catalytic mechanism

The formation of fosfomycin [cis-(1R,2S)-epoxypropylphosphonic acid, an antibiotic in clinical use] is

catalyzed by the enzyme 2-hydroxypropylphosphonic acid epoxidase (HppE), which structure was defined

several years ago. Systematic experimental studies with S and R forms of 2-hydroxypropylphosphonic acid

(Hpp) suggest that the reaction mechanism includes two main steps: (i) H abstraction from C1/C2 atom of

the substrate; and further (i) formation of epoxide cycle after H-abstraction from C1 atom or formation of
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Figure 1. (a) Structure of HppE and model applied in the

theoretical

study. (b) Energy diagram (gas-phase

calculations) for fosfomycin formation from SHpp in case

of ferryl-superoxo active species. The schemes correspond

to the structures of the reactant complex, the radial

intermediate and the product (I, III and V, respectively).
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keto-structure after H-abstraction from
C2 atom. The S-substrate results in
cis-epoxide as the sole product of the
reaction, while only the keto-compound
is obtained from the R-substrate. Thus,
based on the experimental hypotheses
about the possible reaction pathways,
we performed a DFT model study on
the catalytic conversion of both S and R
forms of Hpp, considering only the first
coordination sphere of the iron cation
(see Fig. 1la). The first step of
H-abstraction and formation of alkyl
radical is found to be the rate limiting
step of the process, requiring above
30 kcal/mol in the case of ferric
superoxo active species . A decrease in
the energy barriers for H abstraction is
observed with ferryl-oxo active species.

Further simulations,

applying
two-layered ONIOM method, show
that the influence of the environment is

also important for the correct

understanding of the catalytic role of

HppE in the fosfomycin biosynthesis.
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Theoretical modeling of stereochemistry control of copper catalysts based on the chirality of DNA

, Another interesting topic on which we
Diels-Alder reaction

s have been working is the theoretical

—[: \>_<o_€ {"/R/ﬁ? o.58% oo [:\ g | investigation of the detailed mechanism
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Figure 2. Scope of Cu(I)L/DNA catalyzed reactions (R = Ph,
Me, p-MeOPh, p-CIPh, o-BrPh, 2-furanyl, cyclohexyl, etc.).

new one and proved to be quite a
versatile one. In a series of experimental
studies Feringa and co-authros have
shown that such catalysts could be successfully applied in several types of reactions like Diels-Alder (DA),
Friedel-Crafts (FC) and Michael addition (see Fig. 2). The DNA based catalysts combine the catalytic power
of the transition metal complexes and the chiral architecture of the biopolymer resulting in both efficiency
and high enantioselectivity of the reaction. Another important advantage of these catalytic systems is that
they are water-soluble and do not require the usage of expensive and environment unfriendly organic
solvents; while, on the other hand, the DNA component is cheap, readily available and desired

oligo/polymers with designed nucleotide sequence and length could be prepared relatively easily.

a,B-unsaturated up to > 99% endo
2-acyl imidazoles up to > 98% ee
R: H, Me, Ph...

Minor groove coordination Intercalation of Cu(Il)L
of Cu(ll)L

Figure 3. (a) Scheme of the reaction of interest - DA addition of cyclopentadiene to a,B-unsaturated 2-acyl
imidazoles. (b) Scheme representing the local structure of the reactant complex consisting of Cu(Il), L (L =
bipyridine) and the dienophile reactant coordinated to the metal cation via the acyl oxygen and the pyridyl
nitrogen. (c¢) Examples for coordination modes of Cu(Il)L complex to a double-stranded DNA oligomer.
Front and side view presented for minor groove coordination and two different complexes of intercalation
via L with reactant facing the major (left structure) or minor (right structure) groove. The structures on this

figure are tentative, not theoretically optimized or experimentally observed ones.
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As we are mainly interested in DA and FC reactions for which Cu(Il)-bpy complexes results in highest
stereoselectivity, we considered Cu(Il)-bpy complex and two different DNA dodecamer fragments: the AT
rich d(CAAAAATTTTTG), and the CG rich one d(CGCGCGCGCGCQG), and according to the experimental
data CG rich sequences (DNA2) perform best for the DA and FC reactions. In case of intermolecular
reactions (most common in the experimentally studies) the reactant molecule is a,f-unsaturated 2-acyl
imidazole structure as the 2-acyl imidazole moiety ensures stable coordination of the organic structure to the
Cu(Il) ion (see Fig. 2 a & b).
Before studying the reaction mechanism of the catalyzed process and compare it with the referent reaction
without a catalyst or with only Cu(Il) complex as Lewis acid catalyst, it was important to propose a suitable
model of the supramolecular complex. The available experimental data are not sufficient or ambiguous to
define the structure of the supramolecular complex. A lot of other experimental studies (not connected with
the role of DNA as asymmetric microenvironment) have revealed that organic molecules and metal
complexes could interact with the DNA strand in two main modes: minor groove coordination or
intercalation inbetween DNA base pairs (see Fig. 3c). It is possible that the metal complex including the
ligand and the reactant is coordinated in mixed mode with the ligand anchored between the DNA base pairs
and the reactant molecule nestling in the minor groove. In the search for a suitable structure we combined
docking experiments and molecular

dynamics (MD). The results from the MD

’AD Mode |

simulations show that both types of
interactions result in formation of stable

supramolecular structures. In case of minor

groove coordination of the metal complex

Guanine
Thymine

with the ligand (bpy) nested in the groove

Adenine e the reactant is exposed for further

Adenine A-T:11.88
NS 3Ang A-G: 10.80

Thymine interaction with dienophile

MGW:

L (pentacyclodien) or nucleophile. However,

Thymine

MGW:
T-A:9.72
T-T: 8.10

such a structure of the complex catalyst

= will hardly favor the formation of a specific

Figure 4. An example of minor groove coordination of

tereoi i.e. will not sh t
LCu(IlR complex to DNA1. The upper panel shows the SICTCOISOMEN, 1€, WIT Ot Show stereo

results from the docking while in the lower panel of the specificity. Intercalation results in slightly

structures resulting from the MD simulations are given. more  stable  complexes  (by  ca.
8-10 kcal/mol) as in the obtained structures
the attack to one site of the reactant is
hinter due to sterical constraints. Further simulations of the reaction mechanism on QMMM level will be

based on the most stable representatives.
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2. Original papers
Galina Petrova, Lung Wa Chung, Keiji Morokuma, DFT and ONIOM modeling of fosfomycin biosynthesis
catalyzed by HppE. In preparation.

3. Presentation at academic conferences

Galina Petrova, Lung Wa Chung, Keiji Morokuma (FIFC)

“Towards understanding the HppE catalytic mechanism: theoretical modeling of fosfomycin biosynthesis”
(Poster presentation)

9™ FIFC Symposium, Kyoto, Japan (6 January 2012)
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1. Summary of Research
The Reaction Pathway for C4H; Polyyne Fusion Reactions: A Theoretical Investigation

The one dimensional (1D) carbon nanowire made of a long linear carbon chains inserted
inside a multiwalled carbon nanotube (MWCNT) has attracted a great deal of attention for
many researchers to trap its optical and electronic properties for the advancement of
nanotechnology, material science and the basic research. The linear carbon chains can
possess either cumulenic or polyynic structure. Recently, Shinohara and his co-workers
succeeded in synthesising single(double)-wall carbon nanotubes encapsulating C;oH, polynne
molecules and found that a high-temperature fusion reaction occurs to form long linear
carbon chains inside the 1D nanospace of MWCNT. However, the reaction pathways for such
fusion reactions are still unknown and unexplored either experimentally or theoretically, as
far as we know. To address this issue, we have considered the minimal polyyne (C4H;) nano-
fusion reactions (Fig. 1) as a first step to investigate theoretically using density functional
theory.

2(CyyHy)) ——— = (Cyp)Hy, + Hy ;o2

2H——C==C—7H —— H{—C=—=Cc——H +H,
n 2n

eg 2H c—c¢ H > H c=—=c H + H
2 4

Figure 1: Schematic representation of nano-fusion reactions of polyyne in multiwalled carbon
nanotube .

In this work, our focus is to find the reaction pathway of C4H, polyyne fusion reactions in gas
phase and then to see the effect of the single-wall carbon nanotube on the gas phase reaction
pathways systems.
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Figure 2: Open-shell singlet gas phase reaction pathway for C4H, polyyne fusion reaction at
the UB3LYP/6-31g(d,p) level.

Figure 2 shows that the reactants convert into the final product via two intermediates and
three transition state (TS) structures in gas phase wherein all the intermediates and transition
states structures are open shell singlet. It implies that C4H, fusion reaction follows open-shell
singlet reaction pathways. However, TS3 has very high barrier height in comparison to the
rest TS structures.

To see the effect of single-wall carbon nanotubes (SWNTs) on the gas phase reaction
pathways, a two layer ONIOM calculations (QM/MM) were performed in which (8,8)SWNT
of length 20 A was treated by the Dreiding force field molecular mechanics method and the
gas phase reaction pathways systems inside the single-wall carbon nanotube were taken under
quantum mechanical methods (i.e. UB3LYP/6-13g(d,p) : open-shell singlet) treatment. The
optimized geometries are presented in figure 3. This figure shows that the hydrogen
molecules are not adsorbed by the wall of the nano-tube. However, the relative energy
profiles remained similar to the gas phase reaction pathways, as can be seen in the figure 4.
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Figure 3: Optimized geometries of the gas phase reaction pathway inside the (8,8) SWNT of
length 20 A and diameter 10.77 A at the ONIOM(UB3LYP/6-31g(d,p):Dreiding) level with
open-shell singlet.
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Figure 4: Open-shell singlet reaction pathway for C4H, polyyne fusion reaction with and
without the (8,8) SWNT ( length 20 A and diameter 10.77 A).
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In summary, this study shows that C4H, fusion reaction follows open-shell singlet reaction
pathways in gas phase as well as inside the SWNT. TS3 has the largest barrier height and the
hydrogen molecules are not adsorbed by the wall of the nano-tube. These results also seem to
indicate that these findings are not sufficient and needs to explore another reaction
mechanism. Since the present investigation was carried out a zero-kelvin temperature and the
polyyne nano-fusion reaction occurs at very high temperature and high vacuum. Therefore,
the role of temperature is crucial and the temperature dependent reaction pathways need to be
explored and investigated theoretically to capture the real essence of such polyyne nano-
fusion reaction.
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1. Summary of the research of the year
ONIOM Investigation of Iron Uptake by Ferritin

Ferritins are the major iron storage proteins of animals, plants, and microorganisms, which are critical
for preventing toxic radical chemistry and oxidative damage. Animal ferritins are composed of a 12 nm
diameter protein shell (Figure 1a) surrounding an 8 nm cavity that can store up to 4500 iron atoms in the
form of a hydrated iron oxide. This shell comprises 24 subunits, each structured as a 4-a-helix bundle (Figure
1b). Catalytically active, H or M, and inactive, L, subunits occur in animals in various ratios with
tissue-specific distributions. The catalytic centers of H and M subunits are dinuclear ferroxidase sites (Figure
1b and ¢) where Fe** is oxidized by O,,
proceeding through a spectroscopically
characterized di-ferric peroxo
intermediate to a wu-oxo/hydroxo-
di-ferric  product (Fe-O-Fe) with
release of H,O,. The Fe-O-Fe dimers

move 20 A through a channel in the

subunit, aggregating with subsequently ) . ) ) o
Figure 1. (A) Ferritin protein cage with four subunits in yellow

forming a four-fold symmetry axis (PDB 1MFR). (B) A single
subunit with iron indicated by purple spheres (PDB 3RBC).

formed dimers to form tetramers and
larger multimers before entering the
cavity near the four-fold symmetry axis
(Figure 1a and b).

The general mechanism of iron storage by ferritin has been outlined by years of experimental studies,
but many aspects remain uncertain, including the role of water and the protein environment in the ferroxidase
reaction, the peroxo coordination mode, and the protonation states of the intermediates and dimer products.
The purpose of the current research is to theoretically define the structures of all intermediates and products
in the reaction pathway through comparison with the available X-ray diffraction, EXAFS, Mossbauer, MCD,
and Raman data.

Initial coordinates of the Fe(Il)- and Fe(Ill)-bound states were taken from crystallographic structures of
Cu(ID)- (PDB 3RE7, 2.8 A) and Fe(Ill)-bound (PDB 3RBC, 2.7 A) bullfrog M ferritin, respectively. Each
model was based on a single subunit containing ~3000 atoms. Structural optimizations were carried out for
the 9 A region surrounding the Fe centers using ONIOM-ME(B3LYP:Amber) with SDD(f) for Fe and
6-31G* for others. The QM layer for representative models including capping H atoms are shown in Figure 2.

These models were also used in a separate series of QM-only calculations.
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Figure 2. QM models of (A) Fe(Il)-bound and (B) Fe(Ill)-bound ferroxidase sites with
coordinates from crystallographic structures of Cu(Il)-bound and Fe(IIl)-bound bullfrog

M ferritin, respectively.

The Cu(Il)-bound crystal structure on which the Fe(Il) model is based (Figure 2a) defines a
three-coordinate A site and five-coordinate B site; however, interpretation of MCD data led to assignments of
a square pyramidal A site and trigonal bipyramidal B site. At 2.8 A resolution the coordinates of water
molecules are highly uncertain; thus, we examined models with one or two waters added to the A site, as well
as models with and without the B-site water. Key structural parameters and Heisenberg exchange coupling
constants of the optimized models are presented in Table 1. Model R1 can be ruled out due to a large rotation
of the Glu23 side chain to an anti coordination mode and tetrahedral geometry at Fe,. The discrepancy in the
Glu23 side chain conformation is also described by the 81° change in the O,-O,-Fe,-O; dihedral angle (see
labels in Figure 2a) relative to that of the crystal structure (151°). To match the experimental 5-coordinate
geometry at Fe,, GIu23 can be bidentate as in R2 and R3, or an additional HO, can be present as in R4 and
RS5. The dihedral angles show that the Glu23 bidentate coordination mode (126 or 142°) is achieved with less
rotation than the syn monodentate mode (-165 or -157°), in which the uncoordinated Glu(O) is hydrogen
bonding to a water ligand. On the other hand, it is this latter hydrogen bonding mode that is clearly present in
the oxidized crystal structure and thus less rearrangement would be required. A further consequence of
monodentate coordination is that it allows Fe, to move closer to Feg in models R4 and RS, as shown by the
shorter Fe...Fe distances (4.48 and 4.23 A). While the crystallographic Fe...Fe distance has a large error bar
(4.3 £ 0.4 A), in R2 it is likely too long (4.88 A) for it to be a reasonable candidate, in addition to the
inconsistent tetrahedral geometry at Feg. RS is also disfavored by the 6-coordinate geometry at each Fe, due
to the H,Op migrating to a bridging position. R3 and R4 remain as the best models and neither is clearly
favored. The Fe...Fe distances and J values are reasonable, but neither has the combination of trigonal
bipyramidal and square pyramidal geometry indicated by MCD. Forthcoming TD calculations will provide

another means to compare the models to the MCD results.
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Table 1. Composition, structural parameters and exchange coupling constants for ONIOM-optimized
Fe(Il)-bound models

Glu23 0,-0,-Fe,-04 Fey Fegp Fe...Fe J
model nH,O, nH,Op coordination ©) geometry”  geometry” (A) (em™)
R1 1 1 anti 70 Td SP 4.71 -1.4
R2 1 0 bidentate 126 TB Td 4.88 -0.8
R3 1 1 bidentate 142 TB Td/TB 4.74 -0.6
R4 2 0 syn -165 SP SP 4.48 -0.9
RS 2 1 syn -157 (0] (0] 4.23 -0.9
Exp syn 151 SP/TB TB/SP 43+04" 08

“Td, tetrahedral; TB, trigonal bipyramidal; SP, square pyramidal; O, octahedral. ®4.63 A in the subunit used for these optimizations.

The Fe(IlI) products of the ferroxidase reaction have a much shorter Fe...Fe distance of 3.1 £ 0.1 A
in the crystal structure (see Figure 2b) that is consistent with the 2.99 A EXAFS value. Based on this
distance, a u-oxo/hydroxo ligand must be present but hidden by the electron density of the Fe centers in the
crystalstructure. The number and positions of Table 2. Composition, Fe...Fe distances, isomer
water-derived ligands are again uncertain, and the
one labeled O*/OH/H,O in Figure 2b is

particularly interesting as it may be a second

shifts, and quadrupole splittings of ONIOM-
optimized Fe(Ill)-bound models

bridge. Mossbauer spectra show four quadrupole T
bridging Fe...Fe O(Fea,Fep)  AEq(Fea, Feg)

doublets which were attributed to a mixture of

model  ligands A) (mm/s)” (mm/s)™®
four p-oxo/hydroxo-bridged species. To identify
o Ox1 OH" 3.50 0.50, 0.50 0.43,1.12
these products, ONIOM optimizations and s
) ) Ox2 o0~ 3.35 0.51, 0.50 1.77,1.43
Mossbauer calculations were carried out for
) ) ) ) 0x3 20H" 3.07 0.56, 0.51 0.49, 1.25
models with various water-derived ligands, and R
) ) Ox4 07, OH 2.88 0.55, 0.47 1.33,0.94
representative results are presented in Table 2. _ }
) Expl 3.1+£0.1 0.48° 1.95¢
The single pnOH™-bridged model, Ox1, has the _ }

' . Exp2 0.55° 1.63¢
longest Fe...Fe distance of 3.50 A, as the bridge _ }
o . o _ Exp3 0.48° 117
is insufficient to maintain the crystallographic _ }

Exp4 0.52° 0.63¢

distance of 3.05 A in the subunit used for the
. ) “Calculated with B3LYP, Wachter’s basis set for Fe, cc-pVDZ for

models. The stronger pO~ ligand in Ox2 reduces

other atoms according to Bochevarov et. al. JCTC 2010, 6, 3735.
the distance to 3.35 A, which is still not within

ONIOM-EE values. “Parameters for four quadrupole doublets.
the experimental uncertainty. Further
strengthening the bonds between the Fe sites, Ox3 has two nOH’ ligands, resulting in a 3.07 A distance that
is remarkably close to the initial 3.05 A distance. The quadrupole splittings of Ox3 greatly differ between the
two sites (0.49 and 1.25 mm/s), and match well with two of the experimental values, Exp4 (0.63 mm/s) and
Exp3 (1.17). The corresponding calculated isomer shifts are systematically 0.03—0.04 mm/s higher than the

experimental values if Exp4 is assigned to site A and Exp 3 to site B. Thus, the four experimental quadrupole
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doublets may represent four sites rather than four dimers. Replacing one of the pOH bridges with nO*
results in the shortest distance of all, 2.88 A, which is not within the reported crystallographic error bar;
however, it is only 0.11 A shorter than the EXAFS distance. The Fe, and Feg isomer shifts (0.55 and 0.47
mm/s) agree well with Exp2 (0.55 mm/s) and both Expl (0.48 mm/s) and Exp3 (0.48 mm/s), respectively.
The corresponding quadrupole splitting for FeA is 0.30 mm/s lower than that of Exp2, and similarly, FeB has
a quadrupole splitting 0.23 mm/s lower than that of Exp3. Overall, doubly bridged structures are strongly
favored over the singly bridged structures, and it is likely that both Ox3 and Ox4 are produced in the
ferroxidase reaction.

This work has identified the most probably structures of the Fe(Il)- and Fe(Ill)-bound states of the
ferroxidase site, while eliminating many possible candidates. Ongoing TD-DFT calculations and an
evaluation of the peroxo-intermediate will ensure that this is the most comprehensive theoretical study of the

ferroxidase reaction to date.
2. Original papers

(1) Harris, T. V.; Szilagyi, R. K.,
“Comparative Assessment of the Composition and Charge State of Nitrogenase
FeMo-Cofactor”
Inorg. Chem. 50(11), 4811-4824(2011).

3. Presentation at academic conferences

(1) Harris, T, V.; Szilagyi, R. K.,
“Density Functional Evaluation of the Composition, Charge, and Magnetic Structure of
Nitrogenase FeMo-Cofactor”
CPMD Meeting, Barcelona (P35), Sept. 5, 2011.

4. Book Chapters

(1) Harris, T. V.; Szilagyi, R. K.,
“Nitrogenase Structure and Function Relationships by Density Functional Theory”
In Nitrogen Fixation: Methods and Protocols; Ribbe, M. W. Ed.; Humana Press: New York,
2011; pp 267-292.

5. Others
(1) Harris, T. V.
“Development of Density Functional Methods for Iron-Sulfur Clusters: Application to the

Elusive Structure of the Iron-Molybdenum Cofactor of Nitrogenase”
Dissertation, Montana State University, Nov. 2011.
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SCS-MP2 Exptl. r(Cu-Cu) r(Cu-L)
MeNC 17.2 2.650 2.174
MeCN 11.7 2.590 2.193
H,O 12.2 2.562 2.241
C,Hy 7.8 2.568 2.574
CH, 6.9 7.3 2.559 2.572
CO 5.8 2.573 2.267
CO, 4.3 2.507 2.429
N, 3.5 2.525 2.394
CH,4 1.8 4.3 2.500 2.737

H, 1.2 1.6 2.508 2.221
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TORGMER Y FHIME 2R ~% £, d 88O 5P S & BB A B SR O JE PH O AL E &
ZEHBNC BT 2 FHTEETH 5, BHOBEE S F 02Ol D 0 FHREMEZ 5 WEVEN S BUIR 2
D& D 7RBFHREAT O BICH R kL UL, OB % iy 7e MM E7 /L CRBIcR T
QM/MM £, & W3S T RREIC K0 kEat oM B T3 3D-RISM-SCF IER EIZE T b D,
WFEOFERE DM 225 CP-MD 72 E O E O G JAN Y 2255 H OO, ZiH1E QM/MM
15 & RRICI BERE DGV A XD 10 BIRBESOS 72 LI DWW TEHIBR2 S V. 3D-RISM-SCF {£IZ &
BT BB E NI DT, WEEELEESNTWDHEEZ D,

FFIZ 1D-RISM-SCF V£ TITWE OAF 2 22 Ll 2 i RFHi 3 2 8, £ B R OFRERT v
¥ V& BT RIS X0 T 5 R8T S & < RS R & 22 R~ O OBRICRENE Z 25
DUIXLIEH - To, BHFDRICONWTTIEFEB LR S 72 1D-RISM-SCF-SEDD V£ T HEH ST
%73, 3D-RISM-SCF VEIZZ D 2 SIZOWTHEET D ATREME b FF 6. IIRN OB &8 S5 D KOG
R TIIEZFARD ECTHHATH D L HIFF SN D, AMFFTIE 3D-RISM-SCF L1231 2 §FER
T UV VORREEZLT O BT, BB O EHSETE AT O sk, W AREMN D DL E R A
1T oSk, EToAA v F o ZBEE AW ClREEER & m= FEIOFFER T v v L& i b2
BSBDAAL v TF 2 FHHIBRD 3 DOMFEIBICEIZER % 55017 2 F TRl E L2 R H-o>2 a3 X M
wAT>7=, T ® 3D-RISM-SCF % H@ SR~ & JEIS L72FFRIC OV T, LT HET 2,

(77 F L $ERDINK G RSS2 B B %]

AT T F | cis-PICL(NH3), IXHURTEMEZ FFOHEN A HiL, < b < OEER), PRERAIHE
ZEMILL ATV TR, ZOHUEIEIEIL, IO DNA AL DNA Ak LET 2 Fi
R U, DK RIS 32 ORTEFEOBEE RS & B S TW%  (Scheme 1),

F—. BRSBTS TTF
PERILE DOBMENIIRENDEY | NH; NH: + NH; o

AR K OIERIBEO K= R o ar, 52 smom h—on 252 o h

(CEFED . B2 DL 5 7 d F L MEfiR c|1 CII S
%ﬁﬁi{ﬁﬁ%ﬂi*ll/%~ D ﬁ%é’j%%@ 75§ reaction 1 reaction 2
LV, AAFZE Tl 3D-RISM-SCF Scheme 1: A7 5 F L DE—, H MK

Zi L C OB R O 2 772
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3D-RISM {EIF M o340 % fif < BRIC LRI E £ 0 OFER T v v v L 2 BB & B
HATEXLIEMDRHY ., PLOIMVEFHNEHDD dUEOE L KM TE 5 EMRF Lz, £2b0E
TEVEZFR- 72 WEEN I B D trans-PtCL(NH3), IZOW T b, [REEICER RIS 21T - 7=,

WIS Bl L EHRIX DFT B2 & 0 470 M06-2X 28 L 72, Pt OWNEFE 71X HW ECP Tl & #f2 1
72 LANL2TZ(H K & | 7% D R I2 DWW T 6-31++G** &2 W 2, BIZHEE DM LD 7= 6-31++G**
% cc-pVTZ IZEZHi 2, Cl & O JF1IZ aug-cc-pVTZ # HWT MP2 st R 21T > 72, FRIEKEE RS
FARAEFHE & LT CCSD(T) & MP2 IZ L B FHHB =RV ¥ —% cc-pVDZ HJE L~ /W TRl 21T
W, MP2 HHT RLX—ZMIET 5% T CCSD(T)HH T R AX—2 38 Uiz, F7-WEEEI
TAHRNHMIE (Fh, B = brE—ME) [ZOWTUTDO X I IFT -7, IRENESNIH L5
a2 FOERE NS PCM IEIZBIT 2 FFiREN 2 W CEHR Lo, WE S T OWHEEBIIAIZ SV T
I% Whitesides & (T & 2 AR EZFIH L TR 7,

Bl LT AT TF o DONMKRGROCOREEZEAZK 1IZ, £ A, T RATTFOHM
TRNAXF—ZLEX 2 I1TR LT,

~ R(Pt-Cl}=2.36 RiPtJDw}:E.SB R(Ow-Ha)=1.96 R(POwF2.49

Haéo' f R{Pw}:z_A f df
+

—2 R(CIHW)}=2.4T R(Cl-Hw)=2.47

R(P-Ow)=2.10

R(Pt-Ow)=2.10
'

R(P1-CIj=278

Y
R(CHHw)=207" @ R{Cl-Ha}:E 85

RS1

R(PCI)=2.34
ol .

RS2 —m

_--

RAS1

_..-

TS1

_..-

PAS1

_-,

PS1

R(Pt-Ow)=2.45

R(PL-Ow)=2.09

NH,

R(Pt-Ow)=3.78

HzD R(Pt-Cl)=2.35

1:AFT7F

/;;«— R Pt—CI}=2 73
R(CI-Hw)=2.65 R(Cl-Hw)=2.62
RAS2 — TS52

55 ARG R SOES

DHE—,

50 |
40 |
30 |
20 |
10

18

— 0
27
o (0.0)

-10

[(1.7) (0. 0}1(202)‘(24) 5

228
@48

93 111:
,222~ 33 (8.1) (99J‘
.? 79
19 (75) (5.0)
(1.0)

338
(303) gl
f— 15?(21?)
292(13 9 —
(262)\—, 200
10.7 (17.8)
(8.9)

R(CI-Hw)=2.10

a;

—

R(CFHW)=2.10
R(Pt-C1)=3.74
PAS2 —

B HHEZEAL

R(Pt-Ow)=2.09
Hgdl'] o

50
40
30 r
20
10 |

205

(175 114
9.0

amg‘{

(1722 8 g8

30 (74) (8.0)
(1.8)

(116')
0.1 20 '
98) (23

23

| 25 28
(-53) (31)

-10

132.1352 19.

395 ]
B8 30
17 272)
o) —
— 258

1? 4 (23.0)
(14.8)

(30, 5)

RS2 RAS2 TS2 PAS2 PS2

+Cl

RS2 RAS2 TS2 PAS2 PS2

+Cl”

RS1 RAS1 TS1 PAS1 PS1 +HO RS1 RAS1 TS1 PAS1 PS1 +H0

K2 : A, NTURTTFUOIKRGRZISIZE T H MP2 HH TR LX—21k
VAT TFU A NI UARTTF L IR BIVEIER Rk BUFAERT F5IA 0 CCSD(T)
ISR BRSBTS AIEELE B VX —X, VAR T 20.8 kcal/mol, FT A

{&C 20.3 keal/mol 2: RFED DL, B KR

TRV T AR TIPS
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IV BRREAE (2011)

HDHOIZH L, b7 v ARTIIFETHIN LT 23.2 keal/mol & WA STz, Z O RITEBRE 258
ST2HbDTHY . £BLNEHER pKI 122 2K T3.74, b7 2 KT 594, pK2 IZT AKT
6.90, FT7 U A{LT9.69 THV, ZOMEITERMEIZHESTRENLDOD, ZOKE ZDIEF T ET
EBREROBEMZHBELIZ O TH D, FHIKMHT TORIS & H#E LT PAST 725 PS1 ~O i
O T 100 keal/mol, 72 PAS2 725 PS2 ~OfiFHfESUE Tl 200 keal/mol # 00K & 72 [ FERE DR
TE Y MK FREIE D ET e T2 OIS RN AR AR T D ER PO bivic, £70FH—
DK BN TERL S T2 ClL 7 =F 132 OFROEE AAERIC X o T Pt 85RO 5 — I Fn ]
WCHEEVSMAMRH L FEZX 21T L TERY, Cl 7 =4 DR TITHEA 255 O F Ik
IIREENZ DN T H R AER, EHELA =L F— B RIIZ L L2 WER Do Tz, - T,
FOBEMBTRILX—DBLE G CL T =4 X5 KR A T2 TH— IR EERE 2 HEEN 5
TINBOGREE E LTHAITH 2 72 E b bz L,

[@° 1 4 BEprZY & B8k L KO AEMER BT 2 HF5E]

d ®iH 4 BN A B IRS IEBM 2 FE oA, z i LK FI1X O 1% L& B~ 7=
& (O Fdm) % & 2HENER, HERIEN O RBIN TS, [Pt(pyridine)sClz - 3 H20 #ffh72 &
WENCZET BN DD, ZHTKERE DB TINTE AT & EICHE SN0 OB AVEM
WCHZRT D LW D) —fRBERICS L2V, — 07, BIRTHMEER & R 8BEROLE. mED
MP2 FH5IC EAUE, KD TO HIEFDNEFARRO d LB ~mo-E (Hfdm) AxrL
X—MIEBLML CTHD L TRISN TR Y, —EIBRE & X F R OKFEBEEERT 5, ZOFTEIR
ITHE, FERRIZ trans-PtCla(NH3)(N-glycine) * HoO fidi 238 1) 25 Pk 7-BEL 28R CAZaE S vz,

THOER, HRMEEEIE X T, AR TIEIER L OHEER 289 d ® O 4 B AR
$ERDET LR E LT, P2 dlg)E & L7-[Pt(INHs)42t & trans-PtCla(NHs)(N-glycine) D §E{4
W2kt L, 2D z il EOKSFE DFHEAEFICHOWTKIFTTD 2 SOEHDEWEZ ST LT,
FIZ d 2 WE DR EEFHRD D BT HAADIENY O/NS WV PA2EFLARE LRI LT
[FARIZ, KT D 2 SDOEIZET D AMEF OE W Z g, fRE LTz,

@JEFER L 2l LK 1 012 QM sEIE L THRW., KD 2 SOEAIZEE L TIRD X 5 IS Hitk
&P Tz, O BLal TIFKD O Ji7-2% z il BICAFET D L 912, £ HEM T HJE& O Jir
Nz B EICALE T D X O IS 2N & 72 T, M06-2X LESERIZ X D DFT sHAE 21TV, #id
Zhcwilt Lz, Pt 1% 6 OfHONZERE T4, Pd %2 S{HONHE T4 Hay-Wadt ECP (T X #ix
72 LANL2TZ() % JEEERAE IR O, A 1% 6-31++G** LK 2 V72, ZHUC X 0 B7- @k
LRI T OWNIEBEEAEIXEE L, FOE R & KD O MOEHZ 232 FETCRMEFP O L ¥ —F5
FOKEBEEF OB RV X —DIRLZ B Z 7o, KIEBEHITIAKD O LEAF0 Cl I
aug-ccpTVZ %, 5 DHENLFIZ ce-pTVZ %z VT MP2 &5 %17V, BSSE Z4#1E L7,

FEAL, Pt SR &K FOMEMERRICHT S HEME OBMOSB#EEZX 317, Z0%
PR 120 U C L, HECHENC R DREEIRRE A2 JUE O IZ & » 7oK D= R L X —ZRIEK 4 D@ v |
KD 2HODEMIEETCRKE S BARLHEREHGT-, T IEICHE LT tetra-ammine ATl O B[]
DOFEA T FNF—H Pt T-12.2, Pd T-13.7 kcal/mol & H Bl bR CTIEF IR & A2 @b & FF
2, —J. HED glycine $EATIE H B M OFE &= %L ¥ — Pt T-4.2, Pd T -2.7 keal/mol &
O B & 0 BAL72id & 7 2 F0VR S, SEofmEE CR O D KOBE AL —T 5, /-
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Pt. Pd $EATORE TR NF—Z LT 5720, HAELM & O Bl

(2 LD g &k O [HiER

HEDS 3.1, B4ADREEZSRICL, =X —HENEEZ VTR 1 OFRREGT,

Z-axis

*) o ) 9

3 1 [Pt(NH3)4l2+ K Of trans-PtCla(NH3)(N-glycine)#i {4 |

[Pt(NH,),]** - H,O
Gas Phase MP2 Energy

H-ahead
Z-axis

Z- aX|s

O-ahead H-ahead:1 g{_

H-ahead:2

Z- aX|s

O-ahead:1

X} B K O A P

O-ahead:2

PtCL(NHs;)(N-glycine) - H,0
Gas Phase MP2 Energy

[PA(NHy),J* - H,0
Gas Phase MP2 Energy

PdCL(NH;)(N-glycine) - H,O
Gas Phase MP2 Energy

H-ahead 1

H-ahead H-ahead 2

O-ahead [O-ahead 1

O-ahead 2

\ H-ahead

O-ahead

O-ahead 1

H-ahead 1

H-ahead 2

O-ahead 2

25 3 35 4 45 5

R(PLOW) R(PL-OW)
K4 : KFEFIzE
AR HEM 1, f: OfdM 1, 7 : HECM 2, % : Ofdm 2,

HHC e FEART

25 3

DEENZFIEEZILTEBY ., £7- tetra-ammine $&5K(Z

—IFFEHEEICE R T D HFN T h o 7=, Glycine $&(KD H Blh) Tl MEPOL)E L
DRI XD FERRZ2 DD, 72 Pd O d 22 §E 0

BIHCT)OLEL S Z > TV DA,
Pt AL D HIRR Y BN ENWEIT LY | ZZHR T
HI(EX+REP) D R EIT/NZ W, Bl
IETRICK LIARRE CTh o7z, KEEFTOH
B L F— 2L D 2 X 5 12" 903, &
i tetra-ammine $ERIZ IV T RV F—/IC
AFITH -7 HELRIT, K& RE5ME B
JLF— O Z ERIZ L > T, PSR DFH—
TRIEFNIE D z 7 I B W CRIFREEICE Z 0 15
HEWVWIRERDBELNTZ, EIT tetra-ammine
PEHATO H BLM DR 2L &b DR IA
& LT, O RF &I 7o KBS \¥b>iﬁﬂbﬂﬁ"é’ﬁﬁ
Wz R E LIcAs B, z @i EooKyFOEfFIz ks

2 TR IEFEIE DIEV DI 72 53 NHs @Eﬁ%—@
BA~OBMBENIC LY HENICSIEEZShD

NH3 Bz D JE P T OBEBFMEEOEWNE WD H DO H —RTHHHEL I 5T

35 4 45

R(Pt-Ow)

5 25

2

T 5 Pt KON Pd 88K & kD= % )LF—Z54k
TR LR —HUE 0 1 H L6 O fREEIRRE,
TS A U T MP2 4 HCEMDISP)IZHELA O 728 OFdm L Y &%) 4 keal/mol

35
R(Pd-Ow)

3

4 45 5

T : keal/mol

BiF5 0 BEROKERFEEGTRLFX

B

1 MAEER =L —s)
Pt-ammine /& Pd-ammine &
I O Edlm H Al O Edln)
ES +3.7 -13.3 +6.4 -14.0
EX+REP +5.9 +5.2 +3.6 +3.2
POL+CT -3.1 -2.8 -2.7 -2.7
DISP 4.2 -0.8 -3.7 +0.0
Pt-glycine $51& Pd-glycine $&{4
Hidm1 Ofdm1 HEMI ORI 1
ES -3.9 -3.8 -1.1 -4.3
EX+REP +6.8 +6.0 +4.3 +3.8
POL+CT -2.4 -1.3 -1.5 -1.0
DISP -4.9 -1.3 4.4 -0.6
L7z,
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[PH(NH,),]2* - H,0 PtCL(NH,)(N-glycine) - H,0 [PA(NH,),J?* - H,0 PACL(NH;)(N-glycine) - H,0
3D-RISM MP2 Energy 3D-RISM MP2 Energy 3D-RISM MP2 Energy 3D-RISM MP2 Energy

H-ahead 2 30 30
H-ahead 1 20 H-ahead 20
10 10

0 0

H-ahead 2

20 H-ahead 20 H-ahead 1

0 0 0-ahead 1
10 O-ahead -10 -10 O-ahead -10} O-ahead 1
O-ahead 2 O-ahead 2
20 -20 -20 -20
25 3 35 4 45 5 2 25 3 35 4 45 5 2 25 3 35 4 45 5 2 25 3 35 4 45 5
R(Pt-Ow) R(Pt-Ow) R(Pd-Ow) R(Pd-Ow)

X5 : KL T o Pt L O Pd 885K & kD A =% /L ¥ —281k
ARoHBEMT, S OfM1, & :HiLM 2, ¥£: 0fm2, =x/X—HK% 0 X HElmOMEERRRE, BAL : keal/mol

i 3C

(1) FE 1518 - il Sar
(7" Z F L BEER DMK G FEIS T FT 2 W0 R
st 5w 2011 [l 2011/5/12  1P09
(2) Shinji Aono, Shigeyoshi Sakaki,
“Solvation Effect on Hydrolysis of Platin Complex”
International Society for Theoretical Chemical Physics, Tokyo, 2011.9.04
(4PP-42)
(3) HE 1518 - fil At
[d*SFih 4 B A< @Sk & K O R BAFFH O BRI 5% )
SR RREm2011 JeifEE 2011/9/20  1E21

Z Dl
(1) 8 1315
[ 4 BAf7 36 KON 6 B A SRS 31T A BEFIZh &« 3D-RISM-SCREIZ L A7 7'm

—
BRSO RT v Vi & £ A F 2 v 7 A2 5HE 2012/3/30
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BA FH
FrHERFSE 7 ~ 1 —
1. S4EEDOHISEDEK
SFEEIXZZHSOT —~< 1. Au(D-Cu(Dxf % & ¢ vapochromic $HED D JRJE & FH A F
=R LTOWTEGRTZE 2. Il NIIDSEHERDOFE T TOAE 7 m A4 —"—BlL 0

HERIIEE 2iT1-o7,

Au(D)-CuDHEMER 2 E 0 E S RBESERDR N A I =X L L & RBEHEIER
[BEERUVCBMIT ADWEIZ L - THEIET 5 vapochromic ST, A E N A DORENZ Hu
HTENHERD, WAOFEEIZL > TR =V DR DLGE, AFETADOREICHIGH
AIEETH D, d10-d10xf Z FF OB REEIRITZ DOFIWHAER OO AR KL HHEEE
ERREL, B —7 O RENT—ANRZL0,

i, Au(D-Cu(D %% & e — A Au(im(CH2PY)2)2(Cul,),]* " (Scheme 1. 1; L=MeCN, 2 ;
L=MeOH)A &% S 4L, MeOH, MeCN H AFHXAL THIEART MDY — 7 BRENEN
462nm( ), 520nm(fk) & e D T L NHE Z 4721, Au(I)-Cu(I)xt % - vaporchromic &4
I, ZOEEERBHO TOEGITH D, AFFETITFHIEA =L L Aul)-Cu()FHAEH

IR DHZ LA HRIC, DFT & SCS-MP2 % IV CTEJEIRRE, hEIRBE D7) F-HE1E &
Bt Dlm)E. Au-Cu HHEVEH ORI 217, MeOH, MeCN ZRPH& CHELN 2 2B %2
fiER L7,

[RHEHEHHE]S, & T IRAEIC SV T Au-Cu #HEEZ SCS-MP2 {5 TRl L. £ LI4HT B3PWII
B % 7= DFT Bt O i b L7c, ZEEREEUX. Au & Cu R T-ORNHET
Stuttgart ECP T X i X 2f /i EAEa I 2 7= b O &= v, £ OO 1121% 6-31G(d), O J?
T2 6-31+G(d) & W =(BSID),  So-T; bkt =% /v ¥ —%, ENL T cc-pVDZ, O JFET-IT
aug-cc-pVDZ %ﬂ%u\f(BS 1), B3PWOL JLEISECCREAM L 7=,

v Lf Tb \Me W «Q

Scheme 1

g5 & #£2%] SCS-MP2 ThaEft L7= 1, 2 @ Au-Cu FEEEIZEREZ B I L2 (1; cal
4.631 A, expl. 4.591 A, 2; cal. 2.767 A, expl. 2.792 A), 5K 1 DFJ61% Cu d 2> Py n*iER
(MLCT) & @ S 4v, 851K 2 O 3EIE Au-Cu 5d-3d antibonding MO 75 Au-Cu 6p-4sp
bonding MO ~DER L Jf )& S 4172 (Scheme 2), 1, 2 @ So-T EB = R/ X —3EREL B
<—E L7 (1:cal 2.62 eV, expl. 2.68 eV, 2: cal. 2.40 eV, expl. 2.47 eV), Scheme 2 (Z/R7T X 9
12,2 TIE So-T, #E# anti-bonding MO = bonding MO % CTh 57,1 |2 T emission
peak 7’ red shift 3%, Au-CutH A/EA 1L SCS-MP2 74T 0.89 kcal/mol & 3 = 417275 (BSSE
MIE%).  Au-Au FHAEAVER(6-12 keal/mol) & Lb#gd 2 L& L </hEV, Au-Cu fHAERMN
§5< . NHC 53 TR FIKCTH D7D, TAGTFOWAEIZLD 1 & 2 DRSNS HH B A M
152 ENThoT,
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Qs So-T1 transition energy (eV)
Me 2 5 Pyn*
N
c\\\N ) 6 1 2

T cal. 2.62  cal. 2.40 ~a (D
7 % (expl. 2.68) (expl. 2.47)
-~ 2 Py n* Cu 4sp Au 6p Cu 4sp
Me 5 ym
Al 9.0 Py ¥ T
eV ¥ Au-Cu 6p + 4sp R —_
T MLCT -10.9 — Y Qbl’ y}e pair
eV
Me
hY one pair H H
CE% d Py lone p: 14.9 Au-Cu 5d - 3d O lone paiﬁopfc%)d ﬁ CC%%QO/\O lone pair
e e Me
C% Cud Q) ' ~16.8 - Cud eV . Py lone pair Py lone pair
. 7 Py lone pair eV 1 5
Scheme 2

[ 3Cik] [1] Strasser, C. E. et al. J. Am. Chem. Soc. 2010, 152, 10009.

EEAL NIADSEE DK R T TORA L v 7 v R F—N—HEDHEHIIE L
[BERERUVENIERSBHEAROKEST TOAY Y 7 o A4 — =85 L, TEMRCHAN
MHpEashsd, 8., LEAM NA) 2 ¥ 7 g A 4 — N — (SCO) § 1K
TpPh-MeNi(SoCNMeg) [TpPh-Me=hydrotris(3-phenyl-5methyl-1-pyrazolyl)borate] 73, fdh
T OO 7ekEE Nil, Ni2 ## 5 (Schemel, Figl), BAHIMENERD Z 0N, X R
TG L LR OMEIZ Lo TH LM STz, Nil OffiEE 123K & 293K TR E Z25E 0
RS, Ni2 Tt 123K & 293K THEENR RE K Bp s, 20 Z &2 SCO 23 Nil TiEZ
59, Ni2 TERETWDL I EERLTND,

AR TIE, HEEROREE L EIRE, KU EOREELZBE LTI-G60EWEET
REEEHE A O HR L., DR ToRY 7 a 24— _"—BGolh 25T 5%,

MeKKN\/N """" i Sc NMe
Rz ST
“Ph
Ph

Fig.1 X-ray structure of Tp"™™*Ni(S,CNMe,) in 123K Scheme 1 Tp"™MNi(S,CNMe,)
(FHEGEIEEEROEER#E 21T X S & ik L7z, Ph, Me & H R FICE#H L -
BT NVEERCEFIRE L —HIH, —HEHEOMNLENELZ R L, fMmOREEY A
L7z, JEFHOERIEONE A X fiE CEE Lo E Rk 217572, AEREIT BSI
(Ni: SDD ECP plus 2fpolarization functions, C, H, N, B, S: 6-31G(d)), BSII (Ni: C, H, N,
B, S: ccpVDZ) % HV, HiEfEkiX BSPWI1/BSI, A%t 1/ ¥ —% BSLYP*/BSII C
AE L,

[ER & BE|HEEROMIE & X MEL T 25 & Nil © 123K, 293K O%i&EIS triplet
DO LE B < —E L7=(Table 1), Nil [ZKiE) 5 &R F T HS(high spin) Z #EFF L T\ 5,
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Ni2 1% 123K, 293K THEEN 2D SCO N E TWA Z RS AE 0, 3HEER L 0 —3
N FEE DO EDRKE VW, kI LD ZC Ni2 @ SCO R INTWnWAHZ LR

R I Tz,
Table 1. HEEXRDFLECHEE & X fifEidE & O g

expl. caled.

Ni1 Ni2
T (K) 123K 293K 123K 293K singlet triplet
Ni-N1 (A) |2.038 2.048 2.401 2.149 2.927 2.069
Ni-N3 (A |2.111 2.111 2.003 2.083 1.929 2.128
Ni-N5 (A) |2.048 2.058 1.972 2.046 1.913 2.063
Ni-S2 (A) | 2.3420 2.3435 2.2567 2.323 2.2191 2.3789
Ni-S1 (A) | 2.4006 2.3929 2.2721 2.3614 2.2273 2.4357

ETVEEIAR T singlet & triplet ORIE A L3 2% & | triplet Tid Ni-Nay 2% singlet K 0 %1
<. Ni-Neg & Ni-S 3 E W (Fig.2), ZiuE d2(HOMO)H 5 dyy(LUMO) ~D—8& 7-iht (2
£V singlet & triplet OfEENE{LT 572D TH S (Figd),

d

V4
2.020
\ 2.424
3003 :
X

9
d,2(HOMO) dxy(LUMO) spin density of triplet
Fig.3 HOMO and LUMO and spin density of triplet

200

—
L
[=

—— singlet
—& triplet

——singlet

—-triplet 100 4

Lh
[=]
1

Relative Energy (kcal/mol)

Relative Energy (kcal/mol)

1.8 20 22 24 26 28 30 s 90 22 34 26 oF 30
Ni-Nax (A) Ni-S (A)
Fig.4 PES along Ni-N,, and Ni-S distance
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ETUEERT Ni-Nax, Ni-S HEEOZE(LIC kT % singlet & triplet @ potential energy
surface (PES) 725, Ni-Nux 235 < Ni-S FEEEAV S T, singlet 23 triplet £ ¥ /&

ThD
12 6f
<720

Z &Gy T2 (Figd), Ni2 @ Ni-S D43 f-ifilE c#lizx L CTF4T, Nil @ Ni-S % ¢
LCHERETHDI-O, D clii Fm o INEWEAE023K), Ni2 O Ni-S 23/ &
triplet X’ ARZE/LTAHZ EI2LY SCO NEX 5, cHiFMOEAMEICE Y, Ni2 @

Ph & Nil O BB & OFBENE L 72 572D Ni-Nay OHBEN K X < 72V singlet BN E(L
T 5, BT /EEKRD PES LIKIRERO X B EO 2 5 Ni2 @ SCO DO JFA = HfiE4 5
Z Mk,

it 3C

(1) Yumiko KATAOKA, Dharam PAUL, Hiroyuki MIYAKE, Tsuyoshi YAITA, Eisaku MIYOSHI,
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“Experimeltal and Theoretical Approaches Toward Anion—responsive
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Coordinated Complexation and Luminescence Sensing Profiles”
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Milind Madhusudan DESHMUKH
SPR Fellow, Fukui kenichi Memorial Research Group 2

1. Summary of the research carried out during April 2011 to April 2012.

Theoretical Study of Complex Systems involving Non-covalent Interactions:
Development of Computational Strategies and Application.

Non-covalent interactions plays dominant role in the structure and function of not
only the biomolecular systems but are also important in supramolecular assemblies and
material sciences. Accurate estimation of non-covalent interaction is extremely important
to get insights into structure and stability of these systems. However, evaluation of
intermolecular distance and binding energy (BE) of van der Waals complex/cluster at ab
initio level of theory is computationally demanding when many monomers are involved.

Starting from MP2 energy, we reached a two step evaluation method of BE of van der
Waals complex/cluster through reasonable approximations as given in equation 1;

BE=BE(HF)+ ) {BEipjj(MP2or MP2.5) - BE ;. p(HF)} (1)

Mi>Mj

where HF represents the Hartree-Fock calculation, Mi, Mj etc. are interacting monomers,
and MP2.5 represents the arithmetic mean of MP2 and MP3. The first term is the usual
binding energy of the complex/cluster evaluated at the HF level. The second term is the
sum of the difference in two-body binding energy between the correlated and HF levels
of theory. This approximate evaluation methodology was applied to various van der
Waals complexes from S22 data set consisting of up-to-four monomers at MP2 and
MP2.5 levels of theory. We found that this method is capable of providing precise
estimate of the binding energy. The nice correlation (Figure 1) between binding energy
estimated with present approximate equation and standard approach (BE,.; see equation
2) was indeed encouraging.

Mi
10 _
y=1.0117x + 0.06 CS;-trimer

- 01 R*=0.9997 at MP2/aug-cc-pVTZ
Z'-10 =
310 g 4.3 ——BE by eq.1
220 - 355 = BEur
g -30 - & -6.5

40 = 7.5 ‘ ‘

- T T T T ) [2a}

40 -30 20 -10 0 10 3.6 4.1 4.6
BEret‘. R (A)

Figure 1: Comparison of the binding energy estimated by standard approach (BE,.r) with
that estimated by approximate egs. 1

The maximum error of the BE is less than 1 kcal/mol and 1% in most cases except for
several limited cases. The origins of error in these cases are discussed. Although
moderately large error was found in some limited cases, it is noted that the equation 1
was able to reproduce precisely the potential energy surface in such case too (see Figure
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1). The computation time with this approximate evaluation method decreases by about
half than the conventional method. For details see reference 1 from publication list.

The above developed strategy was extremely useful in of our study of
absorption/adsorption of CO, and CS; into porous coordination polymers (PCPs). PCPs
recently attract much attention to the potential application to gas storage, gas separation,
catalysis, and nanospace engineering. The flexibility in use of variety of organic linkers
and/or metals leads to syntheses of many kinds of PCPs with required property. Among
the desired properties of such compounds, selective uptake and storage of gas molecule
have been investigated well. Recently, optical and magnetic properties and their
responses to inclusion of a guest molecule have started to draw new attention in the
chemistry of PCP. Recently the chemresponsive switching of spin-state was recently
shown to occur by gas absorption in the Hofmann-type three-dimensional PCP
{Fe"(P2)[Pt"(CN)4]}n (Pz=pyrazine). For instance, the absorption of such bulky
molecules as benzene, pyrazine, water, methanol etc. stabilizes the high spin state; note
that though water and methanol are not bulky, they forms bulky cluster in PCP. Of
particular interest is the absorption of CS; molecule; despite of its small size, CS,
absorption induces the spin transition from the high-spin to the low-spin state. This is the
reverse to the spin transition by bulky molecules. On the other hand, the absorption of
similar CO, does not induce any spin transition. In this work, we theoretically
investigated the interactions of CS, and CO, molecules with a realistic model consisting
of a unit cell of the Hofmann-type PCP {Fe(Pz)[Pt(CN)4]}, as shown in Figure 2.

.Fe
[ )5
ocC
N
@S

Side view Top view
Figure 2: Realistic model (RM) of CS;-absorbed PCP; Fe (green), Pt (pink), N (blue), C
(gray), and S (yellow).

The purposes of the present work are to find the binding sites of these gases in the
Hofmann-type PCP, to evaluate their binding energies, and to clarify the determining
factors for absorption site and absorption energies of these gases with the PCP. We
believe that the knowledge of such determining factors is indispensible to understanding
the gas absorption with PCP and finding a gas molecule which induces the spin transition
between high and low spin states.
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The binding energy of gas molecule with framework was evaluated with ONIOM
scheme, as shown in Eq. 3.

BEQNIOM _ gglow +{ BESE! —BE%&"{} +{ BESHED — BE%&“&} 3)
where superscripts “High” and “Low” represents the high quality calculation and low
quality calculation, respectively and subscripts, “RM”, “SM1”, and “SM2” represents
realistic model, small model 1 and small model 2; See Figure 3 for details of small model
systems. The first term on the right hand side of Eq. 3 is the binding energy of gas
molecule with realistic model, RM. This is a “real low” component of the ONIOM
equation. The second term represents, binding energy of gas molecule with small model
SM1 and the third term represent binding energy of gas molecule with small model SM2.
The M06-2X level of theory was employed with cc-pVTZ basis sets for low quality
calculation and scaled MP2 methods® were used with aug-cc-pVTZ basis sets for high
quality calculation.

e

N

(a) Small model 1 (SM1) (b) Small model 2 (SM2)

Figure 3: Small models (a) SM1 and (b) SM2 representing the Pz and Pt interaction
sites respectively. These models were used in ONIOM calculations.

The binding energies of CS, and CO, are evaluated to be -17.3 kcal mol™! and -4.0 kcal
mol™, respectively at the ONIOM(MP2.5:M06-2X) level and -25.0 kcal mol™ and -6.0
kcal mol™ at ONIOM(MP2:M06-2X) level, indicating that CS, strongly absorbs in PCP
but CO, weakly. The absorption positions of these molecules are completely different
between CO; and CS,, CO; molecule exists between two Pt sites. To the contrary, one S
atom of CS; exists between two Pz ligands and the other S atom is between two Pt sites.
See Figure 4 and Figure 5 for the corresponding potential energy surface of CS; and CO,
absorption in Hofmann-type PCP, respectively.

e *——e
e g S5-et3 S 3t-0-83
-9.0 . Wm -
~ -11.0 o N S22 0 3t-0-53 7
I -13.0 NN T T 7 - Mosax
S : N e e 7 -+ ONIOM (MP2.5:M06-2X)
g N 0 Y ~— ONIOM (SCS-MP2.5:M06-2X)
= -15.0 Ry Minimnm, A - ONIOM (MP2:M06-2X)
o, T T e
E -17.0 . SR TS
=2 . testtr-ess ft-et3lttesd
g -19.0 . 364 . \‘\‘ et e / ek
e feess - :xé::a_b
é 23.0 " Ivllm{l}num .)/
o e b e = == =
£ -27.0] I == o g@
4] ¢ E i % -
-29.0

-40 -30 -20 -1.0 00 10 20 3.0 4.0
Displacement (R)

Figure 4: Comparison of potential energy surface between M062X and ONIOM for
absorption of CS; in PCP.
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esi i teess
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Figure 5: Comparison of potential energy surface between M062X and ONIOM for
absorption of CO, in PCP.

Note that only model systems are shown in Figure 4 and 5 for brevity and the potential
energy surfaces are scanned using ONIOM equation 3. The optimized position of CS;
agrees with experimentally reported X-ray structure. Based on energy decomposition
analysis and electrostatic potential of the PCP framework, it is concluded that both of the
large binding energy and absorption position of CS, arise from large dispersion
interaction between CS, and Pz. The different absorption position of CO, arises from
large electrostatic interactions between CO; and Pt site, and small binding energy of CO,
comes from weak dispersion interaction with both Pz and Pt site.

2. Original Papers

(1) Deshmukh Milind M. and Sakaki Shigeyoshi,

"Two-step Evaluation of Potential Energy Surface and Binding Energy of van der
Waals Complexes"
J. Comput. Chem., 33, 617 (2012).

(2) Deshmukh Milind M. and Sakaki Shigeyoshi,

"Binding energy of gas molecule with two pyrazine molecules as organic
linker in metal-organic framework: its theoretical evaluation and understanding of
determining factors"

Theor. Chem. Acc., 130,475 (2011).

(3) Deshmukh Milind M.; Ohba Masaaki, Kitagawa Susumu, and Sakaki Shigeyoshi,
"Absorption of CO;, and CS, into Hofmann-type Porous Coordination Polymer:
Theoretical Study of Binding Energy, Absorption Position, and Understanding of
Determining Factors" (to be submitted). (2012).

3. Presentations at academic conferences
(1) Deshmukh Milind M. and Sakaki Shigeyoshi,
“Highly accurate approximate method for evaluation of binding energy of van der
Waals complexes”
The 9™ Triennial Congress of the World Association of Theoretical and
Computational Chemist (WATOC), Santiago-de-compostela, Spain, July 17, 2011.
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(2) Deshmukh Milind M. and Sakaki Shigeyoshi,
“Dispersion Energy of van der Waals Complex; Approximate Evaluation with
Pair-wise Correlation Effect”
The 7th Congress of the International Society for Theoretical Chemical Physics
(ISTCP-VII) at Waseda University, Tokyo, Japan on September 2-8, 2011.

(3) Deshmukh Milind M. and Sakaki Shigeyoshi,
“Highly accurate approximate method for evaluation of binding energy of van der
Waals complexes”
The 14th Annual Meeting of Theoretical Chemistry Society, Okayama, Japan,
May 2011.

4. Others

(1) Deshmukh Milind M. and Sakaki Shigeyoshi
“Absorption of Gases into Metal Organic Framework: A theoretical investigation”
The 8" symposium of Fukui Institute for Fundamental Chemistry, Kyoto, Dec.3,
2010.

(2) Deshmukh Milind M. and Sakaki Shigeyoshi
“Absorption of CO2, CS2 and OCS into Hofmann type Metal-organic
Framework: Binding Energy, Absorption Position and Determining Factors”

The 9" symposium of Fukui Institute for Fundamental Chemistry, Kyoto, Jan. 6,
2012
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Guixiang ZENG
SPR Fellow, Fukui kenichi Memorial Research Group 2

1. Summary of the research of the year

Theoretical Study of Noble Features in Oxidative Addition of B—Br c—Bond of Bromoborane to
M(PMes), (M= Pt or Pd)

Formation processes of cis—boryl complex via oxidative additions of B—-H, B—B, and B—E (E=Si,
Ge, or Sn) bonds to low—valent transition—metal complexes have been clarified theoretically. However,
the mechanism for trans-boryl complex produced by the oxidative addition of B—X (X=Cl, Br, or I)
bond to Pd(0) and Pt(0) complexes remains unclear yet, in which the cis—trans isomerization is
proposed to be involved. In general, the cis-trans isomerization occurs via spin conversion process, but
the cis-trans isomerization taking place on single potential surface has not been investigated well. Here,
we theoretically investigated the oxidative addition of the B—Br bond of bromoborane Br2B(OSiMe3)
to M(PMe3)2 (M = Pt or Pd) to explore possible reaction pathways and to clarify the process of the
thermal cis—trans isomerization in the reaction presented in Eq. 1.

PME3 PMeS
,OSiMe; M=Pt or Pd | /OSiMe;

|Y| + Br—B Br—M—B__ (1)
Br | Br

PMe; PMe;

Geometry and frequency calculations were carried out by DFT method with triple-zeta quality

basis sets. The singlet—triplet energy difference was evaluated with DFT and MP2 to MP4(SDQ)
methods.

The first step is the coordination of Br,B(OSiMe;) with M(PMes), (M = Pt or Pd) to form a

precursor complex. The next is the B-Br bond cleavage. In the Pt system, two reaction courses are
possible (Figure 1);

Br O __SiMe;
o, &~ E,=21.0 (Pt)
B 5., 14.8 (Pd)
S /5, S .
6.\(\0“ ! /" °0)e,;"e
. BO.,SiMe3 d\V b_P, 140° (PY) \:9[.
H\. E,= 0.6(Pt)  120° (Pd)

f 12.3(Pd) cis

E/M“'_/_—_s\':& Singlet Potential Surface
& 165 \ ° 1 Br

h ’65'\\\‘\93 7

e / trans
P @ -
g‘/ ‘1‘(—55" nucleophilic attack

TS E,=5.9(Pt)

M=Pt or Pd

Figure 1. Oxidative addition of the B—Br bond to M(PMe;), (M = Pt or Pd). E, (kcal/mol) is Gibbs

energy barrier in solvent (toluene),
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one is the nucleophilic attack pathway which directly affords the trans-product. The other one is the
stepwise reaction pathway which includes the cis—oxidative addition followed by the cis—trans
isomerization. The former reaction course is more favorable. In the Pd system, only the stepwise
pathway was found. Interestingly, the thermal cis—trans isomerization was found to occur on the

singlet potential energy surface due to the strong donation ability of the boryl group.

Theoretical Study on Transition—Metal Oxoboryl Complex: M—BO Bonding Nature, Mechanism
of the Formation Reaction, and Prediction of New Oxoboryl Complex

The synthesis of B—O multiple-bonded compound has been very difficult for a long time. This is
surprising because B=N triple—bonded compounds were synthesized and well characterized. One of
the reasons is that the B—O bond is highly polarized and easily undergoes oligomerization reaction to
form B—O—B linkage rather than staying as B=O double or B=O triple bond. In 2010, Braunschweig
et al made a breaktrhough. They synthesized a remarkably stable neutral platinum(Il)—oxoboryl
complex PtBr(BO)(PCys),, as shown in Eq. 1.

PMe;, _ PMe;
| oM RT Br—Pt—B=0 |
— P—B — » Br— = BrSiMe; (1)
Br Br Toluene
PMe; PMe;

In this work, we theoretically investigated the M-BO bond nature, mechanism of the formation

reaction, and make prediction of new oxoboryl complex with DFT method.

First, we make comparison of the Pt—~BO bond with other Pt—L bond (L = CN~, CO, and NO") is
interesting.  As shown in Table 1, the electron population on the LUMO of the [PtBr(PMe;),]” moiety
considerably increases in the order NO"< CO < CN™ << BO™. Consistent with this result, the electron
population on the HOMO (the lone pair orbital) of BO™, CN”, CO and NO" decreases in the order
NO">>CO >CN™>BO". On the other hand, the electron populations on the n* orbitals increase in
the order BO™ < CN™ < CO << NO'. These results indicate that the c—donation ability becomes
weaker in the order BO™ >> CN~ > CO > NO", but the d,—electron accepting ability becomes

stronger in the reverse order.

Second, the formation reaction of the  roles. The electron—donating bulky phosphine
oxoboryl complex PtBr(BO)(PMes), was ligand is favorable for the reaction by enhancing
explored. It occurs through a four—center the B>—Br2® polarization, stabilizing the

transition state (see Scheme 1), in which the
B®*~Br2°" polarization and the Br2->Si and the
O p.=2B p, charge transfer interactions play key

transition state, and more destabilizing the boryl
complex (reactant) than the oxoboryl complex

(product).
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Scheme 1.
R;P C%
Br—M'c +B_/.-06_
WANRYE
3 o A i
L AN
g () cr

Around Transition State

Table 1. Important Molecular Orbitals and Their Electron Populations® of [MBr(PMes),]” and L
Ligand in MBrL(PMe3), (L=BO~, CN", CO, and NO").

[MBr(PMes),]" L
LUMO HOMO HOMO-1 56 ﬂ; 7Z';
_®
(4
L M
Pt 1.174 ¢ 1.946 ¢ 1.972 ¢ 0.702 e 0.068¢  0.042¢
Pd 1.076 e 1.975 ¢ 1.981 ¢ 0.853 ¢ 0.055¢  0.034¢
BO™ Ni 0.999 e 1.976 ¢ 1.985 ¢ 0.857 ¢ 0.053 e 0.023 e
Ir 1212¢ 1.977 e 1.973 e 0.596 ¢ 0.043e¢  0.035¢
Rh 1.190 e 1910 e 1.979 ¢ 0.729 ¢ 0.040e  0.024¢
CN- Pt 0.608 e 1.961 e 1.975 ¢ 1481 ¢ 0.067¢  0.057¢
CO Pt 0413 e 1.841 ¢ 1.881 ¢ 1.636 ¢ 0210e  0.183¢
NO® Pt 0.179 e 1.497 e 1.564 ¢ 1.860 e 0479¢  0530¢

“The electron population of each MO is presented here. In the unoccupied orbital, the population
increases from zero to the number here in the complex. In the doubly occupied orbital (HOMO,

HOMO-1, and 50), the population decreases from two to the number here in the complex.
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At last, MBrCI(BO)(CO)(PR3), (M=Ir and Rh) is predicted to be good candidate of stable
oxoboryl complex based on the comparisons in the AG"™ and AG® values of the formation reaction, the
M-BO bonding nature, and the M-BO interaction energy between MBrCIl(BO)(CO)(PR3), and
PtBr(BO)(PR3),.

2. Original Papers.

(1) Guixiang ZENG and Shigeyoshi SAKAKI
“Noble Reaction Features of Bromoborane in Oxidative Addition of B—Br o-Bond to
[M(PMes),](M = Pt or Pd): Theoretical Study”  Inorg. Chem. 50, 5290-5297(2011)

(2) Guixiang ZENG and Shigeyoshi SAKAKI
“Theoretical Study on the Transition-Metal Oxoboryl Complex: M—BO Bonding Nature,
Mechanism of the Formation Reaction, and Prediction of a New Oxoboryl Complex”
Inorg. Chem. 51, 4597-4605 (2012)

3. Presentation at academic conferences

(1) Guixiang Zeng and Shigeyoshi Sakaki
“Noble Reaction Features of Bromoborane in Oxidative Addition of B—Br 6-Bond to
[M(PMes),](M = Pt or Pd): Theoretical Study”
The 14™ Symposium on theoretical chemistry (1P12), Okayama University, Okayama, May
12~14, 2011

(2) Guixiang Zeng and Shigeyoshi Sakaki
“Noble Reaction Features of Bromoborane in Oxidative Addition of B—Br 6-Bond to
[M(PMe3),](M = Pt or Pd): Theoretical Study”
The 7™ Congress of the International Society for Theoretical Chemical Physics (ISTCP-VII)
Waseda University, Tokyo, Japan, September 2-8, 2011.
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Nozomi TAKAGI

SPR Fellow, Fukui kenichi Memorial Research Group 2

1. Summary of the research of the year
A Theoretical Study of Dynamic Behavior of Hydrogen-bridged Bis(silylene)tungsten

Complexes

Hydrogen-bridged bis(silylene)tungsten complexes (1 — 3 in

A

Y g
/,//;U

Scheme 1) are of considerable interest, because these oc, "

complexes are considered as a model of the transition state in —-W\ H

H/D exchange of methane and silane by CppMR (M = Ln; R = oc !—,,/
RS R4

H, CHs, SiH3). The variable temperature 'H NMR spectra show

1:R'=H,R2=7Bu, R3=R*=Me
2:RI=R3=R*=Me, R?=/Bu
3:R!=R3=Me, RZ=R*=/Bu

Scheme 1

dynamic behavior involving site-exchanges of substituents (R'
to R*). Interestingly, only in 3 two different types of processes,
the cis/trans-exchange (Process 1) and the trans/trans-exchange
(Process II), were observed independently and simultaneously depending on the temperature,
though only Process I was observed in 1 and 2. I investigated the mechanism of the dynamic
behavior by density functional theory and post-Hartree-Fock calculations. The calculations indicate

that in the Process I the 1,3-Me migration occurs easier than the W=silylene rotation (Figure 1). In

+24.1
W=Si Rotation [+24.0]

+18.0 \MS“{ +17.9
+15.0

[+17.0] A [*17.1]
0 | 3-TS4a
3-TS2a  [+13.9] | FE K R—
- i — / 3-TS3a ’ -
1,3-Me Migraton S 3ntal i \[+11.6]
\ — 13-Int39"  jm—
i +15.8 A-TS4a
3-TS2b [+14.5] 3-T85
ST e 148 | 148 ntd - }
. ;o139 T — 1361 T 41LS,
#11.0 3-In2b
+9.71  +10.5 3-Int3b (r.0) [F10-1]
/ [+8.9] +11.4 4
/ [+9.4] +9.7 !
[+7.3] 3
-1.6
0.0 [-1.3]
cis-3 trans-3

Figure 1. Energy profile for cis/trans-exchange process (Process I) of 3 calculated at the B3PW91 and the
SCS-MP2 level. (in kcal/mol).
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a :}‘\ a \ :;\\ "~
0.0 kcal/mol oc % oc % 0.0
/ //Meb tBu/ //Mea

tBuy,

trans-3 trans-3'

Figure 2. Energy profile for trans/trans-exchange process (Process II) of 3 calculated at the B3PW91 and the
SCS-MP2 level. (in kcal/mol).
the Process II, the hydrogen-bridged bis(silylene) unit rotates with the smaller activation barrier
than that of Process I (Figure 2). This result agrees well the experimental fact that the Process II
takes place at lower temperature (AG¢298 = 12.3kcal/mol) than the Process I. The details of the
reaction features as well as the characteristic bonding features of the three-center interaction of

Si-H-Si, the W-Si double bonding nature, and the rather short Si-Si distance were also investigated.

A Theoretical Study of Unusual Y-Shaped Three-coordinate Pt Complex: Pt(0) o-Disilane
Complex or Pt(II) Disilyl Complex?

The wunusual Y-shaped structure of the recently reported three-coordinate Pt complex
Pt{INHC(Dip),](SiMe,Ph), (NHC = N-heterocyclic carbene; Dip = 2,6-diisopropylphenyl) was
considered a snapshot of the reductive
elimination of disilane. A density functional
theory study indicates that this structure arises
from the strong trans-influence of the
extremely c-donating carbene and silyl ligands.
Though this complex can be understood to be

a Pt(Il) disilyl complex bearing a distorted

geometry due to the Jahn-Teller effect, its Pt qi_pr.Cc-N = 27 3°

NMR chemical shift is considerably different Figure 3. Optimized structure of P{NHC(Dip),](SiMes),
at the B3PWOI level.
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from those of Pt(II) complexes but close to -

5d,% 6p,
those of typical Pt(0) complexes. Its PNHC(Dip), %+ 8 %

Si---Si bonding interaction is <50% of the

usual energy of a Si-Si single bond. The ‘ e l s
interaction between the Pt center and the . m GOQD
(SiMe,Ph), moiety can be understood in o-bonding MO o*-antibonding MO

. . Sch 2
terms of donation and back-donation cheme

interactions of the Si-Si 6-bonding and c*-antibonding molecular orbitals with the Pt center. Thus,
we conclude that this is likely a Pt(0) o-disilane complex and thus a snapshot after a considerable
amount of the charge transfer from the two silyl groups to the Pt center has occurred. Phenyl anion
(Ph") and [R-Ar] [R-Ar = 2,6-(2,6-iPr,CsH3),CsHs] as well as the divalent carbon(0) ligand
C(NHC); also provide similar unusual Y-shaped structures. Three-coordinate digermyl, diboryl, and
silyl-boryl complexes of Pt and a disilyl complex of Pd are theoretically predicted to have similar
unusual Y-shaped structures when a strongly donating ligand coordinates to the metal center. In a
trigonal-bipyramidal Ir disilyl complex Ir(SiR3)>(NHC)(PH3),, the equatorial plane has a similar
unusual Y-shaped structure. These results suggest that various snapshots can be shown for the

reductive eliminations of the Ge-Ge, B-B, and B-Si 0 -bonds (Figure 4).

£Si-Pt-C-N = 21.4° £B-Pt-C-N =16.0°

(D) P{{NHC(Dip),|(GeMe), (E) PNHC(Dip),|(BO,C,Hy),  (F) PINHC(Dip),|(SiMe3)(BO,C,H,)

Figure 4. Various snapshots for reductive elimination of Si-Si, Ge-Ge, B-B, and B-Si bonds calculated at the
B3PWO1 level.
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Masayuki NAKAGAKI
SPR Fellow, Fukui kenichi Memorial Research Group 2
1. Summary of the research of the year
Theoretical Study of Inverted Sandwich Type Complexes of N,

B-diketiminate ligands make low-valent and low-coordinate transition metal complexes and form the
inversed sandwich type complexes (ISTCs). Especially, ISTCs bridged by dinitrogen molecule are
interesting for its spin states and coordination mode of N,. The (p-N,)[Fe(DDP)], (DDPH =
2-{(2,6-diisopropyl-phenyl)imino } pent-2-ene, which is refer to “nacnac” in several works) was reported by
Smith et al. and the coordination mode of N, is n'-end-on. On the other hand, (u-N,)[Cr(DDP)], was
reported by Tsai et. al. and the coordination mode of N, is n’*-end-on mode (Scheme 1). The effective
magnetic moment pey of (u-1"m’-N,)[Cr(DDP)], at 293 K is 3.9 ps, which suggests antiferromagnetic
coupling between the Cr atoms, though the values of (u-n'm'-N,)[Fe(DDP)], is 7.9 pg, which seems to
ferromagnetic coupling between two metal atoms.

In this study, we investigated the electronic structure of the dinitrogen bridged ISTCs of chromium(I),
manganese(I), and iron(I) and clarify the differences between these complexes.

Scheme 1 (u-N»)[M(AIP)], (M= Cr, Mn, Fe; DDP: R=Me, R’=2,6-'Pr,C¢H;; AIP: R=H, R’=H)

n*-end-on n?-side-on

We replaced the DDP ligands with AIP (AIPH = 1-amino-3-imino-prop-1-ene; Scheme 1) for brevity. The
validity of using the model complex was confirmed in our previous study of benzene complex. Geometry
optimizations were carried out for each spin states by the complete active space self-consistent field
(CASSCF) method. The active space consists of the d-orbitals of two metals and two wn* orbitals of
dinitrogen molecule. The second-order perturbation theory with a CASSCF reference function (CASPT2)
calculations were carried out at CASSCF optimized structures. CASCI calculations with the orbitals were
carried out to obtain the occupation number and spin density of each localized orbitals

The relative energies of various spin states of (u-N,)[M(AIP)], (M=Cr, Mn, Fe) with n'-end-on and
n’-side-on coordination modes of N, are listed in Table 1. In the (u-N,)[Cr(DDP)],, the singlet state is the
most stable spin state, though the stability is similar to each other among singlet to nonet. Under the

Boltzmann distribution at 293K, the effective magnetic moment estimated by CASPT2 is = 2.7 pg, which
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is close to the experimental value (3.9 pg). In the (u-N,)[Fe(AIP)],, the septet state with n'-end-on is the
most stable, which agree with the experimental result. In the (u-N,)[Mn(AIP)], nonet state with n>-side-on is
slightly more stable than that with n'-end-on mode. Compare to the case of Cr complex, the energy

differences of spin states are large, that is, strong high-spin coupling.

Table 1 Relative energies (kcal/mol) with end-on and side-on modes of (u-N,)[M(AIP)], (M=Cr, Mn, Fe)
calculated by CASPT2 method.

(1-N2)[Cr(AIP)];  (-N)[Mn(AIP)],  (u-No)[Fe(AIP)],
n'-end n>side n'-end n-side n'-end n-side

11tet 23.2 11.6

Otet 22.5 4.0 0.2 0.0 28.9 14.8
Ttet 17.8 2.6 52 5.0 0.0 3.6
Stet 13.2 1.4 9.6 94 7.4 9.8
3let 10.1 0.5 13.8 13.9 14.0 15.6
1let 8.4 0.0 18.4 18.7 21.8 22.0

Molecular orbital (MO) interaction diagram of (u-n*n>-N,)[Cr(AIP)], is shown in Scheme 2. The right
hand is the orbital diagram of Cr(AIP) moiety and left hand is N, n* orbitals. The energy destabilization of
Cr dy, orbital is large because of the overlap with the lone pair orbital of AIP ligand. The CASSCF(10,12)
natural orbitals of (u-n*n’-N,)[Cr(AIP)],, which correspond to the optimized orbitals in Scheme 2, are
shown in Figure 1. Number in parentheses represents occupation number in the singlet state. The n-bond
orbital (¢;), which consists of two Cr dy, orbitals and N, n*, orbital, is very stable and almost doubly
occupied. Though the Cr d,, orbital belong to same symmetry with N, n*, orbital, the 8(d,)-bond between
N, and two Cr(AIP) is not confirmed. The other 8 electrons of active space singly occupy in d,, dyy, deoyo
and d,, orbitals (¢,-@y). Generally, high spin state is more favorable than low spin state when orbital energies
are similar. However, the d,, orbital in by, (¢,) is stabilized by unoccupied n*, orbital and dy, orbital in by,
(o) is destabilized by occupied m, orbital. Because the energy levels of degenerate d-orbitals split by these
interactions, two electrons in paired d-orbitals prefer open-shell singlet. In fact, the occupation number of ¢,
is 1.02 and the one of @g is 0.94.

Scheme 2 MO diagram of (u-n*:n*-N,)[Cr(AIP)],

n*'A, state b

T, " TR

N, (1-N,)[Cr(AIP)], Cr(AIP), Cr(AIP),
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95(1.06) _ 0:(0.97) 95(0.99)

95(0.94) $10(0.02) ¢11(0.01) 912(0.01)
Figure 1. CASSCF orbitals of (u-1"m*N,)[Cr(AIP)],.

The MO diagram of (u-n'm'-N,)[Fe(AIP)], are shown in Scheme 3. In the isolate Fe(AIP), the A, state
which has doubly occupied dy.y» and d,, orbitals is ground state, though the B, state which has doubly
occupied dy, and dy, orbitals is only 0.6 kcal/mol higher at CASSCF level. At the n'-end-on mode, bonding
orbital is formed by Fe d,, orbitals and N, w*; orbital. The CASSCF(10,10) natural orbitals of
(u-n'm'-Ny)[Fe(AIP)],, which correspond to the optimized orbitals in Scheme 3, are shown in Figure 2 with
the occupation numbers of the septet state in parentheses. To avoid the convergence problem, the d,, orbitals
were excluded from the active space and taken as core orbitals. There are two bonding orbitals, n(d,,)-bond
and m(dy,)-bond, and they are doubly occupied in main electron configuration. Two d,».y», dyy orbitals and
non-bonding dy,, dy, orbitals are singly occupied and it takes high-spin coupling.

The electronic structure of (u-n*n’-N,)[Mn(AIP)], is similar to that of (u-n'm'-N,)[Fe(AIP)], By the
forming of ISTC, the Mn dy, and d,, orbitals form m(d,,)-bond and &(dy)-bond with the two N, n* orbitals
instead of m(dy,)-bond because of difference of coordination mode.

Scheme 3 MO diagram of (u-n'm'-N,)[Fe(AIP)],

n'-"B,, state $uo i
'._),.,- ",—\ - _E.bg
OF, L TR
N, (u-N,)[Fe(AIP)], Fe(AIP), Fe(AIP),
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¢1(1.55) 9(1.45) ¢5(1.00) ¢4(1.00) 95(1.00)
9(1.00) 97(1.00) ¢5(1.00) 99(0.55) ©10(0.45)

Figure 2. CASSCF orbitals of (u-n'm'-N,)[Fe(AIP)],

Different from the n-bond of (p-N,)[Cr(AIP)],, the occupation numbers of anti-bonding orbitals are large in
(1-N2)[Mn(AIP)], and (u-N,)[Fe(AIP)],. Table 2 shows the main electron configurations of °B,, state of
(u-n*1*-N,)[Mn(AIP)], and 7B1g state of (u-n'm'-Ny)[Fe(AIP)], in CASSCF wavefunction. In fact, both
states have several important configurations. In ‘B, state, the second reading terms are single or double
excitation from bonding orbital to anti-bonding orbital. In °B,, state, configurations which have excitation
from bonding orbital to anti-bonding orbital of &(d,y)-bond are more dominant. This multi-reference
character results from the spin polarization of bonding orbitals. In (u-N,)[Mn(AIP)], and (u-N,)[Fe(AIP)],,
the non-bonding orbitals, which consist of the same d-orbitals as bonding one, are singly occupied, though
the non-bonding dy, orbital is vacant in (u-N,)[Cr(AIP)],. The exchange integral between bonding and
non-bonding orbital is clearly larger than the others. So the spin polarization, a-electron polarizes to metal

side and B-electron polarizes to N, side, occurs to stabilize by the exchange interaction.

Table 4 Main electron configurations of CASSCF wavefunction. Orbital index correspond to Figure 5 and 6

State Configuration Coefficient

P1 P2 Q3 Ps Qs Qs O7 P Q9 Qo P11 P12

(u-1"M*-N,)[Mn(AIP)],

By 2 @ o0 o 0 0 o 0 o « B 0 0.6135
B a a o o o o a o o P o —0.5363
2 2 o o o o o o ao o O O 0.3108
¢ 2 o o o o o a o o O p -0.1912
0 o o o o o o o ao o P 2 —0.1839
(un'm'-No)[Fe(AIP)1,
7B1g 2 2 o o o o o o 0 O 0.5804
2 o a o o o o o P O 0.3707
¢ 2 o o o o o o 0 P 0.3236
2 00 o o a o o o 2 0 —0.2284
0 2 a o o o a ao 0 2 —0.2096
0 o o o o o o o P P 0.1861
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The spin polarization can be recognized by localized orbital description. Table 3 shows the main electron
configurations of CASCI wavefunction with the localized molecular orbitals under C,, symmetry. In this set
of orbitals, the °B,, state of (u-n"m’-N,)[Mn(AIP)], and the "By, state of (un'm'-N,)[Fe(AIP)], could be
mainly expressed by one configuration. In the configuration, f-electrons occupy the N, n* orbitals though the
a-electrons occupy the d-orbitals of M(AIP), which can be regarded as three-center three-electron (3c-3e)
bond.

Table 3 Main electron configurations of CAS-CI wavefunction with the localized molecular orbitals under

C,, symmetry. Parentheses represent double occupied (core) orbitals.

State  Configuration Coefficient
MI(AIP) M2(AIP) N>
de—yZ dzZ dxy dxz dyz dx2—y2 dzZ dxy dxz dyz * z * X

(u-n"m?-No)[Mn(AIP)],

B,y « o o o o o o o o o § B 0.8136
o 0 o o o o a o o B o B —0.1799
o o o o B o o o o o o B 0.1799

(u-n'm'-No)[Fe(AIP)],
7B1g 2) o o o o (2 o o o o P B 0.7744
2) o o 2) o o o B « B —0.1769
2) o o o P (2) o o o o o B —0.1769

=]

Summary

In the (u-N,)[Cr(AIP)],, the spin states of two Cr atoms take weak low-spin coupling and the open-shell
singlet is the most stable state, though the spin states are near degenerated among singlet to nonet. The
n-bond orbital, which consists of dy, orbitals of two Cr atoms and n*, orbital of N,, is very stable and almost
doubly occupied. The degenerated d-orbitals of two Cr(AIP)s split because the d,, orbital in b, is stabilized
by unoccupied ©*, orbital and d,, orbital in by, is destabilized by occupied m, orbital. Because of the energy
splitting, eight single occupied d-electrons prefer the open-shell singlet.

In the (u-N,)[Mn(AIP)], and (u-N,)[Fe(AIP)],, the spin states of two metal atoms take strong high-spin
coupling, nonet and septet states are most stable states, respectively. They form two bond between N, and
two M(AIP) moieties; n(dy,)-bond and m(dy,)-bond in n’-side-on and n(dy,)-bond and m(dy,)-bond in
n'-end-on. The single occupation of non-bonding orbitals cause the spin polarization of bonding orbitals,
a-electron localizes to metal side moieties and B-electron localizes to N, side, and the high-spin state is
favorable.

In the (u-N,)[Cr(AIP)],, n*-side-on coordination mode of N, is obviously stable than 1'-end-on mode
because of the favorable orbital overlap between Cr dy, and N, m* orbitals to form the m-bond. In the
(u-N)[Mn(AIP)], and (p-Ny)[Fe(AIP)],, the stabilities of two coordination modes are comparable, because
the advantage of the n(d,)-bond compared to the 6(dy)-bond and destabilization of n(d,,)-bond cancel out.
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Terutaka YOSHIZAWA
SPR Fellow, Fukui kenichi Memorial Research Group 2

1. Summary of the research of the year

NMR shielding constants of CuX, AgX, and AuX (X =F, Cl, Br, and I) investigated by density
functional theory based on the Douglas—Kroll-Hess Hamiltonian

Introduction

NMR shielding constants of heavy metal elements are of considerable interest in molecular
science and theoretical chemistry, because those shielding constants reflect characteristic electronic
structure, in particular, relativistic effects in the system including heavy elements. Actually, David and
Restrepo recently reported that the paramagnetic term of the Au nuclear magnetic resonance (NMR)
shielding constant of AuF molecule is more than three times as large as those of AuCl, AuBr, and Aul.
They discussed that this result arises from spin-orbit (SO) effect enhanced by the high
electronegativity of F atom. Since their report, the relation between the SO effect and the
electronegativity attracts a lot of interests, because the SO effect does not seem to directly relate to
electronegativity. However, the mechanism of the relation has not been elucidated yet.

In the present study, we combined the DFT method with the second-order DKH (DKH2)
one-electron Hamiltonian and applied it to the calculation of the NMR shielding constant. Then, we
applied this method to the NMR shielding constant of the metal in CuX, AgX, and AuX (X =F, Cl, Br,
and I), investigated relativistic effects on the NMR shielding constant, and discussed the reasons why

the electronegativity of halogen influences the NMR shielding constant.

Results and discussion
Cu, Ag, and Au shielding constants of MX (M = Cu, Ag, or Au; X =F, Cl, Br, or I)

NMR shielding constants of metal center are summarized in Table 1 The Cu shielding constant of
Cul agrees well with the experimental value in the HF, B3LYP, and BP86 calculations.

In the Ag chemical shift, AgNO; in aqueous solution was experimentally taken as a reference. In
general, it is difficult to calculate the shielding constant with solvation structure. Hence, we employed
here the chemical shift relative to that of AgF. The HF-calculated 6(Ag) value is considerably negative
in AgCl, AgBr, and Agl, which does not agree with the experimentally reported increasing order of
O0(Ag); AgF < AgCl < AgBr < Agl. The B3LYP- and BP86-calculated d(Ag) values are negative at
AgCl but increase in the order AgF < AgBr < Agl. These results indicate that the DKH2-B3LYP and
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DKH2-BP86 methods are better than the DKH2-HF method.

The DKH2-HF-calculated Au shielding constant decreases in the order AuF >> AuCl > AuBr ~
Aul, which agrees with the decreasing order of 4c-HF-calculated values. However, it is noted that the
DKH2-HF method overestimates the Au shielding constant by about 1000 ppm, compared to the
4c-HF method. The similar overestimation was reported also in the ZORA-DFT-calculated Hg
shielding constant of HgX,, compared to the 4c-DFT value. These overestimations would be due to
insufficiency of the higher order relativistic correction terms of the DKH Hamiltonian. Though the
DKH2-DFT-calculated Au shielding constant of AuF is somewhat smaller and those of AuBr and Aul
are somewhat larger than the 4c-HF values, the same trend of the Au shielding constant is observed, as
will be discussed below.

As reported by David and Restrepo, the Au shielding constant of AuF is extremely larger than
that of the other AuX in our DKH2-DFT and DKH2-HF calculations. However, the Cu and Ag
shielding constants of CuF and AgF, respectively, are not very large; see Table 1 All these results
indicate that the large Au shielding constant in AuF is characteristic and its reason is of considerable
interest from the viewpoint of the relativistic effects, as follows: The Au shielding constants of AuF
calculated by the scalar relativistic DKH2-B3LYP method is the smallest; 6926 ppm, 8658 ppm, 9186
ppm, and 9753 ppm for AuF, AuCl, AuBr, and Aul, respectively. This result clearly indicates that the
scalar relativistic effect is not responsible for this characteristic feature and the SO effect plays an

important role for the very large Au shielding constant of AuF.

Table 1. Metal shielding constant (in ppm) of MX (M = Cu, Ag. or Au; X =F, Cl, Br, or I) calculated by the
DKH2-HF, DKH2-B3LYP. and DKH2-BP86 methods.

Molecule DKH2-HF DKH2-B3LYP DKH2-BP86 Exptl. 4c-HF?
o(Cu) CuF 2043 1754 1299 1787
CucCl 2005 1708 1580
CuBr 2060 1899 1814
Cul 2112 (585)° 2166 (292)° 2143 (274) 2184 (641)><
o(Ag) AgF 5047 (0)¢ 4987 (0)¢ 4997 (0)d (0)ie 4634
AgCl 4825 (=221 4794 (-193)¢ 4809 (—188)¢ (65)te
AgBr 4830 (—217)¢ 5082 (95)¢ 5190 (193)¢ (155)e
Agl 4830 (—217)¢ 5425 (438)¢ 5609 (612)¢ (360)de
o(Au) AuF 32635 25527 23747 31611
AuCl 16130 14437 14196 14937
AuBr 15501 15712 15891 14459
Aul 15523 17669 18194 14454

aRef [1]. "The value in parenthesis is the anisotropies of the shielding constants. “Ref [2]. 4The values in
parenthesis is relative value to 6(Ag) of AgF. “Ref [3].

Contributions of diamagnetic, paramagnetic, spin-dipolar, and Fermi contact terms to metal shielding

constant of MX
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3000 To elucidate the reason why the Au

+— ¢ ¢ .’ shielding constant is much larger in AuF
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\t———g——i and Cu shielding constants of AgF and CuF,

E
Q
& 0 T T T *  we decomposed the metal shielding constant
=]

CuF  CuCl CuBr Cul ) . ) .
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];' 2000 SD+FC term largely cancels the increase in
1000 ‘\‘/‘/'/‘ the paramagnetic term, leading to the

0 T T T '  moderate increase in the Cu shielding
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25000 the SD+FC term little changes. As a result,
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when going from AgF to Agl. This is against
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- AUBr Aul the general trend that the paramagnetic term
110000 of metal halide depends on the halide. In the
—+—Dia —@-Para —&SD+FC —@—Total Ga shielding constant of GaX, and the In

Figure 1. Diamagnetic, paramagnetic, and sum of one of InX,, however, the paramagnetic
spin-dipolar and Fermi contact terms of MX (M = Cu,  term little changes when going from X = Cl
Ag, or Au; X = F, Cl, Br, or I) calculated by the
DKH2-BP86 method.

to I like AgX, (while the diamagnetic term
largely changes). This means that the little
dependence of paramagnetic term on halide in AgX is not surprising; the reason must be discussed in a
near future. The SD+FC term moderately decreases when going from AgF to AgCl but then
moderately increases when going from AgCl to Agl. As a result of these changes, the Ag shielding

constant of AgF becomes moderately smaller than those of AgBr and Agl. In AuX, the paramagnetic
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term considerably increases but the SD+FC term extremely decreases, when going from AuF to AuClL
When going from AuCl to Aul, both terms moderately increase. Based on these results, it is concluded
that the extremely large Au shielding constant in AuF arises from the extremely large SD+FC term in

AuF. Thus, the next issue to be investigated is the reason why the SD+FC term is very large in AuF.

Reason why SD+FC term is very large in AuF.

We evaluated how much each transition between the occupied and virtual orbitals contributes to
the paramagnetic term of CuX and AuX. In CuF, the HOMO — LUMO transition contributes the most
to the paramagnetic term. In AuF, the HOMO-1 — LUMO transition contributes the most. Both of the
HOMO of CuF and the HOMO-1 of AuF mainly consist of the metal d; orbital into which the F p,
orbital mixes in an anti-bonding way, as shown in Figure 2. The LUMO mainly consists of metal s and
d, orbital with which halogen p, orbital overlaps in an anti-bonding way. These two MOs are named
(di—pr) and (s+d,—p;), respectively, hereafter. On the other hand, the contribution of this transition is
very small in the other MCI, MBr, and MI. More important is that this contribution decreases very
much by about 3000 ppm when going from AuF to AuCl and by about 1000 ppm when going from
CuF to CuCl. The HOMO-LUMO (or HOMO-1-LUMO) energy gap is not different very much; it is
1.82 eV, 1.92 eV, 1.85 eV, and 1.72 eV for CuF, CuCl, CuBr, and Cul, respectively, and 1.79 eV, 1.83
eV, 1.63 eV, and 1.42 eV for AuF, AuCl, AuBr, and Aul, respectively. These results suggest that not the

denominator of Eq. (1) but the numerator is responsible for the large negative paramagnetic term of

AuF:
O 0 1) 1) 10)
thl:ara — _OZ Vz <¢1 |ht ¢)a ><¢)a hu,SF |¢(;> tigoz hu,SF ¢a><¢a ht |¢l> . (1)

As shown in Figure 2, the metal d-orbital component of the HOMO (or HOMO-1) is considerably
larger than the F p-orbital component only in CuF and AuF. Moreover, the contributions of the metal
d-orbital component is dominant in the HOMO (or HOMO-1)-LUMO contribution. The mixing (or
overlap) between the metal d-orbitals of the HOMO (or HOMO-1) and of the LUMO is essential for
the Cu and Au shielding constants. Actually, the metal part of the LUMO for CuF and AuF is the
largest in CuX and AuX, respectively. On the other hand, the Ag d-orbital component is smaller than
the F p-orbital one in the HOMO (d,—p,) of AgF, like the other halides. Therefore, the large
paramagnetic terms of CuF and AuF are attributed to the large metal d-orbital component of the
HOMO or HOMO-1 (d,—p,), respectively.

The d component of the d,—p, MO mainly depends on the relative energies of M d; and X p,
orbitals; if the X p, is at a lower energy than the M d, the M d,, component is larger than the X p,

component, as schematically shown in scheme 1. The 4d orbital of Ag is at considerably low energy,
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as well known. As a result, the 4d component of Ag is considerably smaller than the F p, orbital in the

d—pr MO of AgF. On the other hand, the d orbitals of Cu and Au are at higher energy than the F p,

orbital, which leads to the large d, component in the d,—p, MO. When going from MF to MCI, the

halogen p, orbital energy rises in energy, and hence the d, orbital component decreases in the d,—p;

MO of MCL.
F=Cu Cl-Cu Br—Cu
w o) o) @ “d
- QB $B &8 3*
F-Ag Cl-Ag Br-Ag
». @ «P 00.
- @8 Gt $t P
Cl-Au Br—Au 1-Au
LUMO

oo. P @ »
- 3% 3¢ $¢ Qe

Figure 2. Frontier MOs of MX (M = Cu, Ag, or Au; X=F, Cl, Br, or
I). HOMO-1 is shown only for AuF. Metal atom is in the right side
and halogen atom is the left side. The bond axis corresponds to the Z-
axis. These MOs are calculated by using the scalar relativistic DKH2-
BP86 method in the Gaussian09 program package.

—H— clP,
| ( /
Mg, wett
l .","’ Q/ .“‘. .‘:I
+ 9 H @
CuF and AuF - agf O/

Scheme 1. MO diagram for MX (M = Cu, Ag, and Au; X=F, Cl,
Br, and I).
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“Multistate CASPT2 Study of Native Iron(I11)-Dependent Catechol Dioxygenase
and Its Functional Models: Electronic Structure and Ligand-to-Metal Charge

Transfer Excitation”
J. Phys. Chem. B 115, 4781-4789(2011).
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Toru MATSUI
Visiting Scholar, JSPS Fellow (Osaka University)

1. Summary of the research of the year
(A) DNA Scission Reaction by Metallo-Bleomycin: Similarities and Differences between Fe-
and Co- Bleomycin

DNA scission reactions by Fe- and Co-bleomycins (BLMs, the model is shown in Scheme A-1)
were theoretically investigated with the density functional theory (DFT) method. The geometry of
transition states is similar between Fe- and Co-BLMs. In this study, we theoretically investigated
the DNA scission reaction on the basis of the idea that DNA can be nicked by the -OH radical via
O-0O homolysis. We reproduced the computed reaction barrier in Fe-BLM proposed by Decker et al.
and estimated that the reaction barrier of DNA scission is too high in the case of Co-BLM.
Especially in the case of Co-BLM, the triplet state is more stable than the open-shell singlet in the
transition state. When we run the IRC calculation from the transition state in triplet state, we obtain
the different geometry from the original ground state. From these results, we found that the DNA
scission reaction by Co-BLM can occur in the triplet state and that there exist two triplet states as
the excited state of Co-BLM. To obtain the whole image of photo-excited states of Co-BLM, we
computed singlet and triplet excited states by using TD-DFT. Figure A-1 shows the results of
computed UV-Vis spectrum of Co-BLM. This UV-Vis spectrum agrees well with the experimental
data. When the excitation energy is small, the electronic state changes from the closed-shell singlet
to the lowest excited triplet (T;) state via So state which corresponds to the small peak found in
UV-Vis spectrum. After reaching Tj-opt geometry, this reaction occurs thermally through the cross
point. From the result of potential energy surface, it is found that 22.1 kcal/mol more energy is

needed to pass the cross point from the T;-opt geometry.

(@ N 4 (b)

e

N\
‘(}\\

-

Scheme A-1: Two models used in this study. (a) large model which contains a peptide part and DNA
backbone. (b) small model which removes the peptide and DNA backbone
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Figure A-1: (a) Computed (left) and observed UV-Vis spectra (right, Taken from Chang and Meares,
Biochemistry, 1984, 23, 2268, Figure 5.) (b) Scatter plot of relative energy (in eV) from S, state and

the subtracted electron densities of important excited state from Sy state.

'

B o = =

34.0

15.1 — Triplet
0.0 — Singlet

Figure A-2: Summary for the photo-induced reaction in Co(IIl)-BLM.

When the excitation energy is large enough, the electronic state changes to the T, state via triplet
states To, T and singlet state S,s corresponding to the peak in UV-Vis spectrum. This excitation
energy is so large that the reaction could occur spontaneously. The whole reaction diagram is shown
in Figure A-2.

The difference of reactivity in DNA scission reaction between Fe-BLM and Co-BLM can be
understood by using small model. When we devide the bond scission energy into several terms, it is

found that the bond energy of metal-ooxygen bond mainly contributes to the difference.
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Figure A-3: (a) Potential energy surface for O-O in each metal. Co(T) has two local minima and a
cross point between two electronic states. (b) The distance between metal and O atom in each

optimized geometry in small model.

Next, we focused on the O-OH bond in HOO-M(III)-BLM with the 1D-potential energy surfaces
for the bond length 1(O,—Oy). We draw the 1D- potential energy surface as shown in Figure A-3a.
When O-O bond is 1.80 A, the T, state is 5 kcal/mol more stable than T,, whereas T; is 4 kcal/mol
more stable in O-O bond is 1.90 A. Therefore, there exists a cross point between T; and T, state
around O-O: 1.80-1.90 A. Within the single reference calculation, we cannot obtain the relative
energy of cross point. After the cross point, we can obtain a local minimum of HOO-Co(Ill)-BLM
(minimum of T; state).

Figure A-3b shows the change of the distance between the metal and O, atom. The distance
between Fe and O, decreases as the value (O,—Oy) becomes larger, whereas the distance between
Co and O, does not strongly depend on the value #(O,—Oy).

The difference in metal-oxygen bond energy can be explained by the difference in occupation
number of d-electron. Fe-OOH species can use the energy from d-m bond to decrease the energy for
0O-0O cleavage. On the other hand, Co-OOH species cannot take the advantage and needs much more

energy for the dissociation.

(B) A Consistent Scheme for Computing Standard Hydrogen Electrode and Redox Potentials

The standard hydrogen electrode (SHE) potential in aqueous solution was evaluated with new
computational procedure which provides the Gibbs energy of a proton in aqueous solution from the
experimental pK, value and the Gibbs energy change by deprotonation reactions of several neutral
alcohol molecules as shown in Figure B-1. Table B-1 lists the Gibbs energy of a proton and SHE
potential obtained by our new computational schemes. The most reliable Gibbs energy of a proton
is measured by Tissander et al. When we employ ab initio calculation method such as HF and
post-HF calculations, the computed energy almost reproduces this value, whereas DFT tends to
underestimate the G(H', aq) by 4-7 kcal/mol.

—204 —



IV BRZREAE (2011)

\
1

Sh* 2
T HY H*
d 4
CF;CH,0OH CHCI,CH,0OH HCCCH,OH CH,CICH,OH
pPK,=12.37 pK,=12.89 pK,=13.55

HOCH,CH,OH
pK,=14.77

CH,OCH,CH,OH
pK,=14.82

CH,CH,OH
pK,=15.90

PK,=15.74

Figure B-1: The reference molecule and its observed pK,.

Table B-1: Computed Gibbs energy of Ha(gas), Gibbs energy of proton and SHE potential in each

computational method.

Hy(gas)/ a.u. H'(agq)/an. SHE/V
B3LYP/6-31G* -1.176 831 -0.407 78" 4.88
B3LYP/6-31+G*  -1.176 929 -0.404 371  4.99
B3LYP -1.180 489 -0.413945  4.80
BHandHLYP* -1.170 182 -0.417 645 4.54
BLYP -1.170 171 -0.404 263  4.87
LC-BLY* -1.159 827 -0.415463 4.44
MO06 -1.171 108 -0.402 285  5.00
HF/CBS -1.134 578 -0.427 640  3.80
MP2/CBS -1.168 626 -0.422 656  4.40
MP3 -1.175 017 -0.422 550 4.49
MP4(DQ) -1.176 600 -0.426 358 4.41
MP4(SDQ) -1.176 646 -0.425964 4.42
CCSD -1.177 276 -0.424 967 4.45
CCSD(T)“ -1.177 276 -0.422 578 4.52
G3MP2 -1.181 772 -0.423 967 4.54
G3 -1.178 832 -0.422997 4.53
G3B3 -1.179 145 -0.423 041 4.53
Exp. -0.423 739°  4.44

When we employ MP3, and MP4(DQ), G(H', aq) are somewhat overestimated. The basis set
effect on the Gibbs energy of a proton first examined at the B3LYP level. As shown in Table B-1,

the inclusion of diffuse function such as 6-31+G* considerably changes the Gibbs energy. Because
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the Gibbs energy moderately changes when going to 6-31++G** from 6-31+G*, we employed
6-31++G** hereafter. Most of DFT methods overestimate the SHE potential. The overestimation
in DFT calculation comes from the underestimation of energy of G(H+, aq) as discussed in the
previous section. This overestimation corresponds to the 0.17-0.30 V compared with previously
reported theoretical values. As the ratio of HF exchange increases in the hybrid functional, the
computed SHE potential becomes closer to the experimental value; see B3LYP, BHandHLYP, and
BLYP calculations in Table B-1. The importance of HF exchange is also seen in
LC-BLYP-calculated values which better agrees with the experimental value than BLYP-calculated
value. The HF/CBS method considerably underestimates the SHE potential as shown in Table B-1.
Judging from the result that the HF-calculated Gibbs energy of a proton is almost the same as that
calculated by the other method, the error arises from the energy of H, in gas phase. It is likely that
the lack of the correlation energy in the HF method is a plausible reason. Most of post-HF methods
reproduce the experimental SHE potential. CCSD(T)-calculated SHE potential slightly
overestimates the [UPAC value of 4.44 V. G3, G3MP2, and G3B3 methods also provide a
moderately different SHE potential from the other post-HF methods.

This scheme also reproduces well the redox potential of several typical reactions within almost 0.1
V. B3LYP also gives excellent redox potential of the same reaction with almost the same accuracy
with our new computational scheme. This computational scheme will be applicable to compute

many redox potentials.
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Wilfredo Credo CHUNG

FIFC Fellow
(To 30 Sept. 2011)

1. Summary of research for the year

A Nonadiabatic Ab Initio Dynamics Study on Rhodopsin and its Analog Isorhodopsin: Chemical
Dynamics Reasons Behind Selection of Rhodopsin by Life

Rhodopsin (Rh) has 11-cis retinal as chromophore and is the photosensitive chemical found on
the outer segment of rod-like cells in the retina, the light-sensing structure of the eye. Isorhodopsm
(isoRh) is an Rh analogue that contains 9-cis retinal embedded in the same opsin environment.
Both are known to yield bathorhodopsin (bathoRh), a photoisomer that contains all-trans retinal, via
cis-trans isomerization of the 11 or 9 position upon absorption of a photon. Despite their similarity,
the photoisomerization period and quantum yield i is largely different. Rhodopsm photoisomerization
is experlmentally known to be faster (trn = 200 fs* , tisorn = 600 fs® ) and more efficient (quantum
yield: ®gp, = 0.657, Ojgorp = 0.22°).

We carried out a Quantum Mechanics/Molecular Mechanics (QM/MM) trajectory surface
hopping (TSH) direct dynamics calculations in order to understand the origin of the dlscrepancy
Comparlson is also made with our prev1ous calculations” '’ The transition probability is estimated
using the Zhu-Nakamura (ZN) theory'' of nonadiabatic transitions. We call the present scheme the
ZN-QM/MM-TSH scheme. The QM region is essentially a protonated Schiff base of retinal (see
Figure 1 of reference 9 and Figure 2 of reference 10). The rest of the molecules were treated with
MM using mechanical embedding. The QM treatment was the 6-electron-6- orbltal complete active
space self-consistent field (CASSCF) technique'* ' w1th the 6-31G basis set'*. The MM part was
described by AMBER parameters in Gaussian 03'. 162 trajectories were calculated in total for
both Rh and isoRh starting material at 300 K. Geometries of minima in the ground state and
minimum energy conical intersections (MECI) are identified to analyze the dynamics results.

We have already shown” ' that retinal molecule without opsin leads to rotations of ¢1; and do

rotates in a direction opposite to each other. Thus, the essential feature of isomerization motion after
photo-excitation is intrinsic in retinal itself.

The experimental photoisomerization period and bathoRh quantum yield are reproduced
reasonably (see Table 1). The slight discrepancy between the 51mulat10n and experiments are due to
the failure of the chosen QM/MM treatment to reproduce a barrier®'” in the excited state in isoRh
reported in experiments. Even a tiny barrier would have slowed down the photoisomerization by
trapping the trajectories in the excited state and yield a quantitatively accurate timescale and
quantum yield.

Tabl | 1 h h Table 1. The ratio of photo products, quantum yield and photoisomerization
aple L also Shows t at period of rhodopsin in comparison with isorhodopsin. The values in square
photoexcitation of Rh gives brackets are taken from the corresponding gas-phase PSB calculations®.

bathoRh (and the reactant) reactants
whereas the isoRh excitation Rh(11-cis) isoRh(9-cis)
ields a 9,11-dicis analog in photoproducts bathoRh(all—trans) 52 [27] 31[13]
addition to' bathoRh (and. the %) e asien 6 1821
! 11-cis 48 [51] 0[5]
reactant). ~ This  byproduct 9,11-dicisRh 0 [0] 410]
formation n isoRh quantum yield calc. 0.52 0.31
photoisomerization is another expt. 0.65 0.22°
reason why life uses Rh rather photoisomerization calc. 187[185] 344[665]
period (fs) expt. 200*° 600°

than isoRh. Shown in Figure 1

are the plots of the time °References9 and 10.
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for Rh. the lack Of,‘ isoRh systems. Blue triangles are transition points from the excited state to the ground state.
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access of

trajectories to a clockwise twist in ¢;; in addition to rapid change in ¢;; to -90°, where an MECI is
located. Figure la shows that most of trajectories are in a similar and simultaneous way in the
excited state, consistent with vibrational coherence revealed in an experiment on Rh'® although the
present treatment of the nuclei is classical except for transitions. In the case of isoRh (Figure 1b), a
few trajectories are initiated by a clockwise twist of ¢¢ in the excited state although the twist is
unsuccessful and isoRh is regenerated in the ground state (Sp). Thus, all bathoRh photoproducts are
formed via counterclockwise twist of the active dihedral ¢9 or ¢;;. This obviously hindered
isomerization is due to the constraints offered by the opsin environment especially by amino acid
residues close to the binding pocket. In contrast, in our previous gas-phase PSB simulations, twists
in both directions take place (cf. Figure 6, reference 10). The slower twist in isoRh is in the excited
state. This is another consequence of the slower isoRh excited-state dynamics.

Figure 2

[041|-R41 diagram for typical log|-Rg diagram for typical shows the
th ——>IbathoBh trajgctorigs iso‘Rh —> batthh trz‘ajectorlies diagram of the
active  twist
angle and the
length of the
active  bond
for five
typical

0 30 60 90 120 150 180 0 30 60 90 120 150 180 trajectories
[044] (degree) og| (degree) for Rh and

isoRh.  Fast
and

1.6

1.6

(a) Rh (b) isoRh

1.5}

Ri1 (A)

1.4}

1.3

Figure 2. Change in length of the active bond -Cn-Cn+1- against the absolute value of the dihedral
angle Cn-1-Cn-Cn+1-Cn+2 for typical (a) Rh (n = 11) and (b) isoRh (n = 9) trajectories leading to .
the all-trans form. The solid and dashed lines shows that trajectories are in the excited and ground stralghtfgrwgr

states and the black triangles correspond to transition from the excitated state to the ground state. d dynamics in

Rh is shown
in Figure 2a whereas complicated excited-state dynamics is evident in the isoRh case in Figure 2b.

Why is the isoRh photoisomerization more difficult compared to that of Rh? One reason is the
atomic displacements required by the chromophore at the excited state potential energy surface to
reach the conical intersection region. Shown in Figure 3 is a superimposed image of the Sy
optimized geometry and the geometry adapted by the chromophore at the crossing region. The
pocket that contains the retinal chromophore is similar in shape for both the Rh and isoRh case.
Opsin residues Thr118 and Tyr268 create a narrow gap near the -Co=C;(-C;;= region of the retinal
chain with the two residues coming as close as 7 A to each other. The isoRh photoisomerization is
more difficult compared to that of Rh because of at least two reasons: (1) the isoRh isomerization
requires more space than that of Rh and (2) the dihedral that needs to be twisted in the isoRh case
(-Co=C¢-) is situated within the narrow gap between Thr118 and Tyr268.
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Another reason is the initial acceleration of
retinal atoms induced by surrounding residues. The
initial force between two atoms for a few
retinal-opsin atom pairs is listed in Table 2. Cys187,
Thr118 and Tyr268 are close enough to the
chromophore to  significantly influence the
isomerization. For example, for the atomic distance
between the C, hydrogen in retinal and the oxygen in
Cys187, the projected inter-atomic force for Rh is
about 15 times larger than the counterpart for isoRh.
Also, a five-fold difference is found for the force
between retinal C;p and Tyr268. Such differences
partially explain the discrepancy in the speed and
efficiency of the cis-trans isomerization between the

o = (E)\}s;}\m

N

Table 2. Initial interatomic forces between most
relevant chromophore-opsin atom pairs

Force (hartree-bohr™")
Rh isoRh
Ret Cj-H-Cys1870 2.5x10°  1.7x10™

-3 -4

Ret C,p-Tyr268 CE2 2.2 x 10 4.5x 10 Figure 3. Superimposed structures of the SO
Ret C;,-Thr118 N 18%x103  1.6x103 optimized geometry (gray) and geometry at the
MECI (pink) for the (a) Rh and (b) isoRh case.

CE2 = Tyr's second g-carbon. Also shown is the opsin pocket that contains the

chromophore. The pocket surface is the overlapped

. envelope of amino residues surrounding the retinal

Rh and isoRh chromophores. chromophore, which is generated using the SO
optimized geometry  wherein  the retinal

Comparison with the previous gas-phase chromophore is artificially removed.

simulations reveals three other consequences shown
below.

The protein causes (almost) one-way twist of the active angle. In Figure 4, the values of the
active dihedral
angles ¢o9 and ¢y,

at the tlme Of (a) Rh C&M& (b) IsoRh C&“Me CI(Rh->BathoRh)

: 360 -o'|soRh o 180 & “JsoRh = ]
hopping are BathoRh = |isoRh Rh| 91idicisRh =« | RH°
plotted (compare s70 | Gl(IsoRh->BathoRh) o0 | BathoRh -
with Figure 11, A S Ae - i 8

- o

reference 9 and @ 23,), B?gaO[‘hO *CI(Rh->BathoRh) 5 9 “g,g'llod'c'soRh o Ci(IsoRh->9,11-dicisRh)| 5
Figure 10, 2(= °Rh a3 x| IsoRh® e

ol & o 9|l & . °
reference 10). All 8 g0 | g 817 ol g
Rh trajectories go Cl(IsoRh->9,11-dicisRh) V%- C'“S°Rh;t3:t;°th) Ve

(o] ° atho 0]
though oply one oo 9:11-dicisRh _ IsoRho ] 1804 CI(Rh->BathoRh) "B 1
MECI region with Mg 90 o0 90 180 Rh 0 90 180 270 360
clockwise-twisted 014 (degree) 04 (degree)
_— _—

¢9 and clockwise clockwise =
counterclockwise-
twisted o1 Figure 4. Diagram of the twist angles of -C;;=C o~ (¢1;) and -Co=C - (¢) at the transition

. . points. The minima in the ground state (open blue circles) and conical intersections (filled
(Figure 4a). This blue circles) obtained in the present calculations are plotted in the diagram. Rh = rhodopsin,
MECI  branches isoRh = isorhodopsin, bathoRh = bathorhodopsin, 9,11-dicisRh = 9,11-dicis rhodopsin,
CIl=minimum energy conical intersection.
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towards the formation of bathoRh and the regeneration of the reactant. The relaxation of the excited
state of isoRh, on the other hand, goes through two MECI regions. Most of trajectories from isoRh
go through the MECI region with ¢9 ~ -90° and clockwise-twisted ¢;;, which is shown as
CI(isoRh->BathoRh) in Figure 4b. This MECI is responsible for all of bathoRh generation. A few
trajectories go through another MECI region (CI(isoRh->9,11-dicisRh)), which is responsible for
the generation of a photoproduct with 9,11-dicis retinal as chromophore (we call this as
9,11-dicisRh hereafter). Thus, photoexcitation of Rh only gives bathoRh as a product whereas isoRh
yields 9,11-dicisRh in addition to bathoRh, as shown in Table 1. Note that the reaction speeds
through the two MECI in isoRh are significantly different. The reaction time is longer through
ClI(isoRh->BathoRh) (t,.=233 fs) than that through CI(isoRh->9,11-dicisRh) (t..=188 fs). The
difference is revealed in the dissimilarity in the twist speed of ¢9 in Figure 1(b).

Secondly, the protein environment enhances the production of bathoRh. When the opsin
environment was totally ignored, the calculated bathoRh (all-trans PSB) quantum yield was only
0.27 and 0.13, respectively (in square brackets of Table 1). Explicit consideration of the opsin
residues that envelop the chromophore significantly improves the theoretical quantum yield to 0.51
and 0.31, respectively. This is partly due to the unidirectional rotation in opsin environment.

The third effect of the opsin on the dynamics is to cause transitions to take place near MECls.
Comparison of transition points in Figure 4 with those in Figure 11 in reference 9 and Figure 10 in
reference 10 reveals that the present transition points with the opsin environment are nearer the
MECI points than the points without the opsin. In our previous opsin-free simulations, it was
observed that inefficient, premature hops (excited-to-ground state hops that occur far from the
MECI region) occur often especially in the isoRh case. The opsin environment enhances the
dynamics by drastically reducing the probability of premature hopping, in particular in the isoRh
case with transitions occurring near the MECI region. The protein may keep large energy gaps
between the excited state and Sy except for the MECI region.

In conclusion, the faster and more efficient photoisomerization of Rh than of isoRh is due to a
straightforward and fast excited-state dynamics for Rh in contrast with a complicated dynamics in a
back and forth fashion especially in the excited state for isoRh. The dynamics is governed by the
differences (1) in volume-saving motions of retinal molecules, (2) in space gaps formed by
surrounding residues, and (3) in the initial acceleration by repulsive force from the surrounding
amino residues. The formation of 9,11-dicis Rh byproduct from isoRh photoisomerization is
another reason why organisms adopt rhodopsin rather than isorhodopsin. The other effects of the
opsin environment are (1) to cause the active dihedral angle in retinal to rotate one way, (2) to
enhance the bathoRh quantum yield and (3) to cause transitions to take place near the MECIs. The
present ZN-QM/MM-TSH scheme is found to be applicable to photoreactions of biomolecules.
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Takafumi IWAKI
FIFC Fellow
1. Summary of the research of the year
Confinement Effect of Folding Transition for Semiflexible and Flexible Polymer Chains

Living organism is constituted by lots of biopolymers, which are confined in a tiny cell. For example,
DNA in vivo is usually confined in a nucleus of which size is extremely smaller than the contour length of
DNA. Readout of gene information is done in such a narrow confinement. However, the effect of
confinement to the structure and behavior of polymeric molecules has not been well understood.

To get insight into this problem,

we performed a Langevin dynamics (a)
simulation of a simplified model (\% |:> % |:> *
polymer confined in a spherical cavity. -
In Fig. 1, typical snapshots of (b}
polymeric chain undergoing a folding % |::> oé |::> %

transition under confined and free

conditions are shown. It is known that

()
folding transition of a flexible polymer
1S a continuous transition, and the |:> o
folded structure is in a liquid-like or —

amorphous state. On the other hand, a

semiflexible polymer undergoes a (d)

discontinuous transition, and the folded |::> o
structure is in an ordered state. From 4&

the present simulation study, we found

that the confinement offect shifts the Figure 1: Snapshots of the folding transition of linear

ransition point in the opposite polymer chains. (a) A flexible polymer in a free solution.

direction between a flexible polymer (b) A confined flexible polymer. (c) A semiflexible polymer

and a semiflexible polymer. That is to in a free solution. (d) A confined semiflexible polymer.
say, for a flexible polymer, the confinement retards the transition, and, for a semiflexible polymer, it
promotes the transition. This fact comes from the difference of an essential mechanism to determine the
transition points between the two cases. For a flexible polymer, the transition occurs continuously so that the
transition point is defined as compared with the ideal chain as a reference state. In this case, an excluded
volume of an actual polymer is the origin of the retardation of the transition. For a semiflexible chain, the
transition occurs abruptly with a great change of a volume of a chain expansion. In this case, conformational

entropy of a swelling state is the reason of the promotion of the transition. We successfully explained this
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qualitative difference of the confinement effect by a simple scaling argument.

Study of DNA Double Strand Breaking Produced by Ionizing Radiations

DNA double-strand breaks (DSBs) represent a serious source of damage for all living things and thus
there have been many quantitative studies of DSBs both in vivo and in vitro. Despite this fact, the processes
that lead to their production have not yet been clearly understood, and there is no established theory that can
account for the statistics of their production, in particular, the number of DSBs per base pair per unit Gy, here
denoted by P1, which is the most important parameter for evaluating the degree of risk posed by DSBs.
Using the single-molecule observation method with giant DNA molecules (166 kbp), we evaluate the number
of DSBs caused by y-ray irradiation. We found that, in the dependence of P1 to the DNA concentration, there
are two characteristic regions. In a low DNA concentration region, Pl is nearly constant to the DNA
concentration. On the other hand, Pl is nearly inversely proportional to the DNA concentration above a
certain threshold DNA concentration. We calculate the probability to occur double strand breaking on the
basis of a simple model, which well accounts for the marked profile of P1 over all measured region. Based
on this argument, we show that it is necessary to consider the characteristics of giant DNA molecules as
semiflexible polymers to interpret the intrinsic mechanism of DSBs. This work is now submitted to a

scientific journal.

Numerical Fluid Dynamics Study of
a Heated Oil Droplet on Air-Water

Interface

A centimeter-sized droplet of liquid
paraffin on water can be accelerated by a laser
irradiation. In this scale of experiments, the
origin of the migration force is attributable to
the Marangoni effect: a surface force arising
from a local difference of surface tensions. For
example, as shown in Fig. 2, irradiation of the
laser induces flows outside and inside the
droplet by thermal Marangoni effect, which in
turn influences a temperature distribution of
the heated droplet. In actual experiments, we
found that the presence/absence of surfactant

(SDS) changes the migration direction to the

opposite side. Since this system has a low

Figure 2: Flow pattern and temperature

symmetry, we performed a CFD simulation to distribution of a paraffin droplet on pure water

analyze an essential mechanism of this change heated by a laser irradiation
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in the acceleration direction.

Here, we performed a numerical simulation of thermal fluid on an irregular lattice with a finite volume
method. Several causes were assumed for the above-mentioned effect of SDS. For example, the difference
in the shape of the droplet might have induced a different flow mode inside the droplet. Nonlinear effect of
the hydrodynamics might have promoted the appearance of the different modes in similar experimental
systems. These expectations were, however, denied by a sequence of simulations. We found that the
migration direction changes due to the temperature coefficients of surface tensions changed by the
presence/absence of SDS. The Marangoni effect on an oil droplet on an air-water interface caused by local
heating induces two types of actions on the droplet. One is the viscous friction force from an external flow
induced by caterpillar-like action of the droplet surface. This force always accelerates the droplet to
approach a heating spot. The other is the Young force arising from a dynamical breaking of a surface
tension balance in a periphery of the droplet. This force is determined by the weight of the temperature
coefficient of surface tension in each of interfaces. When the magnitude relation of the temperature
coefficients between air-water interface and oil surfaces reverses, the Young force changes its direction.

Thus, we simulated a thermal flow for two typical sets of temperature coefficients of surface tensions.
Consequently, we obtained flow patterns and temperature distributions very similar to experimentally
obtained ones in the presence/absence of SDS, respectively, which rationalize that the above-mentioned
mechanism is applicable to the interpretation of the experimentally observed effect of SDS. This work is

now submitted to a scientific journal.

Study of the Dynamical Mechanism of the Self-Organization of the Tooth Germ

In the development process of the tooth germ, the enamel knot is formed simultaneously with the
epithelial invagination. The epithelial invagination is considered as the buckling of the growing surface layer
of the tooth germ. However, the mechanism of the formation of the enamel knot is not understood well in
terms of both physics and molecular biology. In order to solve this problem from the perspective of physics,
we performed Brownian dynamics simulations of a coarse-grained toy model of cell population. In the
simulations, we found that according to the proliferation rates of the surface layer and the interior of the
dental epithelial, the buckling formation undergoes several courses. In particular, when the proliferation rate
of the surface layer is considerably larger than that of the interior, the bending is not uniform, and the plural
buds are formed similarly to the actual development process. This fact suggests that the formation of the
enamel knot is governed by a rather simple mechanical process. To get a further insight, we calculate the
“free energy of time course” of the buckling process of elastic continuous segment for the several given
paths, and found that the shrinking speed of the end-to-end distance determines the favored type of buckling.
In fact, when this speed is faster, buckling along with a growth of plural peaks is more favored. This well
corresponds to the simulation result and also the actual development process. We are now writing the

manuscript of these results, which is to be submitted to a scientific journal.
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2. Original papers

(1) S.N. Watanabe, T. Iwaki, M. I. Kohira, N. Magome, and K. Yoshikawa,
“Negative photophoresis of smoke particles observed under microgravity”
Chem. Phys. Lett. 511, 447-451(2011).
(2) Y. Higuchi, K. Yoshikawa, and T. Iwaki
“Stiffness causes opposite trend on the folding transition of a single polymer chain in a

confined space”
Physical Review E, 84, 021924 (5 pages) (2011).

3. Presentation at academic conferences

(1) T. Iwaki, “Transportation of a micro droplet by light irradiation: The influence of an advection and the
Marangoni effect.” (invited), Optics in the Life Science Congress, Monterey, USA (April 4-6, 2011)

(2) A HE, WHOWRE~ 7 o A=XNROBES I 2 b—a 27 BARYES 2011
FEFKZE KL, Toyama, Sep. 22, 2011
(3) =W B, M OBEE~ T T2 EY I 2 b—ya U 17, AAWBELERS
67 B4R K<, Nishinomiya, March 25, 2012
4. Others

(1) “#fam 8 BB IZMEDOR AN BESD” (“Physical approach toward a “self-organization of a

biological cell””), Kenichi Yoshikawa and Takafumi Iwaki, /N7« (parity), vol. 26, No. 05, pp.
13-21 (issued on Apr. 25, 2011)
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Natsuhiko YOSHINAGA
FIFC Fellow
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Assitant Professor, WPI-AIMR, Tohoku University

1. Summary of the research of the year

Spontaneous motion of a droplet coupled with a chemical wave

Spatiotemporal patterns are widely seen in living systems; target, spiral, stripe, and dot patterns have
been observed at various scales from the interior of a cell to a swarm of cells. Most of studies have focused
on patterns at larger scales, which can be successfully reproduced using reaction diffusion dynamics. In
contrast, it is only recently that internal patterns in a single cell have been visualized. These patterns are
expected to relate to cellular functions; examples include calcium ions for signal transduction, Min proteins
for cell division, and actin cytoskeltons for mechanical properties. Although pattern formation in a cell is
expected to be analyzed in the framework of a reaction-diffusion system, as demonstrated in in vitro
experiments, sufficient understanding of the connection between pattern formation and cellular function is
lacking. In this paper we focus motility, as a typical aspect of cellular functions, arising from internal
patterns. Several artificial systems imitating cell motility have been proposed as self-propelled particles.
Although no external force is exerted on the particles (a force-free condition), the motion is induced by the
asymmetric distribution of an electric field, concentration of chemicals, temperature, and so on. These
asymmetric distributions are either a priori embedded in the asymmetry of the surface properties of the
self-propelled objects or a posteriori created by nonlinear effects; motion itself destabilizes a symmetric
distribution, for instance, through advective flow. In both cases, however, most studies have focused on
motion under steady distributions.

In order to understand the dynamic features of cell motility, a system connecting the dynamic pattern
with motion is desirable. In fact, experimental and numerical evidence of chemo-mechanical coupling in
such systems has been demonstrated. In this work we propose a theoretical framework for a chemical system
exhibiting self-organized patterns, leading to spontaneous motion. We consider that the Marangoni effect is
suitable for this purpose as it has been shown to drive an object under force-free conditions by an
inhomogeneous interfacial tension arising from a gradient in the chemical concentration. In our system, the
energy supply and consumption can generate a pattern in a droplet through nonlinear chemical kinetics and
the pattern at the interface of the droplet creates inhomogeneous interfacial tension. This generates a flow

surrounding the droplet, resulting in motion.

Rigidity Sensing Explained by Active Matter Theory

Living cells respond to mechanical as well as biochemical cues. Rigidity sensing designates the web of
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complex mechanisms whereby a cell will adapt, as a function of the elastic modulus of its environment,
diverse aspects of its phenotype, including motility, gene expression, proliferation, and fate after
differentiation. The traction forces that a cell exerts on a flat, elastic plate depend in a nontrivial way on the
extracellular stiffness, being roughly proportional to the elastic modulus in a softer environment and
saturating to a finite value for stiffer substrates. Similar force-rigidity data are obtained whether forces are
measured locally or globally for both integrin-mediated and cadherin-mediated adhesion, and even when the
traction forces are exerted by assemblies of cells in a monolayer epithelium. Single-cell rheology assays
show that cells respond to sudden changes in substrate rigidity too rapidly to be detected at the data
acquisition rate. These observations call for a simple, generic explanation that is valid for short timescales
where cell signaling cannot operate.

It is found that the magnitude of traction forces exerted by living animal cells on their environment
is a monotonically increasing and approximately sigmoidal function of the stiffness of the external medium.
We rationalize this observation using active matter theory, and propose that adaptation to substrate rigidity

results from an interplay between passive elasticity and active contractility.

Fig. 1: Schematic representation of the model

Self-propelled motion of a fluid droplet under chemical reaction

Self-propelled motion of particles has attracted much attention recently from the viewpoint of
nonlinear physics far from equilibrium. There are several experiments of self-propulsion of droplets in fluids.
It has been shown that the Belousov-Zhabotinsky reaction composed in a fluid droplet triggers a spontaneous
motion of a droplet. Computer simulations of convective droplet motion and nano-dimer motors driven by
chemical reactions have also been carried out. There are theoretical studies of droplet motion due to an
interfacial tension gradient along the droplet surface. However, these theories are concerned only with the
steady velocity of a droplet. As a related theoretical study, the mesoscopic description of the thermo-capillary
effect has been formulated. A transition between a motionless and migrating droplet driven by chemical
reactions has been studied in a system where a droplet is on a solid substrate.

We study self-propelled dynamics of a droplet due to a Marangoni effect and chemical reactions
in a binary fluid with a dilute third component of chemical product which affects the interfacial energy of a
droplet. The equation for the migration velocity of the center of mass of a droplet is derived in the limit of an
infinitesimally thin interface. We found that there is a bifurcation from a motionless state to a propagating

state of droplet by changing the strength of the Marangoni effect.

—219 —



IV BFREMR (2011)

Fig. 2: Translational motion of a droplet. The droplet is migrating to the right under the non-uniform

distribution of the ¢ component indicated by the small dots.
2. Original papers

(1) Shunsuke Yabunaka, Takao Ohta, and Natsuhiko Yoshinaga
“Self-propelled motion of a fluid droplet under chemical reaction”

J. Chem. Phys. 136, 074904 (2012).

(2) Hiroyuki Kitahata, Natsuhiko Yoshinaga, Ken H. Nagai, and Yutaka Sumino
" Spontaneous motion of a droplet coupled with a chemical wave""
Phys. Rev. E. Rapid Communications 84, 015101 (2011).
selected by PRE Kaleidoscope Images: July 2011

(3) Philippe Marcq, Natsuhiko Yoshinaga, and Jacques Prost
“Rigidity sensing explained by active matter theory”

Biophys. J. 101, L33-L35 (2011).
3. Presentation at academic conferences

(1) Natsuhiko Yoshinaga, Ken Nagai, and Yutaka Sumino, and Hiroyuki Kitahata
“Self-propulsion of a drop driven by Marangoni flow”
Regional Bio-Soft Matter Workshop: Non-equilibrium statistical Physics in Bio-Soft
Systems, Taipei, Taiwan, (27-29 Oct., 2011)

(2) Natsuhiko Yoshinaga, Ken Nagai, and Yutaka Sumino, and Hiroyuki Kitahata
“Self-propulsion of a drop driven by Marangoni flow”

Workshop: Collective Dynamics and Pattern Formation in Active Matter Systems, Dresden,
Germany, (29 Aug. - 16 Sep., 2011)

(3) Natsuhiko Yoshinaga, Jean-Francois Joanny, Jacques Prost, and Philippe Marcq

2

“Polarity Patterns of Stress Fiber
7th International Conference on Biological Physics 2011, UCSB, USA, (22-24 June, 2011)

4. Others
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IR 1 DB IR IE 2 BRI~ 5 72 DI2IE, BT RIS EE S T Ok & WE - i
MOMAEEHORBZM S S0 ERHDH, UL, EBRTERY FbTWE 0 FiEh A4 X0k
& < RO PEIC S FHRFIETITGFIR 2 X A KRR DI/ %, FAX. LR-TDDFT {4
LT ARy r— GAMESS [ICEHE SN TW A E D EZ EE LB 5 /L(EFP) & fL A&
b, Z P RN X~y 2 EALTZ[6], Zhud, FEREICBIT 20 FEFEY I 2 b—
varaEKa A NTEBL, BREARITT 5 Rk LTEERTH TH D,

ZOHEEPE L, ETlRA KO ICH#ERZEDMNTIZE 7. SFDFT EIC# A L=, £ LT,
SFDFT/EFP 1£DRNTH = VX —§0y & F24E Uiz, [FIRFIC, M#EREORZE T 0 7T AEE AL,
IRy T OMHEAZZEZ LR TE D L O L, B LI HiEamkEEIE 2 N7 B (GFP)D¥E A,
[ (HB)ZWZ#H L7z, GFP OFE AL, KEKF CEIENFE LD T2 enmonTng, =

i, MEERZZ LI WEFRRENGFIET 5720 TH L L nbhv T b,

X 4128 LIZDIE, SRt o 3 7 B(GFP)D I D AT 7 T A X — BT 5 H A7 DR
EO—HITH D, FIKNTIX

C=C JA Y DR TIMAN 104 i ﬂr?z; -----
B 90 FEICIH L. C=C D 6\ |
© \

imidazolinone Eg|(Z %I93 % sk
7330 FEDBIIE 0 FE O
Ligolz,

BIERRIZE D KT v
¥R F—ME S EPERY

;,ﬂ
I : ‘\*"‘ %’%‘/ -

X4 GFP DK7Y T A% —DM#Ess

R DR Lo, R 1 Geometry  State Gas  +1water  +1 water +50 EFP
R LIc X DT, Wi 2 So So 0.00 0.00 0.00

AL —TlEInn R RE DR/ Tk 3.94 3.85 3.88
IR, EHe, MHERE (7% )i So 2.46 2.49 N/A
(W2 D ORI T D Z Tk 2.89 2.71 N/A
EWRB IS, 2L, GFP (So/mm*)cy 3.022 2.744 2.128
IR T e 3 i S 4, 3.022 2.744 2.128
FEFWICHNEM AR Z 3 2 #1 GFP RO R )LX— (HAL:eV)

EEXR LTS

AWFFETIL, AT ¥ V=R X —MEICES ST 21T o7, bbb, ROATZEOEEF
MELRESE, ZNEPWISRME UTH#RAER EOMiEL ROz, L, BlHR CIIEEsy
TOHBHENEFICRKE VWD, AR RV —ZESWERmOIE > NMEFITH 5, Bl ZIX,
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OM/MM £y R X 2 HEEAZ DR IE[7,8)1 3 B SN T\ 5, I b % SFDFT L&
BB DH LT, WERNICBIT AR ZEOBRITO 2 ENTFRRICR D LI L TV A,

(3Cmk]
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Kunkun GUO

FIFC Fellow
(From 1 Mar. 2012)

1. Summary of the research of the year

Vesicle shapes encapsulated by two aqueous phase systems

Liquid ordered domains enriched in sphingolipids and cholesterol, known as lipid rafts, have received
widespread attention from the cell biology and membrane biophysics during the last decade because they are
believed to play a key role in several important cellular functions, including membrane sorting and
trafficking, signal transduction, and cell polarization.

The interior of living cells is crowded with macromolecules and organelles. The weight fractions of
proteins, RNAs, and polysaccharides in the interior of living cells are on the order of 20-30 %. In such a
concentrated environment, local phase separation may occur, involving local composition differences and
microcompartments, e.g. cell functioning and the performance of cytoplasmic proteins. As a simplistic model
of the cytoplasmic medium, the solutions of the water-soluble macromolecules polyethylene glycol (PEG)
and dextran would undergo phase separation with the concentrations of the polymers increasing. Dynamic
microcompartmentation of macromolecules between the enclosed phases are found to resemble similar
partitioning behavior as proposed in cytoplasm of living cells. Interesting phenomena associated with the
phase separation processes, such as wetting transition, vesicle budding, fission of vesicles, and the formation
of membrane nanotubes, are observed in the recent experiments.

Here, we theoretically consider such a system that a vesicle membrane which is consisted of two
components is encapsulated by aqueous two-phase polymer, see Fig. 1. The
system is assumed to be homogeneous with the same density pp. The two
components of the vesicle are assumed to be locally incompressible, and that
the total amounts of amphiphiles A and B on the vesicle membrane are
conserved during evolution. The local bending modulus of the membrane, ,
is determined by the local concentration of amphiphiles ¢, and ¢, where
datop=1, as well as their bending modulus, k4 and kg . The local bending

modulus obeys with a linear relationship that is kK=kaPa+kpdp=Ko+{dm,

where ¢,=0a-0p, Ki=(Katip)/2 and (=(ka-xp)/2. Similarly, the local

spontaneous curvature c,, is also known as composition-dependent and can
Fig. 1: The schematic .

be expressed as cy=caPatcedp=coted,, with the average spontaneous
illustration of the system that a . .

curvature given by co=(catcp)/2 and the difference of the spontaneous
two-component vesicle ) )

curvatures between the two components given by g=c,-cp. n, polymer o with
indicated by the contour is ) ) ) ) )

chain length N, and ng polymer B with chain length Ny dispersed in a good
encapsulated by aqueous two . o . .

solution S are encapsulated inside the vesicle membrane with volume
phases o and B.
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fraction ¢=nuNo/(PoVm), Op=ngNp/(poVm), respectively. The small solution molecules S can be freely
penetrate into the membrane which is dependent on the chemical potential across the membrane, but the two
kinds of polymer can not penetrate into the membrane and are always located inside the membrane.
Therefore, the volume fraction of polymer a and polymer B will be changed along with the vesicle volume.
At the same time, the solvents can be assumed as the background of such a compound system and then its
effects can be neglected. Therefore, the free energy of such a system corresponding to the membrane and the

components inside the membrane can be written as
1 2 1 2 4/_—
BF = [Eb(V(Pm) + f(pm) + E(K0+ {Qn)(2H + cp + € )] gdudv+ [ APdV

+ /dr[NL(pa(r)ln P (r) + N1—B(pp(r)ln Pe(r) + XapPa(r)@a(r) + Xaa®a(r)Pq(r)
+XagPa(@(r) + XgaPs (NPa(r) + Xep@Ps (r)@g(r) + wlr)(@q(r) + @g(r))]

The free energy function BF,, which is related to the membrane can be written based upon the discrete
space and given by

N

N
BF, = Z%b((pm(k)—(pm(k—1))2|T(k)|+ 3 (@ (K))

k=1 k=1

[TCO|+ [Tk + 1)
2

k=N
r(k)n (k)|T(K)|
k=1

N O

N
+ Z%(Kw {@m (K))(2H (K) + co + €@ (k) X[TG[ + [T(k + D)) +

=
—

M+ |tk + 1) N W]+ |tk + 1)
01 (005001 lzT |+ZXAB(PA(k)(PB(k)|T | |2T l

1 k=1

N
oS s s ()0q (k) L |2T(" + Ol ZXBB(pB(k)%(k)IT(k)l " |2T(k+ l

k=1 k=1

+
e
= HMZ

Likewise, the free energy BFi, of three components inside the vesicle can be written as

Another two parameters, y and n, are therefore introduced and defined as follows,
W)= @ulr) —@g(r) ~N= @o(r) + (PB(").
Then, the model free energy BF;, for the mixtures inside the vesicle in terms of v is written as
Byl = [ arfru(w)+ sty ml 2 [ ar(Tgtn))?

The kinetic equations which describe the evolution of the order parameter vy inside the vesicle and the
phase separation coupled with vesicle deformation can be solved using the simplest dissipative models and

are written as the Time-dependent Ginzburg-Landau equations and given by,
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or() _ | OlBFn + >3 vWIT
" 5r (k)
- L IAGORG0 + BN Gol(T '2”“ Dl -
Oom (k) _ | J OBF (|T(k)|+ |7 (k + 1)|)-1]
ot o " S0 (k) 2

The initial vesicle shape encapsulated aqueous two-phase

systems are randomly generated. The initial positions of the

oL vesicle and distributions of the order parameters, y and ¢,

i are inserted into right hand of the above equations. Then, the
* positions of the vesicle and distributions of these order
"= parameters in the next time step are obtained. This procedure
m:. can be iterated until the unchanged shape and the stable

| distributions of these order parameters have both been
%,. reached.
L The vesicle shape encapsulated by two aqueous phase

systems at the final simulation step is presented in Figure 2.
After simulations, the shape of vesicle is not a sphere, and

Fig. 2: the vesicle shape encapsulated

become shape deformations. The polymer systems also separate
by two aqueous phase systems, p poly Y P

from homogeneous phase into two aqueous phases. However.
membrane indicated by red and blue £ usp WO agueous p Weven

th t f th icle sh lated by t
lines, the phase encapsulated by vesicle e system of the vesicle shape encapsulated by two aqueous

hase systems still do not explain all experimental results, but
indicated two phase colored by white P y xp xp s, Bu

and black. we would like to provide deep insights into the experiment in

further work.
2. Original papers
(1) Kunkun Guo, Jianfeng Li
“Exploration of the shapes of double-walled vesicle with a confined inner membrane”
J. Phys. Condens. Matter 23 (2011) 285103 (12pp).
3. Presentation at academic conferences
4. Others
(1) Kunkun Guo

“Actin polymerization and depolymerization via Brownian dynamics simulations”

Seminar in Prof. Yoshikawa group, Kyoto, March, 2012
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SCIR= S 7
SFREEZEET  EMIERA (R 7 —7FR)
1. SHEEDOHFEDER
GFPc—X—CFPc BT NWA_TF RIZBIT 57 I/ BB FE =1 X —BH)[1]

[#h&HIZ]
AT B O EEBRIZ BN T, GFP(f%m;‘n%El%i) EXEDOFEERT 7 ) — DO = R L ¥

— R @h (EET) 23, IT4E. SEENBDERNT o —T L L TEDILTWD, BET Yt AT EI
FRET (% Yt gy = p L % — %%Eb)%ﬁ% KXoTERZZN, ZnEFNNICE E’%ﬁbiﬁfﬁéﬁwﬁwﬁ
TEHOEFEGNFMLEL TWD, ZOHF5ILE T FRET OIHE & X T/HNI WS, (ZFA SRR SRR T

TRWVIERENVWZ LD, B EFRFELITIT, GFPe (GFP $3R) & CFPC(‘/?/E’)‘EEEE
BF) WO R L= ONT, ZETH7 Y v P07 I BREREOIEIC X 5 HE
HAEHBEO KR E S O EF~7=, GFPc—X-CFPc &2 TlX, Through-residue X DIEDETHEA
P EAEREESEORE IR SND Z EBnbho T,

[FiE]

VIRIBAZ L= EETE 1 H v 7V 7
SHEER JOEET b o R VRS ENRE
EE[2] % GFPe-7'Y » ¥ ~CFPc DET
VAT HZEA LT, ZOROET
Ay 7Y T T HEAEDO RS
FRIC7 X BOFEEICHL S 30 & 3l
7z, GFPc & CFPc ZWimlZfiH .
W27 2 W X ZFF>, GFPc—X-CFPc 2
7T RETNVREMD | GFPe & CFPe 1. GFPe-X-CFPe 51,

DO DR R X —BEOEFH >
TV EHAL, TOMBHEOTFSOMS ZT T, TOMRGELNTZT I B X TR DA
PEZOWTHIET D, XIZiX Ala, His, Phe, Trp, Tyr, Val ® 9 H—2nN AL, E1FH v 7TV 7
FHROFNT, X PAAOERITIZ OV T X=Ala & LT B3LYP/6-31Gx Tk L TH Y, Db &
X OB % FOMEREL L TWD, ZORBE(EELX 1ITRT, DBEOFHE TIX CIS/D5 2 Hv
TV, FHEFIEE LCiX, FFBROF L LTG6FPe (fin#ic CH3 2 & Te) . CFPe (Wifigic CH3 %
a@):»ootw X (L N a RFEETe) D32 HWZMD E[BIZXE Y, ZNENRDT T T A
WCRTEAL L2 FEEZEY | 550 OXTF Koy % Pipek-Mezey I CRIEALT A LWV HI AT
) v FRTELIE U] ZITWTET ARIRICE T 5 Rt FiliE 2572, ZOoRELND . oT
BLIE 1L GFPc—pepl—X-pep2-CFPc D 5 FTD 7 Z 7 A v MIJEELT 2 (K1), Zd DRFED T

GFP chromo.

1

1

1

1
3
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HIENSIESN S Slater determinant ZJEJEEE UC, BET P WREZFE L, 2OT7 I /ip”
EDENEZR AN, B P RVREORREICIT S Y — BRIV TED . PR LR LR
—1% CFPc & GFPc D ZFNENDH —Jhid = %)L ¥ — DO fE 2 7= (4. 12eV=0. 1515au) ,

GRE

FP. HEINEERND, ZORTRHEBEOTRENFICRE NI ERXDIY, TOH, 2
ITEZXZTCVWDEIRRTHEH RN —, 77877 —REICEHZERES L2WT ) v U7 I BOI =
—T7T = aNIRKRD T TV U TICZHEV TE LW LD, — T, BAZHIHIZ O
TIET RV BOEICIKTE L CRELSEHTHZ L BbhoT, T T, TNETOT I/ EXIC
B L C, BAHIEIC EE /2R 5% 5 2 %5 Exciton # A 7D Slater determinant %185 EET #RE D
FHHEFHE L, MREXTF FRY FREOREOMELEDOETE1LITRT, AOB X A IZHD
exciton N BIZBAORKE THHL L EERT, 7I /BOFEEAEZ D Z EIZHY | X BHERKE D%
BREFRFECEEFHL TWDLZ ER0ND, B EEROHEOHRTIL, ~XTFFFOFLEET I/
EROTFLHIIFHELTHEY, 7 VBOFHEIZL > TEORIRANEDLY 55, #£ 1 TIEXIZE
TR B OE RN X —L R R Y L —DEAE BREWIRIZTEATEY (X
REREOFGORE S L AL IRFEBRBRH2008b0 5, ZOFN, RFh—, 77874 —
ET R BREOHOMAEH bW R LTS, SRIOET IOV TIEERS THHE
PEIHICKT LT T RETIE, BREHITAOMIHZF > TR SN TWDH DT, AR REEOSLE
FEEREROE T TV TN ESL72oTODENR, ZOXIHIRr—ATH, b A LMo 5
DR/ % i TE D DO x DI TIEDORETH %,

% 1. J31E Exciton #H EET b v RV DO F 5.

X CFPc—>X/ X->GFPc CFPc—>pepl/ pepl->GFPc CFPc—>pep2/ pep2->GFPc
Ala -7.32/ -6.63 -13.3/ -13.5 -8.77/ -8.50
Val -3.11/ -2.76 -12.8/ -12.6 -8.71/ -8.43
His 14.7/ 14.7 -13.6/ -13.3 -9.33/ -8.79
Phe 27.5/ 28.5 -13.1/ -13.2 -8.20/ -8.48
Trp 35.9/ 36.9 -13.3/ -13.8 -8.09/ -8.53
Tyr 35.2/ 36.4 -12.8/ -12.8 -8.40/ -8.76

[1] T. Kawatsu, J. Hasegawa, Int. J. Quantum Chem. published online: 23 FEB 2012.

[2] T. Kawatsu, J. Hasegawa, K. Matsuda, J. Phys. Chem. A 115, 10814-10822(2011).

[3] K. Toyota, M. Ehara, H. Nakatsuji, Chem. Phys. Lett. 356, 1-6(2002).

[4] J. Hasegawa, T. Kawatsu, K. Toyota, K. Matsuda, Chem. Phys. Lett. 508, 171-176(2011).
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2. #w3X
(1) Tsutomu Kawatsu, and Jun—-Ya Hasegawa, “Excitation energy transfer in
GFP-X-CFP model peptides (X = amino acids): Direct Versus through—bridge
energy transfers,” Int. J. Quantum Chem. published online: 23 FEB 2012.
(2) Tsutomu Kawatsu, Jun—-ya Hasegawa, and Kenji Matsuda, “Bridge—mediated
excitation energy transfer pathways through protein media: a Slater
determinant—based electronic coupling calculation combined with localized
molecular orbitals,” J. Phys. Chem. A 115(39), 10814-10822(2011).
(3) Jun-ya Hasegawa, Tsutomu Kawatsu, Kazuo Toyota, and Kenji Matsuda,
“Chemical-intuition based LMO transformation simplifies excited—-state wave
functions of peptides,” Chem. Phys. Lett. 508, 171-176(2011).
3. HRRR
(1) e, BA)IEd, REER
[Super-exchange #f& L = 1L ¥ —BENZBITH 7Y v P OFE )
55 Moy R AR R AL 2011/9/21 2P113
(2) Tsutomu Kawatsu, Jun—ya Hasegawa, Kenji Matsuda
“Bridge—mediated electronic coupling between two excited states, calculating
based on the localized Slater determinant”
The 7" Congress of the International Society for Theoretical Chemical Physics
(ISTCP-VII), Tokyo, 2011.9.3 3B3-8C
(3) {THELEh, FAIEH, REER
[Tt F B 1 & O T2 bl = 0L F — B Rk B D PRIR
Flam B b Fatame [ 2011/5/14 3B4b
4. ZOfh
(1) TEERD, BRI
[GFP-X-CFPE T N_T7'F RIZBIT 27 I/ ik = L — 8
%9 AR FAEH e Fi e X — v R Y T A TR 2012/1/6 P40
(2) FTEERD. BRI Eh
(bt = kL X —BE)NZ 31T D EEAHED FH 5
2 FFHRMER YA =T T 47 (OMSI) #F%Es filis 2012/1/30 P11
(3) TTEERD, AT
[GFP modelJfhi = K /L —RBENZ BT 5T F FO%EE ]
A—/N—a B a—FT—7 g v 72012 [WiKF 2012/1/24
(4) LD
(7Y v PaRHT 5= L F—BEOFHH
CMST # FHdficifie  [BH=I"1] HA 2011/11/25
(5) {THEED, BAIEH, EER
hE = RV F—BEC BT 2T F K7 U v VDL
RIS FRIEIRSEMLE (TCCT) 55 2 mIMFZES #F 2012/8/12
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FrEWF7E 8 A AEAN 2011.10.26 2011.10.30 =2
WA (CFIRIFFEARE) R &R 2011.12.8 2011.12.15 =a—V—=J K
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FrENTSE B JEH SERE 2012218 2012227 T AU AERE
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Chemical-intuition based LMO
1 J. Hasegawa, T. Kawatsu, K. transformation simplifies excited-state Chem. Phys. 308(1-3), 2011
Toyoya, and K. Matsuda : . Letters 171-176
wave functions of peptides
Theoretical Study of the Excited States
5 Y. Kitagawa, K. Matsuda, of the Photosynthetic Reaction Center Biophvs. Chem 159(2-3), 2011
and J. Hasegawa in Photosystem II: Electronic Structure, 1OpRYS. ) 227-236
Interactions, and Their Origin
Bridge-Mediated Excitation Energy
Transfer Pathways through Protein Media:
3 }".II_I(;gza;sWu;K. Matsuda, and a Slater Determinant-Based Electronic J. Phys. Chem. 4 }(1)3(13;19-)1’0822 2011
) g€ Coupling Calculation Combined with
Localized Molecular Orbitals
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Kinetic investigation on carbamate
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Chronological Change from Face-
T. Sakano, J. Hasegawa, On to Edge-On Ordering of Zinc . 7(2),
7 | K. Higashiguchi, and K. : Chem. Asian J. 2012
Tetraphenylporphyrin at Phenyloctane- 394-399
Matsuda HOPG Interface
Excitation Energy Transfer in GFP-X- Intern. J.
8 | T. Kawatsu and J. Hasegawa CFP Model Peptides (X=amino acids): Qn e nt 0 Ch In Press 2012
direct vs. through-bridge energy transfers uantum. L hen.
L . Progress in
J. Hasegawa, K. Fujimoto, Color tun.lng in human cone visual Theoretical
9 e pigments: the role of the protein . In Press 2012
and H. Nakatsuji . Physics and
environment ;
Chemistry
T. Kawatsu, K. Matsuda, and | Singlet Excitation Energy Transfer
10 J. Hasegawa Mediated by Local Exciton Bridges J. Phys. Chem. C | Accepted 2012
e 35
Hideo Ando, Yoshihide . . . .
P S Theoretical study on high-spin to low-spin
11 | Nakao, Hirofumi Sato, transition of {Fe(pyrazine)[Pt(CN),]}: Chem. Phys. 511,399-404 | 2011
Masaaki Ohba, Susumu . | Guest-induced entropy decrease Lett
Kitagawa, Shigeyoshi Sakaki Py
Theoretical Study of Inverted Sandwich
Yusaku I. Kurokawa, Type Complexes of 4d Transition Metal
12 | Yoshihide Nakao, and Elements: Interesting Similarities to and J. Phys. Chem. 4 | 116,2292-2299 | 2012
Shigeyoshi Sakaki Differences from 3d Transition Metal
Complexes
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Nakao, Tatu Kumpulainen, Effects of Carbon—Metal-Carbon
Vladimir Chukharev, Linkages on the Optical, Photophysical, J Am. Chem 134
13 | Nikolai V. Tkachenko, and Electrochemical Properties of Soc. : 1825-1839 2012
Helge Lemmetyinen, Soji Phosphametallacycle-Linked Coplanar :
Shimizu, Nagao Kobayashi, Porphyrin Dimers
Daisuke Sakamaki, Akihiro
Ito, Kazuyoshi Tanaka, and
Hiroshi Imahori
Ken Saito, Yoshinori Eishiro, | Oscillator strength of symmetry-forbidden 5]
14 | Yoshihide Nakao, Hirofumi d-d absorption of octahedral transition Inorg. Chem. 27852792 2012
Sato, Shigeyoshi Sakaki metal complex: theoretical evaluation.
il &RIE
Sl_lhara, Masanorl; Ozak.l, Changes in the Electronic Structures of a
Hiroyuki; Endo, Osamu; Single Sheet of Sashlike Polydiacetylene 115(19)
15 | Ishida, Toshimasa; Katagiri, g'e Y y J. Phys. Chem. C : 2011
S A Atomic Sash upon Structural 9518-9525
Hideki; Egawa, Toru; Transformations
Katouda, Michio
An MD simulation of the decoy action
16 Wilfredo Credo Chung and of Epstein-Barr virus LMP1 protein Theo. Chem. 130(2), 2011
Toshimasa Ishida mimicking the CD40 interaction with Acc. 401-410
TRAF3
S A . . Electronic and Magnetic Characteristics
17 ‘h;g'};: hlh?r;harai I}{l;léa Sekine of Polycyclic Aromatic Hydrocarbons J. Phys. Chem. A égf%z] 2011
and foshimasa Ishida with Factorizable Kekule Structure Count )
A Nonadiabatic Ab Initio Dynamics
Wilfredo Credo Chung, Study on Rhodopsin and its Analog 40(12)
18 | Shinkoh Nanbu, and Isorhodopsin: Chemical Dynamics Chem. Lett. 1395-1397 2011
Toshimasa Ishida Reasons Behind Selection of Rhodopsin
by Life
w5
ﬁli(; ikfcﬁlilk%ﬁ%igg?yasu Theoretical Fingerprints of Transition
19 | Koyama, Zenpachi Ogumi, | MetalL,, XANES/ELNES for Lithium | ; py.c oo ¢ | 113, 2011
yama, P gumi, Transition Metal Oxides by ab Initio - S, ’ 11871-11879
YasuharuUchimoto, and Isao . -
Multiplet Calculations
Tanaka,
S. Ootsuki, H. Ikeno, Y.
Umeda, H. Moriwake, A. Ab-initio multiplet calculation of oxygen 99
20 | Kuwabara, O. Kido, S. Ueda, | vacancy effect on Ti-L, , electron energy 233109 2011
I. Tanaka, Y. Fujikawa, and T. | loss near edge structures of BaTiO,
Mizoguch
i
Rh-catalyzed Polymerization of
21 Z.Ke, S. Abe, T. Ueno and K. | Phenylacetylene: Theoretical Study of J. Am. Chem. 133, 2011
Morokuma the Reaction Mechanism, Regioselectivity | Soc. 79267941
and Stereoregularity
Theoretical Study of the Mechanism
. . of Oxoiron(IV) Formation from H202
22 H. Hirao, F.Li, L. Que, Jr, and a Nonheme Iron(II) Complex: O—O Inorg. Chem. 50, 2011
and K. Morokuma . 6637-6648
Cleavage Involving Proton-Coupled
Electron Transfer
. . Reactive Molecular Dynamics Simulation
H.-J. Qian, A. van Duin, K. : . J. Chem. Theo. 7,
23 Morokuma and S. Trle of Fullerene Combustion Synthesis: Comp. 2040-2048 2011

ReaxFF vs DFTB Potentials
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H-bond network around retinal regulates
24 | A Altun, K. Morokuma and | 4, ey o1ution of ultraviolet and violet ACS Chem. Bio. | % 2011
S. Yokoyama vision 775-780.
Finding Reaction Pathways of Type A +
25 | S. Maeda and K. Morokuma B — X: Toward Systematic Prediction of é Chem. Theo. ;f, 352345 2011
Reaction Mechanisms, omp- )
. Photodynamics of All-trans
26 | 3 L. L W. Chung, and K.\ Retinal Protonated Schiff Base in J Chem. Theo. | 7. 12608 2011
Bacteriorhodopsin and Methanol Solution P- )
A.J. Page, K. R. S. Thermal Annealing of SiC Nanoparticles
27 | Chandrakumar, S. Irle and K. | Induces SWNT Nucleation: Evidence for a ﬁzy iChemChem }§,673-1 5680 2011
Morokuma Catalyst-Independent VSS Mechanism 4 :
ONIOM(DFT:MM) Study of
. 2-Hydroxyethylphosphonate Dioxygenase: | J. Am. Chem. 133,
28 | H. Hirao and K. Morokuma What Determines the Destinies of Soc. 14550-14553. 2011
Different Substrates?
Zinc—Homocysteine Displacement in
: . Cobalamin-Dependent Methionine
29 ghﬁgdiﬁﬁzlgml\q/igo%&;ni w. Synthase and its Role in the Substrate J. Comp. Chem. g%’s 43167 2011
g . Activation: DFT, ONIOM, and QM/MM ’
Molecular Dynamics Studies
. Ditantalum dinitrogen complex: Reaction
30 \12] l\zdlé?gﬁhzig?;% ]1\)/[ ’ é‘ e, of H2 molecule with “end-on-bridged” Inore. Chem 50, 2011
Musacy ’ s [TaIV]2(p-n1:m1-N2) and bis(u-nitrido) - Anorg. : 9881-9490.
[TalV]2(u-N)2 complexes
. Determination of Local Chirality of
31 J. Kim, 8. Irle and K. Irregular Single-Walled Carbon Nanotube | Phys. Rev. Lett. 107, 2011
Morokuma 2~ 175505/1-5.
Based on Individual Hexagons
Template Effect in the Competition
Y. Wang, A. J. Page, Y. Between Haeckelite and Graphene Growth | J. Am. Chem. 133, 18837-
32 | Nishimoto, H.-J. Qian, K. Ni(111): Chemical Molecul S, 18842 2011
Morokuma and S. Irle on Ni( } ): Quantum Chemical Molecular oc. .
Dynamics Simulations
33 S. Sekharan and K. Why 11-Retinal? Why Not 7-, 9- or 13-in | J. Am. Chem. 133, 19052- 2011
Morokuma the Eye? Soc. 19055.
Hot giant fullerenes eject capture C2
34 E/iosrzlll?l’n?é Irle, and K. molecules. QM/MD simulations with J. Phys. Chem. C éé%7-2271 2011
constant density )
Y. Okamoto, F. Kawamura,.Y. | SCC- DFTB/MD Simulation of Transition JC h 8
35 | Ohta, A. J. Page, S. Irle and K. | Metal Catalyst Particle Melting and - Lomp. Lheo. 2 2011
. . Nanosci. 1755-1763.
Morokuma Carbide Formation
DFT and ONIOM Study on the Alkylation
of the Lithium Enolate in Solution: Theo. Chem. 130,
36 | K. Ando and K. Morokuma Microsolvation Cluster Models for Acct. 323-331. 2011
CH2=CHOLIi + CH3Cl + (THF)0-6
. . Comparative Reactivity of Ferric-
L. W. Chung, X. Li, H. H L J. Am. Chem. 133,
37 and K. Mlg;%kumal 1rao Superoxo and Ferryl-Oxo Species in Heme Soc.m em 20076-20079. 2011
and non-Heme Complexes.
. Mechanistic Studies on the Reversible
R. Tanaka, M. Yamashita, L. Hydrogenation of Carbon Dioxide . 30,
38 | W. Chung, K. Morokuma, and Catalyzed b I--PNP | Organometallics 6742-6750 2011
K. Nozaki atalyzed by an Ir- complex, — .
: Organometallics, 30, 6742—-6750 (2011).
Computational Studies of Bacterial
39 H. M. Nguyen, H. Hirao, U. V. | Resistance to b-Lactam Antibiotics: J. Chem. Inf. 51, 2011
Dang, K. Morokuma Mechanism of Covalent Inhibition of the Model. 3226-3234..

Penicillin-Binding Protein 2a (PBP2a)
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J. M. Knaup. K. Morokuma A simulation of possible carbon nanotubes 1,
401 and S. Irle slitting in a CMOS compatible way Mater. Express | 343 349, 2011
Quantum Mechanical/Molecular
Mechanical Structure, Enantioselectivity
41 IS< iﬁﬁ?ﬁﬁ%as‘ Yokoyama,. and Spectroscopy of Hydroxyretinals and | J. Phys. Chem. B %%80-1 5388 2011
) Insights into the Evolution of Color Vision )
in Small White Butterflies
Y. Matsuda, K. Hoki, S. . L .
Maeda. K. Hanaue. K. Ohta Experimental and theoretical investigations Phys. Chem 14
42 K. Morokuma, N. Mikami, ofltsomerlz(fl%olzi}‘eactlons of ionized Chem. Phys. 712-719. 2012
and A. Fujii acetone and its dimer
Molecular and electronic structures of
1 endohedral fullerenes, Sc2C2@C3v-C82
43 | Y. Nishimoto, Z. Wang, K. and Sc2@C3v-C82: Benchmark for SCC- | £/s. Status 249, 2012
Morokuma, and S. Irle . Solidi B 324-334,
DFTB and proposal of new inner cluster
structures
Large-scale Domain Conformational
J. Pang, X. Li, K. Morokuma, | Change Is Coupled to the Activation of J Am. Chem 134
44 | N. S. Scrutton, and M. J. the Co-C bond in the B12-Dependent .S;oc ) : 236’7—2377 2012
Sutcliffe Enzyme Ornithine 4,5-Aminomutase: A : )
Computational Study
Toward Predicting Full Catalytic Cycles
Using Automatic Reaction Path Search J. Chem. Theo. 8,
45| S.Maeda and K. Morokuma | ygoipo4- A Case Study on HCo(CO)3- Comp. 380-385. 2012
Catalyzed Hydroformylation
M. P. Grubb, M. L. Warter, No Straight Path: Multistate Roaming as 335
46 | H.-Y. Xiao, S. Maeda, K. the Only Route for the NO3 — NO + 02 Science 107’5 1078 2012
Morokuma, S. W. North Reaction B :
A Computational Study on the Working
Mechanism of Stilbene Light-Driven J Am. Ch 134
47 | F. Liu, and K. Morokuma Molecular Rotary Motor: Sloped S.ocm. em. 4864-4876 2012
Minimal Energy Path and Unidirectional : )
Nonadiabatic Isomerization
. Theoretical Insights into Chirality-
4g | H-B LA 1. Page, S.1rle. | ¢ontrolied SWONT Growth from a ChemPhysChem | 1320 | 4o 2012
’ Cycloparaphenylene Template )
fill Sehr
49 Hirofumi Sato,Chisa Solvation structure of coronene-transition | Phys. Chem. 13 (1): 2011
Kikumori, Shigeyoshi Sakaki | metal complex: a RISM-SCF study Chem.. Phys. 309-313
Multi-State CASPT2 Study of
Naoki Nakatani, Yutaka Native Iron(I1l)-dependent Catechol 115
50 | Hitomi, and Shigeyoshi Dioxygenase and Its Functional Models: J. Phys. Chem. B 4781-4789 2011
Sakaki Electronic Structure and Ligand-to-Metal
Charge-Transfer Excitation
R Theoretical Study of Photoinduced
51 | gushi Ishikawa and Epoxidation of Olefins Catalyzed by J. Phys. Chem. A | 453 oo 2011
gey! > Ruthenium Porphyrin
Shigeyoshi Sakaki, Theoretical Study of Metallasilatranes;
aisuke Kawai, and Shinya onding Nature and Prediction of New : ‘ o
52 | Daisuke Kawai, and Shinya | Bonding N d Prediction of N Collect. Czech. | 76 (No. 5) 2011
Tsukamoto Metallasilatrane ’ :
53 Iﬁgg{g Illi?iff’umsgggéde A resonance theory consistent with Chem. Phys. 505, 2011
> > Mulliken-population concept Lett. 4-6

Shigeyoshi Sakaki,
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Noble Reaction Features of Bromoborane
54 Guixiang Zeng and in Oxidative Addition of B—Br c—Bond Inore. Chem 50, 2011
Shigeyoshi Sakaki to M(PMe,), (M= Pt or Pd): Theoretical & ) 5290-5297
Study
Theoretical Study of Pt(PR,),(AICL)
(R=H, Me, Ph, or Cy) Including an
Shinya Tsukamoto and Unsupported Bond between Transition 115, (30),
3 Shigeyoshi Sakaki Metal and Non-Transition Metal J. Phys. Chem. 4 8520-8527 2011
Elements; Geometry,Bond Strength, and
Prediction
Theoretical study on aquation reaction
Daisuke Yokogawa, Kohei of cis-platin complex: RISM-SCF- 40 (42)
56 | Ono, Hirofumi Sato, SEDD, a hybrid aproach of accurate Dalton Trans. 1112 5_1’1 130 2011
Shigeyoshi Sakaki quantum chemical method and statistical
mechanics
Hideo Ando, Yoshihide Theoretical Study on High-Spin to
57 Nakao, Hirofumi Sato, Low-Spin Transition of {Fe(pyrazine) Chem. Phys. 511(4-6), 2011
Masaaki Ohba, Susumu [Pt(CN),]}: Guest-Induced Entropy Lett. 399-404
Kitagawa, Shigeyoshi Sakaki | Decrease
Shibata, Naoto, Hirofumi . . .
58 | Sato, Shigeyoshi Sakaki, yuji | [ hsoretical Study of Magnesium Fluoride | ; pp o cpom, g | 1385 | 2011
Sugita in Aqueous Solution -
Hiroyuki Sakaba, Hiroyuki
Oike, Masaaki Kawai, Synthesis, Structure, and Bonding Nature
59 Masato , Takami, Chizuko of Ethynediyl-Bridged Bis(silylene) Or cali 30(17) 2011
Kabuto, Mausumi Ray, Dinuclear Complexes of Tungsten and ganometatcs 4515-4531
Yoshihide Nakao, Hirofumi Molybdenum
Sato, and Shigeyoshi Sakaki
Kazuhide Ichikawa, Ayumu Inverted-sandwich-type and open-
60 Wagatsuma, Yusaku I. lantern-type dinuclear transition metal Theor. Chem. 130 (2-3) 2011
Kurokawa, Shigeyoshi complexes: theoretical study of chemical Acc. 237-250
Sakaki, Akitomo Tachibana bonds by electronic stress tensor
Binding energy of gas molecule with
Milind Deshmukh, two pyrazine molecules as organic Theor. Chem. | 130 (2-3)
61 . . . linker in meal-organic framework: its 2011
Shigeyoshi Sakaki . . . Acc. 475-482
theoretical evaluation and understanding
of determining factors
HiFH B
Finding Reaction Pathways of Type A +
62 | S. Maeda, K. Morokuma B — X: Toward Systematic Prediction of J, Chem. Theory | 7, 2011
. : Comput. 2335-2345
Reaction Mechanisms
N. S. Shuman, T. M. Miller, J. | Temperature Dependences of Rate 135,
63 | F. Friedman, A. A. Viggiano, | Coefficients for Electron Catalyzed J. Chem. Phys. 024204 2011
S. Maeda, K. Morokuma Mutual Neutralization (8 pages)
Exploring Multiple Potential Energy 2012,
64 E&Maeda, K. Ohno, K. Surfaces: Photochemistry of Small Adv. Phys. Chem. | 268124 2011
orokuma
Carbonyl Compounds (13 pages)
Y. Matsuda, K. Hoki, S. . .
Maeda, K .-i. Hanaue, K. Exper%memal and Theorfe th?.l . Phys. Chem. 14,
65 Investigations of Isomerization Reactions 2012
Ohta, K. Morokuma, N. . - Chem. Phys. 712-719
. : of Ionized Acetone and Its Dimer
Mikami, A. Fujii
Toward Predicting Full Catalytic Cycle
Using Automatic Reaction Path Search J. Chem. Theory | 8,
66 | 8. Maeda, K. Morokuma Method: A Case Study on HCo(CO)3- Comput. 380-385 2012
Catalyzed Hydroformylation
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P. S. Krstic, J. P. Allain,
A. Allouche, J. Jakowski, Dvnamics of Deuterium Retention and [doi:10.1016/
67 | J. Dadras, C. N. Taylor, Z. S yutterin of Li-C—O Surfaces Fusion Eng. Des. | j.fusengdes. 2012
Yang, K. Morokuma, S. P g 2011.07.009]
Maeda
M. P. Grubb, M. L. Warter, No Straight Path: Roaming in Both 335
68 | H. Xiao, S. Maeda, K. Ground- and Excited-State Photolytic Science 1 07’5-1078 2012
Morokuma, S. W. North Channels of NO3 — NO + 02
Zhuofeng Ke
Rh-catalyzed Polymerization of
69 Ke, Zhuofeng, Abe, S., Ueno, | Phenylacetylene: Theoretical Studies of J. Am. Chem. 133 (20), 2011
T., & Morokuma, Keiji* the Reaction Mechanism, Regioselectivity | Soc. 7926-7941
and Stereoregularity
An Amphiphilic Conjugate Approach
Liu, Y., Ke, Zhuofeng, Liu, toward the Design and Synthesis of 6 (9)
70 | Shuwen, Chen, Wen-Hua, Betulinic Acid—Polyphenol Conjugates as | ChemMedChem 1654-1664 2011
Jiang, Shibo; Jiang, Zhi-Hong | Inhibitors of the HIV-1 gp41 Fusion Core
Formation
Gao, H., Ke, Zhuofeng, .
1| Dok T Wang S x| Dnucess 2ol Comples Catatyzed. |y am chem. | 130, | g
H., Mao Z.-W., Phillips, D.L., p avag v Soc. 2904-2915
Concerted Mechanism
Zhao C.
Joonghan Kim
. Determination of Local Chirality
72 ;ﬁﬁnﬁgﬁ?ﬁéﬁﬁﬁlan Itle, in Irregular Single-Walled Carbon Phys. Rev. Lett. %%%75)’ 2011
) Nanotubes Based on Individual Hexagons
Alister Page
A.J. Page, K.R. S. SWNT Nucleation from Carbon-Coated
73 | Chandrakumar, S. Irle, K. SiO2 Nanoparticles via a Vapor-Solid- é Am. Chem. g?%)z’g 2011
Morokuma Solid Mechanism oc.
Do SiO2 and Carbon-Doped Sio2
74 éﬁiﬁgerlgli:lr[;;rlss.lrle K Nanoparticles Melt? Insights from QM/ Chem. Phys. 508(4-6),
Morokuma > > MD Simulations, and Ramifications Lett. 235-241
Regarding Carbon Nanotube Growth
QM/MD Study of Transition Metal
75 gé Oek%mﬂ tl(e), E.OI\I/}E)ar’olléﬁrJﬁa Catalyst Particle Melting and Carbide ;f Comp. Theor. %95)5’_17 63
8¢, 5. Irie, & Formation During SWCNT Nucleation anoscience
A ] Page. K. R. S Thermal Annealing of SiC Nanoparticles
76 | Chandr agkl’lmér S Irle. K Induces SWNT Nucleation: Evidence for Phys. Chem. 13(34),
Morokuma a Catalyst Independent SWNT Nucleation | Chem. Phys. 15673-15680
Mechanism
Y. Wang, A. J. Page, Y. Haeckelite Islands in Graphene Nucleation
77 | Nishimoto, H.-J. Qian, S. Irle, | on Ni(111): Density Functional Tight é.Am. Chem. %21;(3476-)1’8842
K. Morokuma Binding MD Simulations oc
. Theoretical Insights into Chirality-
78 | H-B. Li, A.J. Page, S. Irle, K. Controlled SWCNT Growth from a ChemPhysChem 13(6),
Morokuma 1479-1485
Cycloparaphenylene Template
" %/l Qaﬁl(’klijcg?;,c ﬁ’ él i)r?gf:i(. tCl)lpti:misat_ion ?‘f a _Gene%[ilg z?llgorithm for é Chem. Theor: %;4)1’ 1851
Morokuma e Functionalisation of Fullerenes omp. -
. The Dynamics of Local Chirality during
30 J. Kim, A. J. Page, S. Irle, K. SWCNT Growth: Armchair versus Zigzag J. Am. Chem. 134(22),
Morokuma Soc. 9311-9319

Nanotubes
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81 H.-B. Li, A. J. Page, Y. Wang, | Sub-Surface Nucleation of Graphene Chem. Comm In press
S. Irle, K. Morokuma Precursors near a Ni(111) Step-Edge ) : p
82 A. J. Page, T. Isomoto, J. Effects of Molecular Dynamics J. Chem. Theor: Submitted
Knaup, S. Irle, K. Morokuma | Thermostats on Non-Equilibrium Systems | Comp.
. SWCNT Growth from Chiral Carbon
83 ﬁ(-)?olgul I’n‘é 1. Page, 8. Irle, K. Nanorings: Prediction of Chirality and é’o’gm' Chem. Submitted
Diameter Influence on Growth Rates :
Xin Li
Lo Photodynamics of All-trans
g4 | pin bl Lung Wa Chung. and | Reqina Protonated Schiff Base in Commert: Lo | Jooaneos | 2011
) Bacteriorhodopsin and Methanol Solution onmput. (Lett.
Lung Wa Chung, Xin Li, Comparative Reactivity of Ferric-
85 | Hajime Hirao and Keiji Superoxo and Ferryl-Oxo Species in ‘é‘o’gm' Chem. ;%%)7(29)2’0079 2011
Morokuma Heme and Non-Heme Complexes ’
Zinc—Homocysteine binding in
Safwat Abdel-Azeim, Xin cobalamin-dependent methionine J Comput 32.(15)
86 | Li, Lung Wa Chung, Keiji synthase and its role in the substrate Ch put. 31543167 2011
Morokuma activation: DFT, ONIOM, and QM/MM em.
molecular dynamics studies
Lung Wa Chung, Hajime The ONIOM method: its foundation
87 | Hirao, Xin Li and Keiji and applications to metalloenzymes and Zg];%vcfomp ut. %2(52’3 50 2012
Morokuma photobiology s
Large-Scale Domain Conformational
Jiayun Pang, Xin Li, Keiji Change Is Coupled to the Activation of J Am. Ch 134
88 | Morokuma, Nigel S. Scrutton, | the Co—C Bond in the B12-Dependent S, . e 23679-2377 2012
and Michael J. Sutcliffe Enzyme Ornithine 4,5-Aminomutase: A oc. )
Computational Study
K.R.S. Chandrakumar
Naresh K jna, KR | DN Base Gold Nano Clser Complx
89 | Chandrakumar, and Swapan - yzing Agent: J. Phys. Chem C. | In Press 2012
Attractive Route for CO Oxidation
K Ghosh P
rocess
Naresh K. Jena, Manoj K. .
Tripathy, Alok K. Samanta, Water Molecule Encapsul:clted in Carbon Theo. Chem. 131,
90 Nanotube Model Systems: Effect of 2012
K. R. S. Chandrakumar and Confinement and Curvature Ace. 1205-1211
Swapan K. Ghosh
Fengyi Liu
Computational Study on the Working
R Mechanism of a Stilbene Light-Driven
91 lgzgrgo)ll(l 1;1111; and Keiji Molecular Rotary Motor: Sloped ‘§ Am. Chem. féghi 4876 2012
u Minimal Energy Path and Unidirectional oc:
Nonadiabatic Photoisomerization
Hongyan Xiao
92 Hongyan Xiao, Satoshi Excited-state Roaming Dynamics in J. Phys. Chem. 2, 2011
Maeda and Keiji Morokuma Photolysis of a Nitrate Radical Lett. 934-938
Michael P. Grubb, Michelle
L. Warter, Hongyan Xiao, No Straight Path: Roaming in Both 335
93 | Satoshi Maeda, Keiji Ground- and Excited-state Photolytic Science 1075-1078 2012
Morokuma and Simon W. Channels of NO, — NO +O,
North
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Haibei Li
Hai-Bei Li, Aister. J. Page, Theoretical Insights for Chirality- 13,
94 | Sthephan. Irle and K. Controlled SWCNT Growth from a ChemPhysChem | 1479-1485, 2012
Morokuma, Cycloparaphenylene Template 2012.
Hai-Bei Li, Aister. J. Page, . accepted,
95 | Ying Wang, Sthephan. Irle ISJub-Surface NUCI?\?-UI) lnl otS’tGrapélgne ChemComm DOI:10.1039/ 2012
and K. Morokuma recursors near a Ni(111) Step- Edge ¢2cc32995f
Lung Wa Chung
Akifumi Nakamura o
. > Qs Pd-Catalyzed Copolymerization of
o | Tageniro Munakata, Shingo | vyt Acrylate with Carbon Monoxide: | J. Am. Che. 133 (17), ol
Ch’un Kyei'i Mor(;kumg and Structures, Properties and Mechanistic Soc. 6761-6779
Kyok(%’Noz; ki > Aspects toward Ligand Design
Zinc—Homocysteine binding in
Safwat Abdel-Azeim, Xin cobalamin-dependent methionine JC ‘ 32 (15)
97 | Li, Lung Wa Chung, Keiji synthase and its role in the substrate Chefnmp ut. 31543167 2011
Morokuma activation: DFT, ONIOM, and QM/MM :
molecular dynamics studies
Lo Photodynamics of All-trans
98 )Iéé?}ﬁ/’[é‘r%?(% le; Chungand | petinal Protonated Schiff Base in é Che”;' Theory ;6(321’72698 2011
) Bacteriorhodopsin and Methanol Solution omput.
Lung Wa Chung, Xin Li, Comparative Reactivity of Ferric-
99 | Hajime Hirao and Keiji Superoxo and Ferryl-Oxo Species in Heme ‘é’o’gm' Chem. égg;g?%’oom 2011
Morokuma and Non-Heme Complexes :
Ryo Tanaka, Makoto - . .
P Mechanistic Studies on the Reversible
100 | Yamashita, Lung Wa Chung, |y 400 onacion of Carbon Dioxide Organometallics | 9 (24 2011
Keiji Morokuma and Kyoko Catalyzed b I-PNP Compl 6742-6750
Nozaki atalyzed by an Ir- omplex
Lung Wa Chung, Hajime The ONIOM method: its foundation
101 | Hirao, Xin Li and Keiji and applications to metalloenzymes and LVéI;%vcfamp ut. %2(%2’3 50 2012
Morokuma photobiology Ce
Galina Petrova
G. V. Vayssilov, Y. Lykhach,
A. Migani, T. Staudt, G. P. S " tructure boost
102 | Petrova, N. Tsud, T. Skala, A. tuP ptg)r nanos lr utq uﬁa’ 00sts oyliygen Nat. M. 10 (4), 2011
Bruix, F. Illas, K. C. Prince, | [rans’er to eatalytically active platinum at. Mater. 310315
V. Matolin, K. M. Neyman, J. oparticies
Libuda
. Enhanced reactivity of carbonyl
103 g gafl)zg(?\ya’ G. V. Vayssilov, compounds on MgO surface: A J. Mol. Catal. A 2471_27';43’ 2011
’ computational study
K. Chakarova, G. Petrova,
M. Dimitrov, L. Dimitrov, G. | Coordination state of Cu+ ions in Cu-[Al] 106 (1-2),
104 | Vayssilov, T. Tsoncheva, K. | MCM-41 Appl. Catal. B | 156 jo4 2011
Hadjiivanov
Determination of the optimal position
105 %@tﬁ)‘vsa\t}gﬁ/llo‘{’(ocr}ﬁt%va GV of adjacent proton-donor centers for the J. Mol. Graph. 30, 2011
Vavssilov >~ 7 | activation or inhibition of peptide bond Model. 10-14
¥ formation - A computational model study
. Interaction of ethene and ethyne with bare
106 | G- b Petrova, G. V. Vayssilov. | o d hydrogenated Ird clusters. A density | Caral. Sci. Tech. | §49; 0 2011

functional study
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G. V. Vayssilov, G. P. Petrova, Reverse hydrogen spillover on and
107 E. A. I. Shor, V. A. Nasluzov, hydrogenation of supported metal clusters: Phys. Chem. 14 (17), 2012
A. M. Shor, P. S. Petkov, N. yerog Ppo! IS Chem. Phys. 5879-5890
Résch Insights from computational model studies
Raman Kumar Singh
. An Examination of Density Functionals
108 {l&aman K. Singh, Takao on Aldol,Mannich and a-Aminoxylation Theor. Chem. 130 (2-3), 2011
suneda and Kimihiko Hirao : - Acc. 153-160
Reactions Enthalpy Calculations
Travis Harris
. . Comparative Assessment of the
109 g;?l\; s Y Harris, Robert K. Composition and Charge State of Inorg. Chem. 4512912;82 4 2011
gy Nitrogenase FeMo-Cofactor.
T B
Yuh Hijikata, Satoshi Horike,
Daisuke Tanaka, Juergen Differences of crystal structure and 47
110 | Groll, Motohiro Mizuno, dynamics between soft porous nanocrystal | Chem. Commun. 7630-7634 2011
Jungeun Kim, Masaki Takata, | and bulk crystal
and Susumu Kitagawa
Nobuhiro Yanai, Koji
Kitayama, Yuh Hijikata,
Hiroshi Sato, Ryotaro . .
111 | Matsuda, Yoshiki Kubota, Refp orting structu{alftraélsformatlo?é)(f) Nat. Mater. %2’7 793 2011
Masaki Takata, Motohiro soft porous crystals for detection o , -
Mizuno, Takashi Uemura,
and Susumu Kitagawa
Daiki Umeyama, Satoshi S Lo
112 | Horike, Munchiro Inukai, | CoRmetett o0 Mo e roton | Angow: Chem. | 50, 2011
Yuh Hijikata, and Susumu transf p Int. Ed. 11706-11709
Kitagawa ransier
Jose Alberto Rodriguez-
Velamazan, Miguel A.
Gonzalez, José Antonio Real,
Miguel Castro, M. Carmen . .
1| Mhor A Bl Gupar | A Suchable moleuar owor seuten | g chm, | 134,
Ryo Ohtani, Masaaki Ohba, P Py study on a poly P Soc. 5083-5089
Ko Yoneda, Yuh Hijikata, crossover compound
Nobuhiro Yanai, Motohiro
Mizuno, Ando Hideo, and
Susumu Kitagawa
GG
Solution reaction space Hamiltonian
114 %aﬁ)ono, T. Yamamoto, S. based on an electrostatic potential J. Chem. Phys. }2)41110384 2011
representation of solvent dynamics
BA Hih
. . . . . . Collection of
Shigeyoshi Sakaki, Theoretical Study of Metallasilatranes; Czechoslovak 76
115 | Daisuke Kawai, and Shinya Bonding Nature and Prediction of New echosiova : 2011
. Chemical 619-629
Tsukamoto Metallasilatrane. C S
ommunications
Theoretical Study of Pt(PR3)2(AICI3)
Shinya Tsukamoto and %JRZH’ Met’ l?ihéor ((1: %) tl rlCludiTng st 115
inya Tsukamoto an nsupported Bond between Transition s
116 Shigeyoshi Sakaki Metal and Non-Transition Metal J. Phys. Chem. 4, 8520-8527 2011

Elements; Geometry, Bond Strength, and
Prediction.
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based on the Douglas—Kroll-Hess
Hamiltonian

Volume(Number),
Ne Authors Title Journal first page to last year
page
Milind Deshmukh
o Two-step Evaluation of Potential Energy
117 Deshmukh Mllmd M.and Surface and Binding Energy of van der J. Comput. 33, 2012
Sakaki Shigeyoshi Chem. 617-628
Waals Complexes
Jayshree K. Khedkar, Milind . ..
118 | M. Deshmukh, Shridhar R, | fydrogen ?:élgai?e[rﬁfrseigg CoOPSRIIY | 1 Phys. Chem. 4 3 2012
Gadre, and Shridhar P. Gejji ubstitu X ’ )
Binding energy of gas molecule with
Deshmukh Milind M. and | {WO Pyrazine molecules as organic _ Theor. Chem. | 130,
119 - s . linker in metal—organic framework: its 2011
Sakaki Shigeyoshi . - . Acc. 475-482
theoretical evaluation and understanding
of determining factors
Deshmukh Milind M.; Intramolecular Hydrogen Bond Energy and 30
120 | Bartolotti Libero Jr. and Cooperative Interactions in Alpha-, Beta-, | J. Comput. Chem. 29’96 3004 2011
Gadre Shridhar R. and Gamma-Cyclodextrin Conformers
g HE
Noble Reaction Features of Bromoborane
121 Guixiang Zeng and in Oxidative Addition of B—Br c—Bond [’ Inore. Ch 50(11), 2011
Shigeyoshi Sakaki to [M(PMe,),] (M= Pt or Pd): Theoretical | "*?'& ~"¢" 5290-5297
Study ‘
Theoretical Study on the Transition-Metal
L Oxoboryl Complex: M—BO Bonding
122 g}lllilmangh%g;%:%d Nature, Mechanism of the Formation Inorg. Chem Zé(987): 4605 2012
geyos Reaction, and Prediction of a New
Oxoboryl Complex
oA #
Bonding Situation in "Early-Late"
. Transition Metal Complexes C1.M-
123 | & ffl‘gﬁgl’ A. Krapp, G. M'(PCL), (M = Ti, Zr, Hf; M' = Co, Rh, %hA”(”g‘ Alleg. ?%’8_173 5 2011
cniking Ir) - Theoretical Study for a Ligand Fine em.
Tuning of M-M’ Bonds -
. Carbodiphosphorane-Analogues E(PPh,)
124 | N. Takagi, R. Tonner, G. with E = C - Pb. A Theoretical Study with | Chem. Eur. J. 18, 2012
Frenking T . - 1772-1780
implications for ligand design
T. Agou, Y. Sugiyama,
T. Sasamori, H. Sakali, . L .
125 | Y. Furukawa, N. Takagi, Synthesis of Kinetically Stabilized J. Am. Chem. 134, 2012
1,2-Dihydrodisilenes Soc. 4120-4122
J. D. Guo, S. Nagase, D.
Hashizume, N. Tokitoh
A Theoretical Study of Unusual Y-Shaped
. . Three-coordinate Pt Complex: Pt(0) J. Am. Chem. .
126 | N. Takagi, S. Sakaki o-Disilane Complex or Pt(II) Disilyl Soc. 10 press 2012
Complex?
wEE
NMR shielding constants of CuX,
AgX, and AuX (X =F, Cl, Br, and I)
127 | T. Yoshizawa, S. Sakaki investigated by density functional theory | in preparation
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Volume(Number),
Ne Authors Title Journal first page to last year
page
hs 1k
Multistate CASPT2 Study of Native
Naoki Nakatani, Yutaka Iron(I1T)-Dependent Catechol 15
128 | Hitomi, and Shigeyoshi Dioxygenase and Its Functional Models: J. Phys. Chem. B 4781-4789 2011
Sakaki Electronic Structure and Ligand-to-Metal
Charge-Transfer Excitation
Wi ¥
T. Baba, K. Kamiya, T. . . .
1| M N Shiba .| Molsuar ynamics studies oo muaions | o prys, | 507
Higuchi, T. Kobayashi, S. deorading en rﬁe yp Lett. 157-161
Negoro and Y. Shigeta g genzy
Y. Nakanishi, T. Matsui,
Y. Kitagawa, Y. Shigeta, Electron Conductivity in Modified Models Bull. Chem. S 84
130 | T. Saito, Y. Kataoka, T. of Artificial Metal-DNA Using Green's J: én en. Soc. 366-375 2011
Kawakami, M. Okumura and | Function-Based Scattering Theory P
K. Yamaguchi
. . . A Theoretical Study on Reaction Scheme
131 | - Matsul, 7 Miyachi, T. of Silver (I) Containing 5-Substituted J. Phys. Chem. 4 | g o1 2011
- >nig Uracils Bridge Formation
Theoretical Insight into Stereoselective
K. Kamiya, T. Matsui, T. Reaction Mechanisms of 2,4-Pentanediol- 116,
132 Sugimura and Y. Shigeta Tethered Ketene-Olefin [2+2] J. Phys. Chem. 4 1168-1175 2012
Cycloaddition
An accurate density functional theory
. based estimation of pKa value of polar
133 T. Matsui, T. Baba., K. residues combined with experimental Phys. Chem. 12, 2012
Kamiya and Y. Shigeta . . - - Chem. Phys. 4181-4187
data: from amino acids to minimal
proteins
Wilfredo Credo Chung
QM/MM Trajectory Surface Hopping
Wilfredo Credo Chung, Approach to Photoisomerization of 116 (28)
134 | Shinkoh Nanbu, Toshimasa Rhodopsin and Isorhodopsin: The Origin | J. Phys. Chem. B 8009-8023 2012
Ishida of Faster and More Efficient Isomerization )
for Rhodopsin
A Nonadiabatic Ab Initio Dynamics
Wilfredo Credo Chung, Study on Rhodopsin and Its Analog Chemistr 40
135 | Shinkoh Nanbu, Toshimasa Isorhodopsin: Chemical Dynamics Letiers Y 1395-1397 2011
Ishida Reasons behind Selection of Rhodopsin
by Life
An MD simulation of the decoy action Theoretical
136 -Wilfredo Credo Chung, of Epstein—Barr virus LMP1 protein Chemi tl 130, 2011
Toshimasa Ishida mimicking the CD40 interaction with y Cmstry 401-410
ccounts
TRAF3
i B
S. N. Watanabe, T. Iwaki, M. . . .
137 | 1. Kohira, N. Magome, and K. Negative photophoresis of smoke particles | Chem. Phys. 511, 2011
: observed under microgravity Lert. 447-451
Yoshikawa
. . . Stiffness causes opposite trend on the .
Y. Higuchi, K. Yoshikawa, . P . Physical 84,
138 and T Iwaki folding transition of a single polymer Review E 021924 (1-5) 2011

chain in a confined space
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Kenji Matsuda

wave functions of peptides

Volume(Number),
Ne Authors Title Journal first page to last year
page
BA BHEA
Shunsuke Yabunaka, . .
139 | Takao Ohta, and Natsuhiko | Self-propelled motion of afluid droplet | ;' pp . | 136, 2012
Yoshi under chemical reaction 074904
oshinaga
Philippe Marcq, Natsuhiko Rigidity sensing explained by active . 101,
140 Yoshinaga, and Jacques Prost | matter theory Biophys. J. L33-L35 201
Hiroyuki Kitahata, Natsuhiko . Phys. Rev.
141 | Yoshinaga, Ken H. Nagai, Spontaneous motion of a droplet coupled E Rapid 84, 2011
. with a chemical wave R 015101
and Yutaka Sumino Communications
wEEE T
Noriyuki Minezawa and Photoisomerization of Stilbene: A Spin- 115(27),
142 Mark S Gordon Flip Density Functional Theory Approach J. Phys. Chem. 4 7901-7911 2011
Albert DeFusco, Noriyuki
143 Minezawa, Lyudmila Modeling Solvent Effects on Electronic J. Phys. Chem. 2(17), 2011
V Slipchenko, Federico Excited States Lett. 2184-2192
Zahariev, and Mark S Gordon
Kunkun Guo
Polymerization of actin filaments coupled 135(10)
144 Kunkun Guo, Wenjia Xiao, with adenosine triphosphate hydrolysis: J. Chem. Phys. 105101 (’1)_ 2011
and Dong Qiu Brownian dynamics and theoretical
. 105101(6)
analysis
Exploration of the shapes of double- J Phvs.- 23
145 | Kunkun Guo, Jianfeng Li walled vesicles with a confined inner | LRYS.. > 2011
Condens. Matter | 285103 (12pp)
membrane
T il
Excitation energy transfer in GFP-X-CFP .
146 Tsutomu Kawatsu, and Jun- model peptides (X = amino acids): Direct Int. J. Quantum published 2012
ya Hasegawa . Chem. online
Versus through-bridge energy transfers
Bridge-mediated excitation energy
Tsutomu Kawatsu, Jun- transfer pathways through protein media: 115(39), 10814-
147 | ya Hasegawa, and Kenji a Slater determinant-based electronic J. Phys. Chem. A 10822 2011
Matsuda coupling calculation combined with
localized molecular orbitals
Jun-ya Hasegawa, Tsutomu Chemical-intuition based LMO Chem. Ph
148 | Kawatsu, Kazuo Toyota, and | transformation simplifies excited-state Le ;m. VS 508, 171-176 2011
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Kenichi Fukui

B Tie3x /5308(1)13:00~16:00

IBFh REBAXEEHFREIAR LYY — SFAGEEE
T606-8103 Access #
R AERXSEAEREIS4-4 . l
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http: //www.fukui.kyoto-u.ac.jp/ — e
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14:55~15:10 {KZE

15:10~15:55 EE{LEMSICANDEE
Yy —EERE S 8 GEAZIZHARRKD)

- (REERSR ORI T (S, BH AR SORTNERFES T, e
-SMBIEMTTA. RAFOBEL, BAICSMBATEV, FEEZHOBEER. £BIBLSETOELEET, a

. . FBERETOZRSMEVND KDIC. FLEHTWEEFNIEZH YD =WNTIT A,
HIARE BASMLEIHIET. 3IEOKE. CRXROH 2 BRI TT,
HHA[ZEF A — )L T school@fukuikyoto-uac.jp 3 3 LM Fax:075-781-4757F Ts
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Fukui International Symposium for
Theoretical Chemistry (FISTC)

Place: Fukui Institute for Fundamental Chemistry, Kyoto University

Schedule: Wednesday, August 31, 1300: opening, lectures and banquet
Thursday, September 1, 2011, 900: lectures; 1700: closing
Banquet: Aug. 31 PM 7:00-9:00

Organizers: Keiji Morokuma and Shigeyoshi Sakaki

Fukui Institute for Fundamental Chemistry of Kyoto University is planning to organize
International Symposium for Theoretical and Computational Chemistry for August 31 to September
1, 2011 at Kyoto. Fukui Institute was built by late Professor Kenichi Fukui at 1985 after he retired
from Kyoto University to continue his research with young colleagues. After he has passed away,

the Institute has become a part of Kyoto University.

In this symposium, we would like to invite excellent theoretical and computational chemists
from abroad and Japan including young researchers, to provide high quality lectures about new
methods, new targets for molecular science and new theoretical and computational results, and to
deepen contact and enhance cooperative works between Japan and other countries. In this small
symposium we hope to provide ample time for open and personal discussion. Another important
purpose is to encourage excellent young theoretical and computational chemists. They are
performing excellent works but they do not have many chances to present their oral talks in

international conferences. In this symposium, we will provide such opportunities to young researchers.

We hope that many people join to this international symposium at Fukui Institute for
Fundamental Chemistry. We believe that you will have good chances to listen excellent talks and

to enjoy direct discussion with excellent speakers.

Speakers (Alphabetical)

Marcus Elstner (Karlsruhe)
Gernot Frenking (Marburg)
Jurgen Gauss (Mainz)
Jyunya Hasegawa (Kyoto)
Shigehiko Hayashi (Kyoto)
So Hirata (lllinois)

Toshimasa Ishida (Kyoto)
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Kwang S. Kim (Pohan)

Kazuo Kitaura (Kyoto)
Shuhua Li (Nanjing)
Satoshi Maeda (Kyoto)

Masayoshi Nakano (Toyonaka)
Yoshihide Nakao (Kyoto)

Josef Noga (Blatislaba)

Yu-ki Ohtsuka (Okazaki-Kobe)
Kiyoshi Yagi (Osaka)

Shusuke Yamanaka (Toyonaka)
Koichi Yamashita (Tokyo)

Kazunari Yoshizawa (Fukuoka)

Program (temporary)

Wednesday, August 3

13:00-13:10 Opening

13:10-13:40 Koichi Yamashita(Tokyo)

13:40-14:20 Kwang S. Kim(Pohan)

14:20-15:00

15:00-15:20 Masayoshi Nakano(Toyonaka)

15:20-16:00  Josef Noga(Bulatislava)

16:00-16:40 Kiyoshi Yagi(Osaka)

16:40-17:00 Break

17:00-17:20  Toshimasa Ishida(Kyoto)

17:20-17:40 Shusuke Yamanaka, Keita Kanda,
Toru Saito,Yasutaka Kitagawa,
Takashi Kawakami,Masahiro Ehara,
Mitsutaka Okumura,Haruki Nakamura,
Kizashi Yamaguchi(Toyonaka)

17:40-18:00  Yuhki Ohtsuka, Seiichiro Ten-no,
Shigeru Nagase(Okazaki-Kobe)

18:00-18:20 Satoshi Maeda(Kyoto)

18:20-18:40  Yoshihide Nakao(Kyoto)

19:00-21:00

Thursday, September 1

9:00-9:40
9:40-10:20

Kazunari Yoshizawa(Fukuoka)

Gernot Frenking(Marburg)
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10:20-10:40  Break

10:20-11:00  Shigehiko Hayashi (Kyoto)
11:00-11:40 Marcus Elstner(Karlsruhe)
11:40-12:20  Junya Hasegawa(Kyoto)
12:20-14:00 Lunch

14:00-14:40  Kazuo Kitaura (Kyoto)
14:40-15:20  Shuhua Li(Nangin)
15:20-15:40  Break

15:40-16:20  Jurgen Gauss(Mainz)
16:20-17:00  So Hirata(lllinois)
17:00-17:10

Registration

Please send e-mail to the office of Fukui Institute with the information described below:

Your Name:
Affiliation(Company/Intitute/University):
Address:

E-mail Address:

Banquet (¥5,000): Yes or No

(The payment will be accepted at the conference desk)

Send the above information to; higashida@adm.t.kyoto-u.ac.jp
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RAA—tvy, 3> 15:30-17:20 (3F KELEE)

Xy DN AT I (15:30-16:25)18  F B AMEEL D I7 13 % H(16:25- 17200 AR A X — D
B TREZ{T > TLIE SV,

>< Please present your poster at the first half (15:30-16:25) when your poster number is odd and do
it at the second half (16:25-17:20) when the number is even.

1. Abinito MO EFIRI—ARBREICEIEINE—BIBEZEMBITEDRR
(BRBEARET) Offsn P BRI, AR, A HHBI T, EEFR, PEh

2. CAM-B3LYP ZEIZ&BCTU—ILITUFZEROMEIRILT—ETE
(BABeEfE L) OWREF soft, EH FR, P b, =55 4

3. PCMEIZEDGENBERIFTETFEDRHE
(BRORBE it T 1], BoRBesE[2]) Oz 1], Hh b #ER[1]. BB Fos[1]. & 722 (1],
HE B[] AR FERR2] P8 R

4. Comparative Study of Diradical Characters and Third-Order Nonlinear Optical
Properties of Linear/Cyclic Acenes versus Phenylenes
(Osaka Univ.) (OShabbir Muhammad, Takuya Minami, Hitoshi Fukui, Kyohei Yoneda, Shu Minamide,
Ryohei Kishi, Yasuteru Shigeta, Masayoshi Nakano

5. mBILRIEMEERMKESERLBRECEDSCGERT T HESFROEFEBIFEL
F—BOBERIZDODVTOERMIAR
(BroRBe i T) OBHZNE, FEAREAE ., OFle— IWHKGE, Foe - EEE R, P ekl

6. Broken-Symmetry TDDFT EFYARAF—ARRHKAICZLHBZ—FEED FROEM BRI
RNV DERAE
(B KB FahE L) OFAREE, Fro il A HEHBT, BEHER, PEHh

7. PUoFRUMNEEERTAMART ST /IL—IDRZRMEEE ZBOERIZET S
SmEAZE
(RBRRZE R 2B Ja b TR 2R O, oA A, B S BHEIR — . (L KE, LA
Y, RS, EEE R, TR

8. Polyacene # & U Dicyclopenta-fused acene |28 7255k E—F B EE—IER B EY
HDHEEDHE
(B KB A T[1]. Facultés Universitaires Notre-Dame de la Paix[2]) OJtAH & A[1]. K HE (1],
Raphaél Carion[2], Benoit Champagne[2], H P HEHI[1]

9. RUALY /Coo REDNERBEIEIREICHTIFZETIBOMNR
(Bl K BE 2 1., Université de Bordeaux) OPFg#AH1, Castet Frédéric, (il —. H B HEH
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