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BEHMYXEE O0-157) BEFEICHT IERORARICHLIADH D
PFEAFEISaAL—Pa Y

Molecular dynamics simulations for drug discovery against
enterohemorrhagic Escherichia coli O-157 infection
BX —% (ExEEREERDEESZ—)

1 #FERR, AR
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EREIX. (1) ¢RETH-o T,
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HEUTER, VIV ROAF A= EEEBERAO M) 7700 TH W onRbN7=(11 2 AH).,

BEZHKMEREERTZEEE 2605,
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BFFAFTIHORCEPBHYHEROEROTAR
Theoretical study on dynamical properties of materials
by quantum dynamics
O HEHE, FR¥, KEFE, RERE, BERIL, FER— RELE, HEBIT,
IR, EEERRR, PAZER, RFHFEE
(CRBR KRR Fe £ERE TR 55

1 BFEEER. AR

EABATRBLUD TEAKRR LOBTRENE., BT F (37 AFEOBERET, $AB LU
BEETHORTH AT I 7 AR EOREL I 2 b—a %175, £, EELVIFERLTWD
BAR—EIEFAIES (NLO) 57 RT3 B EmIRIREER BR° DFT 52 AV VR EHE R RIT L, 20 A H =
AL ERFHES 2 RBET 2D, SLICIFEREZED TV A —EESH (singlet fission) 12 X 2 HHEAE
THARHCOVNT, B R TTIC LEREHES 2R ET 5, TR EROICER LTV DI, S21E
Biik72 8 SO postHE B TOR Y RVNA AR TH Y | Bl EAT R T2 TH~2 MUEHES 25
AEFIATBFTECHD, £, HRBIOMRS T/ D FEARCBOTRRT e —L o b, Aok —
L BB A T = X AORT &, %5 JHBENECRRIKTE DFT IRIZ K5 B 7~ % & — FRRROL I
BIC L HERA AT 3E 7 AL DB E AV CETT 5, TROOFEICIL, BFHIFHE L Bk
77 A NAHARTEETH DR THLIFER S 27 LA EFET B TETHD, “hb, BIWHEDY I aL—
Ua L OFEFE, MAFFEORZE L ZOMAIC L2 BKEC RO AT T Vs KOBINTEH S,

2 WFRRR

20 HHER—EESTROBERME L =% NLO O HBOMEHE L FR S FREHEH OBE

FITTT 2 kD LT AMBREEN TR T, V7 7o CEBTHEEEZHEOBN 797D RAL
WEEHT 2T 777 = OB L =R NLO MIPEIC W TR L, ZOFER. BN FA A COTFEL, B
FRMEIZBELTT U F My MEELRBROBRERT L. FAL UEEDY 1 X2 X 0 Bkt & =k NLO ik
BHIBSND Z ERALMZoT (M) o 2D ORERIZ, EAEERICE VEBAMIHESR TN ST 757
=V OBEFIEEHEERIE DI D5y ICRERERDRDPEFIND, F2. TNETHICHEEZED T
FIMBRILKERZRNL, N-S BEEEWVIAT oA ESDRRT 7 VS TRICONT S BIEM & =%k NLO
WHEDIRZ T L. BEHEStOBMEHOIERE B Lic, TORER. BRF T VM LEMIE N-S 5 OEA
IEIZ L > THRABREDPRESBERDZ L, ROTIZERRFT “)W%??ﬁ&l:ﬁb\'(% IR R B E A R TR TS
O NLO #HEd3E LWBKRZ R Z R FI D & o Tz,

Hexagonal
“Graphene
Nanoflakes

Similarity
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—HINETIE, EERCBT2HMARSFOX -7y M LTRERIEELD TR E2PLICHTREED TE -
B, SEEI—RTA Y Iv—RTHEX /A ZNF Y IFAFT7 oDy M BEME. Tk NLO #iEo
FBEIZOWTHBE LN L, Z20ORHR., FHOBZRSEL R ia=y MUcR, REBEDOY A X2 AT 5H%T
A7 2 F Y TR ZIRNLOMERFE LLHERT D ZEMHALNIC o7 (®2) . BlZ29¥ 4 bE
FINTEDSL VCHEDBNTRR E BT 2 L B —EBT D 2 EMHALNE 2D 294 METUCE SO,
ARICRT 2 EAER R SN,

Closed-shell oligothiophene

Diradical tharacter Second hyperpolarizability |
¥= 0.000 216 x 10% a.u,
NC oy A3 u{l"ﬁ* {
~ow Loce R '
r/\;k@xs,‘\cr’ ' \ !
NE Yoy :

X2 F2A4F0F) ITFAT7 2 OFEME L =¥k NLO Bt +E 8

S BT, HEENSH LN TWADTRFTH D Donor—n—Donor (D—x-D) BIDSFRNEMBEN, BHHRSFH
DFETHEE & ZIK NLO HEIZ 5 2 28BSV T O BRET 21T 572, Donor £ 4 Z T 5 72 D mEM 2 B8
Tx ) VRAYETNVE RN UCCSD(T LIV COBRBEHE 21T HER RO DD EE2EORIZTB LT,
OB E OERDFIZLDE Ly DB KRERTZEBALMNC R, UEOKRIZE Y, BRMkICE
BESAT 0 RTFEANC L D0 THNEMBEIZ A ADE S I LT, HERRZFEET MR NLO 4 T35
DOAREME D R STz,

 Si-disubstituted PQM |

y=0.143 v ent
~Ag=0.193 a.u. -Ag=0.182 a.u.
s = 2AB00 AL oy 7 GO0 B4,

X3 B DD B FROMEE- = NLO R+

X 2.7

22 —EERBRIA b v 5FORRE ZIRNLOMMARA v F 7

PRI D B N—Tlk, 74 M7 a2y 7 5T ONCFERIGHIENC BT 2R 2 D CE -, REEIX, ¥
TV NET CHEEEO T 4 by u I XAV, BRE, BRR A O mE R i AL T H B FE
DEEED ZEICEB L, BERML 74 b7 I XLAOBEEREEA SR, FHZ =K NLO A1 vF
ST OBRELEZRE L, BFERNICE, HBBECES BRI CTRIBRELZ R L, BRECITsellz
MERTVT V=N T UBEROS FRET ATV, BENBEEIC I VBB v 25 E L, TOME. &
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NHDOFRTRARMEDRAA v F 7L bz, BREBIRERD y EOUNFEFIIRE S RDZENHLIE
29 BEFREPHRNLO A1 v F U Vo FORFHES L L OERICATH L Z LR ENT,

(C/j _Visible_ {}j + >'/\

0 ¥ 1
.
Closed-ring isomer Open-ring isomer

¥ ¥ ¥ b
A y~0 small y~0 small
B ¥y~0 smalt intermediate y Jarge
C y~0 small y~1 small
D intermediate ¥ large y~0 small
E intermediate y large intermediate y large
v'F intermediate ¥ Jarge v~ 1 small
G y~1 siall y~0 small
vH y~1 simatl intermediate v large
I y~1 siall y~1 small

K4 7 b7 v I X5 EMRMEICEAFRTRNLO R4 vF o B0 E

23 SHEBEREROETHIE L =K NLO #Hk 04

LI, BB ARAD SR NLO BBV C £S5 Th B dolbd & DRVEEAIIE S NG, 7%
ST B TEADE 2 BB SV TR L, ARG BEIO= 2 7 b ) P AR FA8A LR s,
BT T L WS OISR S e, % 0 BT TEASDRAMAET 5720 CPU FE A BT
UGEMﬂv&W®%%£ﬂﬁKiDﬁ%@%%ﬁéﬁ%mﬁ?%%ﬁ%%%ﬂmﬁﬁLto%@ﬁ%\wﬂL
DBFFRMENENL FE L O RIZEENTHE KT D Z EBH O Mo 7, HUEMRBERICE S BT 21T o 1R, 4d,
B 2 55 BLE ORI - OBIEHE D KICE LT B LR LMot (M 5), $. PHOBREE L
FETRERTED y EEHo LS| BUIF/R LOF L FEORENME b5 T, BRI/ X2 TR
ERADYyEEZATDHZELALNIR o7, FMBRRFETo R, A0y X 52 28R TIE. #4710
LITER B VBRI 2 R B (BB LS Th D 2 LN LML Bote, S%IE. MHBERER
EHEIZL 2 RO OFREEBRROFLSSS, =77 MU TAMLE T T MUBFICEMNFREET HEEI
SNT LRI EED B TECH D,

2448 A 2448 A
i § 0 peeewesae
Foeei °ﬁ° Foeend a& Between M-L Between M~-M
113 A ‘ : 1113 A o o
Moll){COI ” i’ BT
U prre LA Q{J ol P
e -
. ;}sﬂ ﬁmﬂ? P ¢ J‘,.A 5 o B ) ) T .
ve S , B « f o A4 HOMO-LUMO gap decreases
# . i T [ Ak i e edeeh T »
. . ,«5 ; o T A - v{do} increase
. : hd % ¢ ! B =
2 §r Mo Mo-CO "
w U a . :;ﬁ; : : %ﬂ - do e QC 3@ <
o : : B M 0 O di)“ 13 Wb
b o
Wo-CO OC-M0-Mo-CO

X5 axial BRI FE A L B Mo(I)(CO), % DB & BB AR
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24 BIBMICE S —BEES RO S TRE
SRR, FHRREENREOLDONTRENCOVTESER, — B IERE & = TERRREOH
BT — MO RN X—EARIEC VT, S M TS < BRI L T8/ AT (kR
AT 513 % Spin-Flip WM HUURIBAE DR 572 &0 B ITARNT L. ZORR, T80 50— BN
NTRELEDT, ZILR—EEAMERETHTRIE, ©F OWAVEFIC Lo THMICBIRTE S 2 &
BEOME Rotz, TROPLERRED DT UHVET v S-T £+ v 7. HOMO-LUMO X% v 7. H5WE
= RF BRI £ S B BRI T D 2 ENRERE, VT UAARTICES — IS
BONTRERANTL SN, ARITE DIEFRRRBMAOL D, SRS DO TIREERHT
REIOZE, JEEBEAZIZOVWTLRET I TETH S,

Diradicai character y,

Energy gaps ~ Energy level

$,-T, gap ; matching
HOMO-LUMO gap 2E(T))-E(8;) ~0o0r=0

6 VITVHNEFICE S —EESEOS TG
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Theoretical studies on the classification of chemical reactions and the
molecular design
OFEH EE. FHI KB, KFE Bt, BIIH #@— #FE BZ. $H BEX
(KEBX - I)

1 WREHN. AT

RYBRRISIZAFVRE, SCHMRR. ICHUPEIOREELTEEARKTHY. EXMIICED
yRO—K k72 E, 7AYT 4 PEFRETRESNTEL, UL, AFEINOOREBBT LS
REORVBRERE LTORERBTEI3bITRENVI ESMSNTEL, ThEDRYRIKRED
BIEEZBONCT B EDICUTORBEBORITET o/, £, CORFOLDICHELLTREZZTOM
DRIEEDFERICHER L7,

2 HIEAFE HEAE

HELERRUATFREEEANREFICSVTEFHEOD RS EE 254, CASSCF £ #ALL,
045 A& LTl Gaussian &8 GAMESS 2L S B QMR LAFREEBALELOERANE. &
=, BEABREEOAOE,

3 HMREER

3. 1 [2+2PRIREAMNRIE

O#SXEEEHT AARGICHLZORBREBSTEZMB 0. BEREONSA#RRELEIRT
BB, BLUOASRKENSOERYICEIRKRENIVLENH D, BEOEBREBIIRTY & ERMPR
REETRIENTEY BBREEMBLNT

€t2-0.02

K1 IFLYIELiHTEISIDOb

Y —5E
Angle Product Angle  Product
0 Cycle 180 Two Ethylenes ! : |
45 Cyle 225 Two Ethylenes | | =
90 Cycle 270 Two Ethylenes

135 Two Ethylenes 315 Cycle

1 CILC fRFER
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3. 2 SFA[2+2+2]RIGHE
MusopnZanssantxd 8Lk 05075 2 0AFY > ORBRRICORGEIBORITZE
Io/c. ENSOUBBIEICH T B ERICHEE - TRIVF—MOBEEZRVELE,
£, TEFUVZEFRICHUARBOFAREELCDOVNTHIRFE L., ZEBEBRETRICOTERICDTIERE
L. |
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CEERVWELE, BONAEREIXINF—FERBERE—BLE.
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BREHAROVRLEDORBRLELETZBRS LU
BRVRPBPENFEEITHIEERHBEHBORGHOBREH
Elucidation of Redox Behavior of Boron Compounds in Low-Oxidation
State and Reactivities of Boron-Containing PBP Pincer Complexes

OWTF &k (FRKXET)

1 BFEER., AR

FEEDILINE CIRESEEZ SR UFEOT =4 R Qip 1atm Dlp
NT =X HOAREEDORRICRYBEATE TS, 20 [ ‘B— thhf)z———>[ ‘B-H(D) + L|H(LlD)¢
PRV T RO S AR AN L BTE, B B 2

FORENT L ORSE BN LTE T, = ORI ER ks DP = 26/PrleHs

DRI RITETHREN T OBBTINE R4 L b WEETH B, 2 CAFETIE, RUAUF T LA 1
LABSTLORET, £ RRRT L 2 & ARRY F 7 ARERT 5 BORIGHEEET 270, 556
BB AL ETEN LNy LB 5 7 L & BIE LRI 21T oTe, AR TR DERREDRIEIC ST
o |

— %5, REEE LR, R UREEMET & LCHT 5 meridional B 3 FEELI F T 5 PBP L — B
TEARBRL, ILRLBLUPt L OEBRIGBESCET T EAHLNILTE Y, FHIZ R EEICB N
TREFIZB LW TFH Y ETHERLHEETIZZ LIRS Lz, L. R U PBPEM TIZXH LT Ru4BEE
B L7250 1 12 BV TBMERS 2B Lis & 25 AR L1285 2 1080\ T B=0 ~ EEALAMNEAL T

ELTIRDES 22 RAWE L, P _ PBu, PBu,
- AT () — A N’E\u2 e O //\co /\co
T TARBIRE T B=0 —Eina B-Ru-CO N N H-Ru-CO _ N  H-Ru-CO
DIRBA Y b L ORE SRR q_ACoiggg'(:INB°g®l (:[NBOAm
PiB . 2 2
ROMII A B LR E T T, ¥2 RT, 20 min. 4 (50%)

AT CIE WBI 2 AW TR A REHIEIZ DWW TTRT,

2 MR, BHEAE

Rt EREM O U VY F 7 A THF S8R 12X LT AKROF2E0 5 2 L TRRG T U OBBINE
TS(1-2)% RW72 Uiz, FHEIL Y 7 /L% T Gaussian 09 (2 L A E KL% B3LYP/6-311G(d,p) L ~UL TETV,
REENIC L D BBRETH D Z L 2R LK, IRC HEEITD 2L CHEY LARM~F D & 2 HB
L7z, F7-. Gaussmn 09 IZ#AIAENT- NBO3.1 & W TEBIREE TS(1-2) DT 21T o 72, 81K 4 ILFEAIE
EE T L LTRSS R E(LMB3LYP, LANL2DZ for Rh and cc-pVDZ for others) 247\, IRENRAT D%
IZ WBLIZ L DT 21T » 72,

3 BFERR GRXEEF24THEO

RUERFNORT—EHLICESILTEY(FR), RYALT =% /
VEEBFIERTHATAXNT I ) IARUBRKESTF ERIET R .
BEIIREBRT & HEOKBEREFRZARICEST 20 LI B Th o7, BERREREIZBIT 2 HOMO

K72 TSA-2)1E 1 725 AGT = 19.9 keal/mol DE S IchH Y . ERAL O in o E
SEICIERSA 10 A TR TT 5 L2 B0 ERYRETHD L ' ! H !
S XD, TS(U)DEEICB T, KESFHEREO_BEOKRIERFIE 7 & Lit ; ", Z
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*HEIRT, T2 TR B-LI AL
Mz T, KuEL Hl BLIOYF¥
L& H2 OEEERBRE LN,
NBO i 21T ol L 2 A, AU ED
FEFEFHN U F 7 AITEM LR

N YN . NBO 143 NBO 102
Ab H-H e Ot Pl ~ B HOMO of TS(1-2) E(2) LP(B1)—BD*(H1-H2):  BD{H1-H2) - LP*(Li1):
LTwW3 NBO 143 L. KE ST 178.6 kcal/mol 21.1 keal/mol

H-H AN Li OFOEEICENL L TWA NBO 12 BAFELTEY, RUALT=F L AFESTORIGITE
Wik, RUYNAT=From BRI LY7o b /4!375:&@&5’31&;5 LWl

—75. PBP #&f& 4 OFEEIZRB W TRENAF
W E1T-o72 & 2 A, B=0 /HiERENT 1455 cm™ T
BLHEESH, EAME 1467 cm™ Z RS FHRL T
f. Ef. HFBECEETS &, HOMO-13 1
B=0 —EMATMLOTKIRIZHHT 570 THUE Ru-P |0.6888]C=0 22332: g;::z :2 g;
FERCE (R, £/, K4 02 To Ru-F{L HOMO-13 of 4 0.6887 2.1500 (trans to H)
FHEIDEAR L UB-0EAIZE L C Wiberg Bond Index (WBI)Z 3Rk ¥ 7%
& Z A(Table 1), Ru-O fEA DE(0.4672)1F Ru—H (0.6712)3 L T Ru-P #& & (0.6888, 0.688THILb~_T/h & L,
Ru-O FEABERMBVEBEES TH L EB¥bhol, £/, B-O G LKE72 WBIfE(1.0366)%F R L.
WETHSICLY “EEASEEE O Ru-C BB DIE(1.2455,0998 N ERBEThH 22 b b, FTOLERE
EHREMT T,

Table 1. Wiberg bond indices (WBI)
in 4 [B3LYP, LanL2DZ, cc-pvdz]
bond |WBI |bond |WBI
Ru-00.4672|Ru-H|0.6712

B-O |1.0366|Ru—~C|1.2455 (trans to O)

4 FER, HRERETITITE

HiR E AR

[11 “Masuda, Y.; Hasegawa, M.; Yamashita, M.; Nozaki, K.; Ishida, N.; Murakami, M., J. Am. Chem. Soc. 2013,
135, 7142-7145.

[2] YMiyada, T.; Yamashita, M., Organometallics 2013, 32, 5281-5284.

[3] Ogawa, H.; Yamashita, M. Chem. Lett. 2014, 43, in press.

[4] “YeDettenrieder, N.; Aramaki, Y;. Wolf,'B.; Maichle-M3ssmer, C.; Zhao, X.; Yamashita, M.; Nozaki, K
Anwander, R. Angew. Chem. Int. Ed 2014, 53, in press.

[5] Shimaoka, K.; Kuwahara, S.; Yamashita, M.; Katayama, K. Anal. Sci. 2014, in press.

HEER

[1] Y Catalytic Hydrosilylation of Alkene Using Platinum Complexes Bearing a PBP Pincer Ligand. Hayato Ogawa,
Makoto Yamashita* in OMCOS 17, the Lincoln center, Fort collins, CO, 2013.7.29. 200

[2] & Syntheses and Properties of Late-Metal Complexes Bearing a Boron-Based Pincer Ligand, "Heterobimetallic
Compounds and their Chemistry" in 245th ACS National Meeting, New Orleans, LA, 2013 4.9

[3] % Synthesis and Characterization of B-Heterocyclic n-Radical and Its Reactivity as a Boryl Radical. Yoshitaka
Aramaki, Hideki Ohmiya, Makoto Yamashita, Koji Nakabayashi, Shin-ichi Ohkoshi, Kyoko Nozaki, 14th
Tetrahedron Symposium, Hilton Hotel, Vienna, Austria, 2013/6/25-28 P3.68

[4] Y Synthesis and Property of a Mesityl-Substituted Unsymmetrical Diborane(4). H. Asakawa, M. Yamashita in
EUROBORONSG, Radziejowice, Poland 2013.9.10. F10

[5] Syntheses and Properties of Boryl-Substituted Phosphorus Compounds. Shunsuke ASAMI, Makoto Yamashita in
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[6] *FIERHIRT /(4)&-@%:&%?3&04 Y= R UAORGE EIOEYT - T B % 40 [ A
ARRFRRE LT 2013.125.0-16

7 & W%E@TX74 FBILOVRRZ7 =0 ENE R B - A EL - K 728 - LT 3
AARLESKEFTEE 3EICSIEFET = A ¥ 2013 # U —F—/LftlE 2013.10.23. P8-06
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AES CHILDOBFRED ab initio MO FHE

Ab initio MO Calculation of Electronic Structure of Organic Radicals
oMt L, AHF E. & WwE. LT HEEF (BRERLKHE)

1 #FFEEER. AR

BEROFEZ., BMETOLRIETTRETH D Z b, EEPEOSTER LOLFEMESITITAS AV D
NTCW5B, SFEET TR, FOWEETHIT T 5703, 777 AT —a VRUSERIAT 555
ZDORISDOEBREOFmMITELS . BERREFRLERNCE L Z LIIRETH D, AZEORNIL, HE
ARG WADTZ T AT =2 a YRIGOEBEEHEFFRICL > THLMC L, BESITHEREEET
5ZLThHD,

& Ry B R ORI DOTEMEAL & IHEMALORMEEERRA DR L 2 5. U U BE_TF ROMERITIZE
EThd, 5FTIZ, VBt v, VB A=r, VUBbFas v 2 E0—BOTF N4
VDT T T AT —a RSO ab initio HFEVLBEBERGROFT)RT v ¥ Lz 3L F—@Biim O ERER
BiRL, TRAX—RCHRR T ST AT —2a VBB ERIRRE LT, SHICER2324 FEEIE, ) B
LT F ROETIMEEMTHD Y VEBILT F 7T F FpYYRK DT fANGFINbD 7T T AT
— ¥ a VRIS DML, On-Resonance CID T, BHIE = RNV F—BR DT 5 7 A T —a UBRRE,
Off-Resonance CID Tik, X D {E-x/LF—@failEE T3

PR 25 IR, LV RELZ12EOT I ) BBEENLRD ) VBT F ROT T T AT~ a3 U
DIER. BIMETRA¥—CID |ZE1F 5 On-resonance Fhift & Off-Resonance Fh# 0 Z=OHHAIEA % B
L,

1. Takahashi, A.; Takeuchi, T. et al. 59th Annual Conference on Mass Spectrometry 2009, Osaka, Japan.
2. Tanaka, K.; Fukuyama, Y.; Funakoshi, N. 59th Annual Conference on Mass Spectrometry 2010, Tsukuba, Japan.
3. Takeuchi, T. et al. 80th ASMS Conference on Mass Spectrometry and Allied Topics, 2012, Vancouver , Canada.

2 HHEHE. BHRGE

Fa hASIY 27 F RTRDIYETDpYYRKIH* 725 @ HaPO4s, HPOs BEERE. yo A A2y yaA 7
VERBIRICE S TERT 2T 77 A A G ETET T 7 A 2 MZOWTRE LSS & FRIEORT >
S LT RO R R PMB I TR L7z, 70 R uid. . C RO T L= g A
T5ELUCHESR L, OSEELERREBEEDRBANIC L VER Lz, 3R LEBRE L ZERE
OEEBBHERANC, £7 T 7 AT — v a Y OROGEREEH% RRKM-QET IZ XV HE Lz, REHE
LEBIREOF I, HBEREHEE L ¥ —DTF A7 T U —7 1 J Ak Gaussian 09 . BUSHEEEHD
RRKM Et&ECiE, BIEOT 0 7T A&z,

3 HrFEEER

HsPO4 i, COOH EDO H MY VB {bTFrs O O ~BETA2Z¢nEZ N0, 320 COOH
H(N RBMUMOT 287 FUBOMEE, 702 I EBRORIE, C R L OBBI A £ 5 SUSIC oW TEHE LT,
G ORBROT AT R BT VAL OEEE 11.5A L . BENIR T b2 EE 27, HaPOs BiEEIE
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COOHEDHMNR I ~vA T AMEORENY VBT L v D 0 ~BE% BIRESOEBRIELR TRE 5,
HERRA T, TANRTHR BT 4 BREE, 702 I UBIi3 5 BRIEE. CRMITY v HIso 7 BB
EE & D, BEET XX —L, THEI 241.4 kdimol, 171.8 kd/mol, 97.5 kdimol TH o7z, D Ehb
R X LF¥—CID o HsPOs i, C K COOH EMBEFRTAKERRI VLT eELX bz, £,
HPOs BHEBEIL Y A OH O H B3 F v v O~Fa U BE%. Frsn 0 & PHREATMAES B L
IZEoTHEE, # O R LE—|T 120.7 kd/mol TH- 7=, Yo A T UAERIT, T RNRTFUEAIEHO OH
DHBRA YA DT I RER~T 1 P BENC L > TRE, ZORET R LXF—T 110.5kd/mol TH -
TeoYa A T T ANT X BRSO OHDOHR Y Vb Fus 07 I RERE~T o FUBENC L - Tl X,
Z OFERET X LF —11 91.4 kd/mol Th o1z,

4 FERERETIITE

*T. Takeuchi et al. 20th International Mass Spectrometry Conference, Aug., 2014, Geneva.
*T. Takeuchi et al. 20th International Mass Spectrometry Conference, Aug., 2014, Geneva.
% T. Takeuchi et al. 20th International Mass Spectrometry Conference, Aug., 2014, Geneva.
TIPS BERFS LA b YUEREERRNT 2014:MS & NMR OB L £ 201446 B, Ft ()
T. Takeuchi 5th International Conference on Plasma Medicine, May, 2014, Nara.
X HEFL. AT ARER, AT, EIRE. Fil. $ 62 BEESTRAETRE. 201445 A, KRR,
8, KL, gpR. ARFFL MHEL BT, M IR B 62 BIEESITRETRE. 20144 5 A, KiK.
YR PR IR, FE. 58 62 BEIE BRI ETERE. 201445 A, KK
KL #E R KL EHE. B3RS A UBBENER. 20144 4 H, T
* A JBAEEMRA S REIERT B85 RS 7= eIt —, 2014 F 4 A, HEL (FFRE)
*IT, RE, A, B N BREFREB MM EFTER, 204 FE3 A, 4HE
g9, AL, #R. T, BARMETRE 94 BEFR, 20143 A, 4R
*TN. BEAEER b Zu—s L COE AL R Y A, 201443 A, BR
T. Takeuchi, 9th International Symposium on Atomic Level Characterizations for New Materials and Devices '13, Dec.,2013, Hawaii.
T. Takeuchi, Workshop on Strategic Japanese-Croatian Cooperative Program, Nov., 2013, Nara.
XL AR, AL B AN, L. BI6ERAKREZR VR T T A, 20134 11 A, REFE ()
*PTN HSEILCMS UV—2 vra v 7" (FfFHEE) . 2013410 A, #)I (B#[E)
*PIAL 890 AFF. gaK. ARPA. Berl R. Oakley. #L. 28 61 B Eoifims. 201349 A, o< iE.
* LT, RIRE, A, B TN, B 61 BEESTTRRS. 201349 A, o<
* E. 7T, F.Z. Maissa. M. Gaya. A48, Hkf, B, 2561 BE &SRS, 201349 H., o<
*ED, IR, AL A, 61 EEESITRERES. 201349 B, o< i
* T. Takeuchi, S. Ichii, Y. Nakamura, T. Sugai, T. Akashi et al., 44th [UPAC Congress, Istanbul, Aug., 2013.
* T. Takeuchi et al. 20th International Mass Spectrometry Conference, Aug., 2014, Geneva.
KA BB 2 Al Ao BEENTER (GEMAH#RD . 201345 A, KR

5 HhREE
*D. Asakawa, T. Takeuchi, A. Yamashita, Y. Wada, J. Am. Soc. Mass Spectrom., 25(6), 1029-1039 (2014).
Takahito Suzuki, Masato Kiuchi, Takae Takeuchi, J. Antibact. Antifung. Agents, 41(2), 93-97(2013).
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REGHEZF T KRS FORFLFHBE
MFRGBRREZFTHIFFAABBOBR

Quantum Chemical Studies of the crystal having a specific function
(A study of mechanism on asymmetric synthesis having a unique selectivity)

OfE #R (BMERILXFRERIPFHER)
IR, AR

RS T ARRSTFOBTLENTEL LT, (B i X9 EoiKmBRomsE RO
MR BIBIREEZ B THORREREOIR] 21ToTnd, T2 TE, RELUTHERBREL AT
BABEAHHEOHRICONTERS, BE, BVMHEATHET—<iL, lo-F vV LU BKREFETDHF
SN AT I TN a - EMEE TR FANEROT VT B RADORFMNIME GO BT LR
2] ThH, 14T T Aa—LZBNTIE, Fig 1 OFISOEIZR X7 AFE RV, (1S,1R)-1 &
(1S,18)-R D 2 >DNZFEMERZN TN, SR - BBRICAFERE Ry va—re LTHELN
ZERHMON TS, BRI BRE LY . SAEWE BTV 2 — L Ot STRECE % 3 T
HOIET I VEMEEL TN D ARABFRETHHENEZLLND, T LItk RMLEOEBIC LY

“IOH "OH
\\?l\
©/&H + EtyZn

Et,O-hexane, 0

1:84%, 97% ee (S)”
2 : 84%, 95% ee (R)? Figure 1

BEIN TS (IS1IR)-1 O RUSHEAEIT
Fig. 2 lZ/REN A M, & ORSHE TR
IR CVEREOEFEWIZ L 5 SIRRIRER
CINEOEWREHIATE 2, 0k
7. BRI STIRER M T D R E AR
HWOERNZETLEHEICL - TITR o7z,

(18.1'R)y1

o

o

BT FEHE T, GAUSSIAN 09 2{f-T
1Tol, KRIETIZ, 8 DORFEEIEI L,
THIEREZLNHDT, Bllyp/6-31G(dp),

Figure 2 . :
MO62X/6-31G(d,p) } T} MP2/6-31G(d,p) L ~/L
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TREL ATV, BhNE PRI L UERIREIE MP2/6-311++G(d,p) LN O— S5t RET-T7,

3 HFSERRE

REL#IZE DT 8 SONFERMED S FREDREMITER L V. 1 RUE, 298.15K OF 7 ZAH=FL
F—wkd, T2, TOEERNTERMEDOFEL L RO ERE Table 1177,

Table 1. The Effects of Electron Correlation

FEREIIT, BRI
M. AN R-R-syn ##FH
THAERB N 98% KN,

R-R-anti R-R-syn R-S-anti R-S-syn S-R-anti S-R-syn S-S-anti S-S-syn

R-S-anti Z#%H T LA WA
W THhHD, ThEv, EFHHE

MP2/6-31G(d,p) level
ratio  0.02% 98.33% 1.52% 0.13% 0.00%

0.00% 0.00% 0.00%

ZEE LRRETIR, b
R RERME R FILL T

B3LYP/6-31G(d,p) level
ratic  0.02% 82.39% 17.57% 0.02% 0.00%

W5 Z EAHBI LT,

0.00% 0.00% 0.00% %L:\ MP2/6"31G(d,p) V“\‘/I/lj:

M062x/6-31G(d,p) level

ratio 7.11% 87.29% 558% 0.01% 0.00%

EBRE & D TGV ERETHL

0.00% 0.00% 0.00% SNTRY ., FRYLETHERED

PERN—FHNLTHDEHD L

EZ b, 51 NBO T2

TS(R-R-syn)

E;=10.66 kcal/mol (ZPC})
(2.07 keal/mol: B3lyp/6-31G(d,pj level}

MP2/6-31G(d,p} optil 1 ies of the ition states in the dl-1-4-
aminoalcohol-(18,1°S}-Et- model {R-R-syn) reaction, Blue Arrows in afi the TS
indicate the displacement vectors of normal mode along each reaction path.

Figure 3

FHER, HIREREZIITFE

TS B EOE TIREOFHOENT 21T > T PETH D,
F/-, Fig. 2 1Z7RTHRZ, R-R-syn #2MT 2EBIRELET
BN Y (b O —ODRIGRE LT LN 2EBIREL Y
BN Lo TOBE LR LI,
TERDSMEFED B T, YEFEME R-R-syn 283 5
BRI AEEN LAV AT R LX— LR ZBERTRIEN
TS, FORER & BT e T H I CEBRRLS | SH%OE
2D SRS CRELKBRETT 2 TETH 5, SRIDEHEA
FEREBEZ T FRRBIMELE T2 REREEL
TICBETIF L EEL VD

(%) Y. Kohno, R. 1. Hiyosh, et al., submitted to publications. (¥) O. Takahashi, Y. Kohno, et al., New Journal of
Chemistry, 37, 2082-2086 ( 2013) (%) O. Takahashi, Y. Kohno et al., New Journal of Chemistry, 37, 843-849 (2013).

(%) O. Takahashi, Y. Kohno, et al., RSC Advances, 2, 10891-10898 (2012). (%) T. Kobayashi, Y. Kohno, et al.,
Computational and Theoretical Chemistry, 991, 48-55 (2012).
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EFLREHEHNRICEICEHERZROBRMTFR

Theoretical studies on complex chemical system based on quantum
chemistry and statistical mechanics .
O BT, H8 iEs, &R /A, B HiL, 8o M, RS AE. A8 2.
R BEZZ. B b, DA BRMA. BROK Mi—. f@HE UK. M R ol Al GRETR
2 TERER ST IFER) . P2 FF OUNEERTE TEH WEAEMEFERD

1 BIIEEE. AR

BLRIC BT BILE O RITR 4 BHAL LTV B, bW ALEEAIC RT3 RBRITET %I KR SN
TUBR, BTEE L LTOFMOBIILHE 20 EE S5 DER D D, (s TLERSEE S TR
SRR BRI T B0, BTLES LUK IERBEL RS, KFREETIE, TOR-END
D ASOEEINE . TG 2D LIEH LNRIEEIR - BT 5 = & TILEREICHT 5 FEEOH
BAEOAILE BT HOTHS, REMET, UTFOL > RBELET L, (1) BEEREES « L&A
W IR SO IREENE S T O . OME. BIRIE. RUSH. MRBEHIEOMY | KFEIRE S T35 —
BIUOZOBBRAOREMICER L, FORIBHEIZ DWTH N, 2. Bk o 2BSFOFEHB L O THF
VSN T DYWL 6 OHSEREM % Car-Parrinello MD #: % FIV T, (2) FERBAME T4k fE3EH% > DFT
B ORS TR L 5 A 87 RISM-SCF EOM%, BLU. T E kSRS BR A~
B WYy RT L= LB A T OBREABERE DT LD, EIRAS T 0L 4 Ay v
SR 7 RADHE, A A TEERCEREN TOLS RIS ORI EICRVMATR, (3) RIEOESY
FRAIMBE I L LT AR N ERAOERE LIS AT T AR 0 OB HRRERC TR
BT BRI R AR L. AR ST AR L B R ot ERBERS A S R %
kT % SSSV A A A - i L, BREARAR P OEERICT A E AT o7,

2 Wi, ARG

— 3 2 BT b S EH IOV TIE DFT % .01 TURBOMOLE, Gaussian 03 35 X U GAMESS /Xy 77—
% . ¥ 7= Car-Parrinello MD 13 CPMD % v 7 — 2% BV /-, RISM-SCF-SEDD {EOF AR LY 71—
F U FER GAMESS LA LT e 7T ha— RERAWVWTND, MC-MOZ 5 3D-SSSV /s ¥ OREDOHET
HFERIVTHOMBECER LT e T 00— U2 VTN 5,

3 WFRERE
KBEICHOWT, RENREEELZNZNET,
31 BBABIESC 1 HELAWICRE SN BB TROME

(1) B—=RoF /) Fa—ThhEOHEEKIHEFINLES T AF 1T, —BIERFRBILRRLT Va2 —b
AL 72 E T2 OILERIEZR AT 5, ZoFTHLFA L — FERWIE LV U— b ER EOREEEZ M
JIERFPLRD7 TAYZ—IXRERICHEFIEL LTIV 7L, 7T A —O¥ A Xk
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otiiﬁ%%ﬁﬂﬁ%ﬂ%fﬁéoikﬁ%%%wﬁﬁ#E\%ﬁ&%ﬁ%%%ﬁ%%ﬂﬁyﬁbﬁ?&
CILBEMATBADI T A —ORELRSCHMBEEOENSCZOBBELRARDL L LEEREEO—DTH
Be ZHLTEEADDL, FRICOWTERNRMELZED CWE0FRFPMRFEE S/ L —7 L ER LT,
&7 FGAL—BIUOFOBRIKORZEMEE . 2D ORISR T 2HEICEF L, 51
U {2 TURBOMOLE # F\\CiEx OB ENLBEEGEIE 217 > TLBEEKFELFHE L. RI-DFT I TR
HENRTEBZ LR RWE L, BERMIZIIREEDSWZE 2 5RFNELRD T T AL —DRERELF
Bl, MOTIEFRVWL2ETOEEY, HELBRTFVVLRETTERTI LEORGE=RLVF—LZF
NOHOREREDEREZTol, EENLHLNATWVWAREY, 2OV FRXF—31&1 3BEE2 6 >DDEHRE
(EE2RmZTToEL) PR HEEMEZ LTS, 1 20&RFEZEBRLEZLEAIT48Y, 2HOBH L
BAIT 258 ORMEEEGEL LTHERTT o, fld—BHRE TR, FFLr—FERWEEL L—
FEWTROBEL T VTLARY TR —ORRIMNEBETIFCRORETHY , BERERLVEALT
W5, ZEBREZOVWTL, B XT VY LARFNTAOBESL, 7T RAF—OFRREREORFR DT
OEBRLEBBENRZETHDZEERVE L, E6IE4&7 TAZ—~DO—B{LREB IUBZESFOR
BIZOWTHHEZ T o, BEART A2 BEHOICE LS E T2 5 F 0 OYHEE %2 54 U TREEE
DYER A WBRINTAT > 728, BEMICEB LN ZoOBEIT VTR ORI & 425 2 ENSh T,

(2) BT BIAMIBEHTL Y e A~OEARFE S TWD, FORCEEZEME LA
iy FREHCORIT 27201003, BERBIIB T IREBMETORRBREEMARDLIEZIT TR, THITE
ZETORMBEOEMRLELEETHD EE2bND, TO/BRIIROL T, o EEEICEEIZHEOGT
S L0  HEFEEIIEVCETONTWS, KEFRRLEETFO—2005FIE, BB XX —% 4
BB L E T 5, ZOREB= XX —EMBREHALI D BEREZDO T =2 M) % CPMD
BRI LV SR A Y, HEMBEROFESEBEREMTE LT > 7,
EEERTHB L TELLZ D TREEEROUMRZRD D, LT
R° THF WiRICxt L CHO RO EZ T o7, TOME. MSinF L REEF o
S Ebic, BEBEIC LY IREBE S 2z REEREmAERENT, 300 fs
PN O OWEEE CHOEEIE— FIZRFI= XNV XF—2BE S5 2 &3
o7, RMTIREOIZ, AL OSERFEND o LEEOESELBIH] S
Nz Ebbhol, ZTOXS, HEPTIHREEMAPERCEIY ., F
T TR T ORIE I 2 TP RS R REN B4 FIRENC K 2BEE L
LS B0, BEERNIH S NSV ELETFIEELRT I EIVUR
WXhis,

M1 #rRak&ilse
¥ DfE g

3.2 RISM-SCFE-SEDD £ % AW = IF RN LSRR O fif B

(1) 25, 26, 27, 28— hT A +F A Y v 72 [4] 7 b—(CXA)THFLFEIZRIT HRERARE
ARNFTTHD, 2—VBLOHSa - O o0OEERZB L., MIER T RI VLS T %2 BEXLI D
LA F B FNFRRROICEAET I ERHLNTWS, EEORIZBWT, I F AV ITEMERKEE
MY DEEO—THDHEEHIT, FAMYFEE LTORELE STV, HICEBEICHE) HHTEXAF
—ZiE, CXA LHhF L UBEOHEER. CXA FOLOOEERL, DT A2 LEENICEET 2o
BRSCHF A EOMBEERR EEROEEPEEIIES LTV EE2NDZ b, ZRbERAL

- 31 -



SRR ETANBEAL R D, T TEREERLD LD CERHE o _
W F~4E3E L7 RISM-SCE-SEDD #ic E5% | BEESOEFLFHBEE o
HEDLEBZ LT, RERES Y UAEEDL T 0ok ARIKRNICBIT 5E
BERAROBHZ XL —E{LOERBEHR LRS-, MIFA MBI LT
BONERERIEBRMMRLABELE, SHICHEMEZRITAHD L, My )
FRICBIT D CXA & W F A4 > OFEAT I F— 2 HEHIR X | BRI i B
STALETHE LA FAMIC b BT E WS ote, TROLEEDA LY 0 oo
LA RERERLFEERE LTS D RSBl R
E LI HF A BERE T CXA T OBES T EEE AT Lz, A FF
EEERD CXA OB BICEE T 5@ CEBRETOLF 4 Do MmN
BRCTEX, —FH, AFA U EEHELERIRZoSmEIHEEL, 22U ED B2 By 7 ATV
kBB FFroaERE
HFAREEEETERNIEERIE LTS, IF AU E2EER CXA
DOHEFBRIZBVWT, a—rBIUHS 2 - WTRIZBWTCHEABEMBIIVT I O0HBALND T L
e, BFAOBRRMET, AEREOBS THEOREMOEZRIZL > TREINTND I ERTFERINT,
(2) MEFZZARENTET 2=y ARA T RN F A OFRLTHDEITHE KT 2538072
MEAHMEZA L, BRGTORE CIISHENERT 2 - FCRIBB T CIHEER LRI EHRMBNLTY
%, A2 A TH H[Fe(CpLITFSAIZ R R & LT, ZOBKMREERCREMEIZ OV TET(LFELIV
RISM-SCE-SEDD {ECEE#1To1n, FOREL /7 0Ru ¥ Po o VBICEAS FRNBLESETH Y .
FLEBEE o LRBREERTERT 52 LR REINT, '
(3) Y=Fk Fudx 7 7R (DEAHRITETREREBIZBNTHFAY 0 b U BEIRISEZE T,
BT A A WK TR R EE A SBE S TRY . ZORIEA N =X L EF A F 7 ACHERS -
NTW5, I CHTHRIEDOKE NEER L B L PR 2 A6 7 RISM-SCF-SEDD % 2%
BRAEDUICED ANBNAFTHLWFEZRAKEL, VAFLE Fadx 7R ~ERAL, BEERICHT
LA L BEDEmMER 7 FUBEIRIGOBENG RA2HEMIZHED Z EEZHALMNI LT,

33 REOBHSHFEAEREZIIUD LTI NEHEROMELISH

(1) HERIIRERCESEMBRTICESWIex REEZ R L, RHAMNRE ngmwg
BOBI HTERREEN S b E L OFRMTPNTE L, EVDINFY A :)
&
T2 l— s R AENEATHL—F T, MarREAERIc TS Y

FEH PRI L IWEIIBD TRESINT NS, —HIT, ZhHOHERIT
FEHBER SR LE LT, REOMBE 2B 20 b ERROE
EHEEEFHET DL NTETHY . BRERORRICITED 2 b 0 & 44
TxZ, 2T, BAESRZETARNEEEDRE LT IRTEROERRET VS FHER DY HEK
BRE % Lz, FEICESAVSR TV BRIEHFEAZROEETF A 2 FEICHE Lo b ORil&EET
AELE (R3), HFOEd e, BSCEOK LA IR BEESIT 2 EBRLORE B D, £, &5 THA
HLEHEEY S, BOKEE o L+1U3, BRTH oS BEMAEEEET, FOBMIIZIDL - >OEKRITH
DT R — 5 CHERRIC TR AN B,

X 3 “RimicRT D
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Interpretation of CD spectra of Schiff base metal complexes
with ciral order
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Studies on the Structure and Properties of
Three-Dimensional Silicon Clusters
ORIl BRK EBEKREETL)
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Hras-GTP #&&KICEITS GTP DMK EDA DX L%
DFEAFERICIYBAL K S LT 5K
A study of the mechanism of hydrolysis of GTP in the Hras-GTP complex
elucidated by Molecular Dynamics simulations
O )l #FH RRERRZLEMFFER)
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F4T L7, Hras-GTP N GTP EB OS5y T D45 H & Hras-GDP N GDP &3 D7k 431 OFR A % B S[11i
FVBAINTEZYA FHAR—IERAOCTHRASKRTEZ EICEY . GTP BIMAKSRINLT NI Lok
BAIEVYEH DN E S DER T,
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Studies on the structure-properti relationship for non-linear,
non-symmmetrical single molecular electronic properties
O/ BYs, B KE, 8 . Muri Handayani, EAR 2
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Journal, in press.

*2. Design and Synthesis of Perpendicularly Connected Metal Porphyrin-imide Dyads for Two-terminal Wired
Single Molecular Diodes, Murni Handayani, Syun Gohda, Daisuke Tanaka, and Takuji Ogawa, Chemistry —4 European
Journal, in press. DOI: 10.1002/chem.201402052

3. Advanced Photoassisted Atomic Switch Produced Using ITO Nanowire Electrodes and Molten
Photoconductive Organic Semiconductor, Annop Klamchuenl, Hirofumi Tanakal, Daisuke Tanaka, Hirotaka Toyama,
Gang Meng, Sakon Rahong, Kazuki Nagashima, Masaki Kanai, Takeshi Yanagida, Tomoji Kawai and Takuji Ogawa,
Advanced Materials, 25, 5893-5897 (2013) DOI: 10.1002/adma.201302552
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REBMFE, 2FHNEIIaL—Pa EBFLEPERELZAVVEERER
DI/EZ L DEMT

A study on the conformational change of proteins by means of
molecular dynamics simulations and quantum chemistry calculations
combined with experiments.

Ot FHIr. FREE (BHEBKRY)

1 WA, AR

Foxli, BRREBZICOWTC, 74—V T 4 V TIZRBEIN DI RFELRBERLOYBLFrEES . £
R FERAVTHELTE R, BB I 21— a i HNnETLICk- T, EBROAN L TIIEREL
BRI RAT SRR 225 Z L BN A S5, AR, EREO 7 4 —NT 4 7%, EREGF
BROWFHOMT L, EREOBEELICONTX VB E2 B 2ANET S, ET VEEBE
2B T 4mAy PN X7 LT —E (SNase) 120\, BHIREM EER) > BEE (L EMTLZ &
BEfLE,

2 WHEHSIE. AHEFIE

SNase D KIAFKMTIZEIT DK% - BAREREE NMR IEZ2HWEEROBERIZELD L 74—V TF 4 7 BUR
WZBWT, RRRETERERARS KISV ERRT 5 Z LB RB N5, EHEOEBAIZONT,
BEMLE T4 —NT 4 7 OMICERR S 202 BERRNICH LT 572010, RARKENGRIEE
MIRBEIZE 5 F TIZ, SNase R AEELLZ ., FTEHE S I2v—va 2 HN TR, AMBERIL I =
L—a vy r— YR N T, KB QS50 K 5 EIR (520 K7z ¥ 32 B2 T, SNase D L 7Y h Rk
SFENSIFEREMD) Y X 2 L— Y a Y ERIT o0, W, —RIER VBT AR BV, J1351E. AMBER f99SB
ZRAV, BHEERIT. £ 7Y BIEONT100ns{To7z, YIal—va ViZhoTRLNTREREDND,
TR BBEILOKEBGEROBEKRFEL . TN TNOZREEERS EOR-A TR, 3 HDa-
~U v 7 2O RKEEF R ORERFEEFHE L7,

3 MFFERE

REMD IZ L o TE LN FNENDIRERS0-520K)NCHBITE TP =27 b U EZHNT, SNase O£ T X JF
BEOTHEHOKEFEGOWHBEE L. TNETNO _REEERORAEEVASEE LML, X 113 298
K&369 KOV FUnbELN SNase DT 2V BEET L OKEHEAOFMKIEE & SNase DX
REMTITRT DRBEMETITBIT HAF - EKRZH NMR IEIC L > TRLNEET ) BEEOLEN
FRLTVWD, MEOERESEESIIBBDR—HLTEY., EVDIB-A M7y FiFE<—&ELTW3A, =
OFERIE, (WKFE - BEAELZHR NMR I L - THELNET 2 VBEREZLORERE, 5785 HFV I
L= a3y TCELNET I VBEREILOFTHOKERFEOREHREIZ L~ THATEDLZ L, QRAEML
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(2} MD simulstion at 288 K

: .::”‘}

P

4
%

#1085 7

(om/peoy)

K1.()298 KOrTV=7 bUnbEbnic, 7/ BEEZLOKEFGOEREE O)RARMET
WRITHKRE - BEAELTHBENMRIEIZL > TELRTET 2 ) BEEOREN (0369 KO rF7¥=7 b
VinblBoiis, 7T BERET L OXKERE ORMEE
FCRERBAB-2 LT F)E. BESEETFIBNTHLEBNEETHHIEERLTNS, SHIT,
(3)SNase 75, ZNETHE SN TS RENARBMRBLUMI L. & L TRAERIEEL b OFMHAT
RARDER A 5 I REMREBER L R T A EEARIET S, 202 Li3, SNase D AMERLT FT
LG TRIBEBEZDSHEERLZREDL B L[1]. 70CTa-~Y v 7 AMEERRREMT O 40%E TR 250
WRILT, B-RA T FEEEN OUEFE L TVWAZ LI THNPD DI ENTEE,

4 FEXR - HREEELIITE

% 1. Shun Terauchi, Keisuke Kamba, Yoshiharu Mori, Yoshitake Sakae, Takashi Nakamura, Yuko Okamoto, Kunihiro
Kuwajima, Kosuke Maki “The Stability and Folding/Unfolding of Staphylococcal Nuclease at the Residue Level” B A
EEEEE 51 PR KRR, 2013 RUH

% 2. Shun Terauchi, Keisuke Kamba, Yoshiharu Mori, Yoshitake Sakae, Takashi Nakamura, Yuko Okamoto, Kunihiro
Kuwajima, Kosuke Maki “The Stability and Folding/Unfolding of Staphylococcal Nuclease at the Residue Level” The
IGER International Symposium on Science of Molecular Assembly and Biomolecular SystemsIGER International
Symposium, 2014 Z %0

*3. FNEE. MEE, AFRIA. B0, THB. BAHE, EEHE. WEL [BEEKILRE L O FE)
ﬁ$9i:v—v5ymiéx&74mﬂyww-aﬁv7~ﬁ@m$ﬁé%m®H%JBx%ﬁié”@
ERSRR, 2014 $65)1

2235 3Lk

[1] Sreerama N., Woody R.W., “Estimation of protein secondary structure from circular dichroism spectra:
comparison of CONTIN, SELCON, and CDSSTR methods with an expanded reference set.” Anal. Biochem. 2000;
287(2): 252-260.
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FEERFERBAAT Y -BUESFICBTSBEFRELABTEREOE
FIEEHBELGLOVICEKRSFRICET SR FREEOFFENERUKX
REBRFILPHEICE LSBT

Theoretical study of electronic states and photoinduced reactions in the
aromatic molecule - ionic metal/polar molecule complex, and analysis
of molecular recognition of biomolecules by molecular dynamics and

large-scale quantum chemical calculations

Omi #, R &, K& XK (EBERK —8&#EF)

1 WHEER, AR

A7l ME2>OMET —< THEEESN D,

®B10O7—<i%, ﬁéﬁ\% ﬁﬁ%ﬁ/ S THBWVIEZAFEREO L 57, ﬁ#AmEW%
ORI AL —IZBT 5, ETRECKEBERIGEEOHIETHY, T 62 Hm, Wi
FTA32LREAMTHE, KEETI 7 ) —AI T 0 TFAE—0 _KEESIZ waﬁn%ﬁotoﬁz
BELIHESFLECHEELZHEFLLRD ZAFEESITL 99 0ERICEREINTZAZTEATHY, &
m*%l¢$ ZH b, X-HYH"M MIiZ&R) OL>RBng A 7inb, C-H -HY-Y DL 57258

WEATETHEDHD, SFEEROSRERTIE, BT -T2 A2 T M6 c BT 5 ZKER
HAOREEBMTONTNDD, MOEBRFITEZD2W, &, AIEICL>TT7 =/ —)-F) =5
N T vy T AH— (PhOH-TES) DEIEHEE AT M ERAART MURBEIEh, Bird AT
DRFFEEEZFOEMEEOFTED OH (BEREBDIREH S 7 b R ENT, ARETIEHEFLFE
FEIZXY, O-HHSi & a-HFBEED 2 00BVWHAERZ2EL V2 /) —NV— T 07 T RAF—=DF
HAHBEOBGEEITY, 7T A —OBEFHEERIT LIREMBITICL D ERART MVOREEZIT- 70,

F20T7—<iX, EEIESTIEENS ?0)%’3 TR Z AT ATIE T A, AR TORTHLEE
EH-PUAROHEEERIL, 2O0BHWVWHEEEROLDIZ, ERNFEDHRN OIS THRIBOBANREC
% %, Human immunodeficiency virus (HIV-1) U7 F U HBHEOEME LTCEHEA TS E b 2G12 H1iE
13 HIV-1 REWCHEET DY VN7 gpl20 KHATAZENTERHEDRWIRETHD, REE, 2GI12-
PHBOMEER%Z, HTHESLIUCHEER XL ¥ —08A0 bERIBEICE SV TEMICMNT LT,

2 WRERE, FHEITE

1 DOF—<IZONWTH, EELBROFANIN—FIC L > TIRUV ZEXEBEICLE 7/ — - Y
TF NS T 7 52 Z— (PhOH-TES) D IR A7 FANRAESN, ZAERKAOLDEBbh s ZEED
OH [HBIREIOERE S 7 FRHEINE, AR IOERERZHANICENI T2, £9° SiH Eic
L[N AEFEEEEMRICERTEXABHEERIE L, 22Ty 7 v—7 v {bkFE (SiH-HF), 7
= /=) 575 A% — (PhOH-SiHy), > Fr— 5 (Bz-CHy) 2 EFNAE L, #NFNOEBMEKE
IZ>UV T DFT i, MP2{E, CCSD iETHESE - =R AF— « IREN - SO AL L, SRS ENL
HEHFERRAATE, RICEBELNI-FEES Y £ 12 PhOH-TES O BHEKIER 21TV, TAERAS O BT EEMAT

ERATIELUC X D EEREITIC L ©» CTEBEROEN 2TV T LA O KEREAOFEMIC OV TH
Lz U7, EHEFEICIT DET # (M06-2X, cam-B3LYP), MP2 £, CCSD &% AW, EEBEHIT
6-311++G(d,p), 6-311++G(2d,2p), aug-cc-pVTZ % 7z, {EEEIEL, IREIAEHT I Gaussian 21y, AIM
FRHTIZ T AIMAlLL Z2{E 8 L 7=,

FE2OT—~TE, b F2GL2HEEEHD Vo RBBAET2EA KD X #4551 %E (PDB ID: 10P5, 10P3,
30AY) b &, DTEVNREL 7T 7 A0 My TEUEREMONC L o T, FEHE—PUEH O BER 254
IZFENT Lo, BEAEIZ2NT 20ns BEO S TEAZEFHE (AMBERI2) 4TV, U X2 FEEHEEOZEW
WX AEHEBEEOF AT I 7 AOENEBIFLEE, KR T v a vy MOS LT MP2/6-31G(d) L ~v
TO FMO 53 (GAMESS) %17\, HEMC O FRIMBEERZRBIT L,
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3 MFZERE

¥ 1OT7T—< T, LU HIZ SiHyHF OZAKREBAIZ OV TETHE L~ L EEBEZIC L TEARER
%-1?w¥~%wﬁbtoamD& LD ERROEMEHE TED LT B L, SREREHNTEZ &
IX-oTH-HESEMIZKENL LN, DFT, MP2 DT 3R /L¥—{X CP HIEIZ X - T CCSD 10TV iEA T X
NFX—0E 5D, PhOH-SiH, D ZKFEHEE TE, AT RN F — Counterpoise #IE(CP #E)E1T5 Z &
12k 5T, MP2 ¥, M06-2X #:& 12 CCSD IIEVWVERE LN, —FBRVREET R ALF—% 1D Bz-CH,
O n--H A OB T, 6-311++G(d,p) & 6-311++GQ2d2p)DFER & TH...C BEIEMIZIZIZET b 5 2208,
BEOREBHICLA5HE T, M06-2X, MP2 ikt b2 nH BEOREMEBAKRAMLTCLES ., iz
CP fiE%x L7A2W MP2 =R AKX —E M062X EL D L ELIZIBKFMILTLE S 2 &dbhol, Zhbo
RN LEERBITIEIMP2IEL Y H MO62X SEDHT B L TEY, MR KEV 6-311 ++G(2d,2p)%
ERBEZESTHETIFP LW EBDhote, BHEFIEORIERZ LI, 7o/ —-b Y A F
Z > (PhOH-TMS) & PhOH-TES {22 Tk M06-2X/6-311-++G(2d,2p) L'~V CFHE %17 o 72, PhOH-TMS (2
%, pHE X HH B BMEERZNEATFEL, H-HEEREITZh 24 2.2845 A L 2.0385A Th 5, pH AT,
KEFEFEG I Bond path 1EER S 4LT, 1 DODAFAENNUEVRO LETEE LT 5, OH A ERIX
KEFREGIZE D HH RO FRE L 725728, OH MiGREEIZ
HH B EMEERO N R 2 F— Az 7 b3 5, PhOH-TES
B FNLEORMIZE > TEHL ORMEREFET 2D, &
Z Tl TES OZE#HRE L PhOH & @ O-H---H-Si FEA X8 %
# o7z, PhOH-TMS & 138721, Bond path 17 L > TEMERE
SETAHZLIFTE RN, H--H B X~ TEHopd #
Ao HH BIORMERICHET 5 e nTE S, ERAR
7 FATHAI 30 om™ &9 80 cm™ D 2 DOFEERIZ N FAE B S —— R —
B&NB N, BB OMENEO Y NiZpH B, %HE T T ey ©
HH B ZNFNOREEEICFRECE 2, HEFHRETIIHE &
BEMIEOITN 1 keal/mol EEFE AR NLF—NEWN, 2T
M06-2X i o HIRAAF A OREALZ WAL TOD D 7 bt Sl ]
LB DG, TRLOT Lk PhOH-TES IoidpH %L T T ey

HH % @E éﬁiﬁ)ﬂ:ﬁbff?‘” LT3 =& Bbhol, B 1 PhOH-TESDvon ¥ 7 b L IRBEE. WEIRILF~, H. HIEROBR

B2OT—<IZHOWTIL, 2GL2HEE 11 ENSRBMEHY F v FEAE (10P5) 128 W T, PRI
BHERY N NELE ZONFRMEERZRL, VY FOBOEELRFRICEHS L TR E2HELM
W29 BZENTERE, EHIZ, 2GR FLESFEMIZER T B D-v >/ —ALDE D-707 F—ARENE
Wﬁ%%oawbiﬁﬁﬁuﬁbf,_nE@@AW#w%L(mm,KMY) R BHUE—Y T RE
DB EERIT 2 BEFLFEEIC L 0 T o7, Uy FERICKSFREE L TWABZ EBRRBEINET-D
NM&Kiéﬁﬁﬁ%%%Ekamn@M&&MDﬁ%@%ﬁE@%W#%E$I$w%~%ﬁﬁbt
Zh, EBRFERIBH T EDPHLNIR T,

4 FHRER

1. > REBEK, BIEE, “7x/)—N—3F 07T RE—2BIT 5 KEBFEOERBMITE", HFHEF

e (20 1 3 H#ER)

2. Y. Koyama, K. Ueno-Noto, K. Takand, “Affinity of HIV-1 antibody 2G12 with monosaccharides: a theoretical
study based on explicit and implicit water models™ Comp. Biol. Chem. 2014, 49 36-44.

3. Y. Koyama, K. Ueno-Noto, K. Takano, “Interaction analysis of HIV-1 antibody 2G12 and MansGlcNAc, ligand:
Theoretical calculations by fragment molecular orbital and MD methods”™ Chem. Phys. Lett. 2013, 578, 144—149.
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D930 VI—FLELURTFRF/IV I ZRAVETS/ BXSY
T —REBEHMEOE—REEFH

First-principles Study on Chirality Recognition of Amino Acids by using
Crown Ether and Peptide Nanoring

ORME R (RfEEAZ)
1 HREMBLUAE

L&, DETI/ EBOSEEENSRDLXTF KT/ U7 (PNR) IHABEEL EDATEETHD, 2
@O PNR T, BT I VBB LBEBEOFRICLV ZORBULF/FEEZ AL THIMEEZFEOELDY 2, XS
F REKD O & HETODMERMEA 4 U HIRELRT, RAITIOMA A U HEEICER L. PNR 282
MIBWRZLICED VPR INTIVBOXFT YT 4 —REOFTRENE & £ ORI OE RN 2 7,
ERSTOXT Y7 4 —RBEBEOMB T, £EEEEECYE - (LPRBMICEELT, T% BF~0
JSROBRNLDEETHD, 0k, PNRELCBRKKR b & LTIE3 T 18-crown-6 tetracarboxylic acid

(18CE) 12 LA 7 2/ BEEMRBRERNBFEINTCND, RBEETIII T4 HBEDCHEHET S CE Lt
B LN, WA UHIREEAETAPNRICLAT IV BEXT VT 4+ —ORMMEOERIMAL BN LT
Za T

2 WREAEL NI R E A

FAPE UTHREMNZT I VBERELZE TS S #BELL, FILBFAFPNRELTIE, ZOFAME
DRENZIIE E B B0, Gly (G) 657EENH7225 PNR O 2 EHE % Asn (N) E# L7z GAN2PNR % 7z,
T H X Gaussian09 ZFUH L. HENEEIE (M06-02X, EJERIH 6-311++G(dp) IC K22 p L F—FtHE
EERBMIT 2 ANTHEA R, YR MENZZOBREFREOREREZREL., NBOBWEEMITIZ LY
ERMBITE L BT LT,

3 BFFERR

PNR ZEBEITIZIZF DT F RER trans BEEIZE-S< extend (B) L cis #1512 1 % bound (B) Fo
QEENFET D, SE2EEE An BB LEZDOT, EHIZFNFRNIT equitorial (e) & axial (a) BLEZS
BEzbhd, Eo>T, ETHA b GIN2PNR BEOREHEL LT X VF—FHENORE L, TORKER.
BRANICKEZFAEZET S B a7 (Ba-G4AN2PNR) NELTERELZTRTZ ENALNER T,

e T DTN LR 7 & h oAt Ser (Ser HY) O##REEETEZRE (Ser/Ba-G4N2PNR) ##&FI L7z, M 11iC
AT LD, D-L-Ser HE A F & & PNR AR M X DHEPFRETH D, Hi1ho#HerR2E5E, 20
BRSBTS A N7 S VBN E S XA FREZ2o0 O BRFEIIC L ABERAEERICL S, LALERRSY
A hOEEEIZESIBEEENERBIEMSEOEVE AL H LTS, #ixiE, L& Ser H'CiI-NH;"
A1 H FF1Z PNR BN —fE D O KT NS Asn N O JBRF L AFEREEFRLTEEL WS, ZhiZ
L TDA Ser HHCIIPNR B L IZ 1O O KT L DAKBHEAEZHMA L, OFKVIZ_SOMIEE Asn N
ORFERBHAEZERL TND, ZDH, L-Ser iR IEL D-Ser A X ¥ =L F—#)IZ 17kI/mol B E
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Thd,

EEEIK s n< F 757 (HPLC) %AV 7z 18CE 78 X MZ X 2 Ser 1R ERICH VT, %0 LD &8k -
5L L-D-Ser R A DEBET RN F—Z L BB IN TS, ERITTEW. WA carboxylicacid (i) #* 75
T3 18CE#AF A M & LTHWIZFED D-L-Ser IR REMEL N 21277, Z OREOMEIRRERD =X
JVF—313 16k)mol Th o7z, FLICHH L7 PNRICBIF AR ¥ —3ER 20 18CEIC L B F—35L
HERNI LIERA FPNRICEDB ST A MY I/ BEFT VT —RBEB R 2 & 2 ERNISTRT 5,
BRIE, HRBEOFML S A M2 MoT I/ BIREICIR L, PNR DX T U7 ¢ — Bl OB RLE2 1T
W3,

4 REER, HREEELTITE

%R. Clark, K. Takeda; Multistage conformational transition in peptide nanotube induced by temperature and/or
external electric field, dpn. J. App. Phys. 53, 065201 (2014).

+ J. Takeuchi, K. Takeda; Theoretical Study on Proton Transfer and Energetics in Ammonium Nitrate (NH,NO,),
Cluster System, J. App. Phys. 53, 065201 (2014).

% J. Takeuchi, Y. Masuda, R. Clark, K. Takeda; Theoretical Studies on Proton Transfer in Ammonium Nitrate
Monomer and Dimer, J. App. Phys. 53, 065201 (2014).

% T. Yokozuka, K. Ido, R. Clark, K. Takeda, Y. Tokura; Reconsideration of the relativistic corrections for an

electronconfined in 2D quantum dot. 1. spin-orbit coupling and Rashba effect, J. App. Phys. 53, 065201 (2014).
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KEBRZOERERFREHEFZORRLGA

Development of large-scale accurate electronic structure calculation
method and its application
O/hbk IEEAN (BFEHERFEmEMIERT)

1 BHEEB), WA

AT, RS - MBRO LS RRE 2T, SbICESFER. BHELEDZEHEEO(LERD
EREEFLEHEATELTIIEHZENE T D, ZTNEEKT 572D, (1) EI5(Divide-and-conquer;
DOEIZ 3 KHAME TIRIEFIEBR L . QBB THEEZEMNICIVE D Z LS IRes “E T HEHE
HEHRYRAWEHF LWEFHEERBROBRRLFE T 077 AR T S, £, R LEEREFEY EICH
WER R E LT REET RO R 6| (a)fFIET-18B 2 72k 3% Hartree—Fock—Bogoliubov (HFB)
LERWEE T VAV GTolERERERE, OBFETM S RO Te{bEHD Y H > FRBIG A B =X 4
DR, IZHOWTHRET 5,

2 WrgEiiE. FHRGE

() TRV #%MET LR T 5 HFB k& ZO=F X —HfI, GAMESS 7’1/ 5 LA EWE L TE
L7z, AHZETIE. co-pVTZ BEBHA AW THEX T2, (bDFHEIZ. GAMESS & NBO 6.0 & fv,
LC-BOP-LRD/LanL2DZdp L~V CEITLE, Fiz, MREE L LT, —# Gaussian09 7' 7' J Az i
CCSD(T)FtE H 1T~ 7=,

3 WRERRE
3.1 HFBEX BT O h ST OEEaE et

Staroverov & Scuseria 12 K o T, BI=EAERIFOFHIEHHTH D HFB X2 5 TOETIREHE~ L ITH
LEUToO=XLF-RAPEBEINTVD,

Epp ()= {211#,,11# +y [(2<uv|/lp>— (nv|pA))P,P, —¢ {uv |/1p)Kﬂ,,K;,,J]} D

Z ORTIL, @HF D Hartree-Fock (HF){ED TR AF—IZ, XTITH K OEMPH I o> Tnd, ZhiZk
D, BUEFHAEEZ RO CHRICEY AT Z LN AIEEICR D, Bxid, TRNETRESINT
Wigh o7z HFB R VX — AR ZEE L, EREkiBE e s L.

# 112 gauche BT + T A F 1w CHs DIFEE~DBEBIRIEGCRDIEE T A —F &R T, ZOHTIEET

SHIAREAT S BT, % 1.GF 1 CHy DRl $ 7 A— 7.

ERHBHBISE L TRELKTT S, F  HFB

12 C2-C3 #5 GBS UHF {5 & CASSCF Parameter UHF CASSCF (=10 0.8 0.65

ETREL BroTNS, HFB % ALy R(C1-C2)[pm] 14138 1437 1447 1415 1434
R(C2-C3) [pm] ~ 196.2 178.8 1916 1869 1725

B EzED, BT 10 Lo b L&
T A—F C AW AZ,  CASSCF

o [deg] 752 850 667 78.5 80.2
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BELIROVEERBLND ZERND ol EOEN, CHy O ZEMEOREIC O AFELZEH L. HF 5T
BONRVEDLDRRT vy VERAF— BB D Z LRI LT,

3.2 BT Sb RO TedbEMD ) Ao RIS A T3 = X I

FRIT V=T ATKIRTY VY FRBESLER)ZE 292 E R b TV eh, Zhllld, L
EBFANEBERREERI-TLEELZLNTE R, L L 2007 FIKELIC L > T, FEEABEFHOBR VLY
ZTV—=ATrFEHAEOEMETLER 2 T2 &3 RE SN, T TRRIGD AN =R b% | BE
LR OPH A THOE I 2 IERBINCEE 5 Z L 3 Cx % LC-BOP-LRD JLEE A FiV TR I L7z,

112, PhyTe @ LER IZHK3 DT RLF—F A
Y 7T LY, T 2 T separated system (SS)D
TRNX—HHYEL Ui, PhTe OMEIT, JEHEH
T ¥ % equatorial (LIZ -2 = Hi#EH T, apical
NED C & Te OFEEIEEEIT 2.242 A & equatorial 47
DCE TeDEEHE2.119 A IR TR 2o T D,
LER {3 2 43 F > 5 % 5 reactant complex (RC)H» &5 H
F L., VA Fa# L7z product complex (PCYAH3 4
T ARG TH D, RGREEITIT, =0V A
v RORZRPEER LTz intermediate IM)DFIET 5 1.PhyTe @ LER IZXT 2 =R LF—F A YT T A,
B, TS EDZRAF—ENNIL, ZE—BED
Bk Th 5 L HESNT, ZORIEDD THEEZEITT 52 LIic LD apical it Y V> RBEH L, THIS
HoTHEYVDOY H Y FOBEENELT D Z L, EXABFHIUMNIEGE L TWRNWI ERDhoT, T
B THIUL, PhsSb TH LER BARETH Y, FIRICK Y TNEHND D Z LN TEL,
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4 FEREEELEITE

*[1] /WK, 516 FHIEE G L7 Tz, 18, 201345 A.

*[2] /K, AR B2 —FEFER 2013 FFFER, Fot 201345 H.

% [3] M. Kobayashi, Collaborative Conference on Materials Research 2013, Jeju, Korea, 2013 4 6 7 (¥4£%).
Y [4] M. Kobayashi, M. Tarumi, H. Nakai, ISTCP-VIII, Budapest, Hungary, 2013 4 8 A.

*[5] /MK, F7 [l FRE R @R, WH, 2013 49 A.

% [6] M. Kobayashi, 5th JCS International Symposium on Theoretical Chemistry, Nara, 2013 4F 12 H (#R5%).
K [7] /AR, BKIE, 5840 [ F AT R L F R AR, R, 2013 4 12 H.

*[8] /K, R, 217 [lE i L Fitme, %R, 2014455 A.

% [9] M. Kobayashi, Collaborative Conference on Materials Research 2014, Seoul, Korea, 2014 4= 6 A (#%%).

5 HWEEFIETE

% [1] T. Yoshikawa, M. Kobayashi, A. Fujii, H. Nakai, J. Phys. Chem. B 117, 5565 (2013).

% [2] M. Hojo, Y. Kondo, K. Zei, K. Okamura, Z. Chen, M. Kobayashi, Bull. Chem. Soc. Jpn. 87, 98 (2014).
*[3] M. Kobayashi, K.-y. Akiba, Organomerallics 33, 1218 (2014).

¥ [4] M. Kobayashi, J. Chem. Phys. 140, 084115 (2014).
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Calculations of geometric structures and mobilities of cluster ions
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First-principles study on the electronic structure of impurities in
semiconductors
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Molecular Orbital Studies on Intra- and Inter Molecular Electron Transfer
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Developments of ab initio molecular dynamics methods and simulations
of various spectra
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A3, PBEIZOWTIEIDZVP # EWCHEEZIT Y, FINL3EEZINFTNICKH L THBIBEDEE
EZ T, § 6 BEOHBKRIZOWTIREEMEZ ROELITS, HEABEBEROIED=HIZ, 1 2D
FEESHSIZOWNT 2000 F T V7 FPURBEEDTWND,

Tl INOLORBEREREMNI T LT, AT MUWEEO A T = XA L ERE LT,

VIal—Ta VBRI Ny — Y ep2k BV,

22 12 ZBTIHER L. SHEAE

K—Ttr=FUN (AcCN) ERBEBEREEZEZX D, BIRFWET D AcCN BEIRAMEE Lo i MD 2470,
FOFF P2y FUnD ACCN 2 DTSRG F~0 MO FNDRD 7 T AL M L, ZhEhos
T AHIZEBNT, Ll AcCN @ CN HEIREN O FRM-C/KRERE G & K EYREY BT LFNCEHE LT
ZLTENLOBANRY., BAEBOBFRICLLIEE T v T 4 72T 2EBFEEEHE D Z LT, AcCN
WCHET 2 HBEENRENLET A EELHE L,

CN B RENEEII Y 2 LT 4 VI —FREANOHE L, BHEFHELLA~V T V2B, 220
LT AEMEREHABIRL, FRICH-FEELT a2 L —F 4 U —FBRREPEE, Z0EENLER
TANF— L BEIBTE— AL MEBT, ZTNODENLERKEFE Lz,

BIHIZDNTE, HERLTWVD AcCON DAADREFZHAEME LTHR L, AcCN O= h ) VE EDORFER
F. BEFRRTFO2EFICBTIEREZEHACHEL, = PV ALVE CNBEAFAOESETRY HUEROE
LTz,
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KFBREDOEGVERTYHEL LT, NBO BT EZ1TV. AcCN OERFRF LK FDOKERF~DE
FOFERELTIAF—FH -, EEEFLONLA ZRBRELY 5 3EFHEII=FLE ON 4%
LTS BFHELERRTICRHEL TS sp B THENDH DN, TNEFNOIERELTFALF—IZD
WO BNZEE - BRE L 72

75 AZIRITHEFLEFEIT BILYP/6-31G(2d,p)D L~V TITo 12,

B EFEEIZIT GAMESS 2. 1 E MD 1213 GROMACS % v iz,

3 WFFERGE

3.1 L1 ICBE$ 2R

2IICHE L TWAREFES MV T 3600 cm™ o OH IREVAFHAE L. 320 fs DIEFIFFE % AIMD M H &,
FHIZERI DD LEVD200-260 ) RN—EEZ R LTS & Bbia, 5HE 515 BLYP, ZEBEH TZVP

L HMHIE 2 LUT-5A ORI, £ /- R
BB N T EITITINIR LT W, EREREN

DZVP OHE L HATH LRV EI 2D JESR 5 | T O ,
BB, & e
= Total
! 05 + o
WIT A2 R VHERR D A F7 = K AN TR g '
% =) e
o I} e e e
K327 L EED OH £ 8 1B & 5 E D 8 fHDK S o — ) ) )
SFHEEOFNFNDALT FLOHE (K1) % 2600 2800 3000 3200 3400 3800 3800
U, 20 MR OBHED 5 5. 5 FHT L Frequency (cm)
EBEHEOLD LY HFH T XA X —FEH 1 3600 cm-1 @ OH {#MEDRIERT (AR &
EDLODEERKEZ N LAY L, Tt bt (Ffp) DRNZ b, K325F (B,
SEE 2 BTN ALY MLIEER O £ A A 0 4y FEED OH % 8 il OF) B LUMEDK 8 53 F
TAI TV 7LD by EORE/ERICE (&) 12k Dbk,
DAY MVIEER TR SN TWS Z ¢ #EB%L
TW\5,

3.2 121293 DHEER

HEIIRAZ ETEEF 300 7 7AYOHERTol, TOFEREBHAREOCHER LAV TELERE
AEbET, & ERE(LTFLX— - ON HERBARKOMBEEZHE L,

CN B#EOIREIE % AcCN FD= M VEEREF LOEE 2 R0 2 REFEXROEF L LTI v T 4~
TEITH & BEFBETEONTARKE T 4 v T 4 T EBICE ORI EREOMBEEEN B L7 086 &
VAR A b ivlz, KBRBEEOHBBI OV THRERIZ, 2 BEOHEREAT X ALF—0 2 REHKLE LTH
BEHOT 4 9T 4 T 52T, BEIREH L Y#E- -,
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Ta4vT v LEEEEETEMETED
NEABEHEOBERR X 2 I RT, 2400 -
CN BiERE AR IIAFEREE LV LER LD

kS

FHAEENRNE WS T ERREBEN, F7- CON :g 2360 -

EEEHERKIAROS T L VBRSNS E g

ETRBSPERTE LI LRy hokd T, ¥ 2320 1

WEEI DRI ALY R OVEFEITITE # MD A2 548 2520 2360 2400

BNBERE D EELEATE D L R TE Fitied function/cm™

7 K2 74 vFqr/LEEROBE (EH#)
LELEHETBONRRY (@) o
1% R B

4 FEREEETLITE

*AEEF. B S FRFEFRRS 2013 1R

*HEEF, E4)Il 8th Asian Conference on Ultrafast Phenomena 2014 #=
*TEE, B/ HFRTERS 2014 KR (FE)

*EHR, KH HFRFFRE 2014 B (TE)

5 HMREEEZETE

FiBF. AF  International Journal of Quantum Chemistry, 113, 330-335, (2013)

KF. A Mishra, 52, 4, M.Bonn, 7KH Journal of Physics: Condensed Matter, 26, 244102, (2014)
*E 52, 7M. C.-S.Hsieh, J. Hunger, M.Bonmn (&#ETiE)
*iEE, EAJI. N.Huse (EBTE)
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ERSFORERERLICET 2 EHRIHE

Theoretical research on reaction mechanisms in biomolecules

OBBHK, & fB—. RERE. (0 oy (TERE KRR

1 HFFEERY. AR

EHECEBRZEOBRMEEN LT o FREERIL, BEOZERISEZFHE L., I OLZERIEOBEHMN
EGIEBIOREBIZ 25 T D, ftoT, BEREOE B EDHRMEI Lo ThibSNALEREL, &
PFIZ LD FORIGOFIEZARIZER L UT 2 2B, 9 TERFREHEO T B LA ERED —H>THY
THERFROHEME LTS, RAEEIL. G-¥ Ly BEGES RO ARSI R ORELE( & ISE S
FHARE DL S IEBIZOWT, BRI 21T > 72,

G & U/ BEEBRAZRMA (GPCR) 13, TFORMBEBITETOERIZ LY | ST iEEOREFHE X
TW5, BERetE O RS ik, AR GPCR OEETRIZ R ETH o728, D THERALMCENT
X2 LRFITT, GPCR OEER, LT IR MRT ¥ A= FOBAMDSI &R ITHEEL (T, B
FOEKIIH > TWE, RICERAOREHB I AT LAZAVW, BOTRRESFEHNZEL I2L—a D
EEMNHE SN TWD, ZhICEE, GPCRIZY F o ROFMBEIZL Y, 3E nsec 2> b ¥ u s ORI °R
BEDA R MBI D EIEBENTND, LA, TNHOWE T, PR DDA ENHEET L
(i, WL POPC R0 POPE 72 COBE—EHOIBE N 7 6725 “EENAVWLN TS, GPCR DEFEET D
AR, B—FEEOBES 1002 X O RBEMARETIIWI & FE~A 70 RAL VEMEN D
TE D5 FAEAH & 72 2 58005 GPCR DIBREIZ A RN O TEEZ B THWD 2 0 b, [EE_EEOMRN. %
BARY X B OBEREMECZREOEES 5 0IXY T FEGIC L 2SR, HYREMETY
DEEZLND, BE, BFEBEVUOZHRMATH S nicotinic acetylcholine receptor (nAChRYIZ- D\ T Dk
WT O FEERBFFETIE, POPC/POPA/CHL & POPC DFEFAAL T nAChR O F F= A M T A InE L2 I-E R, %F
TIET A=A NOBERIWCEB X RV EDa T3 A= a VEEREI G0N ERAMIRER TV
{Nat. Chem. Biol. 9, 701 (2013)]1,

AR CIE, ZEREBENRT IEESFOMEEEZ T, CPCROFTENFE I aL—a v ®iTH 2 &
T, BENERD & ) BEE~DOREEE T LT,

2 BREGE. SHEFE

GPCRIZIX B, 7 R U UZBE (B ,AR) & AV /e, #E4L181E (PDB: 2RH1)
BB,

(DU HY FOFEE L TR apo ik,

Q)7 I=RAMTHBTERT 1 )0 & ORELE.

BT HFI=ARTHLT AT R a—/L L DIERE

BEM L, Zhbh 3FEEE. i &
(A) POPC(palmitoyl-oleoyl—phosphatidyl—choline) DFH D, (,3%

(B) POPC/CHL (cholesterol) MIEA M. X 1.GPCR-JEB _FEDHET
FNOF, KEIIFETEEW,
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(C) POPC/CHL/GM1(GM1 ganglioside) DiREHE.
(D) POPC/POPE (palmitoyl—-oleoyl—phosphatidyl—ethanolamine)/CHL/SM (sphingomyelin)
(CHDIANT, EDICEOmMAICIEBKE A A 2RASE T, FAEET VL L, NAD2.7 ZHNT, 4%
FF)LT 100ns DHFESFHEEZETLE, YIa2alb—ralho AR OEHFEFOBERLETET 2
JEEZTLIZRHL, BEOT I ) BEEMOBEBE (Argl3l & Glu268 %) OEEIZA,
EREOREE S TOMIE., ERCERICEET 5 Z LIIES T
2V, ETAMARITIROFEET AHEMIC Lo TH RS, B FOR
MERTIE, IREARBEIZ VAT oL U VIEERES BV
1£ L [Madison et al. J. Invest Dermatol. 1986, Ingraham et al.
J. C. Biology 19811, U »HgE ™ FE/ef s POPC, POPE, SM TdH
BD.ZDOND I/4FREMN SM T 5 [Brugger et al. Proc. Natl. Acad.
Sci. 2006, Winterbourn et al. Biochim. Biophys. Acta. 1970]
LWISHRND, BIZEHE THWE 0) OIFE _EEOMHRIL,

POPC:POPE: CHL:SM=0. 25:0. 15:48:12 & L 7=, X 2. JREEEO OFHETT IV,
POCP(#%), POPE(#), CHL(F),

SMGR) kv L Eh D,

3 HFZERRE

VIial—va POEHRFOEHDORE %, (@) prove (C) porcen o
BARDT I JEEBETLICEN L, ZDEOEE e T .
5 S BD AR O B-factor e, T
BB S B T & S BTV B, POPC LTI, “
apo 1K, 7TAZRMREEE, T ¥ A=A MERAE
DTN, extra—cellular side & cytoplasmic
side OWF T, B-factor I REREER L, =
VAT a—)VEEE LR T, B-factor AN K&
SARTT AL oTz, 2D LT BAR DEE)
Pz eNT, YIal—va B THUNTEE

A
() ropcroppcn

i

EAZELLTVD I LEFRL TS, I VAT 3. 100ns & 3 = L—3 3 L OFAH%D 20ns H5Y

o— V2. ELICMOEESTFREHENT-K DOEEEE LRI B ,AR @ B-factor {E
o J (A). BEFAC, apo ik, 7 =% MERIE,
T, B-factor EXMZ LN TS, ZORKRIT, T I A MEEROEASTHR L, HEER

- a2

fe'E — ERE O TR, GPCR DS EMIc e BT, B-factor IRV DI LT, WEICE
B . HLTWA L= REREEZTT,
BEES LRI LTS, apo &, T A= M
B, T A= MERRERLET D & IREAMAERIL B-factor [EIZHEE 5 X TWIRWVN, apo BME
MY H 2 FEEERED GBENAREEICLR > TND I EBRHHTE D,

GPCRIZT T=RA FMEE LIEHEH AT V2 IR MREALESEA T, HF0a v 71 A— gy
BB LT, 6 XU BIESRBNRESN D, LRI RFRPIE T, Argl3] & Glu268 ORIZHRV A
Z L EOFEA (Tonic Lock) DEMENTNWT, T ¥ =X RS LT GPCR A REMHIREIZSH B & X113,
Z® Ionic Lock BPEALTEY, 7a=R bAHES LT GPCR BIEMRIEIZH B L &3, Z® Tonic Lock 238
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WD EHME SN TV, RFFEIZEBV T, 100ns
2o b—g HTO Argl3l & Glu268 R0 BRRE%
Az, BIEEBIINT, 7TH=22 RS LGS,
TR A=A NREESLTEES. apo (K CORE R HEs
L7z& %, (D)® POPC/POPE/CHL/SM BEDBA . i
Argl31 & Glu268 DDA E /& | BENLE
WA ot EIART A=A IREA LIS
A TH. TonicLock IXAUIRBEETRETH T2, Ko
T, LABT POPC B—#EN S I 21— g LV TR X
M7= X 912 Tonic Lock A%, GPCR DIEME & RIGHREED
MEOBEWENLT LH B L TWAEE 5 b
DI ER & e oTe, S, KV REEHOV I 2L

B 4. GPCR OFEE L rgl3l & Glu268 DEID —o 5 o 2EF LT, B7- LT GPCR DIEM & RiEMR
Tonic Lock, BB WTWAIREE, CHEHL T

A

i

WD IREE, REI3. Tonic Lock BABA L MR LTV DM E S NEMRIET
LDMBEVH D,

ZREPE ARBEOBMEZ FRICERT D Z LIRS TIERY, AP TIE, FRMBEROISE RIS
DWTOERMIREZSEIZ, BWETNLVEER L, FIMERTIE, VUBIEES T L AT o—3 g
MHBRETHDL L, U UBIEE S T OERTESIL POPC, POPE, SMTHHZ &, U EIEES T 1/412E
DM THDZLREOMABPREENT D, T I THRIEORGIEE ZFEIZ, POPC, POPE, SM, CHL %
EREDLETEA LB L, 3HEET VT, ZORSEEEI
GPCR DA TeNENH D, GPCR BEDIAEND Z & T, —HODFE
BoFREMNDOT, REMIZ, FHFEPICIRVAENDEEOK
{X. POPC, POPE, SM, CHL #% 58, 36, 112, 26 fH& 720, HAH L L
T, POPC : POPE : SM : CHL = 15% : 25% : 48% : 12%iT7/e->77,
VAT =T, B AR DEEREMICHICEETHY, Y Ial
—Ta v FEE, 2L RATa— A TR EERONY v 7 AR ¥
WHEMEAZ LTV 2k FRBE SN, 5. Y Ial—ia RS

HHBEE e L — O ER R AT S D LT, M HE N BARD helix 5 oL aTH
RAERRTT BT LNTEE, WA RERBOEERE g o PR
HITh D720, HiRitH TOMRAEF LB L TS, BES TR, R
—R—ay o — X EOBEEHEREROIEHANES, KLY I 21— g VHREFLEEL T3,
— T, EERETF ARSI L LT POPE 5 5 MT POPC 22 K O —ERLDIEE “EESMETH T
b, AFRTIE, BHRBAFEE2EFT IV 7 LTURS VA BOHBEBMN A2 ET LIZ, TORKE. GPCR X
FRESFOMBOEERZITDZ 8, BAR T, 2 VAT AREREICREFT HV 4 vHD I L AHRT
7=,

4 BRFIEEETZIITE

*[1] REEAGE, BB —. /NJIERE, Mahmood Md Igbal, BEHK @ £ v IV P UL L ADT Y KR

_64_



7 VT — BRI T A B ELADERR L OB ERT A — S —a v Pa—F—U—2 g v
2013, [IEF

*[2] RENER, mAFE, VIR, ISR, YIHEE, EERE. HAEE BRSE, EFEK v
TINT oYy FX 7 VT —BIEMREY ORR & T OB GEEMRT. D A EAE 133 64, HiE

*[3] BB DR, =257 1 - A7V v by R RIE BE : 7InA REXTFF REHEREST L O
BERICERT DR AT, H AR Z S 133 £5, Bk

% [4] Mahmood M. L, Li X., Neya S., Hoshino T.: Computational analysis on the influence of membrane lipid
composition on the structural invariance of G-protein coupled receptor. F A<M R4 &5 51 [RIE L, HEL

*[5] BE HR: TInAg FEURIBEOREBREROY I 2 L—1 3 V##4HT. Computational study on the
aggregation and assemble process of amyloid beta proteins H ARAMERF 8 51 [B4ES, J#H GREFHE)

*[6] BE LR, = AT 4 - A7)0 v by R GF Uy BEBRESEEROEEREME~O I8 E R
DEBIET DY L ab—a RN 35 BIAEKE L EMOMEER Y VR Y A, B

*[7]1 BE Bk 2HE&BR IR EZENE LV A NV AEORREEEMNSE S a— LRy hT—2 7
F=7 52013, T (BEFHEE)

5 HREEELZITITE

% [1] Mahmood MD I., Liu X., Neya S., Hoshino T.: Influence of lipid composition on the structural stability of
G-protein coupled receptor. Chem. Pharm. Bull. 61, 426-437 (2013)

[2] Neya S. Suzuki M., Hoshino T., Kawagﬁchi A. T. : Relaxation Analysis of Ligand Binding to the Myoglobin
Reconstituted with Cobaltic Heme. Inorg. Chem. 52, 7387-7393 (2013)

% [3] Hoshino T., Mahmood Md. I., Mori K., Matsuzaki K. : Binding and Aggregation Mechanism of Amyloid
B-Peptides Onto the GM1 Ganglioside-Containing Lipid Membrane. J. Phys. Chem. B 117, 8085-8094 (2013)

%[4] Y. Fujii, T. Hoshino, H. Kumon : Molecular Simulation Analysis of the StructureA Complex of C2 Domains of
DKK Family Members and B-propeller Domains of LRP5/6: Explaining Why DKK3 Does Not Bind to LRP5/6,
Acta Medica Okayama 68(2), 63-78 (2014)

[5]1 Y. Nakamura, A. Suganami, M. Fukuda, M-K. Hasan, T. Yokochi, A. Takatori, S. Satoh, T. Hoshino, Y. Tamura, A.
Nakagawara: Identification of novel candidate compounds targeting TrkB to induce apoptosis in neuroblastoma,

Cancer Medicine 3, 25-35 (2014)
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I FESIUMBESFROBTFIER

Quantum Chemistry of Biological and Catalytic Systems
ORBN Eh' e EE' I B §Y
(IEHEER PRI v 4 —, PR KZERBZHEER. PHFAR - AU KR
Pei e SUEAFZERE, BIETSIRFERER EMT /) & 27 ARPERISER)

1 BFEERY. AR

KEIFRTa Ve MLV ERLUEFROFNBROT —<IZO0 T, TOFBREHET S,
Q1) 797 A MIREMLEEEZRAVS CIL 7 0/ A0 L L

(1.2) REMEREIZBIT DEORERE

(13) TP UAY—ICBTEDRMBESOEBIZET 2BERTFOHE

(1.4) Circular Dichroism {23317 2 JEE58EE © decomposition analysis

(1.5) BEITHR Y IALEL(DMRG)IZIT IS EH R

2 WREIE, FHEFE

2.1 (DOFZEIZIZQMMM 71 7 F L& BN CEERELE{T 72, Gaussian 712 77 A EHE L.
STHERTELL 0S5 A, ROC Fa /5 axVER L CREERELSHE L,

(22) (1.2KRTAI)DOFFFE T, Gaussian 7’2 77 L% ANTHELE,

(2.3) (LAHDOIFFETIEL. Gaussian 712 7 F L%EEZE LT, decomposition analysis #4757z,
(24) (13)DOBFETIZEIED DMRG 70 77 L% FAWTEE Lz,

3 BFZERER
(Bl TZITAVMIRELEEEZRAND CIT TS A0 L ILH

IR U TR D= RN F— MR E T HHGIE Y AN N7 e I XL L LTELSHIRENT
o, Hx FICHEBENEAZICOWTIIE L, AUBREORERT VY v VN EELREE B35, i
HCEDREDETRELERETERWEER S22 b AL, N7V 4a RV bRRUIA X
J = VBRPIZEBT B LTV BROB—RHEREBIZOVWT, 6 A BEDHEREC hé7‘/&if%%
L CIS 1 & 7ol b 2 A, ABRELSEMETT N CRBE LEHR L HE LT, bR TIEKN 03 eV,
MeOH TIE 0.1 eV BhE =R L F =35, ZD#E02eVid, Y AN uIXLEZFHERT D LTI
HCEBRVWHELETH D,

KEFZETIE, Jizic. KEEHUZ 8T B s-trans-acrolein O n- z *FhE2IREE & 7 - m ¥EIEDREEIC DWW T b [EAE
DEENTEIT o=, SIBFOERMERLERTH L, KERP T n-2*5E T 03 eV OFH 7 b, n-n*
HET05eV bDRG V7 bERT, MTORE. BREFOBRBRTOLF I —LERORELERFIC, &
BT —EER O CT BHEELE & s T2 BT 2 BFEEENESECES LT (K1), riFE
BRBEEEEIEEDT I ) BOEEA~LIERENMTIVORTHY, HHEI=I VP UFEERL NS,
Fio, WS TFREO CT B EOF 5IXEFIT NI N ERH LM 572, ONIOM E% HU T, SAC-CI
EIZ L Y EHE L= strans-acrolein DT RAXF—|Z CIS BIC L ABEMRAMELZEZ A n-n*, =-
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g bl B AN " AT MCET AEBRERE BIFICHRA L,
Fx i XEDBREOEFREBICHESTITRIZOVWTHETTA72012, BELEBELY FHuEL AV T
EREFBEEEAFHEL, 73/ BEESCTF FESOMENES T IBETHROE S M L,

(a)n;ff/, 0.87(acrolein—acrolein) 7 %10 (b) 2% 10 94(acrolein Sacrolein) [ °%°
A Lo 7005 (acroleir WATSS) -+ 008
/,/0.0} acrolein—>WAT50) - 7 fle-005@acrolein>WAT4) |
e 7 b 004(@croleinsWATT) | *PY
f e s e L o B
g o0 ¥l + o0
000 v - 000

{i}

Fragment g
Unecupied

Fragment g{/)
Unceupled

gment A(i), Occupied

1. &75 7 A b LORBEEEBENCEFESZF I max|Cai 7 0 v b, 77 2 LA »O(a) n-n*ikEE & (b) n-n*
KEE,

Tz, AT, AOREZESALBERECESHEKICBITA2EFHELFIRL, EHIh 3
FNF—~OEBERFT L, BLIZELND XY, BOO7 IV BEO CT BEREIX. o Ta

EEEHORBLZ EH2IC6EbLT, 0.02eVREBEORELNG Z 2V, RIEBELAVWERERE, 73
J BER CT R 23 BB HS 72 B 9Kk T first-order interacting space 7> 472 Z L 2R LT 5,

Table 1 Calculated excitation energies of truncated CIS wave function. The number in parenthesis is the change
from “all single excitations” result.

DPSB DPSB PSB DPSB Acrolein Acrolein
n—n* state n—m* state

Wave funetion® in bR (M) in MeOH in bR (BR) in MeOH in water in water
3 A model 3 A model 6 A model 6 A model
6 A model 6 A model

All singles 373(0.00)  4.08(0.00) 322(0.00)  4.06(0.00)  5.03(0.00)  7.01(0.00)
— CTeany 374(+0.01) 409 (+0.01)  3.24(+0.02)  4.07 (+0.01)  5.03 (+0.00)  7.03 (+0.02)
—CTea—LEx  3.86(+0.13)  4.14(+0.06)  3.37(+0.15)  4.13(+0.07)  5.03 (+0.00)  7.08 (+0.06)
—CTay—CT  4.11(+0.39) 444 (+036)  3.65(+043) 443 (+0.37) 528 (+025)  7.46 (+0.45)

& «“— CTenv,” “~ LEx,” and “~ CT” denote that a CIS wave function that does not contain CT excitations between the environmental
fragments, local excitation in the environmental fragments, and CT excitations from and to chromophores, respectively.

(3.2) REMEREIZBIT DEORERE

B —RAESGMRE LTI N a— A %55 REMENIHEER?-EM I
FOEE I, RPFE T, REME RGBT DHEOREHREEZH LM
THEODICEERBEEL2ToT, REV— FOMBAEESOL, WEHEE
DRI DN THETR LT, a

ZORR, EIMEOEREIIRET HHR, HETORELY, =R LF P O

—HRETHD ZENRINT, Fo B CHENRFEABROFLIC 2. REERERICBITS

MEL., (-2 EERI LD LZECHEETDZ LALLM, VIVE b LD B
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(33) W FUAY—ITBIT D REFES DIRBEIC BT S EER T OMERE
rHEESFICLVBEREINDI T TIA VP —IZHONT, BENLBEEEZHANC, 7R85 000
MOZHHEEERZE Lz, 3IRIE, WabickoTREShT broken symmetry FENRE % Hv b 5k
FHWz, £z, HEREDOZER DG FIEODWTKBMBES R FH T2 Z & T, FEEKEEZ KD, HEHREHN
RERARTBEFLEZRD, FORE, HESNEBRIERELHBOTRSERAL, VA vY—&HETS
NPy NOBTHEEER ISRBRTAIFKENE LN,

(3.4) Circular Dichroism(CD){Z 317 % FEt58 & @ decomposition analysis

537 @ CD ARY PUTEWT, IEARERSF O EDHBICERT 20 EBL5 DI, EXREL S
FHREOERAIZ BN 2 %2 B3R L. diarylethene annulated isomer @ CD A7 b LOFENIZIRA Lz,
FORR. HTEBNTRFPLERTI2EARBENAETH->TH, BRI FE— A MR BE#HRE
DOEENREDLDZ LT, DFEEOREBENRKESEMLI DI LERLE,

(3.5) FBEFTIIED AHEH(DMRONI BT A BIFIGE R

ﬁg?fﬁlj%%ﬁﬁﬁ(DMRG)&i\ %fK(&@J A 2L <CE Table2. Energy errors for lowest 3 excited states of C,(H,,
e %)%ﬁ Ly ‘jﬁ?ﬁi?ﬁﬁ LLUTHERSR. ﬁﬁﬁﬁs%@x P from converged calc. DMRGM = 1000 (in mH)
RERE TRELHET 5 ECHBEICEDRY L E LT gate DMRGTDA
BB T s, DMRG IS ¥ S EamialRomey Y2 9 0 10 W
BETET B EOIUBNbATOE T, Miikig~o XA 07 01 000000

184 64 1.4 09 0.7
ERBIELC, ThEREREE RO D, RETLE ..
- . » 134 43 0.8 0.5 0.3
R B HIABATRI S S B 12 H(SADMRG). ZA %A 5
8SA-DMRG
WRELRNT L0, BRBICHED AL ELENEDTD  state
= o . . M=25 50 100 150 200
TN Lo CHRERBABIIEHRE L B D7 L ORES —
) XAy 174 22 0.6 0.2 0.1
HDHTH D, AFFETIE., FERHEEFED DMRG HERK)
) N ) 2'A, 730 108 L6 0.5 0.2
LEILEERE MO TRERELZROIHET 2D
. et B 1 By 64.2 9.4 1.4 0.5 0.2
DOFEEZFAB L. EEBEROMERENRE~DOILAEZT-
7=

DMRG i, ¥ MIBET 5 EHEEEITH DITFIRIKE
MPSHZxF 3 BESFENSENIND, FD20, FITIoxt
T BB TH D Hartree-Fock IELAREIL TR Y, B
FUKTE DL IR L T LI DMRG (2B 2 ELAENL
MITPURPAYDXEEHTAHZ LR TEDL, LOLEBL.,
DMRG-RPA IZH N DITFIEAEHEORITIIERTH D - , .
72, BEERNBILRIATETHD, &2 TERHETH, og0 L= ===

N -~ L . doublet quartet sextet octet
DMRG 0 sweep 7' /b =f Y X b & JT L T, sigma-vector %3 X 3. Quasi-degenerate excited states for doublet to octet
EREED DMRG L [RIBEDO A M CEET A7 /= U X spin states of [2Fe2S] cluster.
L% BA%F L., Davidson OXtA{LFEE VT RPA FEERAD

(R
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RHRAREEZRE LT,

B L7270 XAFEFED DMRG o1— RIERE L, AP VBRFET L, Rz, k5T, BLO
Fe-S 7/ T A X —DRHEIRE~NER LIz, stE =X FO#A L, R ~OAICE LT3 Tamm-Dancoff 3
{E(TDAYE W CEHE 21T 7=,

£, Cietis DEIEDIREEIZ DU T SA-DMRG & DMRG-TDA 12 & % n-valence CI (16e, 320)/cc-pVDZ Dt E
fi& R % Table 1 IZ7R3, #HAFKIT M 23/ 2 WESH Tl DMRG-TDA O BB WHEREZ 52 Tv5, Ll
M 23R EVEEFE TiX SA-DMRG DS BB WHEREZ 5 %2 TE Y, DMRG-TDA O M 25T 5 R/ F—DULHE
I$E VY, Z 4L . DMRG-TDA TiZ 2 4 MU EOMBZERYV AL Z EBRHERNZDTHD EEZLNDH,
2% A4 FPUEOHEBEZED AT Z L TM 2/ ESL<IADD, ALK -2 EREICHE TX 2 A &R
Sivlz, o, [2Fe2S]V S AF —OZEENONBET TOIE I AL OREIKEEERZ DMRG-TDA # A
VNTEHR U7z, Fig. ISR T & 9 ISR BRI B RUINEE & 725 TV B 23, DMRG (2 S W IR A T
1 F4 bOREDNLEEET BT T, EEEMEREY ELSERTEZ L RTREE LTS, 202
L, DMRG 2 Z2MEEIEHE 32 2 L CEFHBOINESENUE SN EH - 2 LA EHER L ER T
AR R S Tz,

4 RREBFEITITE

(1% )Excited states and molecular interactions in photofunctional proteins (Invited talk), J. Hasegawa, Ultrafast
Processes in Proteins: Theory and Experiment, 247th American Chemical Society National Meeting & Exposition, Dallas
convention center, U.S.A., Mar. 16-20, 2014.

(2%) Molecular Excited States in Proteins and Solutions: a Theoretical Study on Molecular Interactions (Invited talk), J.
Hasegawa, Molecular Science and Synthesis of Functional Molecules for Next Generation Hiroshima University, Mar.
10-11, 2014.

(3%)Excited states of molecules in proteins and solutions (Invited talk), J. Hasegawa, CRC-EC Joint International
Symposium on Chemical Theory for Complex Systems, Emory University, Atlanta, Jan. 9-10, 2014

(4)Post-Density Matrix Renormalization Group Theory: Linear Response Theory and More (Invited talk), N. Nakatani,
Taipei Tensor Network Workshop 2013, National Taiwan University, Taiwan, Dec. 2-5, 2013

{5%)Molecular Excited States in Proteins and Solutions (Invited talk), J. Hasegawa, 5th JCS International Symposium
on Theoretical Chemistry, Todai-ji Culture Center, Nara, Dec. 2-6, 2013.

(4)Tree Tensor Network States (TTNS) and post-DMRG theory for Quantum Chemistry: Generalization of the DMRG
Algorithm, (Invited talk), N. Nakatani, CMSI International Symposium 2013, Ito International Research Center, Tokyo,
Oct. 21-22, 2013

(6)Tree Tensor Network States (TTNS) and post-DMRG theory for Quantum Chem1stry Generalization of the DMRG
Algorithm (Invited talk), N. Nakatani, CMSI International Satellite Meeting 2013 in Kobe, RIKEN Advanced Institute for
Computational Science, Kobe, Oct. 16-18, 2013.

(7% )Electrostatic and Quantum Mechanical Molecular Interactions Controlhng Excitation Energies of Chromophore in
Proteins and Solutions (Invited talk), J. Hasegawa, The 15-th Asian Chemical Congress Singapore, Aug. 20-23, 2013.

(8% )Computational Chemistry for Complex Systems: Environmental Effect in Proteins and Solutions (Invited talk), J.
Hasegawa, The Fourth Joint Symposium of PCOSS-CRC, Hokkaido University, May 9, 2013.

S HMERILITE

{1%)F.-Q. Bai, N. Nakatani, A. Nakayama, and J. Hasegawa, J. Phys. Chem. A in press.

(2)N. Nakatani, S. Wouters, D. V. Neck, and G. K.-L. Chan, J. Chem. Phys. 140, 024108-1-12 (2014).

(3)M. Yabushita, H. Kobayashi, J. Hasegawa, K. Hara and A. Fukuoka, ChemSusChem, 7(5), 1443-1450 (2014).

(4)S. Nishizawa, J. Hasegawa, K. Matsuda, Chem. Lett., 43(4), 530-532 (2014)

(5)T. Hirose, Y. Inoue, J. Hasegawa, K. Higashiguchi, K Matsuda, J. Phys. Chem. A 118(6), 1084-1093 (2014).

(O’ NF A=)k« BT )AL L DEHSFROFTRILE, BRAJIEH, {7, Vol.68 No.12, pp.12-16 (2013)
(7)S. Nishizawa, J. Hasegawa, K. Matsuda, J. Phys. Chem. C,117(49), 26280-26286 (2013)

(8%)J. Hasegawa, Chem. Phys. Lett., 571, 77-81 (2013).
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R VY TNV EC L 2EAEDFOHVEA VI a2V —Ya v
Protein folding simulations by generalized-ensemble algorithms

O MAthIE, L, SEWEInT, AHEI, BEHR, FREE. BIIEZ &KX

1. BFEBEW - IE

KRGO BAIE, RO FEOEBLAIRT 2B N2 I ab—sa VERES T LIZE>T, H—FE,
DY LRI BEOSHEETRETHEICT 52 L Th s, T LT, BATIAX—HERETIEND TRl
By BOF Y BT ABRAFMEREITO) L RAMELTVA,

2. MAEFE - HEFE

FoxlE. YEIRT Y T YE (generalized-ensemble algorithm) M ENDZ AR I 2 Lb—3 g U FER
BEREDOYAEETRE~OEAT 2 LEREL, ThLDHIE LT, v VF A/ =WV (multicanonical
algorithm) °L 7"V I ZZ#TE (replica-exchange method) 72 EOFMEZ T L L HiC, TRHLODTEISTIE
FREBAFE L7 BIZH LWIERY o 7 AEEZBRRE L0 L& (e LTk, flaid, LIT23H
Ihicv, R, ZH, WA, Biopolymers 60,96 (2001))

Fox OFLEOFIL, PIEEEE LTREOHEZ AW | BEMOERE RIS £ 5 L EHL—EF
T, U ARYERBENL Y I 2 L— a3 U ERDDA I LIS D,

3. HFREER
FEELARNFEERDOZDIC, e RFEEZIToEN, Z05L, HRLEEREELUTICHRAS,

Fox i, Lpi, Z o7 BoMEBERBELOTEL LT, BEHT LI Y XLOELHEZ X (genetic
crossover) LIRIGEVT AN nEERDEIZFE (PSA/GAc) RIS LT (&, =K, /MR, A, fF#HL
FRHNGE: a2 E2—T g 2 X7 A 44,81G-11,277 (2003)) ., F 72, BRI X (genetic crossover)
(2 A8 LIRS TFENFEL S Y 7= F4 (PSAMD/GAc2) & BA%E L7~ (Sakae, Hiroyasu, Miki, and Okamoto,
J. Comput. Chem 32, 1353 (2011)). Zhid, SLEEDRFTRIREEY v 77— b (BrRimiE) L KRR
BIET v 77— b (EEHOEX) 2RAEGLEELOTHY, ERICEEZMOBERIEDNTHD, K1
PSAMD/GAc2 DEXX Z7RT, T72bb, #HHEOE (K1 TIE6 M) B THRAY I 2L —T a2 FTLT
FITL., Be, BEMARZXICE-T, BB EZ ANEZ 5, ZOBREZSNTE, K20 k51979, T
b, 2O0OPOEEOT X LEITN RS D nHOMERT AT I BRSITO 2mAE L2 TAR
Bxb, 22T, nik2~10 0EHTH D, ZOHIL, DavidBaker DT T 7 AL b « T oV T VIS TN
%, BEHT AT XATE, OO THROIIBPERENDIE, TO4O0EED 5 B, =L F—RK
W2 ODEEEROIAOHE L LTRSS, ThEFHRITHILIZE T, ZXVX—F/NREZERTHRTH
B, ZOFER, BT AINVF—BEEZRRTHTEIANTH L0, BICBTEEREL I 2 b—va ViER
DT, EHER EOBAFEOMEITIIIE LR, LoT, 4l HFHxld, BEAOTIILTY XL EERIR
Blcidza<, A brRY 2B L D2FBEERAIZRE L GRX18), 2F V. I Tl RdMEIC L BT
BE—EOH ) =hNyalb—va EETLERL, Br, BENRXTELIIBED T XX — LB
DEBEOTRNF —EIZEIA PR ) RHEZEALT, AOBEOEFIZT O, e b, BisW

it
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High temperature | S o ' —
A i B L D i Pk
i , 1
o Crossover o
o
i e = - - .
e ¢ A Y LR
= T CrOSSOVeT A
Z .
L
£~ e CrOssover o
<. CTOSKOVEr >
Low temperature
N2 v v A\ \ {

1. BEERX EGESTEINFESY S e FE (PSAMDIGAC2) BRI, 1T L CHES
FEAFEYI2Lb—a R ETLRNS, e, BEMNEXE2ETT S,

All dihedral angles in randomly selected
consecutive amino-acid residues

i~ are exchanged.
Dihedral Angle

X 2. PSAMD/GAC2 IZEBT A BIEMRX (2 ARZX) O#(E,
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RBREDTFHOEEZ T IO EHET D, ZWCLoT, BE-EDH /=¥ Ialb—al i
KOSTFENF MD) v Ial—ardETLARNL, Fr, BEOZXICIHMEREICA bR 24
ETHEA - FARAZEATDIZLICL T, KEWRBEBRBEZFIXEZ LRMES, BE—EOHRGFLZIROR
ThbH, WhiE, BEOu—INLT v 7T —k (M) LT N"AT v 7T BEHORX) BHAEDE
7z, BAOBBERRFIETH D,

ZIT, AFEIZLDHEFORERER D, BAEIL 46 KD protein A Th D, EAERDOEKIL2ETH
-7, BT Langevin dynamics (2K Y. 300 K [C@EE S, HHiT AMBER £f03 % AV, BHESHEIT
Generalized-Born/Surface Area ¥RIZX DE Y Az, H#EEKIZEBWT, FNEN, 0 ns DM I a2 b—
aVEETLE (Thbhb, AfH2.88 ps DFHETHD), BEAHRZILL.0ns ZEIZETLE, £-T. &
At 90 HOBERMZRX EFIT LI Z LiTRD, T2 T BEL 16 FOROKE T ¥ MIEY, Theh.,
T F MCRATE nADERT 57 2 BEHO LG AR X T2,

B3, Z0¥Ial—raryTRbni, HbEROBEITIVEEL BROEEL LK T2, “Ho0F
ERIDOEHEOIR 2 B IEHE (root—mean square deviation: RMSD) 1X. 1.784 Th 5B, HWVEHEHERKFW T, &2
WHROV RIEEI TV EENTZ LR TE S,

3. Prolcin A ® H#AD4i&@)(PDB ID: 1BDD) & BRHIZZR ] Y ANTRE—E DT ) =7V
VI a b— g UTH LI SLRREIE(D).
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IDVIab—a BT, BEMNEXOESE () ~0%oNDEDIREFEMEERT,
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BEAORXERY ANTRE—EDOD ) =Ny ab—a 285, RERENE, 7%

REZOBE L L TDa~Y v 7 AOVFEEHEE@R)., FRT Vv bR LF—(b), B
DOREE L O RMSD(c), TR M H4R(d),

AFETI, BRI DIZDIT,

WkDE T HRED L DI,

%O kinetics [JiBx 23, BE—E

DH ) =ANT YT ARG L FERECHRERE TRERSHATE 22 28 abh iz, B, AF
e, B) THREEC R OE-OPOERBEICEM LT, TORMMEEZEPDTNDE LIS THD,
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4.
SRR TR

1.

2.

10.

5.

BERER

%[ Kavli Institute of Theoretical Physics, China (KITPC) Special Program on Advanced Molecular Simulation
Methods in the Physical Sciences, Beijing, China, June 10-July 5, 2013.

X[ A  Free Energy Calculations: Three Decades of Adventure in Chemistry and Biophysics, Snowmass,
Colorado, USA, July 15-19,2013. '

* ] A  VII Brazilian Meeting on Simulational Physics, Joao Pessoa, Brazil, August 6-10, 2013.

*[if] A The 1st International Symposium on Computational Materials and Biological Sciences, Tokyo, Japan,
September 10-12, 2013.

X[ 4<  16th Asian Workshop on First-Principles Electronic Structure Calculations (ASIAN-16), Beijing, China,
October 27 - 30, 2013.

K [f]A  West-Lake International Workshop on Statistical Physics and Complex Systems, Hangzhou, China,
November 8 — 10, 2013 [keynote talk].

* €] A The 3rd International Conference on Molecular Simulation (ICMS 2013), Kobe, Japan, November 18-20,
2013.

* [} 4 The 2013 Hong Kong Workshop in Computer Modeling of Complex Processes, Hong Kong, December
17-20, 2013.

%[ 4 The 2nd International Symposium on Dynamical Ordering of Biological Systems for Creation of Integrated
Functions, Kyoto, Japan, January 11-12,2014.

% [A  The 13th KIAS Protein Folding Winter School, High 1 Resort, Korea, January 19-24, 2014.

H R E AR

FARA - RN« BEE

11.

12.

13.

14.

IS.

16.

A [FIEFRFRE) F9%& BEZHHBEROERENL] F 25 (R, EIFEAE R, Rk,
2013), pp. 119-241.
A DOJIN BIOSCIENCE > Y —X T4 FOBE #KE — HO&ELEBERE — ) Partlll
G TFRIG. BI2BE [ 74 —/N7 17517 32X 121 8 (FIBIES R, {LFREAL 2013)
pp- 194-203.
NI, B, FR Advances in Protein Chemistry and Structural Biology, Vol. 92,
T. Karabencheva-Christova (ed.) (Academic Press, Burlington, 2013) pp. 63-91.
TKH, ZH, FE Proceedings of the 5th Japan-Russia International Workshop MSSMBS'12
"Molecular Simulations Studies in Material and Biological Sciences"
K. Kholmurodov (ed.) (Nova Science, Hauppauge, 2013) pp. 35-47.
* &8, FA Computational Methods to Study the Structure and Dynamics of Biomolecules and Biomolecular
Processes — from Bioinformatics to Molecular Quantum Mechanics,
A.Liwo (ed.) (Springer-Verlag, Berlin Heidelberg, 2014) pp. 195-247.
KH, 28, BR Protein Conformational Dynamics, Advances in Experimental Medicine and Biology,
Vol. 805, K.-L. Han, Xin Zhang, and M.-J. Yang (eds.) (Springer, Berlin, 2014) pp. 1-27.
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i

17. %k 3F. A, Janke Condensed Matter Physics 16, 23605 (2013).

18. % &, B, =K. FH. HEAK Journal of Physics: Conference Series 487, 012003 (2014).
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HEEFROBE. BEFRE., RGBE., BEMEEIZET S
RN R
Theoretical Study of Geometries, Electronic Structures, Reactions, and
Solvation of Complex Systems
Ofit  Blf. BE—. FEMEI. HATH, Milind Deshmukh, 1%, BAHE,
HIEMEZ . 5%, Wei Guan, Yue Chen
(RHRFE wBHFE -SSR Z—)

1. HFZEEE, RE

BERARTELRES L LTEUEARIL. BROSTRZ, RL2, BRLBCENT, EELFE
B ETRoTND, FERTFNIE, A, SBRER. KBEMOMEH, FRE LOREETONTETR
EREEOBRNBZ2D, T o0OMEEX, MATED s BX U p ulICHR, EBEETRD d #ul, d EFN
ZERIIC R B DO ZRIEDOH DHIEN Y & R VXF — M A RO Z & BT d-d BUIET R F—ER/ NI
ZEREOBTFRENZHRCESNTVDE LEZOND, BEBEBTROAZTH, ZHETRRRETRE
LI, BABNEBEINDIY, COXIREBCRE - ARERE, BRI TR, L1 X, V1 REE
PEETLIHEIL. dEE, dETFICAERERED s, pET. BASMETROBE T, LA ABOZE
HEREREWCEELH S Z 21Tk D, HEET, ZRRESETROVERIN. S8E, ZEERE LI
B b, BERRICEOME LEFEND, foT, Z0X I REME CRRLEAETROETRIEL
BEOBIELZ M T 2 Z LT FRFRNIC L BIRELS | FRIC, IALFHICLERRNVLOTHD, &R
WL, BBEREROMIERIETHA S, SEFLICEEOFAEDISITHEEEAL, E0k 5K
L. FILWGFA~LEHR LU TTS 2 2EET 21203, BEFOETFREBERSRAIXRTHY, B D5 T
FIHEBRITET LOERUS B 2B L, FLUVBEOBRRICETAZ L BHFSNI b0 THD, T, Hilxss
EOEFRECA L REIL, BMcEL, BUTHEERREOBROFETCIMANEE THD, 20X
INCEMERE, A TRESBETLY., WALETHLEERMNE SO TVWHIBBEBE TR ELEEET
ROBEZIED, MAELERIEL700, EFRE, FEAECETIELVARSUETHLZLITE I E
ThRv,

BriihECTEBSBR TR L ARERESCHAAE LR EEIOER SN OIEGETROBEE, &
é\ﬁﬁﬁ\%ﬁﬁﬁ%*bwﬁ%%ﬁ%%ﬁOT%to%ﬁ®ﬁ%&%ﬁﬂ?®ﬁ@f&é:@%%éﬁ
TR R HRA TR EDEALFEOEBMEL LT, Y I T UK, Y R RV UK, 7L
SV UEERDOEE L IEAME. SIEERBRARE L SR POEBHMAE TR DEAROES T =F vty v
THEREDBE, PUT Y U WA NRNDREREE L FEEMEOBEZHALMNI LTz, QZEeBEEOHER
BYBFZE & LT, MRMP2 {EIZ £ 5 Cr(ll), Mo(ID) _ZS$ER DG L @ BELERF M. v N v FEEDR
vUSEELBETREOCBELHEE L, Q)EBLBEEDOS TR L LT, PI) AR AgCu %
LSRR DR IR EE, 6 B 8 ERSE R D EER] d-d W DR IETEE OEERAYFEMN, Metal-Orgnaic-Framework
(MOF)D A ¥ VR D BRI LTe, OEBERERO OB R L LT, &IN5y
P LD, F&D), F¥ U IVEEKRIC L 5 P LR 7 0D CHo kEE. 7V E=T O N-H S OEMRLK
IROBEFHIER LA L, KETIIAE0)8EKIZ XD B-Br #4 OBLEIIRIE, RugdRicigsyrar
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a Xy O C-CREGUIBRGEZRETT L. BIGDRE L RISOXERF 2R L, 5)ESSBHEEOAERIS
CET BRI L LT, W<IA U DU MERIZ X BB U OBEEEIR U LIS, LT = AdD,
Y ADB IO e Uy AMDEREIC & D ZELREOKF(CAEEIS, PAOEEERICE AL a X b v
UV RIS, BETIEANRT VT AIDEERICIDEER 7 v 2 o 7Y VI RISEZRY B, RUSHEE & K6
), RICOXERFZERANICHA L, (6) FIEMIREN DL, BERSREEEICIIT S DFT EDXRA
FHOMIL, KE72EBHEKD post Hartree-Fock SHE A FIREL TAEYRTF LU v VEBER L, £, 4
THRBEEZHET 200 QUMM IERRBIER E R/ES FOSBHEERR2HET 2 BB ELLFEEE
B L7,

AEREL, FISHBRFRZITO., 1) EB4RE & AR TRIFEOESRIZOWVWTIL, Pt, Pd &
AFEUEEEDREGMEE T =F 2 v JHREOBE, 2) 1 LV Ni(D), Co(D),BER$EEDFE G L E-FIRIED
FRER. 3) ZRSERIZ OV T AuCu, 2 7 2850 3RO RN & Ailn T2 v v JHREDEH. 4 MOF
~ORELSFWEHENEROEGRAOMERA, 5) Ni-R v 8 KIC X 5 H-H HEAHEMHLRIE, 6) Ni(0)gs iz & 5
IRy (6-2+2) Y 7 u IS, 7) ERIBIHAESERE FU R TH D Ge(ID-HILEMEERE&RBE FY FEEED
KBRS D HeER & F U WSS OB TR 1T o 7o, MEOHE L. —HEBRWT, LUFIClR~
%o

2. MK, HEFE

BB RBREROERMNI TIL, DFT B XLV EERELEZITV., =XV F—%{t% DFT, MP2 to
MP4(SDQ), CCSD(T)ETHRET LTz, £2BIEOBENLELRE ST MRMP2 15, & L<iE. CASPT2 L&
M L7z, DFT #EITiZ B3LYP 5 \W\E B3PWIl R#BHEENEKRE AV, BREBRTRONKETIT
Hay-Wadt & L < iZ Stuttgart-Dresden-Bonn 7' /V— 7 DEFZNFHERT 3 ¥ V(ECP) TE & # 2, RTMETFIT
split-valence B % U < i3 triple-zeta R R TR L7z, F7o. BEMFIOITEERELIC 6-31G(d). 215 &E
—REFIRIEAZBIZIX cc-pVDZ, co-pVTZ HER EZ A LT, RISICEREERT 2F-FI1213 d 0B %N
Rz, HBEE#ELE DFT HEICiL, EIZ. Gaussian03, 09 7u /IS A& HHL., 22BEFREHEIDIT
MOLPRO, MOLCAS, GAMESS #{£f L7, 3D-RISM-SCF {£iX GAMESS {2 E#E L THER L7z,

3 WFERE

3. 1 NNi(DB&UY Co(DBRBEOBELEFRE. HFAHOBRBNHR : ELLBEBRERIILE RS
BEEFRTT VL L CARBBLER X UEE, EEOBLED LEERLZE, 4o FRSMEERAE I TS,

ZVE T, Ni(0), Co(IT), Cu(l), Fe(IN)EE T $i
ERF O IVTW D Bl HHEME D Ni(T)
B R 65 K . (NN)Ni(O;) (NN =
B-diketiminate ; [ 1)23#4% &4, Ni(0)gh
k& OMER EREERERZNL TN,

{}:‘, !

R -5 P
el L e PN,

m
&SD
i 7

E
{

&
[T 1
T h ;

(NN Gu(O,) . ¢ B,

Binding or Interaction Energy (keatmot )

. m w
S8 5
: L
m

ARE T NVN(O) & & THRELO Not Cyy but Cg 367 3a 35 Bn 2s a6 a4 a2
Co(N"N)(O), Cu(N"NYO,), Ni(PMe;),(02) S

DHEE L ETIREE, fric, BRMHDOE 1. NiN"NYO) &k D& L BE 3R 47 T @ binding energy,

FIREE (super oxo & B\ g peroxo) % HULMTHRRET L7, #%i&1d TPSSTPSS INL.EE#k % v 7= DFT & T b
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L. #EAMEFIREEIX RASPT2 5 CHET L7z, NiDEERD XBEEMBEITIZOTICEALT C2viIFFTH -
7= B ERERLESR Qv TR CsHHBTH-oT-, L L oS hd Qv Tth o7,
Ni(DEEREEEDEED HH Cs SFRITART L7z DIE, Spryme BUEA SOMO THH Z LITHKD Z LR ENT
BEIC DX ) REEERLND D, 0, VTN OSERE D super oxo B (0,) TH B Z & 23 RASSCF FHEIC
L HERMBEOESEENLH LN o7z, AF super oxo B O,1ZA L 1 0EREON, TNHLOEEETD
super oxo & O, 1XF D & 9 MHEEIMIC L DO TR, BERD Ni(DB LTV Co(DFERTH OB F EIZAE
BEIZR LN T2, 0T super oxo BIFEREER & B SN2 B MRy T OEMEE/T R F —(BE),
M-0O 3 LN 0-0 BEEEIISEARIC L 0 RE K Bl o T, BRI L BATREER S T8 L OSSR D=2V
¥ —3ETEH S5 Interaction energy 1X dyz BT XA F—CREI L, ZOHETILF—RHEVE LS
B b 0, ~DEWMBECTN® RV, 20D, M-O, EBESE L, 0-0 MR R 2%, 72721, BED
B dyz Bl = 3L — SAEREREOOIZ, MN'N)E & O M(PR,), NEERSEBERDOI-DEALTEY, £D
BEHTFVE—RBEREETIOTHHZ LR ENT,

3. 2 Hofmann ! Metal Organic Fremework (MOF)~@ CS,# & T CO,DWEFE : Fe(I)3 £ U PHIDZ> DR
&N TV 5 Hofmann B MOF 1 CS, B FORFIC L 0 BBFMITEA LU D LKAV LIRIEE~ L AV VEER
F B, EEO CO, DB TIZA ¥ VEBIZR T 5721, 3 TIit. AP B Hofmann B MOF 124 £
HDETVUOREERTY b B —2 CS, &
EBILLvMESh, AL RETHT
Ve RBTEDITERAE
WE~DAVVEBNEELZ L ZRL
THRTe, LU, CS, 3 FHE T VD
TR Tl e RV oY N Rl A A S Blin fe
¥ LR TiARLRV L, ERES :
BT 5 B BE LA TRRbRY, A A B T
A4 1% Hofmann % MOF ~ CS, 3 & 3 |
O CO, 3 FDREBE L EE TR F—
(BE)% BEREIC MR LT, EHEIZIZ ONIOM(MP2.5:RHF or DFT(B3LYP or MO6-2X) & Lz, X 212~
X2, CRDSEFRETI PV 2HTFORICHEEL, 9 —20 SETFIEPI2ETFOBIEFEEL TN,
TOWEMBITERER L~ LTV, BE I 17.3 keal/mol L AFEREE LV K&, BT VU OEERE M
TAHDIZHHRREETHD, —H. COIZCEFN2ODPLEFOHRRBICFEL, TOWEBENMBILCS, &
134 BRoTWA, BE It 5.2 keal/mol T CSICHATIEB /NI, Fio, BEMBLE T VU hbiE
<. CO, BWHELTHE TV OREEEGIHE SN, £oT, CO, DEFIT LY AL VEBITHRS
naZ EEmEny,

Wiz, (TEHRBENMBL CS, & CO, & TRARD M, MAVER TR/ ¥ —% Hartree-Fock L'~/b & MP2.5 L
JATSHIT TRE Uiz, BIEIES BICHLE - SO = R LX— 8T LTz, BB ISR X 2R ElkT
FNF—ITHYET B, FEHIIEEET B 23, CS, i Hofmann B MOF OV 7 VUV & DHBARKEL, 2D
D, EFVUCOHMICMBLES ETAI L, COIIPEY E OBBRAEERNRKEL, ZOEH, Pt DR
WKNMELLEY ETHZEXHALNE R0, TOMEZ, —2iX CS, & CO,DBHERT VI ¥ LOMHEIZL
26D THD, CO,BLIVCS, W & bIBTRRIIH/ON, BETFREFEEZRHDL, COITADH, CS,IXED

X 2. Hofmann ZE MOF ~® CO, & CS, 73 FDWRENE
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BxE-OZ &, P2 EFOMIAOHERT Uy VEHEDL, EBHEEOEERE IIMET S LLE
20, ABEMEROMEEN T ZIUNBT D EREENT D, E>T, CO,® CFETIE P2 JRTFDOHIZ
METHERENATDHMN, CS,D CRFIIFREENRT D, ZDEIITCO L CS, DT & LTOWENRE
MEEZRDTNDZ EBRHLNE R oTe, ZORKRIT. [UELFOME &L MOF OREMEBEDBEEZ 15D 728
O LTCHBERNS D TH 5,

3. 3 Ni-Rve U8Kic L3 H-HETEHERS « N (o)é’%‘ﬁ:&i\ BH ., KRDFOEMEEITDRVA,
BEA R & 172 Ni (0)-Borane 88K 1 13 Scheme 1 1257 T X 912, 0 FOEMEMEZITO, Ni(ID e FU FAR
g R4 FEER 3 AR L, 2D 3IZAF L DK

FALBIEEAIT S, 1IENi(0) D d EFNAR 2 DZED p Bl P

BB CDMEEREBRL TS LIRS (V ¥ N E@\ephz

\‘B 4 . G,
Tre TOOFEE. NiFFIINI(ID) $EARI R EFIREZ - @ Ni B NRi—H

44444

P\ |
#~Ph

“~Ph 3

TWb, KESTOEECITLA LICEEL, 7K
BEREBR L. £O%., H,23 NI BI OB ~DE(LRIfM
THZELICEVEITT B EIRENT, ok H 88K
T H, 25 Ni ~D CT BRI Y, FAUTE] E e THE(T
T DB MO B DB S Hy /25 NI ~D CT 23FE7R
MEERTH D, ERREOREE L CT HHE/EA% Scheme 2 IR L72A%, HLIENi &, Hid BICEAEL TR
D Ni-B & ~DBALBTMORBBHL PRI TS, 2O L S I H-H AR SN /=D HIig, Ni-B
oML H~DCT BRI D, N BIUBIZHEALE
b MU MEHRERT D, AT L OKRFRISITE
HWDONi-H~0D C=C ZERFEGOBANEZD LR LT
Ni-FAEAfEREE B RFICEELTNSE FY R&
DAy TV ITRISTEITT 2 2 EWRENT, Bl
O Hy OIEHEALIENI-B G~ DBLHI IS TH D |
INET, BACHEELOERHAETRONTVER
R T EBRIICERE SN H LORISHR T 5,  Scheme 2. Hp EMLOBBRIERIE & HRGME
AFLLOARILTY, B—BWTHS C=C “HEiEgy 0

DOEANTIBRLHBONTVER, E2BED Ni-TAFIUEE LR A RT4 FORGEEH LW R
Thd, APFERTHE., ThHOETFHIREZERFIEICI VER L,

1Mes

Scheme 1. Ni(0)-Borane $£{R DR 7> FiE AL
LIRFILRIS

© LUMOO0.683 e HOMO 1.714 e

o O g : Q
f T D boxylat,
3. 4. Ni (0)ERHkIC & BMER (6-2+2) Bih RzT\jﬁG . Io-2+2] Cyeivadition szj)\“ﬁ o
. «:j.ﬂ::j - R :“;—:i.’{ - i + LLk
LRy OB :  (622)B AR RPN cat. Ni(0) RO ONTRS
M- U B R!

INi—PR; or ][ NI—PRs|
&

Scheme 3. [6-2+2]BL4 /LR =12 7w BRALAHIIBE

2, 6EBEBOFOHNRVENHBEL, 7
TRHF LW 2 FEFRENHRA S, HLVEER
BILEYPER TS, ZORSTERENS
BEHBELEY (quinolone) 137 F U THMRHZZ b, ZORISIIEELEZTCERTHD, Mk, Z
DOFEDFISIZIE Pd 73 FABEAER STV edd, Bl Ni 2688 U<, $IBEVWAESARE SN, &
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Dxidative Addition oeom Decarhonylation e Alkyne Insection e = Reductive Elimination

3. .Ni#&f&kiz X % isatonic anhydride & 7 & F L > D622 BALMN R OEE, =X F—%1{k

BEFE Tk Ni(PMes), $E A1 & 2 AREE G O UGS  EIBTRE . Ni OfBHER O A I =X LhZH LM LTz,
HEHFEORYMLEEL ERER LB L, XX —EETT VRO CCSD(T)FE & B LT, BE
TRER L7211, MO6 LEEE % Fi\W 7= DFT {5 CRFE 21T o 7=, RO —H% Fig. 1 ITR L7223, EMSEREIT 1
BSFDTAFY LRAT 4 2 BERL Ui NiO)SER T, BEIZEYI0 C-0 A DRLMAMOBR TH D 2 &
PRENTZ, LML, OSBRI TOREIINFEFLLOB COBRTHY, ZOBREBRTIIMEET S CO,
DN FEFEOMEERICLVBEMEESN TS Z ERTRENE, BV 5 L& Ni &L, BYIOEE
TH 5D C-OREADBRILBTME NEFHD CO, HEBEO NG TEEREEIZRIZLTWV5,

3. 5. BRREREKLERMAEARILEBORE

4 LML ENOEE | IS TFOEMLIEBSBEE @ :‘3
DB THY, ZL 0T A I NV DOE—BEE LT . mf.ﬁls i: j‘f\
BEERREZH->TWD, UL, £, sEALMRE ; W ~or
TREENMLED S /-T2t Lfﬂ;ﬁ{g@ R % ;:)@\” 2 &or

T EBERNTHRE S, BETREME L 2VEFD ; \ o iii i

T EDREFEIN TV AH(Scheme 4), Lol iy 1 7 , touene. y N(M:“/\
MPREEINTANZ2, 30 ERNTED Y, ® jcl)\ e u
S~ =y s FY FEEH 1 (HC{CMeAN},GeH S T o

PPhy THF 80°C  PhgPod

(Ar = 2,6-iPr,CeHy)) 127 b2 (CFPhC=0)& S, 7

em ATV aFxy R 2 BAEMT D 2 & BNERY
- /_‘\ - 7 M

s S, T ORI, BUYADE K 83 Scheme 4. Ge-H{L&#¥ & Rh-HEEED 7 b PO

(RhH(PPhy),) = & AfRIERI 7 b AKBILDOE—BEREL i

4

_80_



BLLTWA, LHLERS, rnPus(D)T7axy RBEEK 4 REFICKRSFEREL, Tha—n%
AT HDICR L, 2 TIIR X REMCERED - DA FLITHEIT LRV, AFETIE, 1 &3ICL57 D
AEBERIEEZHE L, BEAMHARTHELAYIC L MRS OBEBTHZ B o7z,

Ge-H ~DF hvd C=0 = AW
E%é\ @%l}i};ﬁ; %iﬁ% &:5& \:’fix.:/é\:*:? Front-side attack
H 1332(1:52 € €O,

7955, £ LT Ge-OR 1k - (‘Bﬁgg;:) . .
[+22.6/1430.7) 153
EME Hy e DRISIEIAZ Y bo (CF,CNH
SIS
A, BLEORED - RITBEE T S

J26
1239 :

\H Back-side attack [+13.714+27.0]
1.200

h%@&;—(@%"@%é : k zi ;\‘/‘\ P R TSI’m‘» \be e‘f . \<i‘
RENT, —%. Rh-H T ;fiﬁwﬁa ) iﬁg;%:) %fw%?\
i, BARISIRASICET L, T | T 47
Rh-OR $&E{K & H, DRISNT A - 440/
LR Eﬁ% ﬁﬁﬂ"] H’jJU BT Eﬁﬁﬁ » {CFy),HCNH(SiF3) 9 h& St
- =

WH & b RBETT B, 21 §
X Ge-O AN =D TH B, T Tepese TS

[+1.0420.5) [-28.7/-2.2}
L2 L.k Ry U biER @ . ©

IRAE2Y hypervalency % HuD Z 4.GeH 12X 3 CO 840D Fa s ) UERIEOfEY A 7 v
&L ERT B Si-0 BAREND
TEREDRED, BHETTH I L EERBIICTHILZ,

CORERESEB L _ERAICESTESL D, ZBUREOE R v Y MERIGOFHEZIT o2
LA, MAkFmT LIy ok Fav Ukt RERIE, BEICRIGHETT S PR ENT, T
b OFULDERKBIENE EN D, '
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Rigged QED B ICE S BREICET 58K

Study of local quantities based on Rigged QED theory
O3fE 8%, W K+, m)ll %, R TH, @mE R, ®E RIS, MRS BE,
B AT, B KB, BEA BE (RERERF LR

1 HFEER, AE

19271 FEDNA b T— - 0 FUBRBILL DV EEESOARERELHZ CHBE SN, ok, {bENpHEZE
CHBEND LIRS BRCENNRERTHS, —F., WEFTIIL ) ERNREHRE LT,
BICFEHTERLE LTHORTANEREL, BLtHERORETHERTRIES WA REHMOER & L
THRHEPBEDTNE, 2OFRTHHBHFLAFOMERRSE> BFEKHY (Quantun
ElectroDynamics, QD) i%h - & bISEAMEEAL SHTVE, BETREBETHLRZETHTRLEN
LAOLTIIZ 0 QED THRBENAAE Th AWM, ALENBIRIT 5 QD 137 — 1 A4 BB IT/h S0
BEL LTORMbIL, GBD #HVTLEES - RIENBERSND T LIZEL AN TI M7, TEI
oo T, MERFRFEE 2 LT 4 o H—8E LTS3 QBD TH S Rigged QED BB LU Aok
2P EREL (A Tachibana, J. Chem. Phys. (2001)), HOBETFHRICESLEEAROHAIIEE -7,

Rigged QED 225 < (LM T, HAMZE
RIBOR, > D EMEACES SN RTE B [ YD o x

, N . NEzRRLzFIYAEE kissws G
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AW, BOETHTHD Rigged QED DIEB HFE
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AL EOBERER 1 IRTR, ABFRED |
. i o . \, BEITR/LE—BE P :
OEIBREEEFHONTLLFHRKLEZEEL LY & 2 I N ;
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EFARTHVWZBEDE Rl Asaich) ey

TRLE-FBE (=i, —yl BEORE
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FRFEERT v :
ur ~ e3(7)/n(7) ——) RIGHEIEE

X 1 Rigged QED iZ & 5{L%HEH
2 BRI, RHEFIE
DFRRT T AY—ET VOB TIREEFHRIZ 2V TIE Gaussian 09, Molpro 2 vy, A R L AT VY VIR

REPoRBrsORFTREEIbLDADRAROD I V-7 THESISNEZFHE Yy ¥ — ¥ QEDynamics
(http://www.tachibana.kues.kyoto-u.ac.jp/qed/index.html) #FH W TFHE L,
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BENERT DY MABOEAT M 7 AL 25 FREFOEFEOER, (i) =1 VF—HEZHN
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ERBTHELCBY, HAKAIKBIT IR - b RELLEBRD, BTHELEZA P LAT VY LVERE
Z. HHELE TIHEENEOBRATH Y . REOEFECHBEBICHIEIMEEZRLTHDN, &
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Theoretical study of the reaction mechanism of metalloprotein
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BT FHis & Met) DO~AEHA_RTENBYLBLENZ O ERMBN TN D, NMRIZEDHFEN D, BR1L
BAEMORSOERE LT, ~LIEOEERT I/ BOFERRRINTVD, APFETIE, HEKT
IBARYOBEAERERASNLOBETHEL FOX D ICHIEI L TV AT,

2. WFFAE, BRI

BN 2B DV TEL FIZRT, £ TOFEICIE Gaussian09 & VN 7z,

2.1 “HEBEOETNE LTI, RYT 7=V ONKEREE T EFAET, CREEN-AFVETETy v 7L
7o EF L2 F F(ACE-Ala,-NME)% fiV 7z, e~V v 7 AL LTERT 7= 3BK~8&F% . T, RFATB
U— I LTIET 7=V IBER~SEROF A ~v—2 A, IROREFNEFNREERRICEETHD
KEREZ, o~ v 7 ABEFNLLATF RTRIUFENL6M[E, po— FEET AT F K Cil2fEs b6
T35, ThboEFMIF LT, TTEENBEKETH DBITID/6-31+GAEEZHNWT, ol v 7 X & AT
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Bo— by BTATR— MEEEEOL S ZEREE e

FLTHERBELETo7 (o~ v 7 2 y=—47, =  ACE(ALA)-NME: n=3-3
57°, FAIL— bty =113°, = -119°, RKFATR — "
R iy=135,9=-139"), BONIZRKBAEEICXT LT, parallel f-sheet

\ ‘ (ACE-(ALA), NME)Z n=1-3
MP2ik . EE LB L (B97D. BLYP. B3LYP, o)

2%

CAM-B3LYP, B98, PBE0, M06, M06-2X. LC-wPBE). BT
o anti-parallel -sheet

4y F 715 % ( AMBERff99SB . AMBERff96 . FUIJI (ACE-(ALA),-NME),: n = 1-3

force-field) % AT, MEMEAEFHE Lz, £EMK SJQ‘zfj:

IZI36-31+G(d) & A\ Tz, & W HEE O RV6-31++G(d,p) 1. HEEE L7584 o BUHE) — shibE

PRAWET A NELERLZD., ACE-AlagNMED

ZEEDLRDIEFTRY— T, MAEEHT XL F — B BITD/6-31+G(d) i£ T X 51.57 keal/mol .
B97D/6-31++G(d p)i& TI52.34 keal/mol X 1FIER U7 B Z L B L T 5,

HMEEROFEIZE, P17, RETpL— ﬁﬂ‘é%ww\7 FRCEL A ER =RV F—(AE )R ET
NRXTFROZBEOTRAF—HEHTOHERBRL XNV F—EFL LT,

AEiy = Eronomert + Emonome2 = Egpear (1)

TEHE LE, 2o, ZEMBHER D (Basis set superposition error)iBoys & Bernardi ? Counterpoise?: {2
DHEIE L7z,

ET oY v 7 ABEF RS F FOMEEROHEIZE JEVE 5 7S Eaa) &~V v 7 AREE (B
DERNF—ZEHAFTRALF—(AE)E LT

AE,y = Evens = B @)
TEELE,
2.2 FPTU T ah o OXEELEE (PDBID: J0O)/SHEME 1280 H L, ~A L ZFOEEF, FFE
7S EEEERLTEFLAME LR (K2), ~AMUgTT~< V7 i of 1o
KFIZEH L. BEI T OHisiA < & — L EDRIZ L, E4 M%ﬁww wieds
HY RO B A ck DBVEHEND DI, BERT OV EDFMet Cy.mh?’rj;ni‘; Cytéh;(;;qi"it

LB TNVEER Ulc, RICERIET X/ BOEELRD 1D
F0ADET NV EER LTz, BENTOBEWVICER LT T VITHE
EEBE(LEITo T, —FEBFET I BOEWER LZET LT
. KR OB OHBERME (T 1, T DTz eones
L TDFT(CAM-B3LYP/6-31G(AENT K B B FLFFHREEIT o7, 2. VhZan 3DOEFIL
DB, BEREOPREPCM(e=4.0) TRV Wo 72, LTORQ)Z AW TEBLBTEMEDHEX{To7z, =
I CEgpl3EHAFREBRTH Y, 443VE LT,

E’=Ey — Ep— Esue 3)

o~
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3. MFEEE
3.1 EABEDSDIENE VI aL—1a L0 EREIZ

MR TEAINFNBOEERLZEHRL T, ol v 7 ZAHIR — — AH_ANMBERG9-GB , BRI
'"'%?""—F\H,,VBQI’D - :—',,::Eg_gg/l?%ERQQ-SB
TFEET N ETAT LTATpY— PEATT FETAOM e ——— e
EER= XX~ LT, 5T HHAMBERIOOSB) LB § |
EBRIEBODE DR ETo 1 (B3) , HTHEEL 5 e
L RE N § 40 oy
BENBRELKEREE— o bl ) ORERAZFAX— o Py
g PR
F. AT, REATRY — MRRTF REFAOHMa~Y vy 20 F
JABNTF REFLLYKREL ooty TR o~ 2y ;f;/f’ -
D i ~ _s” =
v 7 AT F REFARF—H Y ST F KN (RFTHY) 5 ° /z?/ﬁf/jw
Sl :
AR LD DEDKRRAWELRSLL 0L § /92//
wt L. AT, BFEATRY — MEARTF REFLTIZRYAF 5 05 6

3 4 5
Number of hydrogen bonds
F P GERATH) TAKREIRFEEEZ O DTDREM AT

Joanl vz AL FAT. ROFITpY— ME

OEHBEREL FODRYy— MEIRTF FEFLDHP  RFFREFALOAEEEOREMAEERT X
@Y ) AT F KT L KA R < 2ﬁ§jﬁigﬁhﬁﬁmk%é%%&$ﬁ
D, ROVARBEAVBER SN, HEAERTRAAX—BNKE  BY— FEVT U TRLTN DS, OBDFAFE.

OIFENBBEOHEREHLbT,
LI TH B,

AT RFATBY — MEIRTF RET VB L UXB KT 2 b ODOZOTITNENEDTH T, L

DLEBL, ol v RBINRTF 2TV LTI, 7 HFEREELBREOBRICLERTRE B
RFFMiz LTEY, KERKFEOEPEZHIZ5N0T, THBRREL BTN ZERHLNER-T, ZD
ZEEREOSFABIIBOCEREDOIVEA Y I 2 Lb—Ya VEER LI, ol v 7 2ARELLE
FAINZBERARHY, KERLBL— 1 E2 B3 bDbaN) v 7 R ZHR->TLESEWVWSIZEEEELT
Wa, BLENS, ST ABORBICEL T, o~ v 7 ABRICELAHAEER FFIokFERA) oRdz
BETOILEEE TR L TS,
3.2 YhoBh glvbhruls cOETLVOBIRILEMNEZEIAE LZE A, ZREFN-745mV, 250 mV
Loty TOZENLEBENTOEVEY b A o DEVEBBTEMOFRRTHDL Z ERH LML R
oty T, FEET IV BOBERRARILL L, BEMOET LV TIE-74] mV, ROAZZEDET LT
13-694mV & 72 > 72, BR{LELOR-LUMO%Z RTAH D L WARDOB AT FEHRRE CHOTHENERELLTE
D, —HROATERAIZHERERL TR o, ZOZ L0 LEAROFPEBERABEOERELIC X
DEERT D ET, BOVEBLBELEMEEATND2bDEEZLND,

4. BREREIITE

4.1 MEARE

*EEF, B 6RIBERES L RTTL HE HBIFER

*EF, BEHEMEAE I~ EREBELZHA LA T ) v MEEMFEOREIR]  HBIER
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*EE, HEAGEZE WG EIEHEES WAERE

*EE, EH, FA, (20 Va—T 4 7 R L2WETVA ) 25 FEF | BHRER

*EE, A, (2o Va—F 4 JRCKDMET VA ) 25 EEH 2 RS

4.2 RA¥—FK%K

K EEF . TR BIBREBARSERERFR. 2013 BR

* [EEF RS BT RS FRERRAE R 2013 B

*JEE, A, B 51 RIEMMEFER, 2013 HE

*EE, AT, 5 63 HEAMA LTRSS, 2013 PR
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*EF, Pi, A —arEa—FT—7a vy 2014 [k

1o
R %

L

*[ESF . ft, 53th Sanibel symposium, 2014 Georgia

*pEA, ET. ES. B, EME. A, Dynein2013

*JE M, EE, EH. ICMS2013

*iEs, BT, B, B, B P, B BEBAEAERFESES, 2013 Bl
*4 M, R, EI, HB3EICSI{EFET = A ¥ 2013 FRE

*EA, BRI, IRIE. EEF. PR CBIFR 2013 K& HEE

*5H, i, EE, F6ERBERES RN HE
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S FOME & HRERICET SEMIVTIR

Theoretical Studies on Structures and Functions
of Biological Molecules

O Bl £BF, &z MH, 58 FE, B BE, &k BE, LE 15, 5K H,
=k BT, RME R, HE BAF, ER X (RBREE), Tl GRS

1 MEHE, WA

AEREDTORESCRIED A =X A, T, RIE~ORESCRE Y OREOEEEZHOMNITHI &
EHAVE LT, EZIERRINSFILEE, 2FBAFRE, U7 v alEE AW REdED R, 4R
RIZBT A, BEOHREZZBEIZAND I ENRVLETHD, MINZEBEEET 25513 IERER
B FELEEQMZE BV, ZORABOBREDOESHSIINSFHHEMMEHWVS QMMM L, ST E
FIEMD)YDH D WIEE T HNABIEMC) EEHARDEDLZ LICLYD, ATy ez ¥—fiimo
KT, BEfF =355 RRICBIT MEOHMSLAMER LT B0 ELEDT,

2 BFEETGIE, RHEGIE

R 1 75 L%, Gaussian 03, Gaussian 09, GAMESS, HONDO T# %, QM/MM ¥EEHHE 21, B
THFEZED TS HONDO 2 FEH L TW5A, MCEHEBEIZIZMRBIIER L7 0/ F A2 fnTing,

3 BREARLE

(1) BESTH QM E LTS, 7V v ORERTFBEOLLFRLY BT R F—ELOER
A BRU A Q). Y A R2]B])

H1i—1 X1—2
7Y O ERL (N) ML A8 (Z) OB TRAERTBEINGE. KoFE2nT5k&
DY, BEBEITAINBIVRLTWI L&, £9° ST LR RIZ. BEBEIORKIZOWT,
HETXLVE B2 EENICHRET 720, BEEARTIKSTE2 QM & LTRY, B2 0HH
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TANF L EFET D FELRE L. ERMLHEELHT Z LI LZ[3]),

N\(f:) Ts\ga) z$)
. solute (MP2/6-31G(d)) 3B : : i [
T P 30 ¢ ! . i =
g it 1 1 1 [ s ]
1 t 1 Pl st
S = =0 : : gl o
T . e
E B I
- directly solvating = : ! ;ﬁa Wt !
/ ‘ water molecules g 2 ; m,g%l_ P j
(HF/6-31G(d)) O 0 hesmitien — B v 3
; . v 50 : ! g
e 1 1 1 (A T
e .| other solvent (TIP3P) 10 h ! : . :
l 18.644 | -15 b A | ‘ ,
N{g) Te(g) Zlg)
1—3 1—4

7Y & QM (HF/6-31G(d)) T, ZOEB O 101 DK+ % MM (TIP3P) TiET 5, QM/MM
HEEIToT, TV VO TFRKERTBEMISORT oy VX AF—#EE K 1 — 11277,
SHRIGIEBITANE (N@g) & 28 (Z(g) . KERPICBIT2HEIC K> THEZNE (N@) & 273
(Z(a)) DEEE, Yoy NLThHsbH, NEOHEEDZ, SMBIZBNWTHKERPIZBNTLHEVED
g, ZRIoEE T, KM EKBRTETRELEDLAZ E¥b25D, £o, BRZXAF 1L
FRHET AR BESTHL 245A LIRS 5K FE2 QMICBEMZ H 2 LIk > T(H1 —2),
EEMICHBHTRVF Bk s FEE2 IR LE (K1 —-3), BEMIIBONHEREZK1 -4
2. WEOT R LF =2 (MP2/6-31G(d)) 137771 v bT. EHEAT L TWBKSFIE HF/6-31G(d)
T Z LI L o TBEKMEBBRIXAF—BEE Ty MC, 2, RE2EOHAZ X LF -2k
BRSOy FCRLTHD, 0L LT, 7Y o Z BT KEERFIZBWTNEL L Y 725 keal/mol
BETHD, EWIHFHEBRE LY ZHUTERIE (727 keal/mol) EEFITI LTV 5,

(2) ZNha—REwr ) —ADKERPIZBIT2HE (BRY X MDEG) () A1) (14)]

ANXVET ) — A, RFRERTF Cl BT AMEREOENILY .,

7 ) (o, )& JITNDSEREMEERFET 5, KT TR a KBLE
HOH) THh AN, FArabF ) —x (Glo) ®KEBEHERPIZE T B EMLIT
a(B)  qp=36:64 LERSHTEBY, ST TORERLIZERLS, £, Gl
EQIIBITANAREENREL>TND Y ) BT ) — A (Man) OKFIR
HIZRIT DIEE-IT ap = 68:32 TH V. Gle DEM & I1Z R D, £Z T, Gle & Man DEWEH NI
THEDIL, TNFNROT )<=l O\ TC 3 X ERFEEREMEARLZEE L, Glc 38 XU Man DKEERT
TORE L KN XA LELZRLE—%2 QM/MM-MD #IZ L VR 5,

OH
H OH(H)

H(OH)

a(p)

H
Gle H OH(H) Man H OH(H)
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s QM/MM-MD #:% FIV:T 148 DK % & b IoIZ B K L T KIEiE T Ot

- HAE{T-72, MD D&M, NVT 729 70 v, BEE 300K, #
P70 ARRF o TIE02 6. KOBERBEZ lgem® L A25E I L. QM
WS s ORELAOLE HEB2IG, AOTT L TIPSP Th B, ST CHlitER

LA BN LI AIRRES £ LT 10000 275 T MD T4, 5 snap
*wii%;””\ shots 2 )BT, QM/MM 2fk & #EREL L7, £/~ 1~ 5 A1 HONDO
Lo b5,

(3) TMAO OFZ K FfEE (BERY X M) 9) (10) BLUFEIXY A F[5]) .
WAL, BBEILEZ AT 52D MaNEROPICZEEREDE (A RAETA @Qﬁﬁﬁgg
B ZRELTCVWS, FAETA IREDOL ) BETEOREEZRZLTHDD ﬁ ]
PEAVTIHEFERRRENS, £2C, FRETA FLLTELHBATNS H3—1
TMAO (trimethylamine oxide) (K13 — 1) &K+ & OHAFEHPLKFIEEDFEEZA L NIZT 5,

BRSO 153234 LINIZ, #EE 1 sideview 03 T2 (oo view bottomview
glem® 12723 X 512 500 EOKSFEHEE L
7o RJE 300K IZRWT A bR RIEICHE
SLEVFHAQYF LAY R, 108
MC 25 v 7O FHEDH &, 2x10° 25 v
T ERFRITIZA T,

O RtOBEEXRDOLIIZERT S, HETD
B E L FRRICERT b,
<No(x, ox, y,8y, 2, 52,))

dxdydz
BREE 1 glem® DL 7 DARDBEIE, OFFOKEE
I, 0.033 atoms A® THB, K3 —212iF, OFKT
DD 0.09 atoms A® DL EDHEKRT, HET
DOEFED 0.12 atoms A? PEDOAZATT o v b
LThsb,

TMAO D FH Y DRGF D5 2K 3 — 31TRT,
@& @DiE, KH31FD O RFOHHTHD, (b)&(e)
. PEBT-E— A FOMHED 5 Th 5,
KGFWNT o HRIHMAT 5 E 010 725, TMAO
DREFE T, KSTOERRANT & L TIEIRNI &
NbDD, (EOIF, K TOIRfE—AL MDD
MEETLTND, ROESIE, KT OFE AR
FE— AL hDOEE N, TMAO OFEIIFRWVTNS

nO(x’yaz) =

. N
L E FOERSE TMAO biddo @it (8 / N Dot 7
Bl iy oy red-colored plot for D=0 N
é Z & ;2/7—_“ L/ T A é o TMAO &j: N )’% @@7}(%% @Ea (\10_(\0; —F)/ e bluc-colm'cdl phl:rl for D=0
v
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BRI TFROEFERIGOIZI2L—3Y

Simulations of chemical reactions of complex molecular systems

OFkREZE TR, Oscar CHUNG, Fengyi LIU, Lina DING, Haibei LI, Galina PETROVA,
JRZEFE | Travis HARRIS. {241/ %74, Haslina AHMED, W. M. C. SAMEERA. Romain
RAMOZZI (F#KZFE i —L a7 ¥ —), Mikhail RYAZANTSEV, Adeel
JAMAL (=% U —REZ(ZEERD)

1 BIERRY. WA

FOWE., AN TORFREOEZ T, BEEIORTECRF» O 2EHSTREMRL
THEZD, MEERETLS (QM) EOHTEBTLZ LIXTEARMETH D, AR TR, BFEE
Bl EfiE, £ A7) v FEge (ONIOM ), IR ET 15 (DFTB k). (WFRIGRIRE
BN ZIE(ADDF, AFIRYED HEST n /7 IR EDRE L. ThE2MWieT /) v 27 b EmnT.
RIS PEMS TROME, RS, ¥4 T v 7 AREDV I alb—1a VEITRVD, W 200
BHELEOMAZIEINS,

2 ML, BHEAE

BEFREBREE ST TOTIAF—FHERPEZORT vy VB ES -5 TEN N ZEMD)Y £
RHEFETHD, B F—TARENRTWETu s 7 5L LTI, X LEARCESMLARSh
7="Gaussian09” L . /NUSFZOEBEFTE D HIZ “Molpro”, “Molcas” 2 EIFEA Lz, X6l ¥
LR BFILFETH D DFTBED 7 0 77 L"DFTB+" %4 1 V' A h— L L S TEEEREICER L,
F7-. "Amber’ 72 F T AbfFiolr, TNALO 0T MIEM T, $H BT Gaussian09 ¢ external =
< FTHERHdslave”d LT, EHIZERZ VT F2HAVWCEBELTRALE, £/, "GRRM” 7
27T A HR A BB LI R RAA LT, REOFHEIZRHA L CRISBBBERSRT v v v
i O B/ N IR OB L,

3 BFFEACR

AEEL STHEELT, BOFADZ 7 A Y — BB R R RBHER CIIHERZR VWX 5 @R
HEABBAOTF —<IZOWTER LTz, 202 HONL OOV TIRKREREICS | S & B2 El
DFETHDIN, OV OO TEHHERKRT L., FETORKEIT oM, FRXHRE.
Fil, Bfabdh sV MERF TH 2, EORFKRE, 7—~8IZ2-3D vy 7200 BT T, #
ITRIRE |ET 5,

3.1 DMRG (Density Matrix Renormalization Group, & BT VAL E)EIZ L 58S
FROETRELILFERGE

T N—TBRUEFRAT > CE R B T IREED DD b B (LB RIG OB AVETZE Tk, CASSCFik 7z KBk
RAECFIIIRHE A2 LIHIIE LS e TE D HEE BT & 208, EHEMOER R SICHIBRAKRE <,

1
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e ORBEEE -7, DFHUEE 6 BN KITHE%E L7 DMRGE T3 KiE 22 B CASSCFE L U
CASPT2AEEITH Z LW TE | ERAAEETH - mHRRESCHEREDORT v ¥ VEOERKE T
BAREHRIZ /572, T < EEDMRGHEZ LB =R VX — AR OMATEIEIE & fIRIZR YD, BT
Ty VEOBRBII—BEINC IR o7, REEIL. HIFHEEER O A LIEDMRGED 71 7 T b & fEH
LCAEyZ—0OBEEFRENEZHFFEL, W OPrDIEFERIEOBBORT oy VEZFHEL.
BB L ST ERSHEOMRAZIT Y 2LV EBEL LTHRE L, AEERR v 7
LDEREDOBRE | ZOIPEEOTM, W 20T 2P HEFHEEZERE L, WTRo
F b, GEKDOCASSCRE: E TIIARTRETH s L ERERE ¥ —DOBEEFTEE L £ > 7-DMRGIAIZ
FoTIHUDTHREICRY . AFERIIOBEICIZZ ONBFOEAICKERERE T D LHETE S,
L L7273 5 DMRGIEIIFERIZ I SAOF AR EZLE L TH0T, A ¥ —TSHREZR
TN TNE I ERZOHREFEEI LTWA,

3MIAERET -2y T = (SP-MO)7 + b7 v Xy 7 KGHEEO DMRG 518 [FR3C 7]
FEAEIRE D(12¢,100) 15 % A 72 CASSCE BL U CASPT2 IEEFHWTRE LI AEREY LD
AL B BRI 0 FUSHEAE [Liu, F.; Morokuma, K. J. Am. Chem. Soc. 2013, 135, 10693-10702; 553 12112
B8 L. DMRG & A U CK X 72(20e,200)iE 22 '
3 v /2 CASSCF %6 X 0" CASPT2 & Z1T2 1 _ 5
VW, R EBRE L, £, DMRG SHERER P | =
O, BESEREOR, FHT 2 RERK T L
O, MEEEOBICED L 5 IEKEFETINER
A U7, AFRTiE, BER{LREBOEKA HHERY/N
EXTHBWOWHEERGLND Z Lbhodz, S
BLO S, REOHE L =R AF— bRk L
DMRG #ETH U L 2 R %72, DMRG D
fRTE — R > TSR RELTHZ &
HLIXLHTTo T, WERBLOFERMIZ ‘
DMRG (L RERIETHEVEDLY odvo7z, EHIZ. DMRG-PT2 TH L7z C-O B C-N L
ZHRED S, RIEZRZAF—7F o7 0 — Lk, CASU2e,100) B DR L < & LE (RTERIX
DMRG-PT2, IR CASPT2), 7= S,—S, FFMTELBIICE T 5 HOOP (CRERFEAEN)
T v VROZES . DMRG 5HRICE » THER ST,

(a}s
w0y

2 24 25 28 30 32
COA)
B Chied S,TCC

3.2 B ER SR KORXHMEEFEH ODMRGE H [FR304] 1400
HTHARCRBBENE BV THABRTHOXRBMEERD %ﬁi .
HHRABPLETH S, ZOHEOLDOREEEOHFEIE = 1 .
IEVEZE R 2 RIBEIGR(CASPT2)° 2 B AOEL & 4R A.1F H ¥:(DDCI) $m} .

ThHR, HFHEaaA DD, K& 7‘;5}—7‘—%%2 YL RRSLE 2 :Zz o
R CIEENBEEEDOFT)TTET I ENRE N, KFETITETE DS . - -
EL D KEREREMARATE S DMRG LA L, 4% V3G vl T
[Fe;OCLI# & DNCLONHy) J* 5RO H 21T o7, &F d BUll, BB TORETEL TLLO

2
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BEALZZEIE D D 72 B 1EMEZE R (16e,260) & 2 L 7= DMRG-CASSCF & I1ZBEIC B0 A 8RO E 7 A B & B
DIAATED , MEEAEBEONLIVEETELNDL T LEFRWE L, —F. KIT[Fe,0CI > D fFIT
R L OIT, BA P UVIRED T R /L¥—|3 Hisenberg TR B REL T D WV I EBRBVEREZRL
77,

2RI EREBREEOHRE LIS

FOGERE O AERZECEAL T, Fx OV —7 12 KEF, AiHE & & & % T Global Reaction Route Mapping
(GRRM)EERE & 2B L | 84 OV EIE O RUNRIE OIS LT & %, FiZ, artificial force induced
reaction (AFIR) EIXZ N IGDRBO BERBENE IS ENTHZ BB OLNITRYDOH D,
AEEILGRRM DI & LT, B¥ES TROERED KGR T ¥ v vl B—RMES 1 7 1D
HHREERBOERAZEZHEBL T, W 22D F =IO THEE{To 7,

3.2.1 AFIR 3D AL F Kb~ D3R : Paternd-Biichi K~ & Al [ 3C 11]

AFIR & FhHERED KRZ BIRATE 5 X 5 3E7R L, H,CO & CH, DR DI b Rk (Paterno-Biichi
FMWCER Lz, RIGREOFTAME LIZ, LN TWERERREE TR EENICER D) o7z, &
Bz, FUSOMERRERBERECBSTARISEBEIZL - TRESZ Loz, b, KK
3EEREL S — 1 BEEMEREMORZEY — MIBUSCHEE~DO 3EEREOFEOEEMZ "B L
TWA5,

322 AFIR % @ spin-flip FF [H] & 77 7 B 1. ES #((SF-TDDFT) ¥k ~ D L3R [7& 3L 9]
%E bS] X U\% - f)—j)j ﬁ* E IE lfj( ﬁ? ﬁeﬁ ] F% fﬁ ﬁ % D (a) PES-VPES-H (b) PES-IVPES-IIT

B £ A (SyS-MECIs) I Bi#f 55 % . ADDF ¥, ¥ — 4 o 32 e
£ 57 )VBABI(SMF) ¥, spin-flip FERAR7ER B LI } :M MC}%@& f@:@o

(SE-TDDFT): 2 M A S ETRET A HIERRE 1900 557020 4340009 47401 6220171 c60124) 664213
R L . 4.54[0.02] 4.74[0.26] 622[1.06] 6.60[1.79] 6.64[0.92]
BEL7-, 7&K SMF/ADDF il EfliLzEaRBES4IE (d)84/S,-MECIs
N P . (c) PES-HII/PES-IV CAS(2.2)PT2
BERE E HAadbE TlbILTO R AW T ' BE e
132 7% SF-TDDFT kLA EDLEDL &Y, %WW%%MW
J: D ;j]%—i@‘/\ll\ MECI 0)5%E75f ET’E‘?Z Z :'C“&i\ 534[0.16] 4.29[0.02] 529 {0.05] 478[0.04] 467[0.04] 442
. ) 663[2.16] 687[126] 684[1.58] 6.31[202] 633[2.01]
F Ll 1,3_7‘ AT y@:i@fﬁ L.Z @ﬁ{£@§jj 6.65(0.72] 687 [1.76] 699 {1.49] 7.05[044] 7.08 [0.27)
6.9910.05] 7.05[0.70] 7.08 [0.84]
FEFM LU, =F L OFIERIZTT LT &
Bz koT, ERHLN Tz MECI & THBMIZRESNZIED, REOLDO LN ONRNTE
EN, KEORERSF~OFRAEOFREMENREINTE, ZOHEOREREESF~DISHBFZER

EITHTH D,

323 AFREBEZAWEAFTOI UV F )4 FOXKfEEL, ThixfEe T3mUTAr F—N
B DR [ XX 16, 8]

T8 A R EIZ, BAT & ORENA 4 U fEE/
THIOBENPLEBZLNTWER, ZOBREH 0H);

0w Eu
R
0 e

CHEB LRI, 2T, Bt L akRT g
DELT NV F—LRIEEZAIC, BEPLENRREVED e
syn/anti DAL E EO L ICRKRODIVIEIWDER LT,
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ISREOEIZ >N T, AFIREZHWTHEAZE S, T EMIZAKSEL 7T e B 1 ENEA
L. #0%., C-C EAER. 71 AT, SiMe, DBBEDIEICSUS BT Z & b o Tz, T,
SERBRIE R B0 D C-C FEAERBRICEH L,
BL e e I 7 16| 0D e B ERIRFE(TS) %, AFIR ik
ERWTHE L Bz, —BRIVRBISR T, syn,
anti £ E 525 TS Z—23 2K, FOX
NE—FEIWZ L > T syn, anti OERBIELEHERT 5.

UL UARIG T, BEu' g h ) oD s ¥4 5 R T ‘

b, RS LTORRS TS 55, 91 syn), 74 © eemea  oheimerrt

BEant)bFEELE (JBE), 2nbD TS D5 b5,

FZER 17 HEMN, syn, anti OERBILERDZOICEERRELEL, ThHLTOEBRELE

B3 A& T, syn, anti DERYIOEREL TEMICHATAIZ LN TE =, STBIEMHEELT
TEMLIC BRREDOS OB AFIRIFIZ L THRILS P T ) 7 EnD 2 epbiolz
LT, AROBHRDRICEEORR~OBAMEZ RTLOT, REVERLD 5,

Group A (a} syn (b) anti
10 “

& - .,‘ Group B . s Group £

Group D

oota " v ! . H Group F

Reletive free energy AAG / keal mol!

32ATNRUERBIZWTZDINA AT F VRSSO AFIR B2 AW BEBIRE [FRX 2
T REFNALCEOBEMERERREBEROARIT, WVRIFEIOREEBRT T b RIC L
TERIND, ZORMEAKTIZELT
HWL O OFEBRIHERH DB, VTR
HIEELTEREOBBREZRD D Z
LICEoTIThbRTnd, UL, &
(LRI CHE S FEL, (ERDB
DI LECREERRORRBRERE &
THAREEN B D, R TITAFIRIESR
FAL, THIE LSRR ERET D
L BT BRI DC s Hos™ B IVIR A F
I BB EAINSHEEL, T07
o b BB L ORISR EZ B
BRRLIEEZ A BRARRICIZ TARM
DML L RoboT-, B2,
DAIZEHFELSE L EQB L UERE~T
EFNFNARYQB LUREZ 5 X ARKITERIIICLERMICL INETHLN TV hoTe, ZD3
RlE., COX S RBEHEEREERIS~DZOFEOHEPHEETTLOT, REEIZL &HEE, 20
IO RFRORIEREOEERBLED DL TFETH D,

33 BT Rh R B8 o RS 0 B R AT SR

HALZERIS T, BEEFRBICEE S o723 B # 2 7 (conical intersection, CHRARZZE T — b
(sedming of crossing, SX)% 1B L THMEMIZ W OO EFREZRE L TREPEZ S, ZOBHL
RT7F vy VEOEOEE R CEEHEE. BRHEE) CRIECLSX 2RD 2 2 LiE. HEFERISOHE

4
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DT DIFRAIRTH D, Haid. GRRM . FOMoFEZBOTCRIEIRED R T > v+ VI & iF
GLCEEN, KEELZOSBOMELHE L, T OEREOMHEIZIZIS < OFEBMANLL
T, BFHFICBWTORLAIETH S,

331 AFNT I VOSBRI EEE OB R 14]
AFNT L OREERE S, &R —EIEK

e S, RIKSEERE T\, 0ORT VY /VEZE

GRRM # % A v T (MS-)CAS(8e,80)-

PT2/6-31++G** L)L THR L, FEME, ERIR _

f, BRIEME)CI B LU SX D& L TR L¥—% e

B L. FAUCEE-SVT, 222-240 nm FEIR O 5y ” .

RS OHAE L ST Lz, NH & o8k

S, FTOBREERKR TH D, ZORKEEIZ S 1D Sg ~FEETEER I 5 K= R /L ¥— 0 MECI BTETE L,

—ERDFIL S W EDH TSy ETES CH;NH + H 24K T 5, F/-. CH---NH, B0 fEEHEE L S,

B Ty ~D MESX REE L, VbW 5 roaming” BB RAEL ~T CH+ NH (X°D) &£ T 5., £ T, k

W21 Hy & 300 CHN BHEERAE £ RLT 5 roaming EBRRENTFET S (KEBHE) .

42 59
s

332 RukGFEEEORREREIEFFEN T 0 b BE)RIE O RSEE [FRSC 3]

DFT ¥:12 & Y | trans-[Ru(tpy)(pynp)(OH)]*" (TA) & cis-[Ru(tpy)(pynp)(OH)T* (CA)EI D IEF W p Y 2
PSS OB Z IR L L, RICRT X 9100, Mgsk L b @B FERNE 3 BEHRE Twer B &
V&R d-d BB 3ERRE Tuc 22,

TA Tl Taver DVMEUPREEE T Tiye ICRAL S e o,
Ul Tue BKSF ML TSRS T

IR EAL, BHICEMLLT CA % J\ o

£T 5, —77 CA Tk, WK 3 2, 255 TszﬁT;‘“BT'“E)

o hUBE AR LT Ru(l)-OH A\j‘*r;v‘&

HEABELDDT Tycr DO TERE ;/,)H%://;?,)/ :

fEL, Tyer O DEERE 2T o

Tue ITER SRR WD, B ni
Il Bl L ERLMNTLE,

333AEREZ 20 VT =VEP-MO)T7 4 7 u Ry 7 RISEE R 12)

RO, FR-PARSUSBR I 5 BHREORA R L & MCEEF OB RFTEEDTZ DI,
BTy VERKEBHETH D, MEIZF & SRE CASSCF B LU CASPT2 #RIZ L > TSP
DIBAR UG O FRISHBEE BT L, FEREEICET 5 C-0E LU C-NBRRIG OREHE X URIRIE
b EERE~OF S 2 IFTRER R Z T LT LT,

34 V7 = HEHEEOHRIOPFZER S 1) :

T 16 BERBEAR UYL OV S EBEEOEE R ERICHLDDII LRI ERER L, 16 BERE
BN P U HF AL CChH)™? (Ch = 8, Se, Te)E ZOBBROFEHRBEERMIr I AL T B
(NICSHZEESWTEHI L, RIZNICS ~DHFLEEZ LD LTHEN, ZThThhrdL5ic, RUEVERED
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RAFFRII DT, Ch ICHET 57~ 5 E b bR B
UAEEE LTINS D L ER BN LI, o N

norbitals: "

(55 %) H-4 H-5 H-6

(13%)  (-10%)

3ISEMSFROYIalb— g v Boopla
ELURIBODEYHLDIZEE LT ONIOMQM:MM)#E : :

H-2 H-3 H-8 H-9 #-10

EHOWT, BROGE SOBERTBBEZIAOINIT LT & cobias (0% (109 (17%)  (17%  (16%)

on it S <
PERDBEET D, £ FU5y | Bl ERROEMS P b s
FILEBATRBHOBBILTERCVICER LD TODB, 08 (e (m oe

gorbitals .y 0 o T ;

ANLBORELHENZ DWW TORBITR O TEY | HiRstRE {12 %)
DEEOFREEEIREY, ZOOMBIIRIBD TREWVE
DILERBFHONEEZLESE L, S FHORMARRARTHD, AEETHE LRI TROBAD TH
50

3.5.1 ONIOM iZ & % M Ferritin ® 2 & Fe(IDB L QX Fe(I) 7 = F ¥ —EH A FOBEL S
SR ERAT

Summary

. ve gl
M Ferrrtln lj: 24 ﬂa @ ﬁ’{ﬂ‘ Previcus Exp. Data and Proposed Structure for Di-Fe(ll) State Our Conclusion for Di-Fe(lf} State
Previous proposal based on Xeray . N Model R6
Z)) g fx 5 %:‘U( 5 \//\° y E CDI/MCD and MgfHi}-bound X
> crystal structure
(D% LY 3R B Fe(l)E: o grgon
CE o

0Tt

L4z e LCRET L
5, BEERBREII 7 =2 ¥

Fe~Fe 4.48 A o

P
MCD: J = ~0.8 Subunit K: Cu-Cu 4.83 A ) J=—-0.9 ot
~ & 3 > 7 - i 2. its: Mgt 3
> 5 — &FL; ¢ . @g% Z)) ﬁk twa S-coord, Fedll) 24 subunits: Cu-Cu 4.3 £0.4 A Best TO-DET MCD spectrum
Two 5-coord. centers

L Exp. Data for Di-Fe(ll Our Gonelusion: Three Distinct Di-Feflil} Products are Formed

DY A ERG L p-AF re Fe!
Average Fe~Fea distances o> /if 20-0H- P, 2u-0%10H
\ 1 over 24 subunits . " el )

Vv Fax Yy 77J‘< 1:% 2 F/}z crystalfography: 3.1 20,1 A R />u< 3 =

EXAFS: 2.56 A | L - sl S o
Fe(IH)EE}Z#@ & ﬁf A o ZIKHF Four Méssbauer features observed g \:—i*"«k&jﬁgj" %;&"r&% o :\(:\;\AA/:?— o

(isomer shift {(mm/s); A ) e ¥ .
quadiupole splitting (mm/s) /‘/< \ - P ’

75 ClL., ONIOM(DFT:MM) 1) 042 155 - s L
{2} 0.55; 1.63 . } '
N o ! Fe~Fe 3.32 A Fe-Fe3.07 A Fe-Fe 288 A
EX R, ek, 7 (i) g-ig; ‘;-fg Fe(A), Fe(B): 0.51, 0.50; 1.5, 1.56 0.56, 0.54; 0,49, 1.25 0.54, 0.47; 1.25,1.23
{4)0.48; 1. Both sites assignad to {1} Assigned to (3} and (4} Assigned to {2} and (4)
SN SN i i B i Do e i . . P .
o }\ :/ﬂf, . EB{M% HE ;é‘f zé) ) An interesting fealure of the predicted siructures is ~z71.77 is coordinated in the Fe(ll) state, but not in the prodticts. Therefore:
- Asp140 to Ala mutation results in reduced Fe(ll) binding affinity because Asp140 is a ligand
7 o— :\% ‘\/ &‘\ — 't’: '}j‘ /( }\ - Asp140 to His mutation results in lack of peroxo intermediate (2.53 A Fe-Fe) because His binds too strongly, preventing

Fe(B} from migrating to Fe{A} during peroxo formation ‘Tosha et al. PNAS. 2008, 105, 18182

DO 1HEOEL OFEY

Bk L, HE LETBEATERO). A RANRTT =T A—4% TD-DFT [ _att% EREL T
L., HEb OBV 2 kAT 4 PRI OHET 2 SEOERY 2 EANY A FEEEL
2o BEEENOHE L TR E AEEIIEA S (KR,

36 T /) VAT LADYIalb—Tay

F & LT DFTB 5 AWV B HLZENS TEIARZOQMMD)Y R 2 b—2a VIR BRET /) VAT
LAEREE O LTI - 72130, BEE ab initio X U DFTEEZ AWTTH / VAT ADORIEDRT
VIR VEODEBERB I oTn, RET VAT ADERMBEBIZOVWTIIERMICE LN A EHRNE
BNTHEY, HAFENKEEELERLZE S, Hlh—R T/ Fa—F(CNDOERFICF T VT
ABEDLESTHEFENINERPTAIZ L, BLUOESBRERIIBIT 7 5 7 o VENRBE OB

6
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RLT—<Thd,

361 ZRFAEFBERICKFERIIBITDIKEO2EFE : K
FafiE v & B R R E [FR 3L 13]

B AR T OBRBEDER O 2R F R RA KT PAH) A R %t ‘ gMM%mWQ~
TEHKRKEZEOEE S QUMD IEIZL VLI LI KBNEEE g
WHEET ABRIZIE PAH OARIIIAE XN A, REFICS5 BIR,
TEREORMOMENRESIZZD . 6 BREF LV EL o8,
FFEMIZEVRER PAHSIROEREZER T2 (KER) =
CEQMMD VI al—ia ryTRVWELE, ZORBIZESWT, £ T6 BE)BL4% PAH OEE
121, REOHICHRHDEBEZOLNDZ LERELE,

362 BESBRREICBITIS 777 = VEIREOKARIZETZ2 QMMM “YIalb—va (T
X B5EZE[FX 15]
{LZREREICBNT, BESRE bec(1ID)REICBITH 7T 7=y
FIEEED AR QMMM 2 2 L—3 g U TRLE, ERTRS) -
TWD 777 x HIRAOEDMEIT, B ABRRERIZE N THRIZ
AT A5 BRBICEALDOTHHZ EEH LM L, DFT fHRIC K

Fe(111)

R interaction

L TN B HIBRO R E ML L B-RE S 7~ A OREMIC KT oty E%&l‘?
FEEINTND Z ERbhoz, Fe(l1DREETIE, [KIRFRE BN decreases ¥
THIBMADERAMEES B & L b, BOEB-REMHAIC L - T
WREOLLPHEITT D, —FHAEAEEROI Ni(111)%° Cu(111)THE Ni(111),

TOEHIBRBIERL bR, LAL. Y Ial—ia e L, Cu(111)

Ni(LIDDFE Fe(IIDITHRTHFILEREORFEZLE LT DL, &
DEBIT., BRHeRBFEMMENELE T 7 2 L EEMBEEA 2R+ 0L, - RERE/EHOR
SIEGFELTWDEE I Z LN TED,

363 BEBH—R LT/ Fa—7SWCNDEEOXT VT 4 H#HO QMMD I =2 —
[F 3 5]

PRUONILEEREDO U I 2 Lb—2a VEBZSEBLTWDIN, SRIZSRE Y 7 A% —KRimizft
&I ¥TcarmchairISWCNTIZRE 7 1 — FEHER L TF 2 — T2 ERIVEDLEWVWHIETFTALT, Yok
H&MTE, TEBRRMOERZIMEILTXZ VT 4 28 TE 202 EEERRIT Lz, ZOREE,
CRTFDOROVIZCHTEMRGE LN T7T BRRMBOAERDB D2V, REBELZELIZERS LR
-CNTHER CSERRMEOERND RN LEERNZ L, R UPIOX T VT 1 2REFT DL 5 ITH
LWSE®D6 BRMNPAEKRTHI IV M —2RWE L, ZOL5 Ry Ialb—alidAsew
TEHLIN, ¥TV T AHIHERDOEEEZHOMILTESEORBIZRERTIBE2 525

364 ¥ 7RG 7=y hbDXZ VT A REBLEI—R T ) Fa—TOEER

& 3% 3C 6]
DFTHEICIVERBARLGOBBEZHL NI TA L LI, TORGEEEBREZER LI,
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T/ - "M AHHOEFRE - #iE - #BrEDHEEA

Correlation among electron states, structures and functions of
nano-bio materials
Ol =, 2H #—, NBEMmZ. NRE—. FEH
AT HE—ER, FAREM, ZAMAFIAK. Enkvtaiwan Batnyam
(HEREZELFERWERD

1 BrEHE, AR

BEEOME L. BRERTHLLREAOEELYEN TCOHEEAD ATV ATRESTWD, £
DNRT U ATHEOY A REFELTEY, LER-STH /) A7y — LoEERIZBN ik, v 7 a2WE T
mﬁméﬂfwk\%Lm%ﬁﬁ%ﬁ#éﬂ%@ﬁ%éoKfmylﬁbfm\f/-ﬂ4ﬁwgmﬁ%%
BELEFHOMEORRBREZHLNIL, HILWAREZERETLIIEZANE LTS,

2 WREEFIE. FEIE

REEOY T N—TTORRRFITEENEEERI LI > THLATND, £2XLF— - EFHEEHES
X U Car-Parrinello 3 FEI N FEFHEICB VT, RAEEBEFIIE —REMICBR SN 2EBRT v
Ty Ialb—bhEN, MEFRTOHEEFERIZEELBEERO. RFTEELE (LDA). BETA ¥ F AR
L (LSDA). D WI—fRik (A ) BEAEEE (GGA). L3 NAT Y v FEEEEZRVWTND,

FEILEEIEIZEIT S Kohn-Sham H#EHE, O HEBEER O CICEFEEM M2 Y EHEEECERT S
. EBELE, @ KEMTHRA v a2 2B AL THDERROES TIEMT 5 Z L I2 L > TRV,
Kohn-Sham HRROMIEL LTk, HRMNFEOOESTHIHEREES L IBER/MEEL BTy
5o BAEMBIZOWTOR2T XX —F/MUIZ b IFAEREEZ AWz, SOICAREBEEICBIT 5BEMEE
DR O DI, BENBEIEORNTON)FE S5 (Car-Parrinello Molecular Dynamics: CPMD) % i
Wi, WThO Tl AL RIS A—TIZ IV HAIEREINTZLOTH B,

EZEETOER A v 208 A L A5HE F15, Real Space Density Functional Theory (RSDFT) iEi%. 5%
DBWF|~)VFaF « T—%77F %« avta—% ETO, BHEDFTHAEZBE L O THD, T
WHREZEA LT EKF1ETlE, Fast Fourier Transform (FFT) BUADHEBERTH DA, ZHUTBILH =
YEa—% BT, BOTEVBEANY£ESHT, RSDFT Tik, 2 TOEXEEHA v a LCHETS
DT, AEMIZFFT 2 LB LT RERT —F 7 7 Fv - v Va—FICBLEFETHD, EbIT,
BREEIRIZBWT, YB T —F7 7 F X B L7 AT Y ZAEZFEAL TN D,

3 HFIERE

HA LGN TO Floating State & /3 F¥ Y v B LUOEDEBORE (BRHBLI A1)

% OFBEIKT, TEFERTHLHNEEDEEE TN, BB 4 BOREFIEALL, P LB
P EWNEESEREE G LTS, &2 ORETOBIED sp3 B L., TOMAGHENMEETH,. KEEEL
EWNGEERER TV ORERBICEREINTWAZETHS, LALZRESTLEELL 2V,
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B TFEENBEEEHBCIY BEFOTHRIIETIEODERGDLE VWO L0 &, BFHIOF ¥R
A UT- 2 8e  (Floating State) (M 1) TH D I & #FiFAH L 7~ [Matsushita, Furuya, Oshiyama: Physical
Review Letters, 108, 246404 (2012)], SHFE X HIZFHEEH#E Y, ZOEFRESD floating L TND T &3, f&
BERDEBEWIL DR FF¥ vy o 7 OEVWE, EPEHEBEORE S REICHATLIZ L 2R L[]

1 :3C-SiC D3 R (ER) & =B T (M 47)
OB (Kohn-Sham #LE) DO11)HE THOEERE
R(# X)), DFT #HE O xR/ ¥ — LS
HSE (N7 U v F) il fAvic, ERORBDII
1. FhFN S, CONBERT, REFO TR
FTHEOEREDLEL I L VIT BEREL NI
EThB,

Fnorgy (0

EAFESFEROBENRELE LT, AFTNERNEESHELZ BTN, E RO RFHELE
2BEBABRN)Z—arBNhd, FRTRY FICTFTRAMORFERAZ v F T ORFTIANT D
TENTED, LA wurtzite FEETIE, Ry MICETRET _EEIL...ABAB... L f&)@ L. zincblende
(diamond) #1&ETiL...ABCABC... L HEET 5., ZOBBOLFITERIIHY, BoLAIHAEEIRED
Ffin LERL UTA LU DM RIEE O FE (C: cubic, H: hexagonal) TZ7 UL &5, 370 d> 5, 2H (wultzite) |
3C (zincblende), 4H, 6H 2L TH D, FTNENDILAEWF-EENRED K 5> REELITD L. TO¥EE
DAFMEEEL TSI ENBHBINTNS, LEN-T, A4 HEHEEAMIERL TV 2HE
TiX, e iEE BEEE) 22N TRIND, EE, RN T—x L7 ba=7 28 L LT
BEINTWD SICIEE, RUIVERTFLOERINATHDIN SiNG CA~OBEBTBENRSH D, TORREX
RERSENGEET B, T SIC ORERSHOAY FEy v A3, #HESHOEZ LD, 40%b 5T 5
ZEWRENBALEN T, B LB ENMA T, £BHEAEREO Y Ry v TIIRFNZBAK
BN DOSBETHERESNDIDT, Z0 SiIC DAY FX Y v 7OBLITHAT A Z N TERY, FREE
DFBNE, RTFBAY vF U T OENROT, BLZFA LA D hexagonality &9 A v F 1 7 DEW
% 34 REBRAN/ T A — # [Choyke, Hamilton, Patrick: Phys. Rev. 133, A1163 (196138 A X, Fx v 7 OEN
EFRBETHOICHANONTERZYR, EEMNCLYENICLEREEZFHTE TR,

— n““gﬁ % 1 H2:24EO SIC OFBSENTH LT LDA FEIC K
o 2.2t 4t 1 oTBLNEAY Ry v 7% ZRENOERSRIC
:3:: oo P o - ; . 1 X - TEE D hexagonality DB (£K) & VEHETF
L ST e | MFrFLORSOME KB £LTFay bLEb
= co 11 © 8 | O, hexagonality &/ FF¥ ¥y v FZEQHEBENNS S
T b S vmmcEs, A FrAARS LAV FFRY YT
A8 — 080 3 5 7 9 OBBEHLN»THA,
Hexagonality (%) Channel length

SERFXIZ, BFEBAI X U TOBNVCLVBFHEOF ¥ ZVORINVRESNTVDHZ . BEET
HOETIREORBBERIIRFEF ¥ FAEHHLTNEZ EICEH L, BxRBEREHOANV Yy v
FEEL, T2 &2 OFBRBEIB T ABFEOTFT y XVORIIZH LT 2y PLIE(K2), I D5
Wek sz, XU FREy v 7ORBRSEICLBE T, BRSEICERRT Y XLVEIOBWVMNILAZZ LR
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Hbhkotz, TROLEEFETHOREBIETEFT vy I MIHML, ZOF ¥ X NLORIVEL LD L
ETHUADHRICLY, BEETHOZIAX-RERTIOTHD, ARE I RETFa—TETLED
ORTEF v+ FVCHEA L TELRZET ML 0 BRR (K2 oA 37 v oREOHBE) 13, Fohi
Ny Ry o 7O R REZHRHITCEDL I & bhol,

wikFE S ) Fa—TOSi R ETOELERGESI ORI EETH BR@XI X H2)

R#EF ) Fa—TRF0T /) BROBWNCE AENLPENRELL OFFHBKEZS SR L, EX0%
MBI X TRk O B, EREREIRE H O BB L 0 kIR T NS A BT X DM B E BT d, L
NLENRE, TAL RIGHERZEZBR6IE, RETF /) Fa—T52ER BRI EDZ L, LrbERE
BPFALZTCEINSHRIENEETH IR, EBRMIZIIRERII LT, SRk 413, BENEKE
HORFEEILIC LAz XN F—EFHETEICL D, Si0D)MEREmICHRT I 2R TFEBRT v 7
BEOERDORET ) Fa—TRBRIRNIIRET LI 2 RE L,

[ 3 : SIO0DERE Lo 2 HFBAT » THICRE Liz(a)

(5.5 (1) 99 (© (13,13) T ) Fa—T, AT v T,

75 A L i B TCORERERE L BROICERL, £

ORFETFAXF—RFE LIL 25, EEN 0.1 nm BEO

‘ ONRFET ) T a—T R 2RBFEBAT v TIRIIRETLOH

S BOLTETHS T Eibhat, THICED, ZOERDR

4 1 L BT FaeTERT Y SRR F R, BRI

g : i SEBARENTTE R, ()TRLEBHEEIL, RET/

Fa—T L SiEREOBED, EEHEWNLBNEEGETLT
W5,

wERESIEEFERE GV EY) TOFL T v 7 BEBTOHEKEMHE GERHILY A |k 3-5)

757 w43, BE EICBER RO EAREOREACKER FOME LELERFBHETHY .
75774 (BEY) 2ERECHBET ALY, ZOFEID THRINT, DT T77 =101,
BORED L ) B RELEECRBIT IEVKBEICER LT, WEEHED 7=V JETEDOE SN, HE O
OMKIHR 7 =V N T 557 4 7 v 7 FEK (TAVFER) W ZERREhTnd, ZxT
AT IBTEREATND, TOT 4T v 7EBEFICLDIBFETHR—NPREL EOEKENHICMAZ, 7
ST774 MBEZETIEVETEHE, BEOEEIICLY., BEDT 7/ v —ORAELT LML
B bERIR TV,

UL, BEOT 7 ) ud—%X 2 C&E SiMENCRT 5. ANBEOBHIMN T OMRER E TOREZEM
FAHIE. RERTERUIVIETHS SIRFIC X A0 BRBEERER (44417 T Y (silicene) ] D4
BAREBEETHY ., FAREBRINTEH Y HNRNA %7 EBREENRD, LM LB b0 e >OREIT.
Si FFRALTIE, /9774 MIHIET 2 X5 2, BROREBEDRTEBIER 2/ L7 WEIZ, BRRA
WAFELRWI ETH D, T U Eid, ERE LTHEEZAV., TORIAERTAZ LIZ D, O
FVELZYELOREOFEE. TORENEFIMELET 4 7 v 7 EFICRETHREOHRHANER 2
s L 20 %, EBRIICIZ, |oUDEZERE LTHWE Y Y B AN Tl T, AR Ihi:
VU ORFHEETEER PR AVERSE (STM) ERTHLMZENTHWS, L, T4 T v 7 &EF
THEDERLEDOV VB THLEAETION, $5LLTHLEDQLIREREZIT IO T2 B
B LTV Do 72,

LEF 2 1T, B E LRSS SR 0 LDA IT{El35 & UF van der Waals 7 & Z 8 L2 EUC KB 5HEIC L v, $R(111)
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B EOE% L REBEFHERL, 2B N RVBEHEER CHE LN TV ARFHEEL AFICHRT L LM
BRT, RIPERIIZEOD o TRV T EUEEZLRWE LY (M4), S6IE0THhov ) ok
BWTH, WHEEEY 72 VIENAMEICE, T4 Ty 2 EFIREELRVWIEERRA L, ZhiZ VY
oo SiEFEERD Ag BFRMSEAL., TOEDICHAEOHEOREMNEL DO THD, ZOH
Bns, YUV EEMNLTHENLTORGERRTIEREAVIL, 747 v 7 E BT =0 IJHERT

pigl

CRBTA RERVIBVENERIND ZENTPRINDS, EE B —FEHEIZL 0 KERSR Si(111)

FHERBLUAFHIFLUBNERZORGEEEET, RIFORIRERDZENRRH IR

- 17

{

H4:EENESTMA A—Y (HED) xR
ARTHEEOTERKM, SADEO BB L
T, 4xd[@E®)]. or@l. [eyx®d] oE
BEEENEE L. TRLERREEEE [(), (o),
(e)] &rERFEEE (b)WD] BRAHSh, F
ARICBITA LV VBV E2RTR—IORNMEE
W, YU EBEUVERORT AV TOMMER LT
W3, RERREDR—VMTIEROERFOME
ThbH, FERATOEMEITA LV DROBR TR
LTH 3,

4 BERWLLBEWE

FE KL

1. Y. Matsushita and A. Oshiyama, “Interstitial Channels that Control Band Gaps and Effective Masses in
Tetrahedrally Bonded Semiconductors” Phys. Rev. Lett. 112, 136403 (2014).

2. B. Enkhtaivan, M. Yoshimura, J.-I. Iwata, and A. Oshiyama, *‘Diameter-Selective Alignment of Carbon
Nanotubes on Si(001) Stepped Surfaces" J. Chem. Phys. 140, 044713 (2014).

3. Z.-X. Guo, S. Furuya, J.-I. Iwata and A. Oshiyama, **Absence of Dirac Electrons in Silicene on Ag(111)
Surfaces" J. Phys. Soc. Jpn. 82, 063714 (2013).

4, Z.-X.Guo, S. Furuya, J.-I. Iwata and A. Oshiyama, " Absence and Presence of Dirac Electrons in Silicene on
Substrates" Phys. Rev. B 87, 235435 (2013).

5. Z.-X. Guo and A. Oshiyama *'Structural Tristability and Deep Dirac States in Bilayer Silicene on Ag(111)
Surfaces", Phys. Rev. B 89, 155418 (2014).

PrEE

1.  A.Oshiyama, ““Materials Design through Computics: Large-Scale Density-Functional Calculations for
Nanomaterials in the Real-Space Scheme" Int. Summer School on HPC Challenges in Computational
Sciences (New York City, USA, June 2013).

2. A.Oshiyama, “Large-Scale Density-Functional Calculations in the Real-Space Scheme: Graphene and
Silicene” 7th Conf. Asian Consortium on Comnputational Materaisl Science (ACCMS7) (Nakhon
Ratchasima, Thailand, July 2013).

3. Z.-X. Guo, J.-I. Iwata and A. Oshiyama " Large-Scale Calculations in the Real-Space Scheme: Absence and
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4, A.Oshiyama ''Large-Scale Electronic-Structure Calculations in the Real-Space Scheme: Bilayer Graphene

and Silicene” 2013 JSAP-MRS Joint Symposia (Kyoto, September, 2013).

- 105 -



BREWEFREHHEERE T/ BETOER

Hieratical approach in electronic-state calculations
and nanostructure process

O BfEFR(BEKZE, JST-CREST), WE {5t (CGHRKF) ,
T CRRETARS) |, BER - EBRERE (HHEBKRS, JST-CREST)
MILER AL (B ARSI KA, JST-CREST)
LWARFE (BRIBIERY, JST-CREST) ,

NURER, FLPETE, ILIRFER(SBRRKF)

1 MEEBEW

KFaPxs bi, BrxOBFREFEEBZEBOICAV I ET, /BB 0 AMAEFIELHEET
B EERBMETR, HF A= IADNBE T ) A MVAS—AVFZOBR T X (GTENEEHE)
ik, ETREFENKENTH DL, 4 HOEENGFEFE TR, AERMoE»ORETHY, 2L
FRESARERT A ENERENTH S, BEMICIE. (DF—FEH B (Gaussian - FHEHFEEEEZ L), Q)
E5 L{, (tight-binding %) FHZ AV EZBAEECI—4—N B)ETREFRE, Q) ME LEKEFTEOH
ER LIV, (7 BIORER bZ 27— LEROHER~O BBIRE(WEERE. 25608 TT Y, (HES
IFEBERMD 2 — FMERE TERACAV P FAThsE, s T ha— K% [ELSES] &&4fITT vy
— kL. B A BREA L TV B (http//www elses.jp)o

2 MEEFIE

MEBHEFREFE L LT, (VEENE—FEHH (Gaussian, FEREETH), QAL —F—a3RXF—
BN =T U EROVEBARE (F—F—N) ETREHE TV vFra—F) 275, REN
o FEHENSAL—F —a A —FININ =T U EEHTHRELT, BEL VAT LAY A XD
T o— AL ARERVERT S, QIXBES 07 L THY  TELSES(=Extra-Large-Scale Electronic Structure
calculation)] & 4 {11 B4, 2007 45 11 A X ¥ | ELSES AT (R R FEEE AR E M, http://www elses.jp)
CEREEREBIT L,
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3

e S

KEEOFRHFEL LT, E 22— F TELSES] ZHWIELLFHIER LT LN 5,

(1)

(2)

(3

ITAEBA%E L C X MBI — 4 —N HE D) (E 2D = — PR L. FEERERRGE 2) (1000
TRFRD 10 FCh5, | BEFROFENERSAEMR2] (K1), 2— FRARCIEEZ
=2 EEbbn, LERTHEIR R 2bbnic, 1ERAZ. ¥ 3 CEHiEFAO 126nm
SAEBICHY L, T100 7 Ry —LREE] NERESWZZ LIRB,  BEMERND, a—F
2EROABELEZITY, HBIEIFAOKBEILZED THLEAT IV EZBIR L, ALY, 1{ER
FROFHENBHEAEY (1 /—Fbh7=0 16GB) ZBIEY, 1 BERFRMFR SN, HRZE
1R Y, EEAABEGEND T SERL A VEL FEE ) EEIBRFAICHN D, sp2-sp3
FIEEN =R UEERE LD BT, P=32,768 2 T HEEEEL L WHIER GRR S — 1 7 H)
e ZHIE Lz, o=1 BNEBROWFIEEICHIST 5, R 1)0E 2 7 5HE P=663,522) T, «=0.73,
Thotr, —H., 2aT70 1R BELFESTZHETIZ, =090 ODHFELRLTNDE, £aTHET
W FIEh LN T B (2=090— =07 EHIZONTIE, 22 7HEOEETERIIRON TS
B, Ahbiehrols, LnLRRL, WERFHEDON SN LIL, +0RPRTHHLEZD,
EBMEEME TH DA & iRIESy+(N-methyl-N-propylpiperidinium bis trifluoromethanesulfonyl imide)
[T, ET Ak (tight-binding) ¥R i i1 5 & 55— A3 i+ E (Gaussian |2 L 2)DREEN Y I = L— 3
VEERELBIK 2., E-REHEAREIETVOHEHES LY, EHENETFTVICLPET S
FHHFEYIal—a 277, 2, HOMO-LUMO ¥+ v 7 ORFEE REEZHm U,
BN (F /o BF—F—) BFSTENEVIaL—varyREAWT, BHEBENE CTHHERKEM
B Li, Ce P.S,ATHIT 5 U F 7 AL MM ORI 217 - 72[7, 11, 13], EBUCHE Sh T\ 2iEE L=
FAX—OHBIRFEEZ LS HERLE, 2, JFUARBRMNARFTy 7Tt 22k T
BT EXHLMI LTz, SHRF—7ENBEY F UL UF T AKEPE LR REEE L 5
EREZIFTZEERBRLE,

103
o

3
@
E102

)

8 Rd
o full-core calc. }

L[] —————

104 10 100

Number of CPU cores P

10 Tl To 103,219,200 1 4%, 100 ) A r—/V)BETINESFEIZRBT 210585 (strong scaling)
(1], £=7 (663,552 7)) ETOHE, WEIL. 7/ LR EA YT NEBERIE(E 3 icBiT 5,
sp2-sp3 F  BE I —R UEIR,

- 107 -



&

o
Waie
F
%

o

21 A & LR Sy + (N-methyl-N-propylpiperidinium bis trifluoromethanesulfony! imide)iZ 3313 % . ELSES % H
W BFTEIAERER] (@) t=25ps, (b) t=50ps, (¢) t=75ps,

(#£ 1) T. Hoshi, S. Yamamoto, T. Fujiwara, T. Sogabe, S.-L. Zhang, 'An order-N electronic structure theory with
generalized eigenvalue equations and its application to a ten-million-atom system', J. Phys.: Condens. Matter 24,
165502, Spp. (2012).

(F 2) T. Hoshi, Y. Akiyama, T. Tanaka and T. Ohno, 'Ten-million-atom electronic structure calculations on the K
computer with a massively parallel order-N theory', J. Phys. Soc. Jpn. 82, 023710, 4pp (2013)

(£ 3) T. Irifune, A. Kurio, A. Sakamoto, T. Inoue, and H. Sumiya, Nature 421, 599 (2003).

4 FEER@WX, HREBREZIETE

1. % T.Hoshi, K. Yamazaki, Y. Akiyama, ‘Novel 1linear algebraic theory and
one-hundred-million atom electronic structure calculation on the K computer’ , JPS
Conf. Proc. 1, 016004, 4pp. (2014).

2. % T.Hoshi, T. Sogabe, T. Miyatad, D. Lee, S.-L. Zhang, H. Imachi, Y. Kawai, Y. Akiyama, K. Yamazaki, S.
Yokoyama, ‘Novel linear algebraic theory and one-hundred-million-atom quantum material simulations on the K

computer’, Proceedings of Science, in press; Preprint (http://arxiv.org/abs/1402.7285)

3. %S. Nishino and T. Fujiwara, ‘Parametrization scheme with accuracy and transferability for tight-binding
electronic structure calculations with extended Hiickel approximation and molecular dynamics simulations’, J. Mol.
Model, J Mol Model 19, 2363-2373 (2013).

4. Y ({BfF:#E) T. Hoshi, 'Krylov subspace theories and ultra-large-scale electronic state calculations on the K
computer',The 9th East Asia SIAM Conference The 2nd Conference on Industrial and Applied Mathematics
(EASIAM-CIAM 2013) , Institut Teknologi Bandung, Bandung, West Java, Indonesia, 18-20., June (2013)

5. % (84 %E) T. Hoshi, T. Sogabe, T. Miyata, and S.-L. Zhang, 'Novel linear algebraic theory and
one-hundred-million-atom quantum material simulations on the K computer', The First International Workshop on
Computational Science and Engineering , National Taiwan University Taipei, Taiwan, 14-17., Oct., (2013)

6. K(BFHEE) BER, [HCTOBRKAEEREFYE Y I Lb—va s o riszER], BARSHEEE
FooEeEE DEABEE I —) , HREKRE, 27, Dec, (2013)

7. S.Nishino, T. Fujiwara, H. Yamasaki, and S. Yamamoto, 'Long time tight-binding molecular dynamics simulation
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of thio-lisilcon', The 19th International Conference on Solid State Ionics, Kyoto, 2-7, June, (2013)

8. T. Hoshi, K. Yamazaki, Y. Akiyama, 'Novel linear algebraic theory and one-hundred-million-atom electronic
structure calculation on the K computer', The 12th Asia Pacific Physics Conference (APPC12), Makuhari Messe,
Chiba, 14-19., Jul. (2013)

9. FKILPEE, Bk TBARBEEFREHRICEBIT 2TV EE&0— R ORRIL#EN ] JSHEES F
WE SRR R, &)IRE, &)1, 27.,Jul, (2013)

10. BfER, MILPETE, TRarVa—ZICBT 2B AEE TREHE) |, BABESS, BEBXRE, B5,
25-28., Sep, (2013)

11. S. Nishino, T. Fujiwara, S. Yamamoto, and H. Yamasaki, 'Lithium Ion Dynamics in Li4GeS4 and Li3PS4: First
Principle Electronic Structure Calculation and Long Time Tight Binding Molecular Dynamics Simulation', 8th
Pacific Rim International Congress on Advanced Materials and Processing, Waikoloa, Hawaii, 4-9 Aug, (2013)

12. Bk, LT, WIREK, #lah, [7EL7 7 AREERSFROBREBEARESRE) , A
AP EL, FERE, W71 27-30., Mar., (2014)

13. EEHEh, BEEKRE, (LA, [EEREME Li, Ge PS4k 2 ) 57U ALEIEHE ) , RAYHTZS,
B, #0431 27-30., Mar., (2014)
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BB FHARZOMEL KRR 22 L—2a Y

Innovations in computational quantum science and large-scale simulations
Ot #, BER Kk, PIE ¥z, Bl 153, Yung-Chin Chou (B LFEHEHSR)

1 BIERR, AR

B#HriIal—aryOBRRBEORETICHY ., FERTEIEVNEOEMTH D, LFOMR
OFEFRIZY 2 L—F 4 U H—FHBRRTHHDT, TNEEMICELS Z N TENL, (LFEBRR L ERIC
FHF D LRSS, 2000 FLIKE, PiIC X0 FOERL—RUBENMTICLD CHER I, Z0HEBESR
13 B B 528 B Free Complement (FC) & LTE LB, FOEEDOREIL, ST LT
YT ETY a b—F 4 RN AL Y YL o EE SR Local Schrodinger Equation (LSE) % 5 Z & T,
HEEDOREF - HFRICLEMRTHIENTE, BT - 070V b—T 4 v H—FBRAZH AT
IS5 XY eT) BEBLTEE, £, EETFROLEELMOFEICENTAY VIFHEZH TR
25| %f L inter Exchange (Exg) BH#12E L. OTMUBER OAE L REMICEK L, Lrb A —F—NiTk
LT LER L, E5I0, TRRRTXIITZ T 7 A OEEBEIEN b EFRSFORBEREZ AT D,
RO AL 75 Theoretical Synthetic Chemistry Method (TSCM) #$2% L., K& 7224 7 OFH R % IEfEH-D Bl
b3 2 HiEd e HESI Uiz, 20X, 03 FEEFHER EORERTL—7 AN—0H Y, AUFERETIX
INLOFHREERTITAIY XL - SRS I LERE L, BEASTHLEOPOEREEHO T 2
L5 U FEROERRMRERD S - R BRIL L, BROBEND, Hx OB EITLHIEEICE
LTWADT, FREFEFTGHER 2RI # YO FIFEME B NIRRT Z LN TE, ZhFEMIC
FiEw e Tul T AHREEDDZERTET,

SAC-CI #iZ Gaussian [Z## &, FREZRE LR TEIHIETH D, H_EMECD)AT bV
i, —EREADOEED L ) RIET XX —HARES, KFBHE - A¥ vX U VEOHVEEERICHEIT X
B A28, SAC-Cl#EZ BV, CD A7 LRSI OO FEREY ., 2 TCRAICHTT5Z L8 T
X FETHIELTEXR, 22T, IFTANTFD CD A7 MO FEROEREN - THZEWN
& L. SAC-CI¥ & Gaussian FOBE R GERERG LF 77 ZHEL TV D,

2 BRI, RHEIIE

21 Yal—F 4 o —FRAOEHLFEE: BHES
BEHKE, UV R E O RMETE,. BRRE b
o4 OHGRAMERE TH D A BEEBEFCEOFN

PRI

Hy, == FC

ERGRWEE W=
X 1I0R Lz, FCIEE. [BONIN =T B Ao {-" fn  Rme : AR ™,
DIREDERIRBERZEMEED] &S BRI D ; AHTED Ehmceok |
HERICESE NI =T v HEESAPEIERC | ) !

CERE LBE Ry

MEMER S Z LIZ XY EMEREBIER~DOIR |

S

ERIET 5, BOANBERLSEEZAVDS Z T HELE BRI FRER BOP DT AL

THE
VB BET - T, BIEG~OMEM b TRICT 5, — 1. REEREBEOMN

. RN VFRBEOBEFICRLY, ZEFROEBBEBITE ORI LRAH TR TR LR, 2
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BARFET A LI EREZEBBEBOHBEICBNTRERAB L RS, Hxld, £9. AL—7—173KL 5
7T ARBOMEEFIA LI TR — X OmE K #biE: Nk EGREZRE L., ZOFHRICEY, Bbi
FEEEZ S OREIRE T Y NN OB A — 7 — ToORER KA FMEEAENFREIZ 2 o 7223, Nk EigidiE
FIREAR BB HA~DOHNEH Y, bo L BIIELR—RERBLETH T,

% ZC, #* X Inter Exchange (Exg) HEr#1EE L, bond Z[RTHEFHOBELIIEREE & 10D L.
DWZIEAREIZ B2 L, WERETO bond ZRTEEBRITIZEZERICER CELILEERL, 2ol Lid
Val—F A A RBETHOELWI EER L, 201D, [ETORNHMEEH L LDEFTD] Y
YD F7<3fBHEL, BxOHERITV 2 b—TF 4 v —FRAEH LW EBRLERTH Y 2R L, 4—
Z—N O L 72D I LARENT, iExg Hinid, TOEBMSEOBEMMENS, TNETRARETH-TH
MR EFRRICT A, TO—DE LT, TRRETROT T T AL NOEWHLENDAEKT 2 BimE bk
Theoretical Synthetic Chemistry Method (TSCM) ##2E L, o3t B & REEAICERESEMLT 2B 2B %
L. ZOFER, (EFEEEEPRISRICESEAREFEZEOE A2 LY | 7P ORIGSEREEZ IE
FEICRB-TH 2N TE D, ABIFE T, ExgBERL TSCMOT TN XA - 7Far T AREIZEA L,
BN TR DEREAEYOMBIZER L, JVRERSTOHEICH LELXHI I EE2HEHE L,

22 BIEEMESTHZEEN (597 ST ~DIGH

CD A7 MU, IWRPOEES T OBEEZRARND DI L Eb 5, #ilZiE, DNA A5 L
& TEAYOCD A7 MR EEI S D3, DNA & RNA THIEAM D CD A7 FREHIS N 5(3.2
EH), F70Hb DNA OEEE D CD A hLOBEIT, RNA OEEED CD LR L ThHD, THET
DOWFETDNA DAERE LEEED CD AT MRERZHEBAZH G5 L7273, DNA & RNA THHI O
EIORENBEBIDONMIONT, FTVEROSTEN (797 ZRAVWTHIRLT,

3 HFZERRE

3.0 ExgfEh & TSCMICES< FBAS T L AEAMO Y 2 L—F 1 W H—ROFE
BT BT R AN DO B H IR, RTOTR2EIBEEN LI L THTORERMEEEES S
ETHhB, Bb, STOMBERE LCRFORBEEKOBERY 4 =y,w, v, ZHIHTOAILE
=T v leMBEERLTRABS: —

b= Wy vy TR L E DAY
oty =Y o dp BHTFOERIEEBE L

(RS AR ) (Ba=1)

%%, BT OBHREEREKE 4 & LTHY ) " e
D7, KAFMEFHRICILExgE N LE TH e
5. TSCMOS FHBIBI%IT, E LV e = _—
FRICHERES 2 = L MREES N B %, (LR -t

DFEEPRRLTLSRDAV v b 3D 5D,
ET. O EBKRELS TS LIz,

ST OEEERIT. KERTORE - Bifgk T
BEO TR B % MBS L L. =6 T B 2. KEFFORT 2 x V=7
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R L7 (RoL:M=2310), BRI R EN T D LD

-7.96
I=. FC-LSEEIC L H#FIE, BVERIRREETE . > Lyt
ﬁYfLCJZO"C%‘Ej’btﬂf?y‘.‘/“\”ﬂ/ﬁ‘“7¢k% 800 - ﬁgxé\jbﬁﬂ:2.53uev
N . _ “ - {Ref. 2.521 eV}
I — (=R F— TA~6ITRRE), 7 3
Bl K \( T ), ey <802 - EEHRIFILF—3.651eV
YTV TFETHDLSEETH - THLELIC 8 » (Ret. 3.649 V)
2 -804 - R
EWRIENRRD BN D Z & ZBEMITR LT, * () BR A BALFE(Tsam)
- -8.06 - - (%): Bande B{BARTOFC-LSEET )
WIZ, LiHFOFE T, LR FO BN
NE=E¥r 7 REDRTNEY NETS '8-08 g ¥ § 1 T 7
& LTn=5 (M=222) ORHR72AIEIRTE & ok 12345678 9101112
REQs—2pREE O HIBE L. S T DAL Ria.u.)
NN N o
NE 4, =3 CAR LIZ(M=2092), =2 CHE, B 3. LiH 53 DIRT 23 e A=

HEFAROMBREE L AN TO RO, BT v ol —T1EA 4 VAEE Vv 72 Bande 512 K 5 LART
DEME(A. Bande et al., Chem. Phys. Lett. 496, 347-350 (2010).)& 56212 — & L7 (K3), & =R/ X — L THED
EoxrEr—4, TEMEERW—EE2R L, Z0ZEid, E0X D RHREED D bExactlZHET 5 & v

-

9. FCIEOBHBOE L SZHERIZIERA LT 5,

3£ 1. Hego IZ 3317 B BEX B (Exg) & BHRIEEK

BEHREER
_ Exg=1 _ .
Exg™0 GEERFRO%) Exg-1 FRTOES
BT ORWOBAE DT 1 181 3541
—, 198
BRER OB 120 21720 424920 120! (=6.6X 10°")

(R TIEE)

EBIT, 77— L (Co)DCEHeR B EMRZ T2 ET VT T— L Heo(120E T R)DOFHEEIT o T2, &
11T HeglZ BT A BB (RF R TR 5 EF: Exg) L BHIEELZ R LZ, 2EF(R0EF) O BB
131201=6.6 X 10'*CTH ¥ FHEREETH B M UExgIEIC L 0  MEBERTHITER T QRO 1B FRIRE TT,
o2 RVEOBEBERE TS THD Z B0, ZOExgEHBOB LY, LI TORAELE S~
HEEARBIITHIZENTES
X5 Zie o7, FHREIE, Heil T
& LTn=4 (M=22) O+
BEREBERERN. 5T 0%

R:He-HeR-FHDRLVE
EEWHDOTYE

EBUVA:1.0278 R
$ELVA:0.9721R

BEHITEEFEFHE T2 FEEEHEEHK
-174.224 — -174.224
(M=3587) TR LTz, MATTRT -174.225 .174.225 - R
X 91T, HegDfREERT vy 174226 _anas
. L 3174227 3174227 -
ANA—TERFHEL, EHEAE: 5-174.228 ] BELRLA— 174228 - ChiyKi,
SR 5 3.77kealfmol 5 Exg-0C+3}
R=58au., fifTR/F—:377 5429 §174229 4 (BFOZRLTE
* T R | ~eExg=0 i
kcal/mol }: [ 5 —’ft % %?E 7" *}‘Fﬂ 174.230 -e-Exg=1 {Nearest neighbor) 174230 <Exg=0
s o PAIR 74231 174231 \

-»-Exg=1 {Nearest neighbor}

FEHERDY /N SV Exg=0Tld— 174232 4o g 178232 1 . )

3 8 2 16 20 4 s & 7 8 9 10
FIVE—DIARNR V) AREEDRE R{a.u) R(a.u)
BELNTWD, R> 7.0 awll B 4. Hego 20 F (120 EFR)YDKRT ¥y v T3—7

X, Exg=0 T+ THY. K
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FHDETOREPBRABETHD I L0830 5D,

WIZ, EBxgBmE T 72T L IACH)DRMEILRA Ls, EEBEIE. Inter-r; & A7ZRelaxationis
THR L., Cidn=2 (M=4958). CHLITJR 7B CTIsfA% % HEbk Ln=2 (M=3320)D % H\ =, R2UAICHTD
HERREET L, RTHTORBRETHEZERLL T oz d 5, BRETHMIILUTOHE, =R /LF¥F—
NIEREZfE % FEID R Y VREVRBN TS, METFEA TN TCEL4EFRBREITAE, 2B FRBEIT
NKIEDHERE KL, WkETOKDBETRBIIFAETHI L E R LTS, EMRTRXLF—DREY
(Rudenberg 5 iZ & % Full CI®Extrapolation) & D2 1X0.262 mHTH ¥ | #axt =¥ —L UL FHRE L 712
MR LTS, NEAREREEE T, £EBREEI(G3317760018 1V )D2.114%1238 ¥ 72\, iExghE 0 5 BRI I
B/ Cy T CIENKIE & D 2fE Do e, NEEF OB OLRBP AR ETH D Z & Inter-r, B iﬁ‘éﬁi*ﬁ
EpE, T AAOHBIZE D BICEEREBHHFETE D,

F 2. Exg BT XL B G 53 FORE: n=2, M=4958 (Relaxation /%)

AN - =. <
o Eemew Prousebie pmps LERERIGH B16% “*%hfff M
0 (-78.466 06)° 22.539 56 1 480 (0.001%) 16
1 (-79.121 97)° -3.195 47 111 24 480 (0.07%) 2.2
2 (-82.809 82)° -6.883 32 1136 199 680 (0.60%) 3.8
3 (-87.908 26)° -11.981 76 3136 526 080 (1.59%) 6.6
4 -75.926 24 0.000 26 4161 701 280 (2.11%) 8.1
5 -75.926 24 0.000 26 4271 725 280 (2.19%) 8.5
6 -75.926 24 0.000 26 4272 725 760 (2.19%) 8.7
Nk*° -75.926 24 0.000 26 33 177 600 (100%) 16.6
Exact® -75.926 5 '

RV RBEDRR, © EHEFIERISEE L ¥ —(2048 =1 7), ° H. Nakashima and H. Nakatsuji, J. Chem. Phys. 139,
044112 (2013)., ¢ L. Bytautas and K. Ruedenberg, J. Chem. Phys. 122, 154110 (2005).

F31NZ, CGHOFERKRER L, 2B TOBEREREE: 3251404800 (100%)i2%f L, Exg=4F CCLERE
BIEBE UL, 17475758 (0.54%) TH Y | +mk%<ﬁéikmg@ GOBIN LV BETEZDZZEE2RLTY
Bo BONIZEEREBOMI T FLE T, 7733550 au b2y ERMENS REL O Bl xL¥
~k®%m@manﬂmMm1T&U\%%:%ﬁ&%%%ﬁ?é:&ﬁf%to

HEME X —OWSFTEE AT -2 RAT 2 2L T, HEEROMIEEREIZTO Z LN TE, ExgH
WMETSCMO FiEfRE /a7 7 AMBIZERICEATH I ENTEE, TORBR, ExgBRmlcly, 7%
TIEHDHDODIBEF L DHegT LEBITITD ZENTEDL IRV, THHBELAERILEHDOHEE T
ISATEA LS hole, BB TNAITY XA - 0l AOBELME L. STEEE ¥ —DWFIEERE
ERMICHIAL, LU RERSFR~OBEHAEZBEHRL TV D, KT, Exg-TSCMOER®IL, [LFERIEHK.
BUVBAERR, 77 A —REEBELLTEY., INETOETLFETIIE L) o I (LFEBHS ORI
HLISHLTWE W, #H, FRAYOT— 2 I EADT — ¥ Thh, SBIBERERL TV FETH D,

# 3. Exg {EIZ L DT F L A(CHY ST DRHE: n=2, M=3329 (Relaxation {£)

R TR RNV T~ AE=Ercrse-Erua o mmrsyms ME LR EBRERE
By P EL) peme iy ) (kealimol) LB EB%)

4 77,335 50 77335 T° 0.125 94759 17 475 758 (0.54%)
Fai 37551 404 800 (100%)

® From experimental atomization energy & Zero-point vibrational energy (NIST Chemistry WebBook).
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3.2 BEEMSTFESEEE (5971 12X 5DNA - RNAOM &M CD)ARY b

517 DNA & RNA O Z&MCD)YANY MLOFAETHER Lz XBE L 4 BEET LV ERL TV D,
B-DNA (&%), Z-DNA (K5 E), A-RNA (55 &), Z-RNA (£H &) O3, €T Zh IBNA, IDCG.,
3IXQ, 1T4X Z{EM L7, 4 BEEETFT /L, DNA & RNA B CHERKZERES LAY vXF 7V OMEEERD
fiHEZE A T5D, DNA & RNA ToOEEEGRLEOMAEERIL. 2 BRI ENTELIDT, &
DNA, RNA T2 @53 O3B L,

Left-handed Right-handed
(a) Z-DNA (1DCG) (b) B-DNA (9BNA)

BD-1

e
o i
©—G] Bp2 -

5 3

(¢) Z-RNA (1T4X) (d) A-RNA (3JXQ)
"M{;,)‘ 5 5 3 [

R

N C / \ \

A } ©
© § g
C N
503 3y 5

5. (a) Z-DNA (1DCG), (b) B-DNA (9BNA), (c) Z-RNA (1T4X) (d) A-RNA (3IXQ). @ X fffik &
4 BIEET L,

Left-handed Right-handed
(a)Z-DNA ; (b) B-DNA

7D-1 BD-1

> Z O

D2 | BD-2

AR-1 i

> 2~

AR-2

mE (), 2F v rarrri—ay (B,
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6 {Z B-DNA, Z-DNA, A-RNA, Z-RNA @ 4 BRETFAOMEIK, EEK, A4 yF T arTx A—
arERLTWS, ZOMERDE, ZD-1, ZR-2, AR-1 Tid, BEREIGRTOER Y NKE L, moT
TNTH, BBEESRAT AL RLTWAIZ ERbnD, BD2ETATHL—RELRYVPREIVWIIICAZLD
P, EBIIATA RLTW3S, T742bbh, ZD-1, ZR-2, AR-1 TEEREENIR A v 7 LTWVBEEZD
ns,

7 . DNA & RNA O 4 BIKET /L0 SAC-CI CD A7 k%, EBCD A7 b LTS,
EERAY P LOFEIL, Z-DNA & A-RNA 295 nm WZHEWA DK SNE N, B-DNA & Z-RNA TIXIEDFF
BlloTNEILThE, ERCIIIOFEEFIAL TBIEEEE2FREL T 5, FHREHRRL 2V
B SAC-CICD A7 kL1 0.5 eVART FAF—Alz> 7 h L72,ZD-1, BD-1, ZR-1, AR-1 ‘€5 /L. SAC-CI CD
AL hlE, EBR CD A7 hL0d 280-300nm ORFHEFE L T3, FETRDOIZMEIREOHENE L
e, BT AAF—(ERER)EETIE, 27 L —H L Thiand,| BIFEEZFE L T HETRLF

—4EH(295 nm) D BIE—F LT B,

DNA RNA
left-handed right-handed left-handed right-handed

(2) Z-DNA (b) B-DNA (¢) Z-RNA (d) A-RNA

Exptl.[1] /\Exptl.[l] Exptl.j2] /\ Exptl.[2]

220 240 260 280 360 320 220 240 260 280 300 320 220 240 260 280 360 320 220 240 269 286 300 320
Wavelength (am) Wavelength um) Wavelengtli (um) Wavelength (un)

/ ZD-1 / \ BD-1 ZR-1 ] L AR-1
i}nf . ||||. /({r‘\\. //r\\ !i‘ AT ‘ IA{!]\

7 T~

220 24 260 280 300 320 220 240 260 280 300 328 220 240 260 280 300 320 220 240 260 280 300 320
Wavelength () Wavelength () Wavelength () Wavelength (am)

~ T/l\ ;'/ '\k f- \\/r/\\ ~ MR, }/ \\V/ .
4 e B |

220 240 260 280 300 320 220 24 260 280 300 320 220 240 260 285 300 320 220 240 260 280 300 320
Wavelength (mn) Wavelength (nm) Wavelength (mm) Wavelength (nm)

B 7. (a) Z-DNA, (b) B-DNA. (c) Z-RNA, (d) A-RNA DEBRAY FlLd 4 BIRET /LD SAC-CI CD &
7 RO, (SAC-CICD A7 kvl 05eV -7 b L%, )[11Y. Xu, R. Ikeda, H. Sugiyama, J Am.
Chem. Soc. 125, 13519 (2003). [2] R. Tashiro, H. Sugiyama, J. 4m. Chem. Soc. 127, 2094 (2005).

Z-DNA & A-RNA IZ8U T, ZD-1 & AR-1 EF /LD SAC-CI CD A~ pUld, ZD-2 & AR2 EF/LDH
DEIRKOFFERLTCND, Thhbb, ERTEEISNI CD A7 b, ZD-1. AR-1 £V DHEE
ERBLTWEEEZDZZENTES, . ZD-1 & ARl TTVOEEBEREL. 77 =vhby by
YOEMBEE (CT) OETHIMB, Zhid., A¥vF I %ELZ CT THY, KFEEICLS CT
TRV, 2T, 295 nm DADKEN, BREEGORE vFx  JHEFROBIEZRLTNDEERD
TLERTES,

B-DNA & Z-RNA 23T, BD-1 & ZR-1 EFLOBEIIOHEITI—EHRL TWAEN, BT RLF—EE T
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—E LTV, Ziud, DNA R RNA 2NREC Y VEHREIC L > TH(EYEES RO EGREE~EELT D
T LR R T A T LR, B-DNA & Z-RNA 7% Z-DNA & A-RNA & H# L CREERIRRETHET
LI ENG, X S TIIA TS CIEEREILOLERD D B2 D, — . RIBTLER Z-DNA &
A-RNA JTEHERE NS X BEENMERETE D, B6 TRLIEE IIZZR2 EF VT HIEBIERE R DER
DARREVH, SAC-CI CD A7 kL 295 nm DADHFFRH, Tivd, Ehd RI-EBERERES RO
BERDIIREWVD, ERICIIEREEESHINIT CIIR<ENWTNT, BRELTAZ vyx U JHEER/D
SR TCNBEDIEEEZLNS,

PIEX Y. DNA & RNA O CD A7 hLUTIE RS A Y v 7 Lz Z-DNA (lE5 Z)D ZD-1 7 /1 & A-RNA
(B X)D AR-1 5 /LT 295 nm ([ZHWVE DO ENREND Z &3, HMEHREICI VAL NIRRT,
BRI, AY v X JHEER
L CD A7 FLd 295 nm DY
— 7 L OBBRERRDL DI,
ZD-1 £7 /LT, e A O
PREfE A 28k X 8C SAC-CI CD A
R7 MVEFE LK 8). &%
WEXHOER R) OENE L
HI2.295 nm K595 CD A %200 220 240 260 280 300 320 340

7 MVOBENRFEL Ro>TWND Wavelength (nm)

- Ly it X 8. ZD-1 OFETILTC, BEEMEEM OB R LSl & D CD
3 N - kK ERTE 9

D EBDB, Elo, BRIEEN AT "D, [1] Y. Xu, R. Ikeda, H. Sugiyama, J. Am. Chem. Soc.

B OERE (R) % X EENDIT 125, 13519 (2003).

BiFledEd, CD AT FLd

BENFL ol X BEED L XOREMBREIX, AY XV IE2BLES T =0 Pb Y U ~DE
FTREBE(CT)ORRETH D, RBEENEOEMNR R2ICLER->T, 20 CT piRfREEam=
FAF—FEEIZC T P L, BERERETITA2< 25, BLEXY . 2950m O CD DREIFTA Y v X /A
EROBE AR LTNT, EREETROIBVBEL T T Z EAALNNIR- T,

Jomi
=
<

—= Exptl [1]
R=small . — §AC.CI(AR=-0.24)
- SAC-CI(AR=0.04)
e SAC-CT{AR=+0.2 ~+1.8 A)
R=large - SAC-CI(AR=+2.0A)

50+

Rotatory strength (10-%¢gs)
(=

4 BR, HRERELITE
FE T

1. Y. L. Kurokawa, H. Nakashima, H. Nakatsuji, ”General coalescence conditions for the exact wave functions. IL
Higher-order relations for many-particle systems”, J. Chem. Phys. in press.

2. % T. Miyahara, H. Nakatsuji, T. Wada, ”Circular Dichroism Spectra of Uridine Derivatives: ChiraSac Study”, J.
Phys. Chem. A 118, 2931-2941 (2014).

3. % T. Miyahara, H. Nakatsuji, “Conformational Dependence of the Circular Dichroism Spectrum of
a-Hydroxyphenylacetic Acid: A ChiraSac Study”, J. Phys. Chem. A 117, 14065-14074 (2013).

4.  ¥H. Nakashima and H. Nakatsuji, ”Non-Born-Oppenheimer potential energy curve: Hydrogen molecular ion with
highly accurate free complement method”, J. Chem. Phys. 139, 074105-1-9 (2013).

5. Y. L Kurokawa, H. Nakashima, H. Nakatsuji, ”General coalescence conditions for the exact wave functions:
Higher-order relations for two-particle systems”, J. Chem. Phys. 139, 044114-1-7 (2013).

6. H. Nakashima and H. Nakatsuji, “Efficient antisymmetrization algorithm for the partially correlated wave
functions in the free complement — local Schrédinger equation method”, J. Chem. Phys. 139, 044112-1-16 (2013).
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7. % H. Nakashima, Y. Hijikata, and H. Nakatsuji, »Solving the non-Born-Oppenheimer Schrédinger equation for
hydrogen molecular ion with the free complement method II: Highly-accurate electronic, vibrational, and
rotational excited states”, Astrophys. J. 770, 144-1-9 (2013).

8. % T. Miyahara, H. Nakatsuji, and H. Sugiyama, "Helical Structure and Circular Dichroism Spectra of DNA: A
Theoretical Study”, J. Phys. Chem. A. 117, 42 (2013).
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EERIZETFZT S/ BO D-L#SIBOMREA L DA RIFTEEORE

Investigations for formation mechanisms and biological influences of
D-amino acid residues in protein.
O/NHER (ERRFERRBHTFEBIEER)

1 BIEER. AR

ARG TR, FU I BFOT I ) BEEOHEBERGIC LD MEREERELHAL, 2OEEIIHONT
FHEAFFERYHOVTEM LTS, 7 /BOFRTHEICT AR X UBICER L, MEKELSTWT
ARG XU E R ST T ROMKEE FOBFBIZONT, BERERSLIOOFYIalb—a 2
WTRF L7z, FOBRE CEEZERFEBLOSFYIab—y a3 VFEOEIZOWT BT 72,

ke, AFPICHEET DT IV BIE LEAORTHEE SN TEZ, LOLIESE, WIEDO Y LR BERN
TFRBPNRLE DT I VBAEEL L TEENRNTWEZERREENTND, ¥ VHEHDT I ) BEED
DALITEREO BT EE S 52 ONWTIRZ UV EONEERZ T ESED, TORBRI L IED
ABEBEANLORBSTWAZENEDNLTEY, 72/ BEEO DILITARESEEOEL, T NA
< —RERAVESOMEMEREE LHEE L TV D e Vbt T D,

ZOXHT, AERICBT LT X BO DALITABEREIIBWTEEREEL RITT ZLTRRINTY
BN, D-TIBEBES-ODOERTEEIHEOL ZARLNTEY, +oR2REDB RIS TWD &iTnR
RVRILTH B, FZTAMIETIE, BT - FHEERFENFEEANC, AERTO D-7 IV BOERK
BB LIOCFOBBLERT 5, BRI, POL)IRBRETIZEMNLT IV BEER DA LIYTVD
PZONWTRIL, DAL LK >TH L BILED LS REABBEZ 2DEBENSNFTA T 4T 4 7 A
B FRIT S, ZHIZE - T, IEHEEBIC RN D L5827 I/ BBREOSEREREDLSIZL TR
BON, TREORENED LD REBE L LTONER LT S,

2 W, RHEGE

HEIR ISR L 7Y 5 25H# MD (REMD) E%1TV, YEREERI LS 57 AT FUBEEL ST
TF NOBRBEEMIZOWTER LY, FHIOXIRENTF R - Z oV BEOMEEEZ TRIT 5 FE
WOWT DR B{ToTr, E-EEBERAENTID0FRE LT, BIETOMD VI al—a 27
ALEFERLDIND, TOEHNZOVTHOTEL OB EIT T,

3 BFFEEE

NARREEFR LD BT AT X UEBEEL ST T FOREBEIC OV TR EE FOREETFMEL .
SARERE L EEL T AAREROS DHEEERB L, AR TER LT F MZ 8 BELEN D
BaRBEER BN, TANRNT X UBEEONEREREOENLTF FTIEYERT AT ¥R
ﬁ%ﬁﬁ@&bfwéﬁﬁﬁ%w\it%ﬁﬁ%kb@#w%%%&éﬁ&%%w:kﬁb#éko:h%
BT ARG X UBMBREONMEREEE L LTRESN TV 2HE (IR VIRE EBEREOTHE
ERRBEALTERRAZ A FEEZH) LB TEETDIE., AT AIRTFRENEELY D
REZEHIEEILLAADI L, UM LU TEERTLADEEERIZLTWD 2 LE2FBRLTND,
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THIEEB TS B Lo THTENME S L TORBKOEE EXIELTEY, ZoKICKHT HBEHE
MTARSXUVBBEORED LT SICEER2 52TV AARERD D, £V Ialb—aZ2EBLT
OEFHEFEF O ERLT & (root mean square fluctuation, RMSF) % 3F i L7z & Z A, MiL7T AR5 F VBRI E
DRMSF BRRE W (TRDLELERT, o) XTF RIEENERELZEI LTI L AVRHR S
i, WREEE THAMERL LTITo3OREOREND., ¥y BORL ER0T INEMRHEER
DIEMIZEE L TWAAREHIVRIB SN TV, 2 THRERL EX0T INATF RIZBIT D IFEERIGIC
B TWB I EWRERTWS, Thbb, ¥ /08 - XT7F ROBMMEIZZ ORI RE REES
S350 TiERONEEZ LD,

FECENE WERSIE b0 X o BICKT AEE T HIFEOMIZBNTIE, MD Y2 alb—ia L
STHLIREOHEDEENSOND Z EBbhoTz, BEOMD THERMIZEON _KEEZHFHHL
TREENEB BN, REMD 2 WS Z & Th 0 ERBEICEVEERE LN TV D, XES TILEY
T ABERERICIMD V2 2 L—a VERANWEREDOR U F 0 Tit, kR ERIDHE TORE

EENRTETH T,
4 FHRFERELTTE

*/NEG, B 13 EAAERERESFR, 2013, B

*/NE 5, ICSG 2013 -SLS-, 2013, Sapporo.

*/H, 8898 D-7 2 BT RRFHTERS, 2013, RE.

Yo/NE B, 551 BB AREYYERFERER, 2013, FE.

*/NH,ERATO B 70 v x 7 MEES - BRI FLYE 17—, 2013, HK.
*NE D, 541 BEEEEARE L R T Y A, 2013, BE.

*/NE D, EHOIRERR L OELER O 39 BFHERER, 2014, K5

5 HMERELITE
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conformational search accuracy of CAMDAS using experimental three-dimensional structures of protein-ligand
complexes, J. Phys.: Conf. Ser., 454, 012028 (2013).
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Theoretical studies on Dye-Sensitized Solar Cells
OJtR &, EE £ (EERWREIITRT - =L —5AbFZeErre)
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3.2 chlorines 3% KEEMICET 2 BERBATIE
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Computational analysis of the relationships among structure, function,
and electron states of nano-bio materials
OMBRH GUEKRY HEMHESR GE: #mRIIHRE Ef-ZRFEF 7))

1 HFEER). AR

FIA=R e ATV OBRBEETIE, ETOETHERBEENRT 720, T/ BB OBERBRIL IR
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Theoretical design of electronic states of functional metal complexes

by means of relativistic molecular orbital method and collaboration with
experimental study: OLED and molecular switching
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Theory of Sum Frequency Generation Spectroscopy for Interfacial
Structures
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Analytical study of CO, Transformation with Transition Metal Catalysts
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Figure 1. ARFFE TR E Lz 9 FEDEEEOHEE
Scheme 1. fRffMERER HIE L 7= EE &M

Metal-cat.

(1.0 equiv.}
> [PPNICH \‘\/L
e} co, 1 [ J
O . (0 50 equiv.) J\ o/}' + %o
2,000 equiv. 2.0 MPa 60 °C

PC

22. FHRFIE

£ TOFEIT Gaussian09 & HW TR I o7, BEPEEICIE BILYP 25 by, HikEk s —x
NE——SHEEZB T 2ot REBEERIE, HBERELTIZSDD (&8) BLU631G(d) (£20f) %
By, —EEHETIZdeR-SVP 2 bbbz, —SRHRIZBWTL, PCM (=F LA X U B FERE 1242)
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2 L BIEMAIE, Grimme DA ECMIE (Grimme, S. J. Comput. Chem. 2006, 27, 1787-1799.), Whitesides =
v ko ¥ —#1E (Whitesides, G. M. ef al. J. Org. Chem. 1998, 63, 3821-3830.), LD A a vy IRx—va v
#1E (Yamaguchi, K. et al. Chem. Phys. Lett. 1989, 157,211-216.) 3B Z 7272,

3 MR

3.1. PPC A gl x4 2 fhasyg i

ALBEARISORBEE L LT, =RF Y FEMEERIZTT DI VR F— MEERORBERIZ LR
FOBRBNZET NS, 2T, =RF Y FEAEERE IR — MEERIZCEB L, ZhLENOEENLO
ZFLUFFY ROPBECINL T — (AGp BIOAFAHNRF— FOBBEC- RNV F— (AG.s) % DFT
HEICE o TRDE. AGpm BL T AG 1, TRENTRF ¥ F-&BHE, VLA T— —EBREE0RE
RRLTND. 20T LMD, AGu NAXWELX =R %Y MIZ X VB SN CRESEREZ 07 AR,
AGus BN EVNE B A AR F — FRSEA M L ORI S LT < RBEEX, TRENDEDE AGa,
~AGp, B/NEVNZ EERBEMEN ) T2 L ARE LTz (Figure 3) . AGe, —AGey DEE K3, EEREYIZK D 7= PPC
AR B AR E & B LR, (LB Y ME ICHRERAOHMBERRED b, b, #itdic PPC
AR O EIEAEE (TOF) OX# %, BENC AGw —AGx & & D L&, RP=091 CEMRBEGEIE L (Figure
4).

~
~
~ ~
AGcrb ~ ~
~
~
~
.................................... N
1,000 .
AG'::rb 0
; MeO Qe T: 100
M =
0 2
MeoJ\o@ 5 10
AGep btk NI S
—STIRFS R —IRF~— LR 1 3 } H =
W< SEMEL BT T ) 200 40 60 805% 100
(AGC,,, — AGgpx BN — %m&j 0.1 . AGiyp, — AGapy (kJ/mal)
Figure 2. =F L A F L ROBEETF L X — (AGep) Figure 4. PPC A fRIZXT 4 D
BLUOAF VIR — OB =R LT — (AG) TOF & AGu, —~AGep, D %

3.2. PPC/CPC &R
BARIAR D PPC IRURHIFIE—EDHRE THER
THDIE L, BIERS TH D CPC I, EIZHHOW]

HBHCART B 2 & RERIOICHDD RTINS, N T

. . By o’ Mo '8y By o Yo By
L7243 T, PPC/CPC 3EBIRME NI RSEFRTIZ & - TEAk cl
TS, 22T, RBRMCOVWTIEINETHRE L w0 »
TEEER1-9 D 9TEE L, CPC DA BRI AL Figure 5. CPC S84 Ay 72 il

T5IEBEONTVDEEE 10, 11 Z XKH$DH7HD
BEEEXHT IR EE L (Figure 5).
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CPC DAY A 7 W &ITIR LT2. PPC/CPC EIRMEZ R ET BT T 2252 L EBEZbND. —0IF
BE (1) 2R (i), $ebbhnRt— MR X DEM LSz 2R %2 F~OKRELED, /&EEEP
LB D H R — FRIBOBBENEITT DEETH D, BiFEIE, 3.1UTF L7 & 51T AGap —AGey CRHE T
XBZDILK L, BEIZAG, DEFOLOTEHTES. LN oT, MEDOBREITZDETHD AGy, T
HETEXDEEZBND [AGu— (AGay—AGew) =AGey]. 5 —2IF, &E (i) »EE (v), T4bbL
i L7z h bR — DR £ BIEHE L SNz R F 2 R~OREZBED, O FRRERBEIZ LRIV
AF— MERMNEITT IR THD. FHFIZTREY FBREHEINTNDITZY, 77805 AGey HREWN
EEIEEND—F, BHEICHTIHEEOEEBIININEZZ bR, LER-T, MEORRMEIL AGey
WEoTHRESNDEEZOND. LLEMD, AG X PPC/CPCRBRIRMEZRET HHEETHD LRELT.
#C, #tEhZ PPC/CPCIEBRIEZ, HHIT AGy, DEZE &5 &, 851K 10, 11 B/ H/INELR AGy, DIEZ
BT Lot (Figure 6).

COo, o
o~C A O)J\O/\/d
'\lAe '\lAe
cf/
RUT—4
S smosmyron RS
M 1.0 - . .
> 7 4se "o e
&O o 08 ! 3 2
M o M
c® 0 g & 06
OJ(O ‘\eo/& ‘{V) % 0 |
)
M &
RODIAS — b FRDIKT T BRI " :
(‘) vs (") (AGcrb AGepx)Vs AGcrb — AGcrb_(AGcrbMAGepx) AGeri 0 1j e t + J
(m) vs (iv) : AGgpy Vs const. — AGgpy 3 -20 -10 0 10 20 30 40
""""""""""""""""""""""""""""""""""""" AGgpy (kd/mol)
Scheme 2. BAR A VAR T — b DA FEE Figure 6. PPC/CPC IR & AGepy D EEFR
3.3. PPC/PPO R4
PPC/PPO EIRMAZRHT B DI, FNEFNDOKIE
HEDEWIEH L., RV =—F VL TH5 PPO DX
AR, R RABRLCAERLET Va3 X
N v\'ﬁ: 75\) i @‘lﬁ: ——G: y 7‘:17}_: > - b7 —
v REEED, BlOSSIE TIEMELE X FEE M m*mm
TAHRERME THD L RMbN TS, —J, PPCA °
R DREEIT LR — pERTH D, FLERE 9 Mftﬁﬁ
—_—M— —M—
LBV A LR = VEESRIZ R¥E ¥ REREE
POEVALR= AR Lo TEBX Y RERBER 0 s RUPIAS — NEH

BCex5 LER-T, B o—FERIZBNTIZ2 »

SO LD ES BERSD D, Sk kg Figwe 7R =T VB LUHY BT
DEERSC S5 L E L bs. 2o, FoEm, T MERICEN 2 2 0sKRIR S

$EKE b BN A8, PPC/PPO BIRMENHE £33 LR

L7 (Figure 7).
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SEIRODSTARERBE D FEMIZ 1, Heg_steric_parameter (Harvey. J. N. ef al. Chem. Eur. J. 2006, 12,291-302.) #H 5
U=, Heg steric parameter (X827 4 VO ARBRERZIIMT 2 DIREINT-BETHY, SEO~U UL
BIFENLRAY T %Y CEFEND 228 OFEEICEAE LD, BEEHO T A NVE —Fy & LTEHEIR
A, BB RBEL M A6EEL LTHMbR 5 Tolman D o1— 27 V7V L —EOHBEEZ/RT I LMD
nNTW5., KFETIE, ZRFNOHEEOT Vaxy REMEOEBERTMNO —EQRBEICA~Y TADY &~
JREE UBEEROTINE —Ey, ¥ 8HT 57 LT, RO IR ERS 2 AED 72 (Figure 8). #t
B2, SIARBIRER S 2 ERT Egw %, HEIZ PPC/PPOEIRM A IS &, PPCIERMEAMEVEEA 6-8 A3 L D /)
1 By WD Z E N0 o7 (Figure 9). Z OFERIT, SHORE “$5E 0 EH X5 PPC/PPO HIRYEZ [
FEEET EXFITDHLDOEELD.

Lor *5 *3 .
*
SR
@ (b) 0s 4
He ™ °~=He He— " —hie 5 .
H/e i ﬁ:b‘"x \/He H/e < g :Lfsv“ \/He 3 0.6 +
N N N, Sl Q
He\EAHe/He i::> He\i-He/He % ol .
N o O
/ \ A \M/ \Me &
A \ 021  ge
Figure 8. (@ & A 7 4 T xt L T 0.0 , . .
Heg_steric_parameter 5tH 5 DIZHH 15 255 o 1)35 as
Ed ster mo
WA, (b)5 EISEAR D SIIRREE % 514 :
THRDICb bV g Figure 9. PPC/PPO SBIRIE & Eqer O BER

PLE, ABFEclxfbitge s LT i) PPC A3 AiiEtE, i) PPC/CPC &M%, ii) PPC/
PPOEIRMEIZER L, #OHES DFT HEAIZ Lo CHH LEBIES LBV TH LN L.

4 ER, HREBRETITITE

4.1. FEFERFERK(2013-2014)

* TEMERER & TR R Y FORZELEMCBT DRICHIERIT KR BIE, P EF, HE AF AMMEPER
B ERFFESL MAERFEODI - < E2F v i8R (EH) 201343 75222580 1C6-10

% Mechanistic Studies on the Copolymerization of Epoxides with Carbon Dioxide: Kinetic and Theoretical Studies Takahiro
Ohkawara, Koji Nakano, Seiji Mori, Kyoko Nozaki #5 62 BIE# TRitas SRKXFAMF v 2 (AN 20134
9 A 11-13 B 1ESAI0 (88

K* USSR IC S ZEBMERF L =B v RO EFESMBEOME AR BE - B8 27 - & B - BR
¥ BREZEEFEMFEFEFS HLEBRRKFERLX Y82 (BH) 201443 5 2730 B 2B1-47

b

4.2. HRFERE(2013-2014)

* Facile Synthetic Route to Highly Luminescent Sila[7}helicene, H. Oyama, K. Nakano, T. Harada, R. Kuroda, M. Naito, K.
Nobusawa, K. Nozaki, Org. Lett., 2013, 15,2104-2107.

- Copolymerization of Epoxides with Carbon Dioxide Catalyzed by Iron—Corrole Complexes: Synthesis of a Crystalline
Copolymer, K. Nakano, K. Kobayashi, T. Ohkawara, H. Imoto, K. Nozaki, J. 4m. Chem. Soc., 2013, 135, 8456-8459.

% Acceptorless Dehydrogenation of C—C Single Bonds Adjacent to Functional Groups by Metal-Ligand Cooperation, S.
Kusumoto, M. Akiyama, K. Nozaki, J. Am. Chem. Soc., 2013, 135, 18726-18729.

+ Manganese-Corrole Complex as a Versatile Catalyst for Ring-Opening Homo- and Co-polymerization of Epoxide, C. Robert, T.
Ohkawara, K. Nozaki, Chem. Eur. J., 2014, 20, 4789-4795.

% Copolymerization of Carbon Dioxide and Butadiene via a Lactone Intermediate, R. Nakano, S. Ito, K. Nozaki, Nature
Chem., 2014, 6, 325-331.
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FEETZILI—ILBENI SRA2—IIEIT5MERETO o BE
RIEDEEIZHIZ & HBERBPBHR

Structural study on the mechanism of excited state proton transfer

reaction in isolated solvated aromatic clusters by vibrational spectroscopy
Ol KE. HK RE. Hl BE RRIFERFERIEFEVER)

1 BB, IR

KARISLRIEDOBEIEFN Y Z X4 — 2B 2B THERE T 2 b B8 (ESPT) KIEORIGHE L R A~
I RUNLEETAZILEAENIZ, 1 -FT7 b= -TUE=T 7T RS — (1-NpOH-(NH,),) 125t LEF
B xy MRAGIER L ERHEEZHWEHELTRoTWD, HmitEIZ, EHORAARZ FLrolm
BT 0 FUBERIED ALY MVEE, BEMEEORE, X7 vy —ihiEle EOMREE
LBIDIZARRIRTH D,

INETOEROFRICLY  BERETIEn=4 670 hRT V=T AI~BE LI BEN R b
B, n>5TRTa FUBEBERR LV RELRDZENALNIRY O0H D, I T, KEEDHI T,
7u N UBEOBY A AEO n=4, 5B T L Y RIERREERERZED, ZOEANFENLR LD
THDHIEBMNTHZERAMNE Lz, MAT, 1 -F7 b=/ TR L CEET S 0B TR
BTHIE 1 ETRHERIES, (Ly& 2 ETRERES, LH)OEREDIEFB LORIGER T2 b BEIR
JROBEEDE ZINTNDZ e, S (LREDLZZ LT S (LRI L ZEMBERRE OFE 2 LT, Bt
WEET O b UBEIRILD A D = X LOERERART,

2 BREEHGIE. BHRGE

So REEIZ- DWW TIE, DFT ¥ (M06-2X/ce-pVTZ) (2L D 3 FBEDOREIL 21T 572, S DEEERIZEIT
HAHEL LT, 1 -F7 F—A® OH EEAF LTV E=THKERERy NU—2 2B T 2HEED
BETHI LR VBERENEIT o7, EFMEREBIZOVWTIL, S RETHE LN R EHMEZ VILEE
& LT, BRRKTE ISR TD-DFT &% (M06-2X/cc-pVDZ) 2L ¥ Ly KT L, R F i >\ THEE R
BlEIToT, BON-ETFRHERBORBUBEZIZO RV —2 LV ERICAEL 0.
CISD/aug-cc-pVDZ IEIZ L ¥ 1 R X VX —FHE 2T o7, BONTL TR TOREMEIT L CEEREART
BT, BBENLEBETHDL I L EARRTHE L LIS, RARIGREZ AFED 5 2 & THRMFIA AR
7 hvERST, 0 K COREENTZ ULV E—FEF RN F - IBEAIRBT XNVX —FHELITR I Z &
TRDTZ, ZOBE. BEARBZXLX —IIERMEELZEETH . EERIKETIE 1-NpOH & voy D EERE
LEHBEOHTH D 0943 &, MESRIEETIXFE U< 0948 # AWV T A& —L Lz, T TOFHE T Gaussian 09
#FA L,
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3 MR

1-NpOH—-(NH3), ? SREETIE, n=1-5 FTOTRTD I T AF —T non-PT KN RLEEEL 2D 2 LR
ALl oT, SORBBIZBWTEEREY 2 U BE) (GSPT) MISEE T L=t 10 keal/mol LA EAR
RETHY., TOWA XEHTGSPT IZALRNWEEX bnd, BEREBIZON T, n<2 TV Ly
REEDRRTETH Y, ESPT RUSITAE LRV, 1 = 3 Tk, Ly REET non-ESPT R BEEHEL 25— H.
LOREETII ESPT AR EBREE L 720, LyREEX D b 10 keal/mol ML E R REMEREL o oT2, n=4 B LT
5 TlE. Ly L, ARRE L $0Z ESPT (AN ERRZEMIE L2 0 | L BhEIREEN 013 0 BIRRIERETH - T2,

—F., ERLOMEEEZD L. SO REOEERENLDEFIHERE~DEEBESD = XL X —%E L
BULENDD, FZ T, SR, LRSI L RETENLENEEL LEEECB N T, LBIU L~
DEEEBOTINVE—ZFHELE, 22T, BRRERLOT I F—EEREEZ DD, L RETE
W L7 E (Lyeopt) TORKRES LIREBOTIAF—FHETIVNERL S, FLL, LIRETOR
TAEE (Leopt) WWHEELTEERESL L REOZ AT —LFETAILERD D, ZOHETELNLE
EEIREN D O X F—IF, Via OEEREBOREMEENSL ORF=RLX—2 525, ZHbD
TRNAF—DHEE n=3-5 DTN COEETIT o7, ZHUHDOH. n=4 DHFFIT DN TOT RLX—LEN
X 1R,

Sg-optghaoptm - e _—
— Lb Opt[ﬂ] e i fi" i By
B 110 e R = =
£ R [ i s e
= N S I
S 100 L“'Wm;,m S B i - ey T
= ) Sz PT[& ¢ TR e
— H T ﬁi‘;m
s i
;in 90 = w.szh—
o ! PTL T
.g 80 Pl Pl Py PTa
5 )
© ~
¢ 101y

10 PT
600a 045 07n 18 17w 22
o 0 o s o =
Va Vb Ve vd Ve I\ Vg IVh

B 1 1-NpOH-(NHa), 7 7 A Z —IZ31F B BYERD = 3 )L — KT

n=4 0 SR TIIRLTEEIE IVa L IRIZEEZRFEE IVD OBIZIL 0.4 keal/mol DT RLF—ERH L, &
DIz, RZEHE IVa & 3B BICEEREE Ve OEICIT 0.7 keal/mol D= F /L ¥ —ERH D, - T, o
LA RREBE L RIIRERBEICEFLTNELEZZORRETHD, TNITEREBELSL,
ERANIZ IVa b DRie & T & LTEZRITNITR S0, 2 OMEIL non-ESPT (K Th 272D FERIZEBIT
2 mhiE Tid. Franck-Condon [KFMDHIFIIC X 0 FANC non-ESPT (ABAER IS EEZBND, FDD,
n=4 O SRETOREEBEICBITAERT v LIk L Franck-Condon #iEI1Z E > Tl n=4 TR L7
W2 EHEBZ LN, ORI TIHEMTE R,

RECHEIVanbOBEEBRLZEZD L BEEEBBELIL OAN L IV HRICEETH D | 4K
WTEKT 2D LRED Y FAF—Th D, EEREN IVarbBEBB TLR L ZOWBEIT, 5HET
B 57 IVa O Ly-opt OS5 %E % T ESPT A= LT 72av, RIS, IV 12 oW\ Ch ESPT IZAE S LT
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WhWEEZLEND, —FH, ELIMOBEETEDTEXD L, 7 b UBBILTE [Ve @ L-opt 72 K13t
FHE TS S IVa D LREEL Y S BETH D, o T, HEEEZOMEGRNTETHILIE, ESPT 2
X2rEZOND, MRCETEBELHBRT DITTMY O XL F —EERTHEINS 2, BifRED A
VY UREIEENREE I L TV ABEAILESPT 22 2 &40 & PR SN D, Zhid Leutwyler 5 <° Fisher [1—
3L DEBREMICHIET D EB X bND, —F., HEHEWIRENREES THIE T 27 O IXHEEZ B 2 TS
HR#a L, ESPT X AREEMENRDH B, 255X D &, Zewail [4] 5 Bernstein [5]H D EREZFIZ DI NV—T
OFERLFBEETICHIATEIENTX B,

K2Zn=4DHEITOVWT, HEEBEIVaz PIHHEE & L CLJIREE THE L L 72non-ESPTIE LS L UL E
REEIVeR ML L L CLARBEE THRiE(L LZESPTIAD — > DB EEE L Hin A ~7 bLraord, HRst
PAECIE, [VaDiFA, 2400 em LI 1-NpOHO OHAFEIRBI O S B2 1 AHN B 21T e DIZxt L, IVedD
A 2400 om  OMIT2470 em MFIEIC B ESPTIC L U 48 U7 NH T B3 538 < K EREA L NHIEFEREA
VERBEND, ZOXIICEEOEEARY MEIERER S THD I ENDG, IRAip/HHEEICEDERICID Z
DY T AL —Y A ATEFHRREOFRAALY FARELNBE, ST#ESERE LESPTRIEDH A X
KEMOMIREFTREIZT 2 H0EEZ N5,
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2 1-NpOH—(NH;), DhFRIREE DB THEE L IREN AN h L

n=35 OHEAITIE. TN TORMEEROEEFIL b BB RE S UTPT RO LRENE bz, Ziid,
ESPT OV A X n=5 THBHI L ERETD, ILIZK3ITRLEL S, ESPTEOEE I n=4 DHEE
& FIRRIZ, 2400-2800 cm™' OFEINIC NH, B ORFHMAT2 NV FRBND Z E B TRIE D=8, ESPT K&
DB ERNGIHPDIRHTE D LHFSND,
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(Va) ESPT (L)

Intensity (km/mol)
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-1
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X3 1-NpOH-(NH;)s DEARFIRBE DO LS L IRENA Y bV

ME T EBIEYA RXAERELTDHEETEERREIZBOTGSPT FUMNEL D Z EBRFRISNTWBI6],
IHNETOr<SIHTHEHETIT, BERETNpO & NH,/ DA 4 T 2 +DICRERSE D71 OFEE
TRV —%BDEERNTE TR, 5%, D &b n=8BEF CEEERZMFE L. GSPT L%
B TDIZn D07 BT HTRGENPL NS YA XEFHRICONT LT Z BT TETHD,
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4 EXR. HREEETITTE

* “Structure Determination and Excited State Proton Transfer Reaction of 1-Naphthol-Ammonia Clusters in
the S; State Studied by UV-IR-UV Mid-IR Spectroscopy”, S. Yoshikawa, M. Miyazaki, M. Weiler, H.
Ishikawa, and M. Fujii, International Symposium on Molecular Spectroscopy, 68th Meeting, The Ohio State
University, Ohio, USA, Jun. 18, 2013

%* “Theoretical study on vibrational signature of excited state proton transfer in 1-naphthol-ammonia
clusters”, T. Shimizu, S. Yoshikawa, R. Yoshino, S. Ishiuchi, K. Hashimoto, M. Miyazaki, and M. Fujii,
Seventh International Conference on Advanced Vibrational Spectroscopy, Kobe Convention Center, Japan,
Aug. 27,2013

*“1-F T b=V - T UEET 7T ALY —ORERET v b CBEIRROY A XK OE R
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RTINS ANOICAICAIT-EREARELBEMHD
B-EFREHELEOEFTEMNE

Calculations of geometric and electronic structures of amorphous
organic semiconductor materials and refractive indices of their films
for device applications

Ol KR (WP RFRFHE T FHFER)

1 HFEER, NE

i3, H20 SEEM DMk L CIHRE AL EREES MR L LS EIFRRELED . B EL- %
FER BB OFHCEERT A AMRICA B HRE L OMAET LN LCER, IEREFRFEERME
VI 2 AT EAR T N RIZBWTHBEICAW LN TV AR, RO O@EmREEI I M2 E MR
RN DRMDENEL | EPELEET D ECEOFMBRBANRD N TN D, TRETHERBRE S
MR ERICL DO RLZRBL LADLE o EREAERLEEEFOS RN - BRRARMICOWTEE
ML ST 2D T X T, MO SINT, ZICAM EL MBS FEAIREEZ ER L FHRICEI > TRHA L,
S BT H23-24 £, ZFOX SR E AHEBKBEMA OMEHC LIRS, S FEMDOOIT & T /51 ZARE~D
FEEICOWTHATE T,

H25 fEEIT, BlE kX A EL M5 - AREFERKBERMEHC OV TER - AAEO@MEN LB 21T 5 &
Ebic, FRL EWAT L CHIICAS P EREEO BITE L TRT L -ODOHEL T/, BABHRKIEL, 7
FTAF v IHT 7 A BRI DIETTREHEFEE S B, AR OEFRE- S FEREAREEF 2 —=
VIFTBI LT, AP EAEBEOEITELMOD TR RBEHTHE TE 2L 2ERRELTRY ., 2
ML D AT A AP OHEHE XD PRNCHEIET D Z ERTREICZR 2 LHR LTS, REMHPDOIR
HHERITEREEE SRS T 2720 BEITER L CRBITROFHEEEEME L T RETT 50 0HE
Z{To7,

2 WrEEFk. RHETR

GAUSSIANO9 ZF|f L. A3 Amet URITRtEA. A EL . AEEERGERNO/EMED)
IZHOWT, BERMESE, BHEE. KAREBFET— A b, BEIEBTFE—A Y b, O FoBEREION
TEHEE1T o7, FEIT B3LYP/6-31G(d)F L U B3LYP/6-311+G(d,p)iZ & » TRIE 1TV, HEOREEELZE
TAHNFOBEIT. FOEVEBRTAED, 1 OONFITH LTS T HEFE TEZW L O OB ERFE
PN ENEE L LT, BHOBEREMIRE AT,

3 BHERR

3.1. MO EBITRICIANT - BB GE R ORI R

EEEAHEERERFROBEINIEE HRE LTHOFREZTV. TNLOATIZOWTHFFIR -
FOBBREDHELITI 2L T, BEITFRLICEL O DN TE - HE 2T o7, SENEOHLEEREE
EHTBEE000E,. (DO TREL OEEBEEEDAN) m—2 g 02K L TRV EEFENFFRE L 2D 2 &,
Q)5 THRROBHHENKE S EBEET O FREREICH LAEZERA LT NI & GYEVEFTORE N

- 144 -



FHFHDWITBBRELZA LS TABENRREINIE, REEERD, ZhbOHFHIHN, B 1ITRT
LN FeRB s L THBREERROS TR - 5ForBE 2R L. mEITRMCET 20 F&EHE
FHZOWTHEHBRHBIC L D2 EMTIT 2 o7, ERIZD

NOOHBOREMEERLIL 25, SFRERE . . o . Ly, o0
X L O R BRI LTI 0, ol 2, a7 0 R
BOBSEEE LTS - L AHREA TS, 4 ATy o,
S LIZEEIC L5 TH < OB FIEONTRE EAT 0O S L
BRI 1T T ) TR S ST L TR 21 A e
EBZT D, 1. ®& e Lk ERTEIERE

AR BT 0 )

3.2. HHEL M#R & AR B ORMRE - EY
BT E— A b DFE

WEFREEICHEZTo AR EL A AR EREAMBORE-ER L LT, SHRERFSFHERILARN I
HE L MY N T EIEEREMEHI OWTHEZITV., B2 BRI miT CoEstz B, 570
RS - BETHEL., ThThOZRFFHRIRBESNIBEBIBTFE—AL M BLIOERL DRI A
EEFHEL, ThLOHBEREEZORTY TV A P ) —EORFERIZL > THEONDAFEOHEERED
BEMEBL LADLY, BEREP CHFOLRFEENEOL D ICEREICR LTEM L TWA0EFM LT,
Eho. ZOEAELE EROAE EL 71 XOFIFESD, ZRLOSTERNT /N ADFEHEOM
EERESFEELTWDIZEEHALNE L,
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W [1] Motoyuki Uejima, Tohru Sato, Daisuke Yokoyama, Kazuyoshi Tanaka, and Jongwook Park, “Quantum yield in
blue-emitting anthracene derivatives: vibronic coupling density and transition dipole moment density”, Phys.
Chem. Chem. Phys., accepted (2014).
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% [Invited] Daisuke Yokoyama, “Fundamental properties of vacuum-deposited amorphous organic semiconductor
films: density, molecular orientation, and refractive index”, SPIE Optics+Photonics (25 Aug 2013, San Diego, US).
% [Invited] Daisuke Yokoyama, “Molecular states in amorphous organic semiconductor films used in OLEDs”,
EuroDisplay 2013 (33rd International Display Research Conference) (17 Sep 2013, London, UK).
* EEER, SRR, MEZEE, NI, BILKHE, X SREFIEIC L2 ESERRFPERREEOR
BN & TR G, 2013 ARSI S (2013/9/18, RIFEFLKE).
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Predicting a GTP sensor based on the epsilon subunit of
bacterial ATP synthases
OmME&E ., Alexander Krah, &M &, % %, H EA. /I Bl &L BFE &H £
B OB B, R ZESR. B FR DE RE. &K B EAR b GUERK
FHEFUIRD

1 WFEER. AE

F-type ATP synthases are the main producer of ATP, the universal energy source, in all living cells. They use an
electrochemical gradient to produce ATP; vice versa they can hydrolyze ATP to pump ions across the membrane. The
prevention of wasteful ATP hydrolysis, underlies different mechanisms in mammals and bacteria. While ATP hydrolysis
is inhibited by the ATP dependent & subunit in bacteria, a pH dependent inhibitory protein IF; inhibits this hydrolysis
reaction in mammals. Crystallographic studies show a dimeric structure of the € subunit from thermophilic Bacillus PS3,
not representing the biologically relevant monomeric state. First we simulated the isolated monomeric wildtype €
subunit from thermophilic Bacillus PS3 (derived from the dimeric crystal structure), Bacillus subtilis (homology model)

and several mutant systems (thermophilic Bacillus PS3).

2 HIEGIE. FHRGE

We simulated the monomeric € subunit from thermophilic Bacillus PS3 (derived from the crystal structure — PDB-ID:

2E5Y) and Bacillus subtilis (homology model) in a
solvated box, containing 4 randomly placed Mg ions,
by conventional Molecular Dynamics (MD) simulations
(crystal structure and two models, 3 * 150 ns each).
These simulations showed a second sphere complex of
the Mg?* jon in the & subunit from Bacillus subtilis, but
not in the ¢ subunit from thermophilic Bacillus PS3. To

clarify first vs. second sphere ion coordination, we

calculated the Potential of Mean Force (PMF), denoting

Figure 1: Second sphere coordination of the Mg®* ion,

a first sphere coordination, followed by conventional

MD simulations of each possible ion coordination shell. derived by conventional MD simulations. The second

To further clarify the details of this coordination sphere, sphere  contains two  carboxylate ~residues, which

coordinate the Mg®* ion via a water network
Thermodynamic Integration (TI) calculations have been & ’

conducted. All simulations have been carried out with

the program suite GROMACS and two different force fields.
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Figure 2: The final result of our simulations suggests that the € subunit from Bacillus subtilis binds Mg** in a first
sphere coordination in the vicinity between the B-sheet and the o-helical part (left — red box). On the right a zoom
into the binding site region is shown. The bi-dentate () coordination is supported by our simulations, while the

other coordination shells are not supported (X).

3 HFEEERE

We find that the ATP binding site looks differently as claimed in the crystal structure and predict the ATP binding
sites of the simulated mutants. Anyway, some residues show high flexibility and experimental evaluation of our
theoretical data is required to understand ATP binding to this & subunits. In the second project we found the Mg
binding site of the & subunit from Bacillus subtilis. (Fig. 1) This binding site is located in the vicinity of two glutamic
acids. In addition our simulations suggests a proton dependency in one of the tested force fields. To further address this
question, which might point out a similar ATP hydrolysis prevention mechanism as in mammals (pH dependent
regulation) in addition to the common ATP dependency in all bacterial F-type ATPases, we will calculate the pK, and

the Potential of Mean Force.
4 FEREEETLITE

- Talk at Rikkyo University (Prof. Kato-Yamada), 30.8.2013, Tokyo

- Poster presentation (Poster number: 1P149), Meeting of the Biophysical Society of Japan, 28.10.2013, Kyoto

- Poster presentation, Workshop on Modelling Biomolecular Systems in Cellular Environments, 31.10-1.1.2013,
Kyoto University

- Talk at A*STAR Institute (Dr. Bond), 6.2.2014, Singapore

5 HMEBEZITTE

Alexander Krah and Shoji Takada, (¥¢F& %)
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Theory of Molecular Interaction and Its Application to Studies of Molecular Clusters
omH FE (BISHRBREBLFHEFER. o TR

1 HEEH. AR

IHECHEELTEERFAFES FHECPMO)CESSEHHE v 77 0 2&# L L, TELA
BSSE-free Hartree-Fock 77 A pBIAIFTE FIEEZ L0 ERAT 5, QFICEREE, K7 TF2RZ—HAO
AKEREEFy PUV—2ZIGAL, AR R VE I 2 ERBEIE L HHBBOBFZEE M
T5, i, 7T AFZ—HNORREEDOHETEITY., S b2, BRIBESSE., ~"ur U EHE. &84
A ORI LI AREEZERAT S, QLPMO EEEVTAALRMCO)Y I 2 b—a v BlBED
B, BOTHLTENSTONT 7 7 AE— OB EBEE O 2V F—(EKEETET 5,

2 WrEEFIE. RHEFEOBRR

SHEED IPMOEORRICHZES, ROLIRERETDHIENTEL,

— B RN 2 Yk X O 3 WRIBENTE(LPMO 2&3SPT) % — &8 openMP (2 & A5k & intel compiler @ H )
A %Y optioin = & » FE(L B ERT D Z L BN kERFIBELOH ), EEBEN 1000 REEZES
WZETHETFRE L 72 o7, T2 & 20, (H20)20 O aug-cc-pVDZ(FEE B 860)0 5 2 5HE L. ccuv D(80core,
20threads)% AV, (used wallteime=6:02:38, used cput=86:53:02) T T LT\ 3%, LPMO %2752 SCF &
EBorid. cpwwall EEAS 19.6 12722 T2, 2 EFEN NS Fock 1781 % > < B0 openMP 12 L B3
FHkiz L EwEk a7z B, MKL OiERIC & » TEEITHIFEE 3 & threads (L Iz 729, B cpwwall
ERERT A ENHEK, BETER. BEHEOTIIERHE & Rk LB HERXDREZ WS
L322 ENTETNRY,

TET KOS -MEBOW %25 T, Python 3 script > T, LPMOPT #E 4 EREIT 25+ 7 A ¥
—DE T A FHBEICHE LIZ(MCY Py #BE L,

LPMO PT T3 48 7 BERIEER DR EY 51 Configuration Basis Inconsistency (CBDJIZ L AFEEL & F
BROHRBRFEERoTWS, Flo, | ROBEEHEKEZHNT, 4 rx80BWBEIE, SWIELE
BRI H5FENRMHE KT o77AF—CEAL., KEEABOMWREHERT I LIChPICERTE S,

3 HMrERE

LPMO FEEIPT)F R TiL, BE=RNFX L ETHP? < (EfM +E )+ E,

BindE BindE

= Eappr'oxBSSE—freeHF +E (K4)

isp Disp

R TEHAET D, TRETOFBEIZE > T, aug-cepVxZEAN D & (EFY0 4 B, )= EWPoBSSEfiectit
DSL LT 5, Table 1 &2X(Hy0)0& (Hy0)s DFEXIFE B T RN F —Th 5 (HRERK2), 7 T AF—
OEEIX, Xantheash &, Gadre b BAMP2TIRD LB DEFIA LT D, (Hy0) THHIZE A Y DHAT
LPMO PTO#EF 3 1kcal/mol(4.18kI/mol AN TMP2DFER & —F LT3, (Hy0);sTid, Gadreb 2
Molcular Tailor Approach MP2 & £ K2.5kcal/molD BV MEWVVNR B D b D DOFEE T3V ¥ — OHMEN
250kcal/mol &#%% %5 Z & ZEET 5 L LPMO PTITERIZIN X
BEoRBEEF-TCWHENZ LD, Tables®AIFIR LY
TAZ—HNONBRDOKBFEHDOHEDRNFTEERLTND,
Bl % iE. (H,0)Pedge-sharing B4 {f(Xantheas & DFf LD EME .
EMO@YGY DL, ZORMEET, SEO4BRA[W- 4
WjﬁWk%WIHWi]O)f;éth i&;‘é‘j’ % . 4{[3] 0)4;5% D) [Wi_)Wj_)Wlﬁ_
Wl“ﬁwl]®£é\ IEO4EEN [Wi—>Wj<—Wk—>W1<—Wi]@£é%4%Eo
TWBZEEFLTND, KOFOBRROEEBEZEEETIZ,
KREREDOREEXEZDZ ENHRkBZOT, ZZTEFHAELTY
%edge-sharing 2 E 4K & BR R R ¥ OB 2 1B 2 BHEMRITR
U 5, EFETable 10G20E & U 5 [A] Cedge-sharing 72 73 (Gadre
LOBRIOEMEF)DIERIZ. @B U VI EEL LT
W%, Xantheas 5 % Gadre & HMP2/aug-cc-pVDZEH TH 2 3,
BERELOFGN MBI IES DT REMDELILET D2 LN TERY, ZOMITE208ED

M 1(H0)y:sFTD6BEBL7TEE
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Table1 Comparison of the relative binding energy (k3 mol™ of the isomers of (H;Olo

Isomers ESTDEP egqn (1) MP2 MP2 MTA-MP2%  MTA-MP2® MTA-MP2° R R

Ref. 2 apvDz? apvDz? apvrz®  cBs? apvTZ? apvDz? X

Edge-sharing 0.0 0.0 0.0 (4)’&31)4(1 111)%(5) (41)°(32)
Fused-cube 6.2 7.4(9.0°  (10.5)° 11)°

Face-sharing 6.5 4.9(5.8) (7.9) (4)5(31)3(1111)" (5)*
Dodecahedron 47.6 52.3(53.5) (46.7) (5 41)°(32)" (2111}

Ref. 3

G20E = edge-sharing 0.0 0.0 0.0 0.0 0.0 (4)° (31)5(1111)3 (5)2(41)2(32)2
G20A 10.5 7.1 2.1 6.7 6.3 (47 (31111) 3(5)*(41)°

G208 6.4 6.7 109 5.9 9.2 (31 (1111)1 (5)‘(412) (322) (zany?
G20C 8.0 7.2 7.5 7.5 7.5 (4) (31)°(1111)% gs) (a1)

G20D 14.2 14.8 15.5 15.5 15.5 ()% 31)9 22)%{5)'(41)" (37)-
G20F 10.5 10.0 10.5 11.3 109 (4)*‘(31)"( 21%(5) (41)'(32)

9 Ref. 3. & apVXZ = aug-cc-pVXZ. © Ref. 2. ¢ The two-point exirapolation to complete basis set. © See text for definition.

Table 2 Comparison of the relative binding energy (kJ mol™ of the isomers of {H,Ols

Isomers EFFTPSP eqn (4) MP2 MTA-MP2* MTA-MP2? MTA-MP2% Ry; Rs; Rg; R

Ref. 3 apvDpz? apvpz?  CBS* apvTz? apvDz’

G25A 0.0 0.0 0.0 0.0 0.0 #3156 @1°(3Y 2111)5(33)"

G25B ~3.1 3.0 0.8 2.1 4.2 (41231 P(1111)5(5)7(41)%(32) 2111 (6) (51 ) 42)"
G25C 1.9 4.1 1.3 2.5 5.4 (43171111 5(5)%(41)° (211 1) (6)1(31)3(%111)‘
G25D 8.7 a5 2.1 2.9 5.0 (4)3(31)3(11 155 (41) (327 2111)% (61"

G25E ~2.2 3.7 2.9 34 4.2 (4)’(31)’(1111)~ (51°(a1)°(32)%(2111)%(6)'(51){42)"
G25F 0.5 9.4 63 7.5 10.0 @146 E15E2)° 2111551 (33)

4 Ref. 3. ¥ apVXZ = aug-cc-pVXZ © The two-point extrapolation to complete basis set.  See text for definition.
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E-—REREFA T2V ADZANERH

Theoretical development of ab initio reaction dynamics approach
and its application
O®RW fith, iy 3, /NEF WY+, Lyalin Andrey, |Ui& ¥, & #,
JRB #h, HERSY B, BTR R, A A, B i EHE KE,
W Bz, /b T, £ ¥, £65E (hmERE)

1 R, AR

77 FEERIE. Born-Oppenheimer ITEUT LV & b < EFIRREER & KIGEIAIZOSEFIC 0N TEEEET
TEER, EFEO2LEa—FYOREREBLEIANETLFHE 0 /7 20REFRIC LY, ETRER
ADDBEONDIRT Y VliEOT — 252 ZOEFENFEHRICHND [B—REREYATI 7 A B
FERMEFEL 2> T& 7, Ab initio EFREHECHOLNDIRT Uy VARUIE-S3 S %@37‘3%
(AIMDYAIZ, A7 v v VR E WV D ERO S FEIIFERIC R 2 X MIhh B 0MER O/ RS
AT&2BAEHDL, TOERAHNBIIETETER->TNDE, BRrxDINL—TF T, TEFATIERSEED
SFRENGEE LEE-FAERGEY AT I AOBARBLAILET 22 L2 B/MLE LT, ISHEELIED
NDOERGRHEFEROBREZTO ZEICERZBE AL ED WD, BEIICIE, (1) EEEER L H

DIZBETES AIMD a2/ 7 A0R%E., QBEDIREHODIIBR LEBERAXERIEEHRZ D
QM/MM-AIMD 71 7777 A DRRH.(3) W7 a2 M BEE ¥ —7 v b & L7 WKB-AIMD 712 7 5 ADRHS
4 BRFZAL0FRONMEBNS 2GR L2 A0 -BERAER2EE L ER3EY AIMD V' n.y
T ADER, BIToTER, 25FEIFFEI, V) IV UVEEORRNERMN AL REICETAE REST
BMAZYIab—var BRI POBEICES PRV SEOBE-FEHAFIEOREL bl
DOEA %1772,

2 WrEESE. BtEFIE

FhALREE DR BT, ab initio B T B CASSCF ¥, CASPT2 {72 & NS EIC & 5 TDDFT
EH##EH L. MOLPRO & GAMESS # W\, BWHEZE., 26N bRV B 43S Lz ab initio 4778
FFEHE T MNIBEEL, FRFNEFREHE R/ T00 0 07 LTHER LT,

3 BFEERER

31 v I VUREORBRNERNKERBRICETIE-RASFEHNIFVIaL—va v

DNA TSRO RINE 2 /o0, B RZEERREREZELTEBY . ZOMHEIL DNA OFE
EMHEE LTHLNTND, HFEOERZMIICLY. ZORGERBIIV a0t —F—TRID, &7
VU VEEOMEREAREERRE R L TVD I ERGho TS, ERFIZE L HRHIZE O BHEZ
Iy, EHFPORLSTEEOKTBRIZE L TZ < OMANE LN TE N, IWIRNS° DNA BN THOXL
BEBIZE LTI, WEEHSIRBEEINTW R, AR T, KERFPTor ) I DVVEE (U7 v,
T YhUY) Exgl L, BhEIRE QMMM-MD ¥R 2 b—a UEITYD, SR TCTORE & T
BT ET. BROBES TRRERERICEZ 2EELERT S, [ETOYY IV UVERORGBRICHEY
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HZETIE, KT VHAIC L DFHRNEL R EINTE T, REREEBRREDRERE, R/h=X
AF—CIBEORE L TN L E 2R SHR/PZRINVF RN TR T oy VT RV XF—3HE N FICITD
T E 72, DNA HIEIZBT 5 EIEREESHE Tid. SA-CASSCF #:i2 L 2R & CASPT2 iz L 5= x/v
F—EEPIEERZ protocol & LTESCHWENTE R, L, BEOWEIC LD &, Z D protocol TIEAR
FRBERSHY . BICEREROBEMINELELT, T, BB IFHEBECBWTEHFE=X M
DIFIABND D SA-CASSCF R I AV BN TV DN, BINFHEORICZFOBES+HICRIES T
2T, TOBNZOBRITEETE RN O LD, R TIHE., A7 vy Vi AV icEm & 8
F1FEHBIE CASPT2 % EITITV . #WE3kkD SA-CASSCF ¥ & Wi R L OB B 1T o 70, F 3 IR LT,
SHEE (QM) LAEBEHET (QM/MM) TOMD V2 alb—3ia % {Fo7, QMEEE L TR FK>F3I
DEFFFE I, EEREBICH L TE MP2 2 A, BiEREBICR LTk, [SEPOFE T
CASSCF(2,2)% . /KIE#R™T TlL CASSCF(4,4) % 2 REAH L LTz CASPT2 iE& v 7z (£ CASPT2(2,2),
CASPT2(4,4) & 3 5), EJEEEUL 3T Sapporo-DZP % Az, FH, MM B TH 5K 7121 SPCF &
TIBHER Lz KRR COMHECIE. —B 16 A O HFEELNIZF IV 1 HFEKR IS TFEEE L,

F U ORBEEIBRICIE. 2 2ORERE (an¥, 'nn*) OBLGRIAE TIOREIRTWD, 22T
T, BRIEETH D e REEDOBEZ A LLBRICESEZHTH, TNETIZ, C5-C6 DRUNEM D HH#R
Z & (an*(C5-C6)/Se)er R LI RFBENHRE SN TS, EBERETEE & (T=300K) ®MD 3
ab—varETY, REPELSERE, ~ENRERRCEELEHELIRVE L, 'mrtRETO
OM(QM/MM)-MD ¥ 2 b—3a v AHME L, MD S 2 lb—3 g Tld, B ax FOBLA) LIEMZE
Ml o/AsE vy CASPT2(2,2)FE 7213 CASPT2(4 M) E A NWT VDM, FF7 V=22 M) =il - C—EOHERBT
CASPT2(12,9) D=3 )LF¥ —3HE 24TV, 'antREICE L TR 2 b /b S RIEHZER O E TH B EN
BOENTWAEZ LB L, FIV=7 P =2 LR, KRBT CIRBIEE#IT ot & 'nnRED
TRAFE—REHELTEY, e REBOES T C5-C6 o Uhi i, (an*(C5-C6)/So)q - EET 5
ZENTRENT, £ KBERFORBED b T Y22 b U =T, KEPICHEAT ' REEN L E/L L, 'nn*
REBAREIT DI EBmholz, ZORBRIZ, BWERFT T 'mrrREQOLBRIEBEICEETHY ., 'on*
WEEIZEE LAanZ L 2R LTS, & DIZKERPOFETIZ., (on*(C5-C6)/Sp)a & 13 B2 D M=
FICEET D o V=2 MY —3i oz, TOMERZERILC4-08 NARBREENORE S BEATLEES
LTHEL, KBERTCHEFOZI AT —BEEFICHERTRELBELEINTNDE Z ERbhol, TR
BT, n(C5-C6)—>n*(C4-O8)DEIL & 72> TE Y, C4-08 DA LR =)VE L EIEOKS T L OKREREAN K
JERRBICEELREEZRIZL TS 2 Eibhole, BEDX ST, AR TRKBER DL TEI DH LW
KERBOGEEZRT I ENTE,

32 BT FUoBEICLD FUoRASROE -FEHE . Folo L ~0EE

T BB TCREBORTHICEKT A NURAPRBEELRE LR, e NoBBEES EER
HTIIBETFRERECBO T RICERBEER TR LD, FURVBROFERRE 2D, EBRIIC
. P URVRIZHEERMNENM DR _EHTRT Uy MIRBITBERENOSEE LTERIS
BN, PURVERIZIET e ROBBILUAOSFRERELEE T A0 BRI RAVE A F IS
AB RN T HE—REBAZHEFEORERRD LN TN D, SHFRETIIKI, ab initio 2y FEI/F
(AIMD) 710 7' 5 LIZ b U RNV EE L IHEBIZ RE D 5 Makri-Miller O FEZFEEL, vy T AT B R
O BFEEREICBITZ hrRASEETRIGER L TEREL BV —8E2B 5 Z LICHlTh Lz, A% TR,

- 153 -



TOFEFETRHEEEBICHEEL., PR n(CTHO)~LEATS, HhFERICID, raRorof—
BF IR FEIZ 1T D FARED b R HEEIL 189 em™ LA SN TE Y . RALAED, PO)E# L=k
SYBUERC, EAMESZ IR S BB RENED LENIRE £ R S BRI SMESHMT A2 E b
FNVHBROT— FEFHIZOWTHBENH D, —FH. BRFE TR, BHRHEZ 23 RCICHRLEEFD
HEEIZ LY FUORASEENRRE S, BRI TV, AT, 2HHELXERELEZE-RENT
BB bR o oRREICBITD FUORAGERERFHEL. P UORARBREBAOEREESER
7t BHEICET MBI X ANET D,

FeRoroETEERRE, S—pRREEnoREICH L, 2R IKRESHIELVLVOEFIRERE
(MS-CASPT2/aug-cc-pVDZNZ L V| FHET 2 b BENEROM/IMEE L EBINEBEBELRE L, HWVWTE
TRHERIEBICRBIT B F A F 7 AHEEEITT B0 EFIEERTT L. MS-CASPT2 IZ X5 =R )LF—F
BE L RS A B O B < BT 2B AR LT TDDFT 4B FREFBEICAVWDIZ L L L, F
P EA RS EE(IRC)E b RV ERE LT WKBIEEIO T T R RANEUERZRDT- L 2 A, RILFRE
OHEA VIR LT bR ASEERK 110 Sl/NHES D Z L 2R L7z, RIC AIMD FHEIZED F
CRNVGEUEDRE #IT o2, MD SHEOMHEMIL, SUREBOFE LT P RVITEEN DD 4 DO
HERENC FERIRE) = XL X — % 5 2. ZRUSOIREIE — NI bath mode & L THBMAIZ AT DT FLF—%
BExAZ bl LT, THEEFOERT R RIARKBEED., FrRAREBHRORFOEENENLRAIIC
BT AN U RABRICR - ERBESOHEEZET L. BE L P2 VIRIEE 210 Ao & HELE
TEHLTHEEZREL D2 LICLY, PURADRELZEERMICEAEL D Z L ITmB L,
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RERUVEAKPICEFSIDFEF/ BEOHMEER

Theory of magnetism of molecules and nanostructures both in
vacuum and embedded in crystalline solids
(OHannes Raebiger, Daisuke Yoshida, Bae Soungmin
(BEENLRFERER TN - HETHEa—2)

1 #FEER, AR

1-1 Direct d-d interactions among transition metal impurities in III-V semiconductors

Transition metal (TM) doped III-V semiconductors have exotic magnetic properties that are intimately connected with
the TM-cluster formation[1-2], and may be described starting from the pairwise magnetic and chemical interactions
among the TM atoms. Usually these pairwise interactions are described via the p-d hybridization of a single isolated
TM impurity and the host semiconductor[3-5], assuming that direct d-d interactions of the nearby TM atoms can be
neglected.[6-7] In some special cases, this assumption has been shown to break down, as the d-d interactions become
dominant{8-9]. This calls for careful reassessment of the above assumption: are there other cases where d-d interactions
become dominant, and if so, for what range of materials can one safely neglect the direct d-d interactions? We.report a
systematic theoretical study of the pairwise magnetic and chemical interactions of a range of TM impurities in various
III-V semiconductors using ab initio methods. Our study shows that to some extent, direct d-d interactions always play
a role in the nearest neighbor pair interactions, and further reveals for what kind of materials d-d interactions become

important in the description of pairwise magnetic and chemical interactions of the TM impurities.

1-2 Opposite magnetization of Al, and Al

Bulk Al is paramagnetic, but in low dimensional structures Al atoms may spontaneously align their spins. For
example, strained quasi-1D chains of Al may exhibit ferromagnetism[10-11], and Al clusters withevenn=2,4,6,8
are stable in the spin-triplet state [12-13]. Al3 on the other hand has spin-doublet (low spin) and spin-quadruplet (high
spin) states, but which one of these is the ground state remains unresolved[13-16]. The present benchmark study
confirms that Al, has a high spin ground state and unambiguously shows that Al has a low spin ground state. This

leads to the dichotomy that Aly and Alj exhibit the opposite magnetizations.
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2 WrEE. ARG

2-1 Direct d-d interactions among transition metal impurities in III-V semiconductors

We consider the series of host materials of AlX and GaX, where X = N, P, As, with an isolated TM impurity and the
respective nearest neighbor pair. For TM we consider Ti, V, Cr, Mn, Fe. We carry out total energy calculations within
generalized gradient approximation (GGA-PBE) to the density-functional theory, as implemented in the VASP package.
The hosts are modeled with zincblende-structured supercells of 64 atoms, with one or two cations replaced by a TM

atom, representing the isolated impurity and nearest-neighbor pair, respectively.

2-2 Opposite magnetization of Aly and Alj

We have used both Hartree-Fock method and complete active space self-consistent field (CAS-SCF) method, where
the many-electron wavefunction contains all configuration interactions in the s and p valence shells. Atomic orbitals are
expanded within the cc-pVTZ basis set, and all nuclear positions are relaxed. This gives a virial ratio of

- V/T =2.00000 = 0.00003 for each total energy. These calculations have been performed by using the GAMESS
package.

3 BFZERE

3-1 Direct d-d interactions among transition metal impurities in III-V semiconductors

An isolated TM impurity in a semiconductor or insulator host induces defect levels in the forbidden band gap of the
host that may introduce or trap carriers (electrons or holes) as shown by the calculated density of states given in the
Supplemental Information. The defect levels can b¢ roughly classified into the the e and/or t represented levels from the

projection of the transition metal local density of states into the e and t; representations. The energies of these e and t

represented levels is high for systems with small atomic number Z TM (e.g., Ti). These e and t represented levels are

occupied by the electrons due to the TM impurity, which yield the e1 , ez, e2t1 , e2t2, and e2t3 configurations

respectively for Ti, V, Cr, Mn, and Fe. Notice, however, that the e1 states of the nitrides with Ti falsely hybridize the
conduction band due to the LDA (GGA) errors,[4,17] thus we do not discus§ any properties of the states hereafter.

These defect levels can be described as the non-bonding e levels and/or anti-bonding t levels in the gap due to p-d
(anion-TM) interactions[18,19]. The non-bonding and anti-bonding states around the TM impurity correspond to

electronic orbitals with lobes pointing to the interstitial region for the TM atom in a tetrahedral environment. The
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directional dependence is strong for all the non-bonding orbitals, as well as for the anti-bonding orbitals for systems
with small Z TM (e.g., Cr) and small Z anion (e.g., N) due to the level anti-crossing.{4-6] This spatial extent to the
interstitial region is large for the non-bonding orbitals for systems with small Z TM (e.g., Ti), as well as for the
anti-bonding orbitals for the nitrides with small Z TM (e.g., Cr).

To understand the mechanism for the trends in the spatial extent of the isolated TM- derived orbitals, we investigate the
spatial extent of the non-bonding e and/or anti-bonding t levels along the interstitial. To quantify this extent, we

evaluate the distance 1 from the TM site to the points where the electron density essentially vanishes, i.e., reaches a

3

value of 107~ ¢/ °A3, which is about one hundredth or less of the values observed close to nucleus. We wish to probe

how sensitive this extent 1 is on the TM-anion hybridization, which can be artificially altered by adiabatically varying
the lattice constant a. The spatial extent of the non-bonding orbitals depends on the TM species and is large for the
systems with small atomic number Z TM. This spatial extent of the anti-bonding orbitals depends on both the TM

.~ species and the lattice constant = TM-anion bond length (= TM-anion hybridization) and is large for the systems with
small Z TM and short TM-anion bond length, i.e., systems with strong p-d interactions[20]. We conclude that the large
spatial extent of the non-bonding orbitals for systems with small Z TM is due to a weak electron-nucleus Coulomb
attraction for small Z TM, and that of the anti-bonding orbitals for the nitrides with small Z TM is due to a weak
electron-nucleus Coulomb attraction for strong p-d interactions.

The nearest neighbor TM pairs in a semiconductor or insulator host induce a manifold of defect levels in the gap as
shown by the calculated density of states given in the Supplemental Information. These levels can be roughly classified
as the e-¢ and/or t-t levels due to the interaction of two isolated impurity e or t levels. A wide energetic range of these
levels for Ti, V, Cr, and Mn and a narrow energetic range of these levels for Fe respectively correspond to
ferromagnetic spin configurations for Ti, V, Cr, and Mn and an anti-ferromagnetic spin configuration for Fe in ground
states as previously reported.

The pair interactions may further be classified as an interaction due to the overlap of the isolated TM-d orbitals, i.e.,
d-d interactions, or an anion mediated p-d interaction due to the overlap of TM-d states with host anion states. The e-e
levels for Ti and the t- t levels for the nitrides with Cr show a clear signature of d-d interactions. These systems exhibit
a covalent bond, which is completely different of any superposition of the respective isolated defect electron densities.
Such dominant d-d interactions in the defect pair electron densities are due to the interaction of two isolated TM-d
orbitals with both a strong directional dependence to the interstitial region and large spatial extent to the region.

The pairwise magnetic and chemical interactions of TM impurities in III-V semiconduc- tors can be described due to
the interaction of two non-bonding or anti-bonding orbitals corresponding to whether the highest occupied states of the
isolated TM impurity are the non-bonding or anti-bonding orbitals. Therefore, we conclude that these pairwise inter-
actions can be described as d-d interactions for the systems with small atomic number Z TM where the highest occupied
states of the isolated TM impurity are the non-bonding orbitals (e.g., Ti in III-V semiconductors) and the systems with
small Z TM, small Z anion, and short TM-anion bond length where the highest occupied states are the anti-bonding
states (e.g., Cr in III-N semiconductors). This finding will be useful for describing exotic magnetic properties of TM

doped III-V semiconductors.

3-2 Opposite magnetization of Aly and Alz
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We predict the*TT, (high spin) and *A', (low spin) ground states for Al, and Al, , respec- tively. Hund’s first rule is
only valid for Al, , and Hund’s second rule only for its spin-triplet terms. Detailed analysis of potential energy
components of the total energy reveal that previous interpretations, attributing atomic or molecular term stabilization to
either inter-electronic repulsion or electronuclear atraction are invalid for Al, . The relative stability of Al, molecular
terms is determined by Fermi correlation (Pauli’s exclusion principle), correctly described by HF. The® A", ground state
of Al, , however, is stabilized by Coulomb correlation; rather than %A', correlation energy being enhanced by some
factor, the Coulomb correlation of the spin- quadruplet terms is weakened by a symmetry break— for the spin-doublet

state the nuclei form an equilateral triangle which is distorted to isosceles triangles for the spin-quadruplets. The relative
stability of the 1 terms for a given spin multiplicity for either Al, or Al, follows simple arguments based on bonding
structures: the bonding structure with least number of nodes is most stable (Al, ), and for structures with the same
number of nodes (Al : *A, and 4B1 ), the one with most bonds is most stable. We have given accurate predictions of the
relative stability of all stable terms of Al, and Al, , and described the different mechanisms

that stabilize a high spin state for Al and a low spin state for Al, , as well as for the 1 terms for each spin multiplicity.

The generality of these rules is guaranteed by the fact that Al, and Al, exhibit opposite magnetizations, and Al, has two

sets of terms that exhibit positive and negative correlation.
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Prediction of crystal structures by using the SHS method
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Figure 1.
(a) Energy distribution of isomers of C¢Hg by SCC-DFTB calculations.

{(b) Lower energy part of (a) below 400 kJ/mol.
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Study of the structure and functions of cellulose and its related molecules using molecular dynamics

1

and quantum chemical calculations
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Structures and Properties of Carbon Nanorings
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Figure 1. Structure of cycloparaphenylene (CPP) and armchair carbon nanotube.
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Figure 2. Synthesis of [10]CPP dimer.
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Figure 3. Conformations of [10]JCPP dimer and energy diagrams.
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Figure 4. Strain energies of synthetic intermediates of [7],[8]CPPs
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Theoretical studies of electrophilicity and nucleophilicity.
O&% XB) I RB.ExAR BT, BEH E RE @R KM EF, #E F,
A ER, S O
(BE KRBT, RARBHRE)

1 IR, AR

BUGGF O REFHERCREMEIFARGEFE LHELERZLBEO—2TH Y, ZOHHIIHOVWTIINE
TIFRA BRFEPEBEZIN TN D, LLRRLBIEICBWT S Z ORI L TR, K45
T, S FOREFEL LOREHEICOWT, SFREROBSICE SV B OBERMNEIE 2 AV TEHE
THIET, HFORIGEEZR -BICEFT DM GEOREEZ BRI E L,

2 WBIEHIE. RHEGIE

3T OREFHECDWCIDEE, Par bAMELX REFASTFAZOWT DFT SHE 21T - R 2 EiT, HF

DOREFHEZRTTIVF BB EL, ETBHENIREFELELUTORTRT I N TED L LTS,
E=puN —IN? (1)

TITC, u(=8ELN) 1HEFERT v L THY, g (=FENY IHTFDON—RXATHDB, K (1) &Y,
EFNIZOWTTIZINE 2D 2ROBHBTHY, ENR/NEIRD LX, 7005 AE/AN = 0 3D 32 &
%, ErNIZ

E=—‘2‘—2,N=—E 2
n n

ERABTEWRENTVD, 2 TPar T REFMERITIEEL LT o (= 2EEHEL TS, u by

EBi, Bl A ML FAF— (1) EEBLRAII(A4)ZHNT,

I+A
p=—-——, n=1-4 3)
il ns
I+A I—-A
5=, = 5 €]

TERINDZEMDL, o DEFRTROSFOHELA T AN —BIUOEFRMN L OHBEATERS
?3”1/5 Z & 6:7‘@ Z)o —ﬁ KOOpmanS @Egic cthé:f,ﬂ k K &i HOMO & LUMO @ﬁj{,iﬁiz\\/l/%"_E}{OMo }_) ELUMO
AW,

Erymo + Enomo
o o NE Erymo — Euomo  (5)

EFLITE, ZOFRBUI LT o & RKDBZET, 7T 4 THERICESO I RIGHTM AT 2 &2
T&ED, FITHXIL, BARNF, T=2dy, BFFREDIZEREIZONT, S TEEERE (Gaussian09
7a 7 A & THF/6-31G(d,p) L L CHEERE{L 21TV, HOMO 3 LU LUMO OELUE =R L¥—%
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B L7z, HELV-VLZHF 2 OB, OFET 3L — AL OV TOEBEER DFT L9 L En

D ThD, BB, b o= A 3200 T HF/6-31G(d,p) L ~UL38 L U B3LYP/6-31G(d,p) L~V CEHE

2T ol-fER, DFT L-ULCOEERKETIE HOMO-LUMO X% v 73/ S < REEL bLAE T LIRS
(Table 1),

Table 1. Comparison of HF and DFT for the HOMO-LUMO gaps of H;0"

Calculation Level HOMO LUMO 7 U 12 €
(a.u.) (a.u.) (a.u.) (au) (eV)
HF/6-31G(d,p) ~0.9500 -0.1080 0.8420 —0.5290 4.50 —0.63
B3LYP/6-31G(d,p) —0.7382 —0.2646 0.4736 -0.5014 7.22 -1.06
3 BFIEAR

Par G ER LT 0 IZN(=u)DEETHD EABELIEND, BAXIEINORDVIC e (=uE T
L, B RR=0bf 3y (B0 #FAY), K (HO; PHENTF), BEOKBRLYA 4 (OH ; 7=74)
2OV T HOMO B LU LUMO O#LE TR AF—% KD, IHIZ o HEB L P efEEZNFNFH Lz (Figure
D, TOMER, B4 5O HOMO BLILUMO O R LF—L~Ubid & bIEN—FT, T=F L&D
FRHIBEDICEONERLE— LD, ZORBRELTHFALVED ¢ HITAK (0.63), T=FUED ¢
EIXIEE (+0.44) 7oo7c, REHED ¢ VEDETHDHZ LIE, e BEOHBIC L > TREFHELRKEMENEZK
BTE, SHIINETREFHEDOIEESL LTOAHWONTER o BEREMOBZIZHIBELTRVWS

LUMO 15.3227 eV

-

LUMO —2.9388 eV -~ HOMO -1.0150 eV

HOMO -25.8508 eV

E
H,O+ H,O OH~
AE =-76.3103248 a.u. AE = -76.0236150 a.u. AE = -75.3326568 a.u.
W =4.50eV ®=0.38eV ®W=157eV
£=-0.63 £=-0.20 & =+0.44

Figure 1. HOMO-LUMO energy levels and o and ¢ values of the related cationic, neutral, and anionic species,

calculated on the HF/ 6-31G(d,p) basis set
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TEMTEDZLEZERLTOND, ZITRIZ, 65SEOELRST, T=FY, BFF2EDFEEIZ-
W, RE(LEBEIIBITS o BRIV e HEEEH L, ZOMEBIZOWTHRIE L7 (Figure 2), FOHRE, ¢
JIREETIIEDE S LT, REFHETIHADEEL LTEDLEN, o HEIIRE L L UOKEEOR FOHE
BLRVEBAZENRENT, £, 0ldell o0 To 2 %kEBE GEEER ; o = 6.03¢% + 0.47¢, R = 0.885)
OEREHIN T,

Figure 2 IZBW\TC, U7 =4y (1~4) T o BL Ve NEBIRERER L -TEY, FEITEEEL LR
ERATHDIZERNbMD, 72, 1ROT =42 (5~8,11,14~18,20,22,23) 4, HEMRERMEZRL
TWD, —F, 7okt A2 (F9) TP EE» AN EE & 0, tho a7 kA 4 (C5 12, Br;
13) & FHRAE AR Z TR L T 5 (Figure 2, line a) , AHESUSIZ U TLEEEL & U T 2 {0527 (21, 24, 26, 28)
X e DENETHDZL0D, BORERFNCHOETEDLZ LI 5D, AEEIRICEOTLA ABEfRE &
LTHWONE VU VRORERIE (32, 35,38) 1T/ ERADEEZRLTEY, BORERALZ2->TH
5, MBEEZ BT 2 AT NALEY 41, 43, 47~49) [ IHVREFHIZDESh, RETHEZ RIEBERELZ A

electrophilicity

Figure 2. The © — € correlation of 65 chemical species.
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T AHREFUL A (50,51,53,54) (ZFREEORETHEINE L TWD, LRV RIZEVEREESI~Y
X7 A5t K (PhCHO-BCP; 56) IZHARDRL X7 AFE R (50) 0 bk vE#E (52) Lv b LVRET
HERH LTV D, BT (57~61, 63) IFFFIZFRVREFHEZ R L TS, Mayr DX X RYABT
Z (62,64,65) |IKE7 ez LIBBERET AL TW5 (Figure2, line b),

LEDFERLIY, Par HRRETHEOEEL LTEELL offlE, FERBELLTeEZEATLI L
T, REFHLTTRKEMOEMCLANDI ZENTELZ EARENTE, FLINLOBEELRND
T LT, Ba i LRRUSIZBIT HDREBORE CRETFHEAOIRKEZMZRON) NTRIFIEL 2D Z & I HfF
T&E 5,

4 FER, HRFERELETE

Ueda, T.; Machida, K.; Shiro, M.; Kaneno, D., Inorg. Chem. Commun., 2013, 38, 123-126.
*Kiyooka,S.; Kaneno, D.; Fujiyama, R., Tetrahedron, 2013, 69, 4247-4258.
Kiyooka,S.;> Kaneno, D.; Fujiyama, R., Zetrahedron Lett., 2013, 23, 339-342.
* LA, VEHS, BEE, ©F, 5540 EABAEOLRLFRRRS, 2013 £, TR
© xfER, @FF, FHSUCHEIIES 2013, 2013 4, H#
T kAR, &%, AMSUTHEMATZER 2013, 2013 4, &
* M, @8, ARERE BEEFER 203F, 45E
* AR, BEH, &F, BARFERE 3 EEEFS 0134, AHE
*ILA, TEHR, BRH, xR, 48, BELESEIEETER 0134, AHE
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IEEEAD2 VNI ERHAADEHOSFSaL—23 VEFD

B L

Embedding of membrane protein into lipid bilayer: a molecular
dynamics study
O ZEHERHA (&RRFEET)

1 BIREM

R ISE S F OBESZFORSEBICE - T, BE VA7 BOBERREWESS T - 4 4 EREb X
X QBT ST E RSN T VS, [F. Comelius, Biophys. J. 40(2001)8842] % I%, Simons %L 7 F /L iriE
CBETBEE LRI, 2L AT u— LY v FReAL 7 RAALY (T ) WEBET DI L TEORE
EREICHE L TWNAELB 52 L=, [Simons et al. Nature, 387(1997)56919 720, [E4 /8 B3
EAREAEBETICRBWTEOMES B S TBEEETIE] 2A8LT0D. ZOZEhb, JERY
— LNEDEHAEE —EEEA~DF R EOMDIAIIIIL, BY VR ERET TR, BEYTROa L
AT gL hEDIEETF UL TOEREEC S M A ERFEOBRMRNEE TH 5 [0S Andersen et al.
© Meth. Enzymol. 294(1999)208] LA L7206, WL v 87 BD L 5 RIBAEMRICE T 2 EREBUOH L =0
T, T LEECHEEEREHIREFHL A TIRRL, ATV Ial—va VIR SERRBIT N ER
nTna,

F T CARBEENE CIIEEEA~DZ LRI BEORDABDIZDDNTY I a b—3a VERORESLE H
e LT, 1. B0 EBOEEE~DOHEDARLY R 2 L—3 32 2.8 VRV HOREEA~OFRLE BT x
X —IHED 2 SOBFFRRBEIC T Y . PICEE 1 T, Bx OREBRICET VY L BaRTEA
FT5YIal—varFETL, ERTREANEELMODALBRICRT D2 oy HREEEBEO
W EAT 21T 5 . BIZCaiEE 2 T, EORALBRICBI BRIV —WREFE TS, Zhickb, JE
A~ F 8y B ALIRICLE B TR LR, BIOEA~ORELE B LF—2RFH S
N, e OREEIC BT HEF L E L BOBNEEES BN (BRI CHONLERB.

2 HIRAE. FHETE

KFZETIE, 7TV ADEE “EEE~DOHFMAROFMEO DI, B2 B " BEEE
FZOSFEPES I 2 Lb—a VEETT S, BANICE, ERECHIRESTOT VIVEHOR S EEX,
7S5V ALIEEST L OBKEHEERS v F U S ERBENICELSEEBROSFENFEI I Y
— AV EEFSEDL. AHETII4BEORIDES IFESF (DLPC; diC12:0-PC, DMPC; diC14:0-PC,
DOPC; diC18:2-PC, POPC; diC18:1-PC) %M\, T LIEEN T CHEREINZBE " ERE~7 7 I VA
PERMEE, MD ¥ 2 L—3a v ETT 5, MD HEIRER « SELEM T TITY, S FIBIRE~Y
F FFIZ1E CHARMM36 %, 7KEF/VIZIE TIP3P 2V, W NDOROFED 50ns F TITEEN T
FHEUL LTV AEETNR &N, 50ns LD T — & 24ECHE DRI AV, R 1IZHE %2 DR TO
THEREEDO R F v T a v MY, TSRS S EB ORI A0 O ER(dpp) B L OBUKEEE
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BOBE X ([deocoy IBEFFOA—F 3T 2 —F(Scp)¥7 VIV T — 3 2 iIEH(Fpuen) 21T 2 77
fES R BORREBENTORERIIFEEMBET R —HEIC L VL, BEREOBEOE NI
ST BEY LRI EOREEOENE RFAICTHET 2. BEMEBE- X VY —HEICZERT VT —%
EENPOEREICETT A0, TmRXAVF—FRIE] 2 HVCEHiEd 2 J. Chem. Phys. 113 (2000) 6070].

DLPC

AP

[H eI POPG

W Fean
E R R )
7 e IR RN

%

X1. 88 - /o33P iRAE (DLPC/GA, DMPC/GA, DOPC/GA, POPC/GA) DA F v va v b

3 WREE

RKLWZH2DORICBIT DIEEEORIE T A—Z(REHK, BE, BUKEHEBROE S, F—F—/5 2
3, He v B E R, 25 L OV ESRORROBIC, ROFINICS T IV UVELD
FOMEHR LTz, BITORER, 77 I VR X BRI U, BE - BKSEEROE X 13
M BERNREN, ERELORVN—KbLRENE. IVOVEMOBFEE LTI, WThoRThH
EEEOWD LR « & — 5 —RF A—ZOEMHBPBRR S, 260 bEREFEROBEEIEBH
NE L, Fio, BMOBUKSEEROE SIZIDMPCIETIZRB L #2608 e o7z, 75 129 OBUKEEE
DOEIRIBLZ26ATHBZ B, 7T 2 & O hydrophobic matching & DMPC JER —FE R\
EWRENEL, DIPCIRTIZZ 7 IV rORs L VEL, POPC X DOPC O BUKEHEAEBIT S T
IVVVORELVEL vy FUTRELBNI EWIRENT,

DLPC DMPC POPC DOPC

Ao [AT] 64.1x12(632) 61.9+0.9 (60.6) 65.1£1.3 (68.3) 67.2x1.0 (67.4)

d,, [A] 31.0:0.5 (30.8) 355404 (35.3) 38.9+0.6 39.3:0.5

dey oo [A) 22.3+0.4 (20.9) 26.740.4 (25.4) 30.210.6 30.7+0.5

Sen 0.16 0.17 0.14 0.13
GA/DLPC GA/DMPC GA/POPC GA/DOPC

Ay TR 60.9£0.9 (54.4) 57.5:14 (58.9) 64010 65.920.8

d., [A] 319204 369:0.6 38.9:0.5 39.4+0.4

Ao 1A 22804 257205 30004 30904

Sep 0.17 020 0.14 0.13

K 1. BEENT A -4, fEIAITERE
F2ic77Ivvr e DMPCIEOHBAEMFRNOHE SN DI TRV X —SmEHEORBRREZTT,

FRIT ST IO EES T BRI T IV LK TFEOMBEEANSHEI N A X AT —
%ﬁ@ﬁ@%%f%éowfh@ﬁﬁ?%ﬁ@x*w¥~ﬁﬁmﬁﬁiyVy®%%®%%(bUf%
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Ty VR ERBEREOKZ/BEC. KT EOKRFER/AICHIGT 5= FNVF—E— 2 BEB LT
o INHLIZRIAX—DMBEHEEANT, 77 IV PV LAY OEESF L OMAEER= 2L — LR
EfMERZ AL F—2ELEERER 2I2LDT, ZOFRT, lipid, water {ZIEE & KD DH DR
NE—FLET ol ZZEOGHOZRLF =25, FFEFENOC2EOBEEMBHIT X LF—D 55,
SHOIRBEOTIALX—TRNODEFEETHDH I ERREN., 77 IV OBENLZEEICITIAND
DHEEHLEETHDZ LBRENT,

Oistribution fa.u.]

.84 fl
|

. et
e N

-58 28 2

E ~18
Enerey Tkcal/nall

B2 79I BEIKO R E S0

Lipid Water Total
Solvation Energy keal/moll -297 -121 —~481
Solvation Free Energy [kcal/mol] ~116 -53 -169

£2. 79IV BEKDMPCIGABIOFENER - BEMBEH T XL X—

0 0
— 20 =
z g

-4 = X

% 40 3 0
Z =2
g o gﬁ
£

B 80 ~=Lipid 2 A0
: T E2
5 ~100 ater & .E-

” “=Total g

2 -120 g’; 60
= £
g -140 - k] -é

E 60§/ WA P - E 80
z POVASTT N A 3
2 -0 N TN S 3]

2200 - ~1060

i 10 20 30 40 50 700 1500 30 10 90 70
. Solvation Free Energy
Time [ns] (Contribution from lipid) {kealmol]

3. /I IV roBEEME AL —0RRE(l (), BEMBBHT XX —DRENLOF
B LokEE N 0FEDOMRE F)

312773 ODMPC E~OEEIIE A=KV F—ELEE. KD OFEEFRRINIGREL
TRERETRT, ZTHLHORMLEND LI, BENLDOFELEDOZRAF—NRENVE XTI, BLHD
FEIINEL, HICEENO OB R AT —B/NENE X AP LOFEEDTRAF—IRENT L
WRENT, Zhit, NLOZFAF—EHIZTEWZAICHEELTWAZ L2 RLTEY, ERICHE
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IZREENSDEE, AN OHFLEO IV F -2 T 0y vTEEINLDTRLF—TERNIC
BIZHBETHIHERENTENE L (H3EHEBR),

Lipid Water Total
nLpc ~112 ~52 ~164
DMPC ~116 53 ~169
POPC -116 ~50 166
DOPC ~107 ~47 ~154

#F3. T3V EEIKDOMPC/GABI OBEEERE B = R L¥ —

ABEOBRICNT 577 IV OBEEMERTZ XN F—EORBREELIITTT, THHLDRRN
T X 51T, DMPC E~OEBEHEMBEHT R F =213 b = RV F—ERMEL, 77 2P0 E DMPC
BN TROEECTHDHERE2 R L, 2T DMPC fEiX 7 T X v ¥ & @ hydrophobic matching 235 &
BWHETHY ., ZOMERBENEAEENS VT IV UV EEYOESCKS T EOBEERDO~Y v F
THBELBROoTWAZERBEKRLTNEEEZHND,

4 FEER, HRER

% 1. Takeshi Miyakawa, Ryota Morikawa, Masako Takasu, Kimikazu Sugimori, Kazutomo Kawaguchi, Hiroaki
Saito, Hidemi Nagao, , Mol. Phys. 112, (2014) 526-532.

% 2. Kazutomo Kawaguchi, Hiroaki Saito, Susumu Okazaki, Hidemi Nagao, Chem. Phys. Lett. 588, (2013)
226-230.

% 3. Hiroaki SAITO, Masashi IWNAYAMA, Kazutomo KAWAGUCHI, Taku MIZUKAMI, Takeshi MIYAKAWA,
Masako TAKASU, and Hidemi NAGAO, JPS Conf. Proc. , 012053 (2014).

Y 4. Hiroaki Saito, Megumi Nishimura, Hiroyuki Takagi, Takeshi Miyakawa, Kazutomo Kawaguchi, Hidemi Nagao,
AIP Conf. Proc. 1518, pp. 633-636.
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AO—-REROBENT A TSI RER &
EREtEtLO0-RES2 NV EEDHEEER
Dynamics behavior of the cellulose crystals in solution and
their interactions with the cellulose binding proteins
OBFH #or, 78 2 (BIRRZEILEE)

1 WIZEERR, AR

Tan—RT, EERNTEESE., EESEHES LCTERESRS, EAro— 2RI RREEREAE L
T, HTHORE LEMNEL DN OIDOBRE~EBT D, AT V—7TlE, ZhET, R&KEL
H—ARZ I LIRAET DB O EFEMTZ B LT #SRETADONF VY Iab—va B FERL
T& 7, B TH B r— R I RO IREOFRSELET MR LIRS T 12 (MDY HEEER L.
BREFLOLEERDLNEREBELTBY, IPRLY L BERTF AN L 0 KX 2R UNEREL T
FTIEERHLTCWD, P em—255RIEEN DY H Lo — NET A OB EEER(DFT)
AR EFERTET VOBES T ZMD)FHEIZL Y. RUNERICRESNI2EER AT L, Ga
X 1) HIEER T, v~ MEER T 2 —TRRICARD L E AL, B COREME I Lz, GRX2)

SR Trichoderma reeseild, Vv — ZfESMEEE Iz LT, EGL, EGII, EGVD3fED T K I VHF—
P(EG)& . CBHI, CBHIM2ED ¥ 1 B4 N T —HE(CBH), RONEDB-Z Lo F—P /el S8,
HEE 2NN N A —AETHRTDILBMONTVD, ZRLEDEALT =BT, Mg~
A TR TRV —R L OREEMEEL OB AMTE Y 2 — W(CBM)Z2 >, ARV —71%, g
TEELTE 7, 2o —RE-CBMEA FEOBEFIMDI EOMTHE R B L TE L, GR3X3) E
IZ. CBH} EG% % ¥ 1= Trichoderma reeseil SE DS D LT —FCBMIZOWT, # LV BLEHICHT B
BEHY AT FOa v ea—FET VU I L DBRO Ny 0 T 24T, CBMOZEERIMEEL . £
EXFINT DR R A A L OO R & OBEIZ DWW TIRET Lz,

2 WS, BHEAE
2—1 EBAro—AEREEEENRT 0 THY— FOHEFEHR

e —Zla, 18, 1, ULAGERO XAR - HEFHREIFTORBBEMITT — % 2 b 1T, 8merxd 73 T84
TR ENDOFE— P ETAEHEE L. CAM-B3LYP/6-311G(d)//CAM-B3LYP/6-31G(d)® DFT #t& %
WAL, £/, 40merx36 £72iX 48 T TR EINAFBRET VEHBE L., KEKRF O MD FHRICHEEL
7= DFT 3 EI213. Gaussian09 A H L7z, MD #EIZ W T, EIE(300K), /EE(1bar) D44 T, AMBER12
EHERA L, OB, O T30 A—F T glycam06 2 L7,

2 — 2 Trichoderma reesei WIEHT 3L T —FHOBERESNUE Y 2 — VO EEILE R

NMR (2 & & SERHEE AT A3 84S KT\ 5 CBHICBM (ICBH) %L LUhEunY—EF VY /2L
Y CBHII & 3 D EG CBM OMAEERET V7 L, BEFMD #HEICL Y UHREETTVERE L,
tabed—2taT b IA—RAEFETAEEE LT, CBM FiBICREE 15x15x 1S ADBERER Y7 A 196 fE%
BEL., TNENOBEBRYIAZ LR yX UV EEFIRE LIz, PRISHZNyF o JHEET ML TR
EEREASE, ZRHOEA BB T AT —AGyuBRDT, TNEb I CBM R ESEOFEHI T Rzt 5
FHEREOMHIELL TG B B X — R EEEZ AL 7o, Fo% 7 #7121 Autodock4.2, MD 38 JUMEIE
EBEALITIE Amberl1 Z{ERA LT, 2V E B LUNES T /3T A—F2IZ0E, Z1E T, parm99 & glycam06 % v iz,
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3 WRREAR
3—1 ¥iu—AEREEEBRT 50 T — FORESEHE

ST — FEFLODFT 3 H & S EE 5 /LD MD ST E O# B % Table 1107537, 2 FE D 1 B & I,
STHE— PROHERET VL b RBEORR 7 4 7 IV THESNIEASRUNERE AL, METE
ERUHFHE— MEGELIERT LI 00, AFHY— FEBAEFAOEVY, nBESETVELIK
ESER SR EHE U, BRSNS T, FATH T TR S 1 5(010) £ (0205 P4 — M THEL
ZHEDOXT VT 4 DRUNEFERLER, ThEKBRLTRGET LTI, bThRilivgiEs £ Uk,
WEATHEEO110)5 T — bET ML DFT RBbic X ¥ o — MEEZ B L7z, RIS I AL RV T (1-10)
B — ME Y — MEBEEHER LA, (100)5 T4 — ME s — MESEZ R TE P P Fa—THiE~L |
B U, L BSE 7 CHIBE R EMIR b2 s o, DFT AHEOREN S, 1S & Rk, 11

BNX(010) & (020)43 F 84> — b I EUI(1-10)0 F4H Y — hOREBIEE L RSN D Z LAVREE S vz,
Table 1. DFT optimization of a chain sheet model, and MD behavior of the crystal model.
allomorsh DFT optimization MD simulation
P lattice plane optimized structure Events
cellulose Ia. 110 right handed twist . .
cellulose IB gl OO; g (lo=Ip) right handed twist (Io>>1f)
(110) deformation . .
cellulose T (010) right handed twist m"de;%teh‘:ff‘;f;?;‘ifn with
(020) left handed twist gty &
‘ (1-10) no change ,
cellulose I1I; (100) rolled into a tube no change

3 — 2 Trichoderma reesiti3e = K 7 75 —FCBM®D K v % > ZHEH

2FEDOCBH CBMIL, b FaX U 2AFLERRA (o) OXEEHE L, 20 LB AMEENHER S - FEsIc
LCREENRE S, HIZ3MEG CBMTiE, B8/ Y 2 REAEIEGRA (0-y) 27 EHEEENEZRK
TePEBIC R L C R D REALERBRENE LN, CBHEEGOEE L LT, Rt n—2 LRz m—
AVFNFNRESNTNDI LD, AIEOCBMA2EBI LB AMEE D T8 & BRI T 2 EANED
N, ¥ LT RIS A—RE, RERESERT I BARESNCBMERR T TR . LEICHRIICHES
L TW iz, CBHIN B/ — R fEibmE & MK ST DB, RE»LHB SN2V n— X5 F#HICBMOD L
HZBBT ANMAX— A BT HRERERY . AEORERThHo, —H, BT FI4—2BHIC
LT, 20X 5 RERiEH Lo T,

FE, HREBZTZIITE

‘Structural stability of molecular chain sheet models of cellulose crystal allomorphs;

a theoretical calculation study” T.Uto, S.Mawatari, T.Yui, J. Phys. Chem. B, in press
“Prediction of cellulose nanotube models through density functional theory calculations” T.
Uto, T.Miyata, T.Yui, Cellulose, 21, 87-95, (2013)

“Docking and molecular dynamics study of the carbohydrate binding module of fungal Cel7A and the celtulose III;
crystal” K.Nagao, H.Shiiba, T.Uto, H.Hayashi, T.Yui ,Submitted to Prot Struct Funct Bioinf

EE BN

1. T.Yuiet al. Carbohydr. Res. 2006,341,2521-2530
2. T.Yui et al. Biomacromolecules 2007,8,817-827

3. T.Uto et al. Cellulose 2013,20,605-612

4. M.Wada et al. Macromolecules 2001,34,3271-3275

* o+ % B
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KpIcH T HEES FRERDEER R & HhEE

Structure formation of molecular assemblies of lipids
in water and their related functions
Omller &, [LHES., Z#REM. /RH, KEEHE.
FTHEES, LERE., Ll —, ahEE (&XkEI)

1 BFEEE, AR

FEEASFOEEETHD (1) RRIBABIWG (2) FE EBRICHT DB FRLEECHED
Mz FEIAMDFEICE VT TE e, AEERILUTOHMOMEZITo T :

(1) ERRIEAL

BN FEABOF THLRBEMABETH IR I L ERNSR L LT, BRIROBEZRFET S
BFHEIA N AL EALNCTADIZ, 22 TiEHIEL - AKREOREEICEE L@ Z2iT-o 7,
BOR 2 BV EBIGEVWBREZERF L2, BB I L0 b0k EB(L S B 20 5 AKERPICLE
WHEELTWD, JEADIOL ) RBROREET, REBEOWMIZES BRA=RXLF—0 LR & ik
WRYEEELZRDSEAZLCLIPHEZIAT—DORO OV EWVIZER L, HRE LTI L oM
FEZHLTOWD, ZOEELE LTI A - KBOREREAPEERBEEER L2 b0 LELLND,
T THEHERRIBEAVOREEAE D FBIFHENORD, TOMAREEREZH LT 5,

EATa7 4 —LOEFECL, BEFILZEVYTONEEITARLRD D LD, RFEEND
HETHEDREN OPEBRENTVDHR, I Z T Irving-Kirkwood 12 & > TH 2 b - EHRAICE b
BN EILSFEEREALE, S BLVOREENC OV TE, A IZTTRAA I EIELD FFVL
BB b U U A(SDS) I BMEOWTEHET 2 Z LICHIILTEY ., T TREHIZINEIEA F M CpEs
I, @A FUMEDDAO S EAANEIR L, EHICHREIRIODF LNV TORFEEZHOLMNIT D720
2, S EAOEEZOWTOFMARET b &Y TiITo 7.

(2) BE_ERE

REEE, ~ 7 AR OREEREEM L —EREE MR L LT FHERITRD
Z & T, EEMROMREEL B A HROMIRE S OMOBEDEIZED X 5 REVWYRH L0 ER/ T KO
BRI IR FE2NE 5 B A IR LI L 2EMMEE(LOBEMICEN R H 2N E I MERNDZ LIZH L. AUTE
1%, FFIEHMIAR (hepatocyte) (22T, IEFHIAE & {LMAE (hepatoma) DIRE ML Z M L 2B E _HEEgE%
MNP E LT TEAFEHEZITY, TORKREMFEMIRE OBRLEE T LT, BEOEWVWIZ X SEY
HEOBNESTLVIUNLHLNETAHIEEENETD. 9 —D2DF—v & LT, £FHNTOER
{2V T dimyristoyl phosphatidylcholine (DMPC) & decaoxyethylene monododecyl ether (Ci,E ) & THERE S 4172
2 F5y U AR Y — A0S A R FE AL ORI I RN RN SN D Z LR EN TV D, ZOBRMEITY R
Y — AR L OEBEARATE O MEICER L TV D SR STV, F{ki X 2 MR o g2 kiz
DN RICBRATZFEEIT> TETEY, AHREIZE VT DMPC fEE_ERBHEIZ CeEw 2T 52 &
W&o TR &N A EWEEL DM %, DMPC #ilfis X O DMPC/CiE10 © ZR4 B (BEE/41H 9'1)
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WKL CRFETF MD #EA21TH9 Z & TR

2 WEFIE, FHERE
(1) BRI BLOREENHE

Irving & Kirkwood(IK)IJE /1 AER & BN &5 E ORI I & ORI Y SIOBHRRE b &2, HUMMErE
WBITBENT I NVOMENZREREZEL Lz, ZORNFICHEENIMEERBEEIZ>WTIE, HEigal
W2 BT DHZ R T RENRT Vv VICETIEFETH 5, IOV TERIZERELIZbDE L
TI, Goetz & Lipowsky D J7{£E £ U Schofield & Henderson M 57¥E43% 5, Schofield & Henderson DFRAUZ
ERT e v DT T UREER, BOVBROBEETH Y EBEOFHETIMOIHFS ZLTE LY, 22T
B0 LY EE 7 Goetz & Lipowsky D FEZAWT, SFRNEEERICOVWTOSEIRT v L
OHERITo, B TAEY IKBRECHREN T L &, BB RRRI LR THD Z L 2BE LI
BEMAND LT 5L BAOCBBEHAOENT 77 4 — 3B I 2L OELH b OBEE R DB LT,

i (R (Rf) R Vi
Py(R) = kT p(R) + ZZZZ _n;;j;lgzz) - c (e - ) M

! Jiie " Jide

DEHIEzLND, T THAEUE - HIIEH - ANFXF—ICERTLH, BELEIIEEERICERNTSET
b5, BEEFRORFAENT I MTONWTIE, DENFEEREV -P=020UTORRELND,

P.(R)=P,(R)+ 5%10 (R) "

KRN y W XEAT a7 4 —VOREEP (R)-F(R) b LitRkESD, ZZTRAQEZANT

s 1[ e dB®) T o s dPy(R)
- BB [ B g

- dR

DEIERL, ZOXQYEHAWTHE L, £-RERAIOEH EHEOMAE R 1220 TiE

R’ =-

1 ARy (R) o
— [ R @

2y, dR

ZRAWTKRD -,

FEA F U ME CpBg 2 BB L OFMEA 4 M DDAO 2 E/UIZOWTC, BN a7 4 — NV EES 72D MD
HEZIT-o, EREBROZDIC FF I UVEEIC OV THEEERITo TS, #llIKkOEBY THD, 77
B C,Es it CHARMMS3S5 KT 36 %, DDAO KU K7 47 1T 1k CHARMM36 %, 7K4r-FIZ1 TIPAP %48
Lkoé%lcum\MMQm®®ww®OHﬁ%\K®OH%QL%LT$MHMQH“&HHEMLL
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HEIC &V A BB IR & 23T 00 MD fHRE 21T - 72, T ORIZEW T H Nosé-Hoover chain & Anderson
OFEZ LY . T=300 K. P=1 atm |2 &% L7= NPT 7 >4 yfzpfvaé@ﬁﬁﬁ%g At=2fs., v A7 1 nm TMD
HEEITo T, HEMEEAIZ. RESEBBEEIEFMMIEZ AV, B MDHEAED Y 7 MIYIFRE
TR L2\t s 5 FEIFEE Y 7 F MODYLAS TH 5,

(2) ZREIEE_EBED MD #E
ARFFE T, van Hoeven HIZ L5 T » MFRIEFE RIS J OYEHIRE D IR E F5y 438 O EEREIC
Eo% 20 FELLE (EH 23 78, Bk 24 ) OEARS O R IREASIRE_EBELEE L. FE
HRDERIUT D3 D>TH 5.
(1) avxTFa—LEe ) VIEEEKEDENVTL
(2) UV HEHE (PC,PE,PS,PL,SPM), U Y U VEEHE (sn2 832V VIBE) O&E/LHER
3) UV VIEEREZHERT D sn-1, sn-2 [BIIBBOREFIER L OF OE /LR

e

<icholesterol =“PC .. PE =PS Pt - SPM TlysoPC . lysoPS & Saturated 7 Monounsaturated [ Polyunsaturated

1 v MITIRMROBEER. A: BEEZ 2 EA53K B J VIEERMOEERERR.

IACIREMROBMEL O, LHICERELHEMAIIIS B LTS, FEe LURRMEL B2 0
EFERFBMREICOWTa VAT o — VIEEEIE 8 b K& W, ik LI FRRRIC >»W T, 2 v
2T —/VOFEIE P EEFRARIZ 526 mol%iE ML TW5. ZHIZMEMRDEE D 20 mol%if <
DA VRAT R—/VOKRIERBD & ARETH D, EloBIZE b7V PCAMEM L SPM 2389 2 RUITLATHE,
ARAREIEEE B2 U Ch D, K IBIZH D & ) IIFRMREIZOWT, J VIREORHERIZER - BE
WWBWTIEE A PZERITRV. 2B IS B\ CRFIARITBE S KIE(~15 mol%) 2 L, Sl Reafn
FERFEE S L TV B R LB TH 5.

—77 . DMPC JEE “EBFEIC CoEw0ZHMT 5 Z L ICL > TS B I NI EHME(LOFHEEZ L DD
7212 Table 1123 2D DMPC $lfER R L X DMPC/C,E;, R BEROHERZAE L. CiEw D€L
B E, ERICBWV UEBMIE~SEBRAICERINEND AT Yy PRV —AEB2CH 9 mol%e Lic. D
TRRATIESRIZE SR C12E10 % DMPC & T v H A ANELXHZ L THE L.

MD BHEOARIILTOL I THD. WINORLEBYZY DEESFEIL 64 & L= BESFORT
V¥ BT T CHARMMS36, K4Fi2id TIP3P # AWz, LIMEERIEIAA vF - FBEicL v o
v N7 LT, 8B E/ER L Particle Mesh Ewald HBIC X W #HE L7, TR LT D 2 FEOEIZS
Wik, BB 310.15 K, ##K/E latm &725 X5 Lo 150 ns LA LD MD #EZ1T o7z, R 1 DRIC
DWTCIERR URERE, JEAT 200 ns 5HE L. MD HERBE ORBELEZRASTFENZEY 7 by =T
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MODYLAS 12 & V1T~ 7=,
£ 1 2EOHEROSTFHERK.

DMPC Ci2Eq0 H,0O Number of atoms
pure DMPC 128 0 3,341 25,127
DMPC/C,Eq 116 12 7,575 37,721

3 HFZERRE

(1) CpEs S EAMBLINDDAO S BADEHAT T 4 —/L & REERES
FEA A M CpBe 2 BV (2435 100), FEA 4 M DDAO /v (4% 78) ¥ XU n-dodecane 100 43
Thohked RF I VREO MD StEL VB oz b 7Y =2 MU b, Irving-Kirkwood(IK) D ERALIZFHE -
TefEATIC LD EAT T 4 —, RERARCKRAEEZHAE Lz, £/, ZULODOERESEE 60 DA F
£ SDS I &/L%° n-dodecane 60 53 77025725 RF 0 VIRTEOER L& LTz,

ET605FE 100 0T D RTHARROBREZLE LIz Z A, REEAZEFNEN 4210 mN/m &
46E12mN/m £ 720 ZOEFBD TIINWLD L2072, ZHUICE Y, 26 60~100 OFFH TIXfER
HOY A REIEEL NS CERTE DD LEL, UTFOBRET .

SDS. DDAO, CpEe& I BABLIORF I v OREENEL, 1€ 2025mN/m | 26+4 mN/m | 30
+8mN/m, 44=10mN/m THo7r, BUKEDOEREL L OO & IR ERANEFIHEML TV 58
FRIPNZDE, TOREEADEROERICOWVWTHREITT A0, DDAO BB I CpEy I Z/LD
EH7a T 4 —)VERETS, TRE®D DDAO 2 v[zzw:;%w*c&i\ Py(R)-Pr(R)ICE DRI 2 DB D DIT
LT CpBy S EATIEEZ O LD RIS 1 DLABEA TN RN, 20X RAFHSIXG)DOEZ 2 ERD
BRIV TADFEERZEX TRERNZEAD S DM, CpEy 2B/ T DDAO I E/MIERTZOFE
BINENWTEOREZRERAZLEDZENRHLNE 20T, BT RTH UEHETIEL PWR)-P{RPE E 2D
AL L2V (RER), 20X IREATRT A —VOERRREEREHOENEES, EERFIZBTBR
HDOLZEEDENEZETLTNAZ ERERHRIVHEL N2 T,

200 200

= 1000 ] £ 100p . . 3EA A M CI2E8
S = St L () B EOTA £
100 - 1 -100] ’ 1 v DDAO (f) It/
% 100 - o, | ] g 100} | | -_..4;.-& 1 o (BB ENT a7 41—
T e T o TR T 2 (@B, AR
& -100- ' é -100} ‘_; 1 ). (FB) EADRK
Ei 200 i 200} — : I (PyR)-P,(R)), BIW
o 1 B 17 1 TmmamETRT 4
St S o T R B, B
g A 5% 0] mAE ERK.

’ Fs(nm) ’ ' F;(nm) ’
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(2) EHHED LB

F v ME®EFRBEECYME L IBCIREOME L OBEWE LTUTORRRAWE &,

« I VAT a— MEX A5 DR L 7 BB KIS OB, BBV T I Y &Y

- FEE 47 B O ORIF VRSB R O R U 72 BRI SRS OB B LRI B VT R D iEn

< WHEEEN D D AT EOREMEITELIEIZ B W TR T 5
TN OMERANL, < v A BB T BRI MR L KHc R o7, ETOEERORERR <Y
A BRI DB AR T 2RI/ EN LD TH o7, LEB>TER - VI ab—a VllbT, Ekics
b2 HEOMMEEL, & 6B LI L AHIEOMEZBEMELE 7 K2 TFRT 2B, BREOBWIIEE
LARTER L RWZ L2 RTRERAZ -,

—J7 DMPC JEE —ERBFEIZ CuEw ZHMT 22 LIZL > TE& R SNDIEMEE{LE LTUTORAN
RwWwimshi-.

+ CE1o OFMIC & Y EERIZT DTN KRT S

- SR EEEMRD D IE LA R OF 55 813 CEo Nz X VKT 2

* DMPC EE O CoEwo DM L VKT T2
DMPC NI L7z ZAREDIEE TH D Z 18 L CpEp iTESRDIBE TH B Z &b, —FBICET 2B
EREOEMITHEREREVERTH S, ZFH, ZBH ORI NMR EE) S O iH—C,E; DM
& U DMPCER F#ft—& b—E LTz, BIERF IR o728 7 A 2 NMREEE OT, B KX OE BBF DR R
A= a VOEHFNE, TNHBHEEREUCTRERIET VA3 WRIZHF o7 By F/KEEIH 2891
DMPC “EEBEOBHK a2 TITBAT A Z & TEAGRICHRURT ONmdTHEZ L 20X LT,

INBRERIL, H LI X O DMPC/ CuE, “EBEZNZNOMMEEL L, ERTENSNEZA AT v
RYRY — L OREEHIRE~DEIRVRINL & DBIFRE T LU O BT DB E 20 2 5.

4 FEREBETIITE

o ()EIF 1 Molecular Dynamics Study of Lipid Bilayers and Real Cell Plasma Membranes| The 354th
MANA Special Seminar, <X, 201348 A 23 H

o (F)EIFGF HE [DTENNFEVIab—Ta ks I BEENPD DA VAT T2 5 FHRT
HASHLZFRE 62 £, KK, 2013429 A 10 A

o ()T MEBE E B, oFH &AT. A ot MIEF ELFENFHBEICESWIAT MBI UHA
AR BN REOEELY A I/ AZB T DERE A EBAEAENT 156 16 BRI F RS, B,
2013454 15 H-17 H

o (OTH Eif, A fnt, HH &7, M EISFENFEII2b—a AV SDS IV DO=EE
RIZBITISEE-2EEM B = XNX —TuT—AFE 1 HE 36 BRBILFEL VRV L, JLHEE,
2013410 H9 H-11 B

o (OB E¥, AR fib, HH T, ME & (HTENFEHEICLS A AU MHESDS TEAB LI
A A M CI12B8 S EA~DOHEBEMELS FORBILEH IR VF—T 07 4 —)v| & 7 E 5 FREHR
2. RER, 201349 A 24 H-27H

o (OOFTE BE. ZRE Bfe. MR & 9L 4 MREEMEA] CI2E10 OFMNIC X 2 DMPC B E —HEK
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EoNWEEERRDT S RER

Glass Transition of Ultra-Soft Potential Systems
Ol MIE BAE & FE X BE W, MmERBE (&HBERFEFMIEN)

1 HFHERR. AR

AT, BEERICLY, I REBORNERESIZ L2 ENE T, REOHT T 2GR, o0 IBEOYYy IS
BRI, BTN T VA ARRE R R EEX AT I 7 AREET BB CEHBEOEVERTHD, BalzT o ¥
A—REEBER L TN 5 — O TPHEHEBORIEY BIELTWE, ZOMBIIN T REBEBERTRALX—F L RS
BT B o=V REINER & DB OMR/NRIBICE LIADBAZER O ZoOBREN O 2 ABENRER L R
T B, FOEMRFRITNEZICA+HRIRRTH B, ZOEBOERNRBIEOTZDIZIE, (1) FUFAF—7
LEBOBEROEEMBRIE. (2) ZOWEBIBREICELL hABRERHIREMEAEEAR (Wb d [ZLHhWEE
R ) . 7203 (3) BREROF AT 17 AOBENRRYT. R ERUBELRS, AR (1) WEBRL, £y
¥ I U TEBBOMELIToTEZ, 2013FEIE (2) CMEEZBTTFETH -0, BEROICIESIEHE Uy I /B
DFEBELERoT, el T TIC, P IV 7EBR, V7 ABEBREHEICBT AMEREEN TR LF—F o KX
T OHTCY L FSNIRIEE LTIRAD I ENTEAR L2V Iab—a TL W RLTE L, ZORKE, £
EHHEIER T EBY . Py VBB AL, 7= T RIOBGREIRECEENBNGBAEZRICLTERTSEZ
ERbhotz, LhL, 20Uy Iy IREIZEERE [TEAZ 7y AROKF] oW TIRRERE N, T AEH
W %hi&ﬁﬁﬁﬁ@ﬁﬁﬂﬁio;®&4% 7 ADBRRYI AR —F T T, FENRATELE
DB RIXRV, L LRRS, &4+~&X@Tﬁﬂ&w/_&ﬁiék%Mi B4n, H7R
R AU 0BG HEREIE., RO L ENT 2 EMERE . 13 A BT RV EREEAEZER L2 Sy
FU—7 DL 3HEND, ZORRT [BRRY—HE] LI TS, —RT25L T FAICRADHH
RPLTELE & BRSNS D
RE—T2 AT I 7 2D/EF D
EXEN :i@%énfw@wo
Z DENR IR B R 7
tﬁ%%0%0&®m\bék¢hﬁ
HHEETDI VDA F AT IT R
ORERMED ENIZHINT D00, HD
WT ESEOTEALT 7 AROEI TR
e EDESMERH DD, ZD
SERNCE 2B Z BT T RAEBAFRI
BITIRBOBRETHD,

1. WA —HEERICEIT 5 & < BV ZEHIS
2 Wi, EHEHE % () L1ZE A CEO R0 EHER (BF).
Shear Transformation Zones(HENIZEIT B EMDK
BEOSTEAFEYIab—varpl ERZEMER (R (EMoPMSVWERER (B).
ErFAsnvIab—yarkRnis, £, BEERELZ 7 20T ST I TREBEREDLIZD
Wi, ERAREE By,

[6)
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3 HMFEEERE

Vx IV T RICEAWEREMATGAICH, BERE 0 X 5 ICR T OEMOERAYLEF BRI S
T3, BRAIBOAT Y7 gy MOEIREEERE—DRYTE LAV LED LT, KFOBW A
I RB 2T — 3B b, 20X 9 7222 [5EKIT Shear transformation zone &I TV 5, Shear
transformation zone 117 F/L 7 7 AERD JIZEHCIEICB W TARERREE L R LTEHY | FHRiCsT
55 42— 3D L 3200 EEZTIV, BRI, U+ I 7 5% Shear transformation zone {3,

BT ARIZET 2 BB IS LTV D LB TE 50, e BRsICEN O IZfII R 72 X
572, AMETIE, YIal—vayERBLTEREOHOBRIEL R, B2 13H 7 AEBAEE ORI
DEMRB L, ZFOBRBOBES2 Tl LTHBLEY Yy I 7REBIZVT E0T & &IZRND Shear
transformation zone Z [FIEHZE =% L1z, Z DR, /1 —EEEOBREEE OB i1 5 Shear transformation
zone DHIANRE — 3, BIIARE—MHIZBIT 2 L<ET A ERER L HIELTWAZ ENgho7(® 1),

IO EE, BRAREICBITAEELE L RAMERIZ L DB REESHOBWICELLT, ~T o
BREAF IV AEXETHEBEO [BE0TV ERLTVRTFEE] NMAETDHIEETBLTNDS, Z
D LiE, BB EICIEHLNCT Y FA ST OERAE- TV L 2RE LTS, LLEDEX
BB RIS T 2 e & 4 3p, Shear transformation zone THE Z - T2 DRI T-ALEFEMA O/ N R O—TE
DYT7 METEBEDTHY, mFNF—F» FRAT—TD0pIE TR HEOREAXEL TNDEEX
bhd, —H. BEAH I, LELET V PAS—TORFRERADHEOMELHEENFRATH D &
WhhTnd, ZOZEEERZNF—F 0 RAF—70 [RE] LA RITREBENER R — ok
BThiHILERRLTND, T NFEREROLI R, T FAF—70 NR) 2B DHGICESE
BB EERNICBNAY 2R T2 LICRRL TS 2 EiE, ZOBEEEIFL TS LIITRRS.

Shear transformation zone » BIEITRE—HEDIEEIME 273 2 OFERIL. = ORBEICH LORMZEITT 5
LOTHY, SHROILEDLEMPMETHD,

4 ERERIETITE

% Misaki Ozawa, Takeshi Kuroiwa, Atsushi Ikeda, and Kunimasa Miyazaki, &R+
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MD/3D-RISM ZZHUL\V-BHIRILX—FHEIZCLS

BEESEOBMAEICET 20R - MOFERXEROBREL

A Study on Kinetic Property of Self-Organization
Based on Free Energy Calculation Using MD/3D-RISM method:
Improvement of Accuracy of Integral Equation Theory
O=EHR #®Z EEKFEEI)

1 BHEER, AE

ARG, RIGEEIC R HEHZ IV F—HRICESE, IR RIIBIT BRI LF— 1A
NTDEAF I AT EZRR LTS, TR LTUI, KERTTCOIBVER TR LT
T—FNDHFFUEET R EEZL TS, SHEFEE LU MIARRELDN N ETIZHEBLTE
7= MD/3D-RISM £ 3 RJLRISM B34 & MD o 3 = L—3 a5 COBREERE) 2RV 5, KFEETIIEET
DEE A 3D-RISM B TIT RV, BHEa v 74 A= a0 F 7 ) U713 MD TIT72 5. 2 BLOBER
BOXRZEBICANTHBT RLF—2EEEL LT, MD/3D-RISM IEIZESW I BARMESELZ AV D,
INHOFETIE, IV VEBRT 2 REEERORFRE T OBE CER SN RIGEFERS, RONIV =
T AR TV T RTG A= FZR->THBRIRAX —ERHETX D, AR THELTHH A
TR ACEBRT ADRMSEEIC R - BRIXAX—HETH D, I ILVOHECTIHEMEEREE L
BrL, 790 rz—FNRONECESTOELMERS SUNEE LT 5,

INHOFREICEWTIE, BRIV F—DERERZFHAENEE TH S, 3D-RISM Biml@ ., HNC closure
¥ KH closure & h o 7 w7 LTINS, FORBEL L TREABRSEMAA- L3, EBEX
D BRI END Z ENEWV[14], T EARLI TV —F AR TOTHAIEORRE. EROBZ (KIS
JERE Iz > T HE R VX —5E) 2379 HR1IC, 3D-RISM Eia CHRERMBE B= %L ¥ — 2 EMICFHET
Bl DR HIEDOHE) HENRABCTHL I ENHBHLE, 22 CHLTEEXZERE L, £7 3D-RISM
BBROEEEICE YTz & & L, 3D-RISM H#it Ormstein-Zernike HTE & closure HRER DM FITE
Plaas, EINKEMNRBEZBELSE QN DONE Bi) 2 ORFHE TRV, £2T, BngloTH
JF4>F @ Lennard-Jones JRIAE TE D DIFE» T, FRER 723 L ASARETD B B kLR — RS D R IE T
FEEBEANIOE DUE DRI TN T L e LT,

2 BHRTR. SHEFIE

WEOEBRERBELEE L. BE-BENS/5 2 B4 ® Lennard-Jones &A% & % %, Ornstein-Zernike
FRERAE D v L EE S closure FEILE L THNC £7/2i 2 KH #Bi3, EHICHEDH, MD I a b
—YarERAVD, Ihb 3EEOLE (ERIEEEE) OFNENTHEMBBET RAX—2RKD, L&
MRt Ui, SHEICUER T 87T AT R THREREE bz L - THRSNEA Y VF A0y =23 — KT
5,
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3 HBFEERE

MD., HNC, KH iZx%f LT, separation shifted scaling 4 ! .D IHb;C ] ‘ l s
[S121 > T, B FRRNE CHRERE hx L% o] S L A
— B Uiz, W, HNC Ff%e KH 3161 CHiRn gL g°° ]
BT RAF— 2RO DI D v 7 ) I35 2 g | 86,408, 8.
—F A LTHFENICHES 2 £F Lk 2 af g~ 3
Singer-Chandler BLDR % H = A%, L, A V [ o

B TIE MD LOLBEITAI D, HRT Dl |
Singer-Chandler A8 ). 1 IZB U CEERE ST 5 T

0L SUPIRUS. FUVSUN VIS DO W
FHEERALE (FOMRBR). & A 10858 00 02 aabgs(m 10
SBEBEO—FIEK 1 IR, ZOFITIE MD &Lk

B 1L T, HNCRR KH Tl 1> 0.4 O & X (THE4 B

DEEICBREMEI SN D, ZORKE, WIEfMERT R W1 BRI 1 B B B 0 )
IR —DMEZ OB O 3 HNC YL KH L {EITid MD

AN G N (P

Wz, BMERDABEEOBAN D, HNCEER KH Tz 381 2385 B B =1 /L 3% — 0@ KeHE O FIE %
AT, ZORETIERRICE S,

2 ou” (7", /1)
oA

Apug =4mp"Y _[1 di Iw drr gV A) (D

EAOPRSBEE S SRERTFIEOT ric L TTry b L7 77O 2R 21T, 72721, BEN
FELEESTTHY . HNCHELTA=1 OBFEERRI LTS, FEETAREL, gL ERVELSTH
%, HNCELICHE MD EIC AT gD b ER D EABEICS 7 FLTWE, T OFESISEEER u@)®
FATCHRY T D720, gD H BB Y BRE~Y
7 b THEFRODDREEFBRFFMLTCLED 2 &2k

O Tgn)DsrH ERY o FE~0h] BRLA
A2, KHEEIOFHH HNC Tk 0 S nEn ks
VN, FOREER, KHEEOFN HNCHEEL LD X5

B HNC JELL BN o L %~ AT & T e mimeand
NBEFITZ O Tgndsrh ERY R (FEONE X sk ;mszmwvi
- e g (17 A) from HNC
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HE LS FONEBEOERIR
Theoretical study on photochemistry of simple molecules

O #it (HHEXKE)

1 R, AR

KREFOWHF LG OEELZ A2 —HOHEBHEZIT- TR, 205 H S,0 DXRHEIL X TT A i
BB A AR ML EBEREOHBEICE ST, BT 2EFRERTCORT vy rL
F—fif (PES) OMEMRENEEL LA AREMENSH D Z LAY . T 24 F£HIC1T, 2°A-3%A" BB L O
1PA"-2°A" BRIZ DT, FEBTEME A (nacme) DFEZ1T-> CZWIT® PES & BBE— A MiE (TMS)
FER LTz, F— 2 2 WNET A1-DI0IIRETF— 280802 0id, B 25 £FEICH, L THEEITY
FETH-T, LHLEREOLD, ZOHBIEEPT I ENTET T —F2EETDOII LN TE RN
77

—77. g 25 FEEICIE. KKHD 0,%° CO OREEBHRMBO NI X 2 R AR ORI AZ R4~
HHHT, RF LU p LT RLE —RBBT— AL NOFER{T-T, ERIN—T00, 0120 TR
UL HALK 120160 nm. CO DU NTiZHRIN4EE 95 nm, 105 nm, 145 nm (2R T 2 BEFREOHERNBELEINT
WA, Z WY ORINIZIE Rydberg SRENSHE TN TEY . I b IMECIXARV, £ZTRY
Bz, B Rydberg ke (3so) T TEEBET L THALT R PREITO 2212 LT

2 WEFE FHEAE

0,8 CODET UV Y NVERAF—LEBRE— AL MIWPFELICLY G FHMEDL LT
MCSCF/MRCISD JEiC L W EFE L, AP VEBEMEERIC OV THREFT L, £72. LETHIIIEKRTS
JRHER] C nacme % 515 U EWEAS R OB % R, FRIEREEUT cc-pVQZ TF A b L. cc-pV6Z, aug-cc-pV6Z
WX OREREE LTz, 0, CIZ ZEHE%E (A,B,ByA,) = (4335) @ 15RHE. —EIE%E (3223) o 10 4REE,
FEEZ (2222) O 8IREEZHE Y Az, —7F. CO TIX—HEIH%2 (A,B,BrLA) = (3222) IRk, =&
HE (3222) @ 9MEEFERY AR, EFEEIZIE Molpro2010.2 7 77 A% Huy, SR16000 — "—%FH L
7oo O, TIIAZMIEERE 0.9-4.0 A T 85 s, CO TIIHLMHIEERE 0.8-4.0 A T 89 mMDEIHE £ 1TV >, Davidson DHHIE
Mz CEONTEEELNFBEL T, ZRNFAORT Uy Lz 2 ¥—iif (PEC) &. T b OIRIERH
DOEBEHT— A2 P EB(TMO) 21572,

TR LF—FHEITOV T, Rydberg IREEZ B W AN 5 7= diffuse B E A, BET A IREH A BT L.
MCSCF BRI L2 B —AREHR LT, FICERREOLEEZMEEEL V NAITHER LR =Tz, T
X, MEFIREEIC Rydberg REEDMRA L TL B&, ML0DRRTAELENAEL D EEZBND A, HFFA
TOXKITAT > TVRUY,

B oz PEC OERIZ LY, CO TIE, xR L HAEICEGRT IRENREL HVIIFFZTELET L
TN & RN T= DT, nacme DEEITITORP -T2, —F. 0T\ TId, FitiREENEHIC R E
HAVIELEEZRE I L TODB I RS-0 T, BET BIREER T nacme D EEIT 77,
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3 BRFEECR

BDO,DEFRIELEBE— A2 MBI OR U HLEMEEA

0, D=EIFk

12 ¢~

FEIZDWT PEC & [B 1] 1R d, ZMIDS ce-pV6Z, A2 aug-cc-pV6Z DFERTH %,

10

E(+150.1920 au)/ eV

O(Py + 0(3Pg)_

E(+150.1929 au) / eV

20

25

R(0-0) / Angstrom

o

[E1:0,-»0+0 8]

20

25

R(O-0)/ Angstrom

Franck—Condon (FC) $EI TOIR D E\ 225, 5 1 Bk Rydberg REETH B CTI, (3s0o)iZ 2T, cc-pV6Z
(V6Z) T, HRFBEND T Led b, Rydberg RIEOEREPTN TRV, ZHITH LT, aug-ce-pVeZ
(aV6Z)TiX. FC $EBUCH/ AL TR Y, Rydberg DMK EHHBERATE VD B2 ONS, SHET
BN/ MIBORBRELEREEELT, R1LICE L O, SHEERIIERME Herzberg IVIZFEFICRL

BHLTWD,
£1:0,ORETRLF— (AERV) & FHZMER (/A)
State AE/eV AE/eV AE/eV rd A r A rol A
V6Z aVvéZ Obs. V6Z aveZ obs.
X%, 0 0 0 1.209 1.212 1.20752
A A, 4.308 4.309 4.301 1.516 1.515 1.48
A’z 4.399 4.399 4.389 1.523 1.522 1.5215
B’z 6.170 6.168 6.1736 1.599 1.599 1.60426
cm, Gso) 6.763 6.763 1.486 1.486
8.422 8.1247 1115

RIT, aV6Z & A R SRR EE~D TMC % [E 2] 1073, B S, -X s, BROMEIEFCHE
PEE 0 1.17 A K Y SMAICIE/h & < [ Rydberg

HTREWEE RS> TS, —H.CI-X Y, BB CIEliE T

DR Z B ORI TEHRRRE L RTINS,
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2 BE AR BAERIZ U T aug-ce-pVQZ (aVQZ)
ERWIET R N EIToTe, ey (LSZ) 12XkD
XRELMO=FELOMIIFALETHY | BIRE
ffo> = FEIEREE & TIT FC S TR 420 em™ TH 5,
—J5. HrEICEE RS (LSX,LSY) Tk, CIL &
a'A, DEFEMNFCHEEITS0-60cm™ THY, MRV K

TNETFRIND,
(X2

D BERREN OFARRE~DBBE— AV ]

REHDVIIFHERELZLI LTWAB 5,2 %% |

Transition dipole moment/au

1.0

0.8

0.6

04

0.2

0.0

3 3¢ -
s,

A

3 — 3¢ —
£ -XEg <4.4)dmz1.4> switched

to <3.4|dmz|1.4> at 2.025 Ang_|

-0.2

to <2.4|dmx{1.4> at 1.100 and 1.45C Ang
PN R S S T R SRS S

<1.3|dmx{1.4> switched

1.5 20

R(O-0) / Angstrom

25

BEVCM1 T €2 Ty, 12 T, 1290 T, aVQZ LT naome & #E L7z & 25, BRI
B o> £ 4EI CEEEA BN R K 0.005°TH Y . +HBWEE TIHEMBAEITERTE D2 L8 0ol
BBIZ LD 120-160 nm fEIE O YL R~

PLEDF —% % AT,
JRADYIal—2a BT TETH D,

(3.2) CO DI » 7 A J AT b L FERf TR

A%, BYL, Xy, BRE C-X’s,

CO O—HIERREIZDWT PEC & [K 3] 127 d . EMIA ce-pV6Z T, H1IA aug-cc- pV6Z DFERTH D,

L 1 L B
Ny

14—

E(+113.20234 au) / eV

O
20 2.5
R(C-0) / Angstrom

E(+113.20286 au) / eV

[®3 :COo,— C+0OMEx]

%5 1 Ghi Rydberg IREETH % B'E" Bso)c oW T, ce-pV6Z (cV6Z) L1 TCid FC $8I51- Rydberg tREE
ERTHEEINDD, aug-ce-pV6Z (aVOZ)DFE R T Rydberg DMK 2RI T & TUiRLy,
DRERFEBEHB LT, R2WTF LD, MEFREBIZOWTI, ATTIE TS 0%
[Herzberg IVIZ FERIZES HE LTS

MR REINZ N
BETELNBMIE
IR FNCHER L TVWD I & 2RiE. ERE
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2 : CO DRI RINX — (AEV) L FHEHEMH (r/AR)

State AE/eV AE/eV AE/eV rJ A rl A rel A
cV6Z aVve6ZzZ Obs. cV6Z aV6Z obs.
X'z* 0 0 0 1.131 1.131 1.128323
Al 8.091 8.088 8.068 1.238 1.238 1.2353
'y 8.062 8.062 8.069 1.396 1396 1.3911
DA 8.150 8.149 8.174 1.402 1.402 1.399
10.903 10.896 1.591 1.591
B!T" (3s0)
10.780 1.1197
I, BEREN LEIEIRE~D TMC & [K4] I : S .
R, AN -X 'Y B TCIIEMBNEL R DHIZo0 T
TEBE— AL PRRESZoTNS, BIE-X'S" & By X'y |
BIZOWTIL, Rydberg OB RRTETORLOT § )
BB N ENFIZ AN ERTH D25, FC BHTREVN E 1
BL7oTT, BERKE S RDIEON TSR S
TWn5, % AT-X2! ]
X BEAR AR aug-co-pVQZ 10 L U TAEHT y
A M EfTol, HFENCEERES (LSX, LSY) T, s
<X 'SYLS|a II>DEE A FC $EHT 20-32 em™ TH Y, ST R T B TR R TRy
LR E VA, <A TILS|d*A> & <A 'TILS|e *>130 91 REOy rastem
t 818 cm™ T/HENWZ LR ot (K4 EERENLHFBERDRE~DEBRE— A ]

LEND, AMI-X'S" BRORET —¥ 2 AT, B—Jhi Rydberg IREEDORIEENIAE 2 £ T (1150m K
DEBEEER) OBNANRY MDY Ial—a 275 2 ENTELEMHEINS,

4 FER, HRERETITTE

*(1) $4 A%, Sebastian O. Danielache, MIFAZET, FEILANKE, AHKIE, EIHEE, [=B{LHEON
{LZBRUS A B = X MRS ORI E RN A RHERSICET 2 BRI 7R FRENGRSR
(2013 £ 10 A, =T#Y) 4P004
% (2) Non-adiabatic calculations of ultraviolet absorption cross-section of sulfur monoxide: Isotope effects pm the
photo-dissociation reaction, S. O. Danielache, S. Tomoya, A. Kondorsky, I. Tokue, and S. Nanbu, J. Chem.
Phys. 140, 044319 (2014).

5 HiEE

T 25 A HERRA SRS LTEE ARG, +AIRMTE Mot o LA T, FHHASEH
e X — DR BERAI I 25 FECTRT W LET, FAEDOENLRWHE, B2 —0iE#RLFIH
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& B R S 4 D CaMnd05 V5 RA—DIEE
BFAEVIRES LU RIGHICET HERMETR
Theoretical studies of electronic and spin states and reactivity of the CaMn405
cluster in oxygen evolution complex (OEC) of photosystem 1I (PSII)
O A\ Jk BrKRF /), HREFRETRES).
ERTFR RKEHETD) ., EFXE GUEXRFHEECZ—), BafE (RKE

1 HWFFEERYNE .

RIFEEICBI & k%, KIBREFIA L OKZBIOM L. BESFEREAET D LA, REBIAEZETL TV
T—ACEBTBHAR AT & (PSID OEFMRAMFEEL ER Lz, BIEEDOE TORZIE PSIICKIT DBERE
H 4 FOEOICTEET A CaMn,0; 27 & FNICEBERM L TWAT I VBEEL ST 7 XA 7 —0iEdE. ETIRE.
BLUORAC U RELZHHAT L L2 BNE L BFHFAQMIET CEFFHEDS ER ThH 7o, 444 EIE CaMn 05
2T AL—EROBEIKGTORETARERFERy "V~ RF BB LOT 2V BEESY S QMBI
DAL EFEBHCEOR Y O 2 L BESTHE (MM) CTEET 5 QMMM SHE[1EZET L, BEABOHIE
BIRHER, MBI LD IV —IC LB PSIAD X REERESE (1. 9A ONfEE) 23R L7124, ATEOH
313 PSIL DGRBS TARL T B 7 1 b oKy F DY A LR 2 B EICIRES L, JERE COMBRIEEY A b
OEIETT VOBEOBRER-410 b EERETT VOBENCERT & TH D,
2 MR EREFIE

FPRICHEEETT UEE O DO QMMM FHEOHREIZ SOV TRARS, K1 IR L L 9 I PSTEEEAE D
—ETHIN, COREEREZRVE D ORBED L ZAFFARERDOTET CaMn,0s 7 7 A Y — DL LR 25 A
OHEAIZHAWHZAEVH L, ERTOMBIZPSIRZD 1.9 A OSMED X #iFGEEICEEL T, KERTO
AEOBERE(LEET LML, 2T, QM #IAICEL T, R 2A IR LEX D ICETHRINCHERN D DHE—
BOATBE & TEET 5 QM ETF L IMin)[2-4], £ EMENLDOT IV BETEEZET QM ET VI 2B &),
EBLICEORBITHEE L. KOMBRERBUICKNADT I/ BRER A 4 257 full Model (X 2 C) 25 L7z1],
OMMM ¥ETHEBHELZET L, QM B0 2 .0 E:E 15 A ofFIcH 285 % D MM #HEIC X0 &k
Z1T72 - 1265 QM FHEICITATAE E & FHEIZ NWchem6.1vesrion 2 H L70), #E-C. & QM/MM FH513 3 @i id
OHEBMEEZHOLE LD, TOL-ULTH full Model (B2 C)D QM #4531 3100 BLE X B 2 TH D . post DFT {ED
—HTH D MRCC VXV OERBEFR 2T 5 OIXEEETH D57, £ T, AWFFETIT QM B4 1213 hybrid DFT
EO—FETH D UBSLYP 2 MM #IZ1E Amber D F135% AV, BUES FIFGTEB TEITARERERREZETL
Tro R LIZEEMBA IR 2ITR L, CaMn0s 7 T AT —DBEF AV VSO LBERZEFROWR
FHEFTTICAEEE COMBREEED CHAOTEABCTITAKT 2, R TIE CaMn,0s 7 T AF — D]V &
KRFHEF Y NI — 7 OEERBELOEREZED 5, BAEITIZ, K 3ABNT CaMnOs 7 T A F —IZEREANL L
TWBKEFNICERETAKOF Yy hT—7 OFE(LOFERETT, M41T CaMn 057 7 A Z —IZ XY KB5S
NCTERTD 70 b 2B 2RBEORELOFBEE LOT, K5IZ CaMn0s7 7 A X — &M LTV HEERY
T oA OMIEBRMT A AB I UFNICHEBET A KB LT A6l NOTERENDEF v b U — 7 OFERBE LD
EETRT, K612 CaMn0s7 7 AX — 5L TV AEER YT =4 > OMIZENLT D KE LUERET DKL
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QM/MM model Minl

QMMM/MD Model

Geomelry oplimization
QMMM
~3000 atoms

(@] 1V . T MM

400 atoms
s

1 QM/MM FHE OREE 2A QM EF/L (Minl)

QM/MM model Full
OM/MM model Min2

Tyrl6l
Glul6s
Asnl8]
Phell2
Vali8s
Asn298
Lys317
Cis70
Cle80
+Min2

s ' LANLZDZ, 63167
- Totaf 2410 basis LANL2DZ, 6-31G*

Total 3120 basis

2B QM ET /L (Min2) 2C QM EF /L (Full)

BENDFRy hU— 7 OBERBOEREZRT . M 7IZVall$S IZ L BEEY 7 =32 O(5 ) DEFFEE 2411,
3 WFIERR
3.1 KEHEEF v bU—7 OEEREL

FTH2ART L DI, CaMnOs 7 7 A F — DI L His190-Tyr161-W - W o-W 5-W o -W o -W g -Asp6 1 & 383
DAREHAER Y VU= PEET D, EHIT, CadDIZEHEBIAL LTV D Wig)id W& Wyld Tyrl6l & 2k
EREGEERL TS, QMMM HEDOFERIL XRD BB EFEITL VGO RRmE — B LT 5, KT, Tyrl6l
& Weo,DKFEFEA L XRD BIEHTIC DAVERERETH DA, QMMM FHETH RO REZT Lk, Tyrl6l i3
proton-coupled electron transfer (PCET)IE T Tyr-007 ¥ I V&£ T DD TT VAP A b D lone pair 13 W4, THE
EENTWAZ EBHB L, &5IZ, Wl Phel82 @ backbone C=0 & W_5,lX Aspl70 0 backbone C=0 & K& #E
AEBRLTNDZ LM LE, EREAREAR Y PY—27 3K 2B IR L ) ICKEH GBS L URE (I
vaR) MHHETLTHRERLOTHD, 20X I QMMM FHEIT static 7o L~V TEH BB Ry T — 71
BOMBICKREGN TH D Z &0 SN72[5-7], 7235, His190 13 Asn298-CP43-Alad11... L% < proton release path
(PRP)II & 3EfE LTV D087 OFEMIT XRD fE B ST fE R 2 2R aniz24],
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His190 e 190

Tylst 5

Aspl70

AspLT0

poe Asple o
o Fig.68

X 3 A XRD(QM/MM)EHHIZ L 5 BER -1 [ FERE X 3B XRDIQM/MM)EHEIZ & B /KFHEAFERE (A )

& 2ABYT R L7 Aspl6l Z#2H LT & 512 proton release path (PRP) [ IZEHE T 2REHHFEETH DT, ZOEE
BE{OREZR AT, ZORBICIIHEZAA A CODBEELAEEAR Yy NV =2 IZBVIAER TS
X 51T Lys317, Arg334 R EOBET I /BLBEE LTV EEL Xy P BEEZER LTS, LRl
OM/MM HEEREL DM FE L XRD FEREEFTERIICEBALTRY Ve b VBIEREITEE Th 2 FIREMLR
B\, EBS. Cl A A 1E Glud33 ¢ backbone NH, Lys317 @ NH,® 2 /L—77 Aspl81 ® NH, 7 /L —7, BL T W
LARERBEER L ARMEERHREEL TS, —F, Aspl6l DUNLEF VIVEERITIE W ORI BT (X 2A(B)
IZ7R L72 His190 705 W B A KREARESR) & W EM L TED ., 3512 Wipllld Wiy Wey BKREHE
F v =2 2L T, Glul2, Argd334 R ENLEREND T 2 b UBERE PRP I 2L TWD Z &0
QMMM FHEIZ L VRSN, TEE4ITRT £ 512 QMMM FHRICK 2 KE B ERBE L CAE (I vy 2R)
B OKBFBERORBR LB L THRY R LD TH D,

—%., B 51TRT L9, CaMn, 05 2 7 ZHEHRT DEEFE VT =4 1 O \ITES: W, BB L CRBILKERS
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Quantum chemical study on structures and
reaction pathways of molecular clusters
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Theoretical Studies on Chiral Supramolecular Aggregates
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Quantum chemical simulations of complex systems in electronic
ground and excited states

oStephan IRLE, ##)I| K##. Timothy Daniel KOWALCZYK, SIE—VE[E Z2{E. Reddy
Sivaranjana VENNAPUSA. Anupriya KUMAR, FEAfER:, Arifin, FHFEN
(B EBRRFEEFER, EHBKFE WPl N7 AT 3—<T 4 T EGSTHER

1  Objective

The objective of our group is to study and understand complex chemical systems using approximate density
functional theory and more conventional quantum chemical methods. Target areas in our group are biosystems,
nanomaterials, excited states of large molecules, solvation structure and chemical reactions in solution, and transition
metal cluster catalysis and redox chemistry. Complerhentary studies of chemical reactions and molecular properties, and

the development of methodologies for QM/MD simulations accompany our research.

2 Methods and computational details

In our group, programs implemented in IMS computer and developed by our group were used. In the study of
chemical reaction, we have to determine many geometries of intermediate and transition state. For such calculations we
used mainly Gaussian, TURBOMOLE, and GAMESS-US packages. To calculate energies with post-Hartree Fock
methods, we used mainly the MOLPRO program package. For the calculations of binding free energies of ligands to
enzymes, we employed the AMBER suite of programs. To develop fragmentation schemes for the density-functional
tight-binding (DFTB) method, we used the IMS resource to compute full DFTB benchmarks for molecular systems

exceeding 10,000 atoms. .

3  Results

3.1 Benchmark calculations for DFTB fragmentation schemes

To realize quantum chemical molecular dynamics simulations on ambitious length and time scales, such as those of
proteins or ion channels, our group has been pursuing several linear scaling strategies in the context of density
functional tight binding (DFTB).! Among the conceptually simplest strategies is systematic molecular fragmentation
(SMF), a scheme in which fragment energies are calculated and linearly combined to approximate the total energy.’
Preliminary investigations revealed that computational overhead from the fragmentation process pushes the “cross-over
point” at which SMF-DFTB outperforms conventional DFTB to systems in excess of 1000 atoms. Identifying the

cross-over point requires DFTB and SMF-DFTB calculations of realistic molecular structures in excess of 1000 atoms,
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calculations made practical through the
RCCS.

For a set of seven common polymers,
artificially linear chains of variable
length were created algorithmically,
optimized, and allowed to equilibrate
under NV7T dynamics at room
temperature in the gas phase. Snapshots

harvested from the end of the

. i . NVT equilibration: _— Harvest
equilibration trajectory were used as with OPLS farces - snapshots

realistic polymer models for

SMF-DFTB benchmarking.

Figure 1: Strategy to generate physically realistic polymer models for

SMF-DFTB benchmark calculations
Using polymers of length up to 5000

units, we surpassed the cross-over point for SMF-DFTB and are studying how scaling is affected by fragment size.
Additionally, our sampling strategy resulted in polymer
snapshots with varying degrees of clustering due to
noncovalent interactions. This variation allowed us to
demonstrate the significant of noncovalent clustering on the
location of the cross-over point, i.e. how SMF-DFTB is more

efficient for stretched, linear systems than for dense, globular

systems. Using these findings, we are honing in on

Figure 2: Examples of models used for SMF-DFTB recommended fragmentation schemes for use with
benchmarks: (left) styrene oligomer fragment (right) SMF-DFTB in a variety of settings.

polystyrene 500-mer

References for 3.1:

'Cui, Q.; Elstner, M. (2014) PCCP, in press

"Deev, V.; Collins, M. A. (2005) J. Chem. Phys. 122, 154102

3.2 Development of a novel method to predict FRET rates between fluorescent proteins

Forster resonance energy transfer (FRET) between fluorescent proteins is a key ingredient of the genetically encoded
biosensors that enable quantitative measurement of intracellular enzyme activities. The FRET rate is proportional to the
square of the pseudo-Coulomb interaction (PCI) between donor and acceptor groups. The conformational changes in the
biosensors caused by enzyme activities lead to the changes in the FRET rate through the PCI term and fluorescent
microscopes detect them. In order to design optimal FRET-based biosensors, we have developed a novel method for the

accurate estimation of such a structure-dependent PCI-value with quantum chemical calculation.
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Figure 3 CFP-YFP Dimer.

an explicitly solvated CFP-YFP dimer by using NAMD
program with CHARMM force fields. For each MD snapshot,
performed TD-DFT

we then

chromophores with the CHARMM point charges producing

the electrostatic effects of the protein and solvent environment.

In this 44 T T T T T T T T T
study, we  have E 42
applied our method to 3 40
the FRET in a cyan % 18
m «
fluorescent  protein &
1 36
(CFP) and yellow §
. © 34r
fluorescent protein E
32
(YFP) dimer (Figure g
& 30
3). We first performed 5
MD simulations for & 28[ 0.621 x P17 156 —— 1
2626 2|8 3IO 3IZ 3I4 3:6 3IS 4IO 4IZ 4£4

PCI from TrESP (cm™?)

Figure 4 Correlation between PCI’s obtained from

calculations for the

TrESP and those from Frozen-TrESP. The calculations
with CAM-B3LYP/6-31+G(d) were performed.

After that, we derived electrostatic potential fit atomic

centered transition charges (TrESP) [1] based on the obtained TD-DFT transition density. PCI can be calculated with -

the Coulomb low with the TrESP charges at each snapshot.

To developed a computationally less expensive approach, called Frozen-TrESP). Figure 4 compares the PCI

values obtained from the TrESP and Frozen-TrESP for the MD snapshots. The calculated linear correlation coefficient

between the results from both methods is promising with 0.745. Our results support that the Frozen-TrESP based on

the X-ray structure and/or MD snapshots is quite useful and effective approach to design the optimal FRET-based

biosensors.

References for 3.2:

1. M.E. Madjet, A. Abdurahman, and T. Renger, J. Phys. Chem. B 2006, 110, 17268-17281.

1

Figure 5
structure

[nJcycloparaphenylene

Schematic

of

3.3 Size-dependent optical properties of [n]cycloparaphenylens

[n]Cycloparapheneyles ([n]CPPs, Fig. 5) exhibit interesting and counterintuitive optical
properties upon electronic excitation by ultraviolet (UV) radiation. For example, the
experimental electronic absorption spectra revealed an intense peak with Ay around
338-340 nm regardless of the ring size n. In addition, a weak shoulder-like peak in the
longer wavelength region of the absorption spectrum is also observed particularly for
the smaller CPPs'. In order to understand the experimental findings, we have performed
electronic structure calculations by employing density functional theory (DFT) and

B3LYP,

time-dependent DFT methods. Three different density functionals,

CAM-B3LYP and LC-wPBE, are utilized in combination with the 6-311G(d) basis set. All the computations were

performed with the Gaussian 09 software package.

First, the ground electronic state equilibrium molecular structure of CPPs is optimized and the harmonic

vibrational frequencies are obtained by the diagonalizing the force constant matrix of the optimized geometry. Second,
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the vertical excitation energies of four low-lying singlet excited electronic states (S, S, S; and S4) are computed within
the TDDFT approach. The energies computed by B3LYP are in excellent agreement with the recent experimental
two-photon excitation measurements’. For example, the experimental excitation energy of [12]JCPP is 3.2 eV and the
computed energy from B3LYP method is 3.12 eV. As can be seen from the figures, the energies computed by
CAM-B3LYP and LC-wPBE functionals are significantly blue-shifted with respect to B3LYP.

The energy gap of the S; and S, states at the equilibrium geometry of the CPPs decreases with increasing ring
size, and expected to play important role in the optical properties. The fluorescence lifetimes and quantum yields of
CPPs have been interpreted based the S;- S, energy gap. It is found that the S; and S, states are nearly degenerate in

larger CPPs and as a result the fluorescence emission from S,, in addition to S, state, is most likely expected.

References for 3.3:

1. T. Nishihara, Y. Segawa, K. Itami and Y. Kanemitsu, J. Phys. Chem. Lett. 2012, 3, 3125-3128.
2. V. Sivaranjana Reddy, C. Camacho, J. Xia, R. Jasti and S. Irle, (manuscript to be submitted).
C-H cc Mn-O Mn-Mn
—A Py — — —A 3.4 Chemistry of super-reduced metal oxide clusters

The chemistry of metal oxides in their super-reduced state is of
fundamental importance to create highly efficient rechargeable

batteries with high capacity. We are now relying on Li

Arbitary Unit

batteries, which consist of graphite negative electrode (anode), a

[Mn12]8_ non-aqueous liquid electrolyte, and a positive electrode.

i

Experimentalists have focused on molecular cluster batteries

15 20 25 30 35 (MCBs) [1,2] due to their possibility of a high capacity and a
Distance (A)

rapid charging-discharging function. MCBs achieve a super

Figure 8 Predicted bond distances of the neutral . .
reduced state of  poly-transition metal molecules,

[Mn,,]° and the super-reduced [Mn,,]*. s 5 i
[Mn,012(CH3CO0)16(H20)4]" ([Mn2]) and a-Keggin-type
polyoxometalate (POM) cluster, [PMo;04]"" (POM™),
however experimental information is limited due to its unique character with highly unstable charged state.
Theoretical investigations must therefore be quite valuable, although they are also quite limited.

We theoretically investigated the super-reduced poly-metal clusters, [Mnlz]s' [3] and POM*" [4], to clarify
the changes observed in experiment [1,2]. For the [Mny,]* cluster, our results show that the experimental elongation

of Mn-O distance during super-reduction comes from the reduction of the outer Mn atoms, which causes the clongation

of Mn-0O distances, while the inner cluster remains nearly unchanged (Figure 8).

References for 3.4:
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2012, 134, 4918-4924.
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Systematic Quantum Chemical Studies on Mechanisms of Catalytic and
Enzymatic Reactions Using Automated Reaction Path Search Methods
ORTH ¥ (EEXZEXFHREZFHER)

1. MIRARE - BY

b2RG#EE L, EFEEHEICKDIRTF UYL IR —HE(PES) L TERIKE(TS)ZRD, £Ihb
MEIEERISEEZE(RC)ZHET A LICE > TR TE 2, 5. HEENFREL-BELTHRERELLE
BCERICROETLICE>TTSHBEEZRDD, LHL, BRALUTPRBEZEE L -RENLEITZT
SIZIEBALFNEEL, —DORBEBRHTIDITHRBLERRAFIOM EREAM>TLESI ZESL
ELIEHD, T, FEILREANITS £BIBRIERFBLIATLES L0, BBITOEEEL 2
LEFEALZL, COMBEEMRTIICE. BEOFHEELEL LEVWRISEREBIZERENBETHSH.
CNET., —BHEAEREIEELEN > . BLAITEEOHBNEFZEZHEL. RGEREHIEREA
BEIZ L 7=, 2004 & 5 BA% L T & 1= Anharmonic Downward Distortion Following (ADDF)iEZTI&. A AY X ~
EERMIET B, THIE, ABRX+YALNBETIASXFYEERZEHIFRTED, —H. 2010E, 5
B L T & 1= Artificial Force Induced Reaction (AFIR)A Tldk, A+B M5 X FEX+YATEHA+B-X
ENROEFBRBREZEMERTE S, S b1, 2013 F£EICRF L 1z Single Component AFIR (SC-AFIR)EIC
U, A-XENEBRER%E AFIRAICK>THENERT 52 L LAMREICA o 1=, ADDF i£& AFIR EZ#H
BAbhEBIEIZE-T, Bk, 9. £, TRTOEOREBREREZEHRRT I LELSAHTH S, K
WETIE. ChoDHEZEREL. ARRIECERRGOA DA LEZRHKMICHEBET LI EEEET.

2. BIRAZ - HERZE

L3R ADDF B & U AFIR E(E, HANMBICHAREZEHTE GRRM JOJ S LICEESIIA TN,
GRRM 704 S AlE, BFLEHEICEICRTUIYLIRLF—ESIUVZOAREHMAL, 7 FOX
EEE. TSHE. IRC, B&U, BMIRLF—RFUIvILXERMESX)ZBERRTHENTES,
LT ATIL, Gaussain09 704 S5 A, Molpro2010 7R 4 5 L, Molcas7 7B 4 5 L, LU, GAMESS
TOTSLIZE > TEFIEBHEICEICRT U LIRLT—ES LUV ZOFEREZTFHE L.

3. BIERER

3.1, LY AhiREIr il F AL S 2-alkylpyridines DI EEIRA C(sp’)-H K U L RITHEE D AREA
EROABEKEL Y HIBEMEE O D SRETEMAERENARBTREL, Csp)-HBEELE, —#
ICREHICZS LWMESEERIET A0 ENTED, . 227IFLEY DV EEFA—LRS V2 EE L
LTHWESIZ, EYSUEED v 10 C(sp’)-H HBEMBRMIZR ML ShZ  ENRBMICRHEEA
f=[Sawamura, M.; et al. J. Am. Chem. Soc. 2013, 135, 2947.], ABAETIX. ERGORIGHEORIA L, L
BEREOEBROBHET o1,

- 212 -



CYUNRAEICEBET I LORIBFELGDRIL, BUAFLEREFN—H—TCLMIEEERTELRVRE
FEUET O ETHD, 2FY., DULMREOBFHLEEIEECEAC, BRBHRICBVLWTI Y hEkE
EEDICRIDEHREIECEL, FIT, REICHEF SRS FORREKREFTREG L-ETI/ILAME
FAVNTHEET> 2. TORE. RIEHA VLKL LTIE, BERICRESA TS Csp)-HEEDRY
L R [Sakaki, S.; et al. J. Am. Chem. Soc. 2003, 125, 16114]& REDHEEN B Sht-. ARG T, EH
LENB R CEP)HBEREYSUBRO VMBIV B HOZIFIRHET D, £ Z T AFIREICE > THA
1 C(sp)-H & E ML BB E RFHER L EC A INZE Y SUBRRMNEA L KEET v 20 C(sp®)-H &
MU SN I EBRRENRI I RILF—MICERTHLIZ LA Dh oz, DFEY. ZEROMEZRELZER
?éﬁ%tuotovﬁ&Bﬁ%h%hﬁ%ﬁkéhé%@ﬁ%w¢fﬁtI*»ﬁ—%tﬁﬂ@%@to
WT., HEERAIRLY—RBMITE{To1z. TOHR. B ICEHT 2EBRKETE., BAMLGERNMLE
YOUBEFRE N EOHEERANBFY, BRELELTEBRELATTEILLTVWS S ENBEoMNEL ST,

32. DY LKRD VEDREHEERH

FELE, DIVLRSUEREFETTERNOAST VEMERIGS B D ERVRBERAKESRA S LERE
L 7=[lto, H.: et al. J. Am. Chem. Soc. 2012, 134, 19997.], ARIGIZIZ=D, FHIREANHD. DEEE
TLIZKWEEBZONTVWEHFBENT A FEADORZEBRRIGEHETT IR, QL VIR v OBEITH
BNTLWEREHEELY, DUIMETEAELARVRIELNETT 8. FARARTE. CORELRIEMEZE
R4 5EMT, AFIRZZRAV:-EIBOLSEHBHAZIT 1=,

AGinklmol, | Me Me Mo
“Ph - | - P
AAG =59 AAG =767 o
0'§B‘ . ‘K"']\'AB; P M;‘/ 3{0"';1}(.‘ —>» Me O__f"!-( 'IIBr
o-- % 8-0 py
e 4 Me~K)%eP Br N%éx:o’ Me
“Me MeMe  pn Me
CP1 CP2 CP3
AG =-22.6 AG =-102.8 AG=-428
Me Me
Ph — ot Me Me Me L Me
Me S Ph
AMG=07 | AAG =42 Me D----K 2 AG =727 o ° Ph
e g O,;"“K """ Br el T £ o/ N, éi » . § ‘K g Me
“g L O=B-% % Sl Me B (&
Me »B70 1 i O—Si
o) [ ™\ Me Br Me Ph Me~ &\
Mg _ Ph Me br Me
CP4 CP5 CP6
AG=-151.9 AG = -269.2 AG =-344.9

ARBTIE, BRBETASHIRREBETILICIYRGADRRETM R LTRE ZBHEEEA
RohaZeinohotf. Thbhb. RiEW 3 AN SHIEACPHA. S YULKRL— bhfEEZEED CP2
ERRtk. BSIEAMNUIMShTI VLT A VEEL CP3 AL LS, RIC, VYL T A UHNRRRFZE
KEFTLHIETTIV—ILTFTFUEEL CP4 #HHL. COF7=ZFUBLERVBIXTILANRIELT CP5
£, ZDEE CP3 ECPADLDRIGEEFEOTEL . ChoDhEKRITELIZHESN D &K,
DULTOE FARL— LA MR EEZRELTERMEELCP6 2525, BonzRIETOT 74
VIZELN2BAGHHIIEREELFELLEL, §%, KRGICEROWIF[ELGREEELN, EBEEIC
EELEVHBLERIGEEAEIERAIN B 2 EAEFIN S,

- 213 -



4.1.

&k - HREE

QIR
* OSatoshi Maeda, Global Reaction Route Mapping Strategy for Systematic Prediction of Reaction
Mechanisms in Homogeneous Catalysis, Challenges in Computational Homogeneous Catalysis — 2013,
Langholmen Conference Center, Stockholm, Sweden, June 13-14, 2013.
* OSatoshi Maeda, Development of Automated Reaction Path Search Methods: Systematic Studies on
the Mechanism of Chemical Reactions, 15th Japan-Korea Symposium on Molecular Science, Hotel
Kitano Plaza Rokko-so, Kobe, Japan, July 3-5, 2013.
* OSatoshi Maeda, The GRRM Strategy for Finding Chemical Reaction Pathways: Applications to
Organic Reaction, Catalysis, and Enzyme Catalysis, The Sixth Asia-Pacific Conference of Theoretical
and Computational Chemistry (APCTCC 6), Gyeongju Hilton Hotel, Gyeongju, Korea, July 10-13, 2013.
*OFTHE, LZ2RICBEEBERZORE, HH LU, EXRAOKLH, £ 1852 FEEN
YHESHEE ERIERPENSERAVYILIIL—FR—I, 20135 8A7H
*xORTHIE, AFIR 22 BAUWEBEBREY T U JIC & B RBIREREN, L UoRODL TEZRIGE
BEROD=1—TOVT,72013], RBREEAF—REHELS2—, 201359 A 27-28 H
* OSatoshi Maeda, Systematic Exploration of Transition State Structures for Organic Reactions by the
Artificial Force Induced Reaction (AFIR) Method, 5th JCS International Symposium on Theoretical
Chemistry, Todai-ji Culture Center, Nara, Japan, December 2-6, 2013.
*OMEMBETE, LAKS, FIHE, FHE, RXEt, GRRWAFIR ZICk 23S ULKS VEORIEHEE
RE: BELT7 42U L—IT#3BHER BRLERE 94 £, EHERZERUF v /1R,
201443 A 27-30 H ,
*ORHAE, L7 -/ Ay FOBEIERICATERERBREBZEERLZIORELARILEN, BEAYESS
% 69 BERKE, HEXRFHREY v/ X,2014 43 A 27-30 H

RRAA2—H%
*O/NthFBA, BTEE, XRR#Eth, RIEBEEBREREICEDIT LI 4 VA2 ARGEROBRMNF
KEHEO®RE, £ 16 AERLEHAS, BRATRESCYYR— b2 42— (HBLVNA) 2013455 A
15-17 H
Y OMin Gao, Satoshi Maeda, Tetsuya Taketsugu, and Masaya Sawamura, Theoretical Study on the
Mechanism of Ir Catalyzed Site-selective Borylation of a C(sp®)-H Bond in 2-alkylpyridines, & 7 ®4 %%
PHME, mATILY, 201349 A 24-27 8B
* O/, §iEE, Raft, EHES, GRRWAFIRZIZKSFIL Tz AEZNEFRT 4 >
AUNVBBIKIZE DA VLT / BIBET AT ILTE T I F—ILRICEEBOEREN, £ 7 RSFHEHRR,
WEETILY, 20134 9 H 24-27 A
* OERET, sTEE, KREM, GRRWAFIRZEZIZE S 2-F)AFLoOXFT TS 0ERAVDS
vinylogous Mannich-type &It D#GERRRR: ERERMEER vs. BNPHNXE, £7 RS TFHIHRAE R
#MT I, 20134 9 A 24-27 H
* ORyohei Uematsu, Satoshi Maeda, and Tetsuya Taketsugu, The Mechanism of Vinylogous

Mannich-type Reaction Activated by a Water Molecule, 5th JCS International Symposium on Theoretical

- 214 -



10.

11.

12.

Chemistry, Todai-ji Culture Centet, Nara, Japan, December 2-6, 2013.

R FER
Hongyan Xiao, Satoshi Maeda, Keiji Morokuma, CASPT2 Study of Photodissociation Pathways of
Ketene, J. Phys. Chem. A 2013, 117, 7001-7008.
% Satoshi Maeda, Tetsuya Taketsugu, Keiji Morokuma, Exploring Pathways of Photoaddition Reactions
by Artificial Force Induced Reaction Method: A Case Study on the Paterndo-Buchi Reaction, Z. Phys.
Chem. 2013, 227, 1421-1433.
Miho Hatanaka, Satoshi Maeda, Keiji Morokuma, Sampling of Transition States for Predicting
Diastereoselectivity Using Automated Search Method—Aqueous Lanthanide-Catalyzed Mukaiyama
Aldol Reaction, J. Chem. Theory Comput. 2013, 9, 2882-2886.
Hongyan Xiao, Satoshi Maeda, Keiji Morokuma, Theoretical Study on the Photodissociation of
Methylamine Involving S,, T4, and S, States, J. Phys. Chem. A 2013, 117, 5757-5764
YYu Harabuchi, Satoshi Maeda, Tetsuya Taketsugu, Noriyuki Minezawa, Keiji Morokuma, Automated
Search for Minimum Energy Conical Intersection Geometries between the Lowest Two Singlet States
So/S;-MECIs by the Spin-Flip TDDFT Method, J. Chem. Theory Comput. 2013, 9, 4116-4123.
Wen Piao, Satoru Tsuda, Yuji Tanaka, Satoshi Maeda, Fengyi Liu, Shodai Takahashi, Yu Kushida, Toru
Komatsu, Tasuku Ueno, Takuya Terai, Toru Nakazawa, Masanobu Uchiyama, Keiji Morokuma, Tetsuo
Nagano, Kenjiro Hanaoka, Development of Azo-Based Fluorescent Probes to Detect Different Levels of
Hypoxia, Angew. Chem. Int. Ed. 2013, 52, 13028-13032.
* Ryohei Uematsu, Satoshi Maeda, Tetsuya Taketsugu, Multiple Reaction Pathways Operating in the
Mechanism of Vinylogous Mannich-Type Reaction Activated by a Water Molecule, Chem. Asian J. 2014,
9, 305-312. :
Satoshi Maeda, Tetsuya Taketsugu, Keiji Morokuma, Exploring Transition State Structures for
Intramolecular Pathways by the Artificial Force Induced Reaction Method, J. Comput. Chem. 2014, 35,
166-173. :
Yu Harabuchi, Satoshi Maeda, Tetsuya Taketsugu, Koichi Ohno, Direct Pathway for Water-Gas Shift
Reaction in Gas Phase, Chem. Lett. 2014, 43, 193-195.
Min Gao, Andrey Lyalin, Satoshi Maeda, Tetsuya Taketsugu, Application of Automated Reaction Path
Search Methods to a Systematic Search of Single-Bond Activation Pathways Catalyzed by Small Metal
Clusters: A Case Study on H-H Activation by Gold, J. Chem. Theory Comput. 2014, 10, 1623-1630.
Miho Isegawa, Satoshi Maeda, Dean J. Tantillo, Keiji Morokuma, Predicting Pathways for Terpene
Formation from First Principles — Routes to Known and New Sesquiterpenes, Chem. Sci. 2014, 5,
1555-1560.
* Ryohei Uematsu, Eiji Yamamoto, Satoshi Maeda, Hajime Ito, Tetsuya Taketsugu, Reaction Mechanism
of Anomalous Formal Nucleophilic Boration of Organic Halides with Silylboron: Combined Theoretical
and Experimental Studies, (submitted).

HEE RCEREDERIOMKLSBEIUVERRIEADOER, 2F 32—V arvHRER

TPoYyTIL) , 2014, 16 (1), 22-28.

‘E‘E’:
ECI“

- 215 -



KEBLsFEAEIaL—YavIickd

IEEEL S VRO BEOHEERORE

Large-scale molecular dynamics study of protein interaction
with lipid membrane
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Computational analysis of the structural stability of nucleic acids
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@: Watson-Crick base pair
Q: Hoogsteen base pair
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; .
R minorgroove | dr gy : minor gréove choline(Cho*) tetramethylammonium
T-A*T triplet b C-G*C* triplet (TMA*)

1. (a) T-A*T triplet. (b) C-G*C" triplet. Dash (-) and asterisk (*) indicate Watson-Crick and Hoogsteen base pair,
respectively. Protonation of the N3 of cytosine is represented as C". Filled and open circles indicate Watson-Crick and
Hoogsteen base pairs, respectively. (c) Chemical structure of choline (2-Hydroxy-N,N,N-trimethylethanaminium) ion

(Cho"). (d) Chemical structure of tetramethylammonium ion (TMA™).

mi-major groove
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minor groove
¥ ceceeeceeeceey
1ststrand [XYYITITYXITY)
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e 3rd strand 5 e pere <,
major groove side minor groove side ODN2

2. (a) Illustration of structure of DNA triplex from major groove side. (b) Structure of DNA triplex from minor
groove side. In panels a and b, polypurine strand (second strand, green) and polypyrimidine strand (first strand, cyan)
form Watson-Crick base pairs and the third strand (pink) forms Hoogsteen base pairs with the second strand. Sequences
of DNA triplexes (¢) ODN1 and (d) ODN2, Filled and open circles indicate Watson-Crick and Hoogsteen base pairs,

respectively.
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[%] 3. (a) Sequences of DNA triplexes. The red letters in the sequences indicate the bases shown in panel b. (b)
Distributions of cations around DNA triplets obtained from MD trajectories performed with cation concentration at 1.7
M. Red dots represent the distribution of oxygen atoms of Cho", Fifty snapshots from MD trajectory during 15 to 20 ns
intervals were used, and these cations are superimposed on the average structures of the DNA triplet. Three closest
cations to the DNA triplet, indicated by the red letters in panel a were selected for each snapshot. (¢) Snapshot of Cho*
ions binding to T-A*T triplet indicated by the red letters in panel b at 15 ns. Cyan, green, and pink balls represent the
atoms of first, second, and third strands, respectively. Yellow, red, and white balls represent carbon, oxygen, and
hydrogen atoms of Cho®. Blue arrows in panels b and d indicate the binding Cho* to ma-major groove of T-A*T triplet,

and red arrow in panels b indicates the binding Cho" to minor groove of C-G*C" triplets.

3b IZ7RT L 512, Cho' ik ODNI, ODN2, ¥H 50 TH, V UVEBERBICET LTS, 20D
L3, DNA EHIEEZEMIZEO 2D Cho' OFE —~OHRENTY VBEOABEROFMTH D Z L EZREL TN
5. groove §EID Cho" DA DEWVIIREM TEWVWAHT, 7F = F I vnnbhi b =54 ODN1 OF
FHCI3h 54 > 1L major pair of major groove (X 3b HRHD ICEH L TWAHDIERIL, 7= by
572 % = B 4§ ODN2 0 & TZ minor groove (X 3b#RAF IZEHF LTV T 5, C-G*C triplet T 3rd strand
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DN e FALER TV BT, T-A*T triplet 12EL~_T DNA BAHEOEENEL . A F 42T
DD AR/ E W, $5IT ma-major groove FEEIZZ DFENRBIHTN DI LD EEZLND, £z,
3¢ 12T K& H 1T ma-major groove IZFE S L7z Cho' 124y F DIIRA groove DIEK & < —HLTBY, TR
2T groove LFEA L. groove BIRE XX CWAB I ERIDNRZDB, REB, BTFF L OHM N — 30
FA O L O TIER UERER L, ZOEIT Cho' A —HFL <. TMA', Na' &fiEl i,

32 AFF AL D DNA ZEEOEBFK

Qa2 HF A BREEE L T2 DNA ZESERROBL S K 4b IZHFF U BHEE LIoRETOES
S3AiE g, X 4c iXX 4b OFHE THWE DNA ZEHE W T F L OESEOEEELE R L TN D, BFL R
HEALTWRWIREE (K 4a) Tl DNA REOERITY VBEOABMOLOAILR>TWEH23, ODN2 O
ma-major groove BIOERIT, T b RX—T 2V ENTEV N UOEBTERRL TS, IFAUBEEL
7oMkEE (K 4b) TiXY VBOBEMAFMEND, Cho™e TMA' NS L1-HA. DNA —HEEHmOER Y
TNTIHE—ARIZTE S EERZRLTWER, Na' WS L7ZEBEIE. Na OSSN T AR EoERE 2L,
DNA REDEZIAAO 2L b T XA MIBRWEETH D, ZOZEIZTAERTHDI Na LD b, HEHRKER
AR L REEAFFO Cho™° TMA R E D5 F A A V3G 27778, DNA ZEHREOESR T R ALF—&F
LI ARENRBENI LEATRLTNS,

30 [kT. molte?]

mi-major
. groove
Lo Ma-Major
groove

¢ lst strand
ODN1 ODN1 ODN1 ODN2 ODN2 ODN2 €3 2nd strand
{Choy)  (TMAY) (N2 {cho)  (TMAY)  (Na¥) © 31d strand

4, Three-dimensional electrostatic potential maps on the surfaces of (a) DNA ftriplexes and (b) complexes
consisting of DNA triplexes and cations. (¢) Cation distributions around DNA triplexes. (d) Schematic view of DNA
triplex structure. Cyan, green, and pink balls represent the first, second, and third strands, respectively. In panel ¢,
carbon atoms of Cho" are shown in yellow, carbon atoms of TMA® in orange, oxygen atoms of Cho" in red, and Na"
ions in gold balls. Hydrogen atoms of Cho* or TMA" are represented by white balls. All views are of the major groove

side of the DNA triplex at 15 ns in simulations with cation concentrations of 1.7 M.
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3.3 MM-GBSA iEIT L DA = R X — 0§t

DNA ZEH#HOBIAICKH T D HF A GG/ 8 — o OBBIFHEDENWEFE L SRS 72DIC, BAITAE
RLIZHEA L= F 4 L DNA & OREE TR ¥—% MM-GBSA % AV TEHME L 7=, MM-GBSA &2 X
S>THELND T A & DNA DG RN X —AGron i, BEHOSFRIOBEMAIER AEy., 77> -
TN T )VAHEANER AEvpw. KANZX T A ERE S 4G L FFFHENETE 4Gy P TEZ BND (K
1),

AGroraL = 4EgL + AEvpw t4Gg + AGsy (D

K1 OFUOEREFAZRNF —AGomna PHEEEF SIZRT, ZNbH 4 DOBEOHFTE T 72T -
U — /L A EAE & B BRI & 2 FRMREAR BRI DY AGroma & MIVVEBEZ R LTV 5, Na'iZfR&k &
NDERBA A TS, WK X R EE L RMICAWBUKEERZ 2 o0 T 1 4 1%, EBEMAE
Az LY DNA @ groove SEIITITE ViAA, groove JERE# X2 5 Z L 12 L - T DNA SiRIBEZEEIET
WAHLOEEZLND,
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g ¢ d 5 ) % Bon s 3 P
=-10 Ny S0 ot S0 | ey = .10 | ot
<4 2 . Fd = e
2 L g i 5 & ° o
2 20 L 6‘_20 I n (520 ng 220 L ) i
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AEg, [keal. mol-1] AEpy [keal. mol ] AG g [keal. mol-1] AGg, [kecal. molt}

4 Cho* around phosphate area of ODN1 A TMA* around phosphate area of ODN1 A Na* around phosphate area of ODN1
@ Cho* within minor groove of ODN1 ® TMA* within minor groove of ODN1 @ Na* within minor groove of ODNA1
A Cho* within ma-major groove of ODN1 | TMA* within ma-major groove of ODN1 m Na* within ma-major groove of ODN1
4 Cho* around phosphate area of ODN2 4 TMA* around phosphate area of ODN2 £ Na* around phosphate area of ODN2
© Cho* within minor groove of ODN2 O TMA* within minor groove of ODN2 O Na* within minor groove of ODN2
{1 Cho* within ma-major groove of ODN2 [ TMA* within ma-major groove of ODN2 1 Na* within ma-major groove of ODN2

5. Correlations between binding affinities of cations to DNA triplex and their energy components: (a) AEgp vs.

AGrotaL, (b) 4Eypw vs. 4Grorar, (€) 4Ggs vs. AG1otaL, (d) 4Gsa vs. AG1oraL.
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Simulation to analyze the mechanisms of molecular motors
OffH: HA (LEBKZE), NieQing-Miao (5FF#WFZER. 4 HEBKRY),
FH R, HRAL M (GHEKE)
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D3 REEZBATHERL TS, ZOKEY, TI/F U EEMTHIIFI VDO RAL CHEOETBENEEH
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First Principle Investigations of New Materials for Lithium and Sodium
lon Batteries
O Atsuo Yamada and Sai Cheong Chung (R K%F LHERIZR (LFIXT LA TFEHER)

1 BIZERR. AR

Amid growing global demands for low-emission energy, economical and renewable energy sources such as wind
and solar energy become increasingly important; accordingly, competitive ways for storage and transport of energy are
expected to be of high demand. For storage of energy, rechargeable batteries are one of the most efficient and proven
technologies to potentially meet the needs. Lithium-ion batteries have been commercialized for sometimes and are
found especially ideal for mobile devices, thanks to their high energy and power density. However, for large-scale
operations, cost and natural abundance of the materials become more concerning.  This drives investigators recently fo
look closer at lithium-ion alternatives such as sodium-ion batteries.

Enlightened by the rich experience about compound structures in lithium-ion batteries, new cathode materials
based on layered oxides and polyanions are continuously discovered. Several computational studies have also been
reported. The main factors affecting the applicability of a cathode such as voltage, conductivity (electronic and ionic)
and stability are being addressed. Here, by using combinations of experimental methods and ab initio calculations, we
have developed new classes of sodium-ion cathode materials, Na,MP,0, (M = Fe, Mn, Co), NaFePO, and Na,Fe>(SOq);.
These are all materials involving elements of low cost and high natural abundance. Computation helped us to identify
possible experimental phases for unknown compounds, validate the charge-discharge voltage profiles, determine the

ionic transport mechanism and analyse the phase diagram.
2 WPEGIE. FESE

All the calculations were performed with the Vienna ab initio simulation package VASP. The projector augmented
wave (PAW) method as implemented in the VASP code was employed. The GGA exchange-correlation functional
was due to Perdew, Burke, and Ernzehof (PBE). Hubbard-type correction (+U) is required to characterize the
localization of the 34 electrons, an effective coulomb energy of U-J=4.3 for the Fe atom was assumed. A cutoff of
650 eV for the planewave expansion and appropriate k-point mesh were used. In the calculation of electric field
gradient a PAW potential of Fe with the 3s, 3p, 3d and 4s orbitals treated as valence electrons were employed. For the
geometry optimization both the ionic positions and the lattice volumes were allowed to relax. Convergence of the

forces were set to 0.010 eV/A and the equilibrium pressure was smaller than {0.5] kB.
3 BHEERR

(A) By calculating a series of sodium transition metal pyrophosphates Na,MP,0; (M=MnFe,Co) we
investigated the possible crystal structures and voltage profiles of these new materials. We studied four
polymorphic phases of Na,MP,0;. We found that a triclinic phase would be the most stable for Mn, a

triclinic and an orthorhombic phase would be the most stable for Fe and the orthorhombic phase for Co is of
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(B)

the lowest energy. These phases are eventually synthesized in our laboratory'. The voltage profiles for
the most stable phases of these pyrophosphates have been computed and compared with available experiment
data.

Na,FePO, in the olivine phase was reported to be a viable cathode material for sodium-ion battery. It
shows excellent cyclability with capacities of about 100 to 125 Ah/kg. The phase behavior of olivine
Li,FePO, has been under concentrated scrutiny, however, the sodium counterpart Na,FePQ,4 draws attention
only recently. Since the Na" ion is much bigger than Li* ion (102 pm vs 76 pm), intercalation of Na* into
typical hosts for Li" ion may result in different phase behavior, and clucidation of the phase diagram will
provide an essential basis for understanding of the material performance. In this respect, together with
experimental data, we analyze the phase behaviors of olivine Na,FePOy , as a function of state-of-charge and
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- Figure 1 (a) Experimental phase diagram of NaFePOy,, at x = 2/3 is the phase boundary, with x < 2/3

there is the two-phase region, H+I (heterosite + intermediate phase); with x > 2/3 there is the
single-phase region, § (solid solution phase). At high temperature there are the decomposed phases
(D1 and D2). (b) Experimental quadrupole splittings (mms™) of M&ssbauer spectra of NaFePO,. In
the S region two types of Fe’* and one type of Fe** are found. (c) Computed Mossbauer quadrupole
splitting constants of Fe of Na,sFePO4and Li,3FePO4.  The variation of the number of Fe ions with
a particular quadrupole splitting is shown. For Na,sFePOs, the peak at 0.8 mm/s corresponds to
Fe** jon. Fe** ions have a large variation of quadrupole splitting but peak at 2.1 and 2.9 mm/s,
agreeable with experimental values when temperature factor is taken into account. For Li,sFePOy, the
distribution is much more concentrated, one peak at around 2.7 mm/s corresponds to Fe**. (d) The
local environment of Fe" is analyzed by computing their effective coordination number (ECoN).-
There is a moderate correlation of the calculated quadrupole splitting and the ECoN

- 235 -



Experimentally it was found that the phase diagram of NaFePO, is completely different from that of LiFePO,.
While in LiFePO, the delithiation reaction goes through a two-phase path, in NaFePQ, the phase diagram
shows a large single-phase region (Figure 1a). In order to understand the atomistic reason for such difference
various spectroscopies are measured. In particular, Mdssbauer spectroscopy probes the local environments of
Fe atom and provides a direct clue to the phase behavior.

In the Na-rich solid-solution region (2/3 < x < 1), we found two types of divalent Fe ion (Fe*"(A) and
Fe>'(B)) and one type of trivalent Fe ion (Fe**(A)), Figure 1b.  The trivalent Fe, Fe**(A), has an quadrupole
splitting constant (QS) of about 0.9 mm/s. For divalent Fe, Fe**(A) and Fe*'(B) have drastically different QS.
QS for Fe’'(A) is 1.7 mm/s, only about ~60% of the 2.6 mm/s for Fe'(B).

To elucidate the structural origin of the Fe*(A) site we carried out ab initio calculations of the electric
field gradient (efg). We assume the stoichiometry to be Na,;FePOy4 and a particular ordering of the Fe ions.
For comparison purpose that of LiysFePOy are also calculated. The calculated QS of Fe ions and their
distribution are shown in Figure Ic. For Na,;FePO,, the computed QS show a large range of distribution,
those of the Fe’* ions are in the range of 0.6-0.9 mm/s and those of the Fe®* ions are in the range of 2.0-3.0
mmy/s. Such large variation is not observed in the calculated data of Li,sFePOy4 (Figure 1¢). The peak values
for Na,3FePO, are 0.8 mm/s (Fe*"), 2.1 (Fe%) and 2.9 mm/s (Fez+). These agree reasonably well with our
observed values of 0.9 mm/s for Fe**, 1.7 and 2.6 mm/s for Fe*". One notices that while the temperature
dependence of QS for Fe’* is smaller, upshift of 0.3 mm/s as temperature decrease from 300 K to 80 K is
possible for Fe**. Since our computed values correspond to that of 0 K they are expected to be larger than the
experimental data which are measured at room temperature.

The large distribution of calculated efg values for Fe®* can be understood as due to the distortion of the Fe
octahedra. Figure 1d shows the plot of calculated QS vs the effective coordination number (ECoN). The Fe
site in NaFePO, has a Cs symmetry and an ECoN of 5.5. In the optimized structures of Na,sFePO, we
found some of the Fe®' sites have ECoN as low as 4.6, spanning'a range of 4.6 to 5.6. Figure 1d shows the
correlation of ECoN to the calculated efg. Although there is large scattering we found that the low end of efg
all correspond to small ECoN. As a result we assign the Fe*'(A) to sites that with low ECoN, namely large
distortion sites.

Our Mdgssbauer measurement together with DFT calculations allow us to pinpoint that large structural
reléxation of the Fe* octahedra occurs at x > 2/3 in Na,FePO,, in particular the unusual low QS of 1.7 mm/s
is assigned to highly distorted sites. For Na,;sFePOy the distribution of ECoN for the F e™ are computed to
be in the range of 4.6 — 5.6, this range is much larger than that computed for Li,;sFePO4 which is 5.3 — 5.7.
The stronger structural relaxation of the sodium structure will stabilize Na,FePO, because it will disperse the
elastic strain result from the coexistence of Fe** and Fe’* ions in the same lattice, which have quite different
average Fe-O bond lengths (computed values of ~2.0 and 2.2 A respectively). The larger unit cell size for
Na,FePO4 compare with Li,FePOy allows larger room for such structural relaxation. One may argues that
the Fe”*—Fe¢® interaction becomes more attractive in the sodium case in comparison to the lithium one. Indeed,
when we computed the formation energy AH; (AHy =E(4,5FePOy4) — 1/3E(FePOy) — 2/3E(AFePO,), 4 = Li,
Na) we found +13 meV/fu and -30 meV/fu for Li,sFePO,4 and Na,;FePO, respectively. Negative formation

energy for the sodium case fulfills the prerequisite for a solid solution phase.
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The FePO, electrode shows partially reversible capacity with aqueous Mg electrolyte on charge/discharge
expeﬁments. Reversible redox of Fe’/ Fe*” is evidenced by ex-situ Mdssbauer spectroscopy, whereas little
structural change occurs in the ex-si.tu XRD patterns. We used DFT calculation to show that the activation
encrgy for Mg”" diffusion is over three times larger than that of Li* (Figure 2), suggesting the topochemical
intercalation into FePOy, is difficult. All of these results might suggest that partial fraction of the FePOy4 phase

becomes an amorphous phase by non-topochemical Mg®" intercalation®.

10

[

-

it

=

Reaction Coordinare / A

Figure 2 Calculated (a) Minimum energy path for Li" and Mg*'-ions migration in FePO,.
(b) Migration path along b direction in FePOs.

Using the inductive effect in polyanion framework systems, Fe’'/Fe*" redox potential can be enhanced with
with full utilization of one-electron reaction. In this pursuit, many ~3 V Fe-based phosphate PO, insertion
compounds have been reported. Newer Fe-based compounds with higher electrode potential can be realized
by replacing phosphate PO,> with sulphate SO, units taking advantage of their higher electronegativity.
This avenue is not yet realized with the only known SO4*-based compounds NaFeSO,F and NaFeSO,F.2H,0
being electrochemically inactive. We reported’ an entirely new class of cathode based on the Na-Fe-S-O
system combining the unusually high Fe-redox potential around 3.8 V versus Na with excellent rate kinetics
as well as good economy. It benchmarks the highest ever Fe*"/Fe®" redox potential by far observed among all
known oxides and oxyanionic insertion materials for sodium-ion batteries.

The structure is based on the alluaudite-type framework. Computationally, as a first step we study the
atomistic origin of the excellent rate kinetics of this cathode material. We found that this structure type
allows excellent Na-ion transport, with low energy pathways in the tunnels of the framework. The lowest
computed activation energy is 0.14 eV, amongst the lowest in Na-ion cathode materials. In particular we are
able to pinpoint that the low performance of a previously reported polymorph, Fe,(SO4); in the NASICON

structure is due to their high energy for ionic transport.
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Molecular simulations of enzymatic reactions and functions of protein
Ok EZ. #EER. F LN BFE—. AEFH. ASUFBE, FAfEd, Bo&k
(RERFRFRE LI 7R

1 WA, AR

RS T DRI, ARG FICERDE KB ZZ LWBERLE . BE S FOFERIRIT S
TOBREENBEBERTREZ R LT\ D, ZOBMRO DI, ¥ 7 BOBEZERIG & 47 FREEIC OV T,
NAT Yy K QMMM &, RO FEINF (MD) MEHWESTFUab—a UIFREIT S, FFlo, &
NETIZHRAPBE L TEZ, QMMM HHE T X)LX —ik (QM/MM RWFE-SCF ) & IR AR BKBENE
(LRPF &) ZHAWT, Z VB TRFOETNAN T OBEE - BUE 6 & L BRMBEE O EIC
WTHLMIT B, £z, ZOLWVWHTHELE T2 DB EESTIC LT, EHEEHEILL D
REBEOHREZITI Z&ICX Y, ZOMEENEZHNT 2, BEENLRIESGIIUTOEY Th 5,

1.1 Fi-ATPase BEEPTHTF ) =1 B (ATP) DI/KSEERISIZIBIT B OGS E B koL X —AT

Fi-ATPase |%, ATP BEELTOMAKDRICE > TAEL DR IAX—Z2ANVT, BFOY 7=
v b EJFRNCEERT B FE—F —THDB I ERMbNTWE, ek, ZhETIZ, N TV K
QM/MM & MD v =2 b—va rE HOWEERAENT, RO—0FRRIERICK DML E L T,
I OBEORTHE ATP NAKSREUSHEEE 5 2 55 THE 2 I 5502 Lz (B2 Hayashi et
al., J. Am. Chem. Soc. 134, 8447 (2012)), ABFFETIX, TN E TOMETHELNERT L ¥ v VT RLF —
i ETORERIGREE HRALE LT, Z o7 BOBERRELE RV FE—F —RERICEE S & o8
7B EE I EBE LIz TR NF —E ETOBRRIGHEIT 2TV, 07T —¥ —OREEIC LD
BERSURHIEAEZ A LN T2 80X | FE—NBZRNF —FHROSTHREOCHRBP % BT,
ZFORDOE—HLE LT, £T, ST —F =P A 7B DMESIREICB T A G E BT RV
X—7n7 7 A VOBNT%1T 5,

12 #En R DY A 2 )VFRMREDET Y o 70T L D TE MBS o fZEH

BWHE e RV ATRBEICEE L, BEEZGXDHAEFELZHSI Z LRI BETHD, ZOX /R EIX
FaFAnteLTra ALy vy 7 E VT AT ERD, FORBINIES VA - R T U RARE
CRISIZE Y . 7 FIURELRIES G # U7 EofES - M b5 &8 2 3R EBAR A~ DN
YA 7NV T D, ZHETIC, < OHGRFHFERS X BEREEMRITICRY . ZORIEME(LE
BOMEPRZINTELER, ZRODHEROMICEVENER LN, REZOHSFERBIIH LN -
TRV, ZIZ T, AFETIE, MD I alb—3i gt QM/MM RWEFE-SCF vE% BT, b1 2
NHAEREOEEEZET Y V7 LN FREBIT T2 L1280 JEEEED S F L ~UL TOEAE
EHRLHELEEMETS,

1.3 ADP/ATP BiitfE (AAC) & U7 BoOEEEHLIRIZFEE T2 & 0 EiEEE L o T
AAC EERZ VRV, I bary R TONBEREETLES VRV ETHY, ADP & ATP O
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iﬁﬁi%%ﬁ Y. TOEEBMEIBNTE, X BEABETEHELNL TV 2 IEMEMABR W

(outward-facing) ADP BV IAZAEE O, K& AFEEM LTz MU v 7 ZAH3BHV 2 (inward-facing)
ATP BV IAFIEE~E BT D Z LR FREINDI B, ZOEBEBILONTHRMBIIRMADOEE T
B, LDULARRL, FOX )R KEEBEELE MD B2 BV TEEY I 2 L— T3 2 &1E, B
TEDHEMA T — VORI LV RETH D, FiE, Foxlid, ZOREBEL RTS8k LT, LRPF 14
PR LE, AFETIE., VIVREBERNZ U N7 EBICRETAICIDER SN IBEILEENE
guiding 7L LTHANT 5 = 212 £ 0 KB RET 5, AR TIL LRPF ik% AAC OF)
EBED Y I oL — g IZH#EA L, inward-facing #EDET IV U 7 E2(TH 2 EIC KD IREEAORE
Bk DOy FHEZALNNITAZIEEBENET S,

14 Ceo AUEH DML FORBINLA S A OREHT

H OB b it BRT CHWHEAERIC L0 FHEEVHL, 0F 77 X a0aiE ik
Al LTHREEERTAEEOCRRENED LTV, AFRETIE, TRLICEDERENT, Co &
BT IEHD T ERA T O H CHBERRORIN AR MVIZET 282175, ZOAEESE
BETIE, Coo DRINANY MNHFAZERERZZITTND L OO OB FRIREN R TH Y |
BERBEOHMANPA LN TIE RN -7z, £I2T, Fxld, BHEFAREZHNWT, EakEEoRkE
LR ORI AR MADFHREZITI Z LI D HEREEICBT 2MAERNRIETRIRA S h L
DEBEHLMNITHZIEERZENE L,

Mk, FHREAE
2.1 Fi-ATPase B H T ATP JIKOFRKNC 3T 2 6 B B =R VX — AT

B Ry BT OALFE FUSHENT D712 QM/MM RWFE-SCF % (Kosugi and Hayashi, J. Chem. Theory
Comput. 8, 322 (2012), Kosugi and Hayashi, J. Am. Chem. Soc. 134, 7045 (2012)) 2R\ \=, ZOFEE, »
A7V v K QUMM iE& MD ¥R al—va raillhabt, 4 NV EOBERLENMIZL-T
ERINDFHH BB RV —ihm b CoMiEkEb e TelcT 5, £79. ZHETIZE LML
TEHEENL DR T v ¥ ¥ LT RV F—H ETO QMMM Fi{bigis s HER L LT, JISEREOBR R
TRNF—E ETOMERELEITo 712,

HBEOFHmEIT, LTOBEY ThD, NEERRMORT
YURNVTRAX—HELETO QM &%, MD I =2 L—
va VRITEDIAL, QM T HEIER UUR-F OB R Z & E
L7z mid) MD SEIZE Y MM 35 Ok &k OE4)5
BERETXLX—E G2 DEEXMOY TV T &1TH, £
LT, QM/MM RWFE-SCF k% AWVWT, £ MM #EiEd >
TN LIBERINDIPHGEEHRH- X LY —H L TO QM
SOWEEREEITI>. 2O MD I alb—a kbt
EH 7Y 7 QM/MM RWFE-SCF #1i2 X 5 QM #R4y
DEEEEILDY A 7 v (sequential sampling) ZULKIZE S
ETHRVELITD,

112 MD ¥R 2b—varvReERY, U7 HIZ

1:F1-ATPase ¥ I = lb— 3 U FR,
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bovine > Fi-ATPase DfkfatEis (PDB ID: 2JDI) %2718 & L CHWE AT ORPBERARZTHD

(Hayashi et al., J Am. Chem. Soc. 134, 8447 (2012)), ¥ = L —3 3 VR OFRTFHIT 337,309 T TH 5,
ZZIT. 81 BFMNS R MIGEMEIO QM BB HEHIAE TWE, RIFBESFEMAAER X PME
EEBWTERL TS, 1 Bl sequential sampling DY+ 7 /LEIZ, 1ns OFELKRT 2ns O .MM
BEY ) T EToT, MM &S 100 5 #2727 L, 1 Bl sequential sampling O
P e 20,000 > 7% QM/MM RWFE-SCF #EIZfiv iz, 727 = 7' A3 AMBERIL T,
Sy FHBIE Amber fl03 TH 5, MD FHEIE, SWFRED GTX-580 KT 680 # HW\WTiThiv, Hobh
YT ) IT— 8k QRR RS AR R v 2 —ICBRE L C QM/MM RWFE-SCF #&
W,

QM fEiET, RISEE S FTHhD ATP D=V VB ENEI EieT 2 /B KRS F RO Mg 4
FrEEie 86 T (BN 5 JRFIE link atom D/RKERT) ThHhd, EEEET 631G ZHW, AE
MEET S 2 A— 70t diffuse BISE M % 7=, EERHEL 839 ThHBD, QM FHEIL DFT/BILYP O
HE LUV TITo 7, QM/MM RWEE-SCF 513 GAMESS 7175 L8y r—Uh HICEB SN TED .
QM #4rDFEILZ GAMESS #/HV T3, QM-MM MHESEMIE Ewald iE4 AW TEHE L, BRI
HERFFIEL L 7 —IC T 272, '

22 HBER ROV A 7 )VPRMREEDET Y T K D ITEME L O fE

MR D& LRI BED Y I 2 -y a VRICKT LT, MD JEIC L D RE bR OMER{L LR L,
BEIRRE & Lumi THIREE OV ET AEE LB, 15 o EiiEi: X ##E (PDB-ID:3CLY)
%JE\. POPC “FEEICHEMAATY, BTHIT 57217 Th 5, BV 72H41E CHARMM22/CMAP T
Do MD I 2l —a it NAMD %AWz, MD ¥ Ial—3a U TEEMEET VEEND
QM/MM RWFE-SCF #:Z Wc Bl L —HEREMIZ LY . BEAMEEDREEZT T, QM
SEEIE LA RBF LR A A0 B3 2D CREIS U GEEOKS FEE DI,

2.3 ADP/ATP #iit{A (AAC) # v 80 BOIEMIRICHEET 5 & L3 BEE L OfEHT

HBEEROZ X7 EDY I 2 lb— 3 VRIZH LT, LRPF BICLVEETHSD ADP 703 EH
L7z outward-facing #1755 inward-facing #HE~DEEE(LE VI ab—Ya v Lk, FFEEE TIZ
gL, VbR OEEREASY I 21— 2 VfTo 72 POPC " EH O outward-facing #31% % #IHi1EE
& LTz, BT 80,600 THDH, LRPF EICBIT2BEI L LT, U VEBRHSMAAEED 3 2OIL
RO Co FRFIIMAMTEAERBAL, Tk, VVBEILVRVBOBEREEZZELTWD,
LRPF JEDBIZHW A8 —Ho8ITHIE, 10ns OEH U I 2 Lb—2a UnbERE L, Z0%, BIFIE
BHEMMUCTRERILESD/E Lz, S8 —E5BITFE RO DFEH I 2 L—ra v, MBIEN%
FEANL7- biased &I alb—va o F L THMEZLED TEMEITOEML Ial—a i 1A 20
& L. inward-facing ~DHEELEBIETHA 7 AEBRYVIR U, EEOESEMN MD 22 L
— 3 M 280 ns OIREEN D, 10 ns BXZV TV LT 4 DOUHPREEN HZF R ZHIRNIZ LRPF
EIC & % inward-facing ~DEELEL VI 2 b—va L BTk, £7-. BEBOLD, LRPF % AR
WREFEE MD I alb—y3rbiTolk,

24 Ceo WIEE CHEMALFDOIRIN AR L DT

3 WY Co BB LEHBHEBE IS FIIH LT, BEFeFIRIC I VBERBELEIT, g
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A7 ML OREE EAT o e, BRI
LC-BOP+LRD/6-31G* % v iz, $REFI2i3 ECP28MDF
WART Uy B HWTW D, BhEREEEH R IZIT TD-DFT
HERWE,

MR
3.1 F,-ATPase B¥EH CTOD ATP JI/KDERRISIZEIT A 3: Ceo 1% B BHELS T O,
5 9 B L — A

ZHETO QM/MM RWFE-SCF FHEIZ LY | RISOEIREER OERIRBEE AT O F IR (IM2) (2%t
LT, BEBLZO (@BFELY 2 FRERLLEXVWVET) BHTZRLVX —REEENF LN TVWS, BifE
FTCIELEZY I 2 b—a UL 774ns & 330ns ThH B, 42, 0K TORT Vv VTR

Reactant

4 : F1-ATPase @ QM R DOWEED LS, Standard color code &AL U PET/RLTCWADN, FNENHAH
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Theoretical studies on the phase transition of liquid water, ice, and
clathrate hydrates
OHEH FHitf, A& IEEM, Kol BB, 848 ok (FLKE)

1 HBFFEEE, AR

Kid 16 MU EORE, BEEOSHELMLN TV D, BITEREG T OKOME & HEE 1L, AL
R & 0EBEMICNZ T, REREN D GERAF N, HERMEIMFEINTER, . 77 A 1L—
A FL— hOEZFICELTH, ZOBERRAIZSWESEHA L NC 2 o723 TH Y . BIREFAEOE
Enb b, TOEBMMERTARTH D, AT, KBLOZ FAL— A FL— hOBEHIOMED
R L REMOBIENLEMEL B L, TARESOTHREREOTH - BEEZTOZL2HME TS, £
DI, 1| FIEETOSERER TOKRBHEEOKE, 2 BECBTOIKBEG LDy F L TOHE, 3
BRTOZ7a bEBOHBHEOCE | 4 BRETOT 1 hroxtFb, 5 VAN FL— FOKRBHEFR
v P =7 LR NSFOKE, WWHEB LT, BAENGE LEE - — XX —OBEEEZALNCT S, 2
D=z, HEOBBRZIVX—HEEEITV, FHRMEOTMEELBED,

2 BRFGIE EHESE

BEKOHFR2EHOBRETIE, AFBHFEMATHRENEREILRDSK VII ZEDOLRVWEREEL LT,
KREFBEBEREBFTELVIREEZBLEY AT, BEOZVEREOEBELER L, £, ERICHER
VIal—varEITH, TOERTELLIEREMOBELRR L2, ZRHEEBICERT SEAREN
ELBEATIE. BRVA AAr—U v 7 %2 AOTERA L BERERERE L,

KINCEL Tk, %otz L ERT 2 TEMEEERZAV., BHTRXAF—FHEICID, B%
HRZEEEZTIMTH L L bIC, HxRTa b T A AF—FiEEEZ T 77 LI VERL, 206 DFEY
BOMtE R SHE L, BEROK AR & L ORERZ ED 2, MMIEESILIC LY B AT RV F—ORERE L
Rz,

Fio, EEAERCLY, SESEALHEER COMBBIERE & HEBEBEEOHNEIT o7,

AFE ) EEIZIZ T GROMACS & MODYLAS Y 7 b Y= 7 2z, TOMOFE &Mk,
ZRTEELEZT2 7T 52FA Lk, #EEERIL. HERPHR R ¥ — BRI AR
BEORa LV Pa—¥, BLXOWEZEFAEOY—27 AT —Va VEFMALE,

3 HFZERRE
3.1 B HK D E-IRIRER

KOBRLGHEHEMERAT IEBO— DICHE —RHEEBEHAH D, CORKTIE, KT ZHoDOWREKHE
BHY, HHEE - EAFEBTREZOZSOMEBNKEMO LI ICHBET 22 R TFREIND, ZOHEDBERN
AbN5 ETFRENTVAEREXIERICES | RRICHERMICL ZORNAEBRIET 2 2 L NEEL -1,

BHOMEREZ DI —FAEEE LTV D 2 L 2RTROEMARTEIL Zo0MP BRIICHH LEER

- 244 -



RBIZRDZLETRTILETHD, Bxld, mTENIFECLY
KR OOBIEICERYICH BT ZBBEOIaL—Pa Y
£8AH. CRICH LT, ROBEHRFE L B2 D013, STH
KOV Ialb—varerEZHNTEFEILEZETHD,
TRzl by, FERTEERE-RAENERT S L 512k
7=

Fhx OFEICE D KOW-EARSHEORR A — 8, i
ETBOZNE Y O LRSI R0l KEWMDE D
72 TR DRSO BAIL. TN EROMMNEET 58
Bolx OSFRAE S BEBE LARTIIERLRN, L 25
B, B—5 OROE-EHSBEORAE, ThEROHTIT
OWT, BEEHENOEREME~DEE, X200, b
POREAOELTEXR T N5, ZOEDICIERICENY
AFIVRERBDOTHD, ALEET, REOBEHVEE S
B TEWZ AR SN, T, R-HHESBEORR = &
—VAKOB—BAERDOENE Y S THIZEEN T L85
METRoT, ORI, HACERISMREED b D ERER
HiE, KIEAHEZ BRTICK-HESBEERTATECES S &
ERET D,

3.2 K VII OfES LR D% R

T2 ITMEIC LV ARPK VI ICEB T 5 BB LR E R, B
EDRIIC LR L RIE LT, (b OBE TRAMOER EFE I H
B3 5880H0, ZhNAELICETSRBICREREELEZ
LT ENbholc, TOBREMOEEEZ NF—r~yF U 7Il&
DIRGE LRGSR, EFICRERBARE Lo, F-RERZEKTH
DT ERHB LT, ZOFLVOKPHET 5SROV T,
R e AR, T, YIalb—varEroniEsl

0 30 60
t/ns

B 1. AKOUE-IRFEBE. % 20 H5F
L, ZHENOREIEOEEDORHER
ERLTWA. <0 DIEEIX300K Th
D, BEIT—HEIZ 094 g/em’ THB.t=0
TR-BERRUTOREIZERT D
L TCEERDHRENPREL 2D, B
DEE & B OEBITENENEWICE
£ 0,r=30ns TIREEMBA) L BEBEEHE
(BYDZODMIZERIZTBET 5.

TATH LVOKDFREEZERHE L, TARRHE L TEL2FZEHD 2. 3k VIIE) & 5 LVK(E)

R L. SfEdiRL 723, TORMEBRTICEBVOK VII OB Bk

EHRHEIN, KETDHIETK VI ~E BT &Bbhol,

E BT, F LWKOEEREE 2 7z, B FROBITIC L > T, [\l Lo WES & FER LI < WS
BHDHZ EBWH LI, TOFLWKIL” HoH” TIAFy 7REHB L,

IHETIZHAOLN TS TRTOKDEREHIZ, VTN T A Z—(1 H5Fbl-0 4 ADOKEREE)
CXEENTWe, —F, BEE T, fiHZ Sy XL FOh THEENER SN D FCC 7T AF v 7 HOF
ERVIalb—TaryTFEINTND, FRIERLLLKE. ZHL0o0nTEbRRD, DL oDORERE
BOR TRy F U T L RBEERHEELTVIMDTOHLEZLND,

3.3 KOFHLWERRESR

7T AF v 7KEK VI OMOHERD, ZEEM R ZEIC-REERR GEFER) 220 ZRHEEBHR (R

- 245 -



ﬁﬁ)«k@b%bé:&%\Vizv~VaVKiD%LTQNQT’
oo ZTHETOWIETIE, BANZEEDOE XT U U ZADEHR b y@ | ;’ 4’
3 AR T L v b | A OEERII— KIS + @ L7

e

a4

¥
ThHALHEINTE T, RFFRTIL., EE2TH - BER » <
BIcBO T x RAFRORTHTBNEY Tat—va | T
LRI L, WEESTI, EERERORREBEEUD | L0
LT ABRABANMERSNS I L ERHE L, ;wm@wr*

PE eE

B2 3REBHORERERERD, 000 [ XF5—U 7
Hi) EPREN S, R A TR T REBERREH T2 8% K 3. KVI(E)BCC T 7 XF v 7 K(H).
FERR L7z, SHWFEDRA— U U TRIBEDNCEDLTHRY BIEKE)DS TEBOEN, I RAF v
MOZENHBA L, ZNOO/BHRE Landau BIEFRICES KT, O FEEELTWHWLN, B R»
CEHIZRIAVXF—MTICL o CIEEMITO—RHEEGER EE  OBEITHZ L3R,

JERITO ZREEBE ZEEARDB SR CEWV I fEmEE
Wi, BFVIal—varilioT, BENRSTFOZERRR L ZEERMEEKEZ RO -0z 0N
MHDTTH B,

EBIL, TTAF v 7 KOBREGN, BEHEHIZ XV, Spin-1 Blume-Capel €7 /L & FEEN 5 3 RTA ¥

VIERTFNER-DZ=N—Y VT 4V FRIZBTHZEERA LT L,

34 K OEBRFHEOEETENE L BTFHE

Ko7 a U BRFHEIIZ O8E, BEEZ LTSy bu—RNIZERZRY 2 b BRFHEICHEEBT
Do LU, KIIEXIET 2 ERFHENERTHEINTE LT, MOBRFHELIEAS L HBHERE CE
EThD, REKNEIHRFHETHICLEOLTREVREER COREICFETEDION, £LTREKI
DEKFHEPEELRONDD, LW Z LT INETIELL D2 TELT, KOZEHRBIZBIT ARM
RREEDO—2 L EN TS, XTIV Ial—varildoTKI
& ZOEBFHOBSFHREMEL LB L, K I OB EE
LZRWREZ T, K 0 OERRFHEIIOKI & T EDORERE

#£1. koo b ERFEHEE &

) FRO® R

FET, ERTERTEDTREMIEZS 200N RE, K OERK
FRIZREZFNEERREL RoTWEDOLD _AEHALNCTS ERR A FRFHE
ZEEBEELE L, Th XI

F7 AHHBATRAX—HEORER, K I OERRFAE LK I O 2 Il
B, KPZBEICHET DIELOR/BL DI LR’ PhoT, I IX
VK T OEBRFHEREF AR REETCHIELTT, o, — KD IV (m) ?
B EBAES L F L L5 o, MEBEEICEDEEEIEE A v XIII
RN Db, KU OEKRFEEERTERTHZ & VI XV
EEAICRARETH Y, Kle DL 5 ICEREME LTEADZ L VII VIII
HOERNERERLE, XII (m) X1V

EHRZAMEERT XL -7 4 ) VIREBFEEOS T, X7 Ic (m) ?
ARV —DBRIRE, b b BAED B I OERFHNRE

m: ¥R EH

FEWR> TWAEREZEE LR, K OEKFHEBILREZETH

- 246 -



HEVSEDL LLAKIDE, BFHARPLLDFARI = AN F L o TRESKERLTNDZ L
B LM o7z, BRARBTANX — IR FIREIORBEICEKRTIETH Y, —RITIT, BTFREOIR
BB THEV] #RiEd, BOERRE~ X —2F0, 20, KIIFZTOEKETIE IFELMW)
R THD, ELTEDRLNEIPKITDRESEZEATVD LB TE D, SOIRFTNRS FRIHEEE
REFRIFER, K OFREACIE, EFRCEATHOTHOKRERES L. ZLALBEATORVIRVKER
BOZHEENEFELTNDZ ERALMNTR o7, K I OFEgIE. BOKERFE & HOAKRFRE D ET2E]
ATHEELTEY, ZRIC Lo THEFAZ AN X — L FREH TRV —PHERRNT A% & o TRE
LT3, 2L TOKI OERFHEIT. LROBER OKIAZET E 27D BRFITEHN2W &R
7o

THETIE, BOARERFE TRHEIZNL TS TEWV) KOBEDIE D 23 & BB A AER = 1L 8 — O8N
MOIIREL 2D ESNTER, ZLTEL DETAEICBNTEH, BFROBERTIBHEINTE,
FaBBALNI L, BATEKEEEAICL > TAELLIBERED LN HPOELIETFHIROEE
PEIE, KT DR SPHOEL DKEFOREEIZOWTHZRREEE2 D ERTEEND, &BILF
DEHET, KULUANTYH, BALKEEAEEOKXV OL I RKAELIZZOETFHENEERIIRESHESE
LTWBAREERE L, —ROKOKRFERFEEN LD LI RAN AL TERE 200 EEHT 2 FR3 M5
DERDTENEFIND,

3.5 OKOBERETRR DR

K Th(IRERE DOK)DRAEIIN D ETHRL, MbFERBMBERZO—O7E0, THEEREY T 7AFZEIX
D, BRI, BEREOEEEMRWERE, FUBREZEHATEZ 28K TH, BREIE
BAMTCHRID L, = e —EMRETHI DI, LD TEIMEMLETTLINHEAS. L
L, BN HEWoT, HENYV U TIATHD EIEEL 2R,

Fxld, BERE»O OKOBMBEREZSTFHNFEV I 2 b—3a VI VELIHN, 202D
o, BLWE—4 55 2 — 5 £ EA LT, fER. BBLROA—# /37 A—4 & LCIE, BARIRE)OK &
ELWVIEHREENOALAVONTE R, HLWA—F T A—F 3, #RmEEDILNOERRIEN
EHIHTX B, TORERE, B AR SN D DI - T, %K Ma(laterstitical-Vacancy &K KE%t & Bjerrum 0
Doppelt-Leer KFaxHDRBERSLTRR DT L5 D& LD, THODORMEMIL, By bn E—%2ET
R TIERL . BEELOZIAF— N TEE THMEL LTHEAL, B@EE CORMEZERT IO
WHEE5T 5, BT, bLREIOSHENPEZSRVWRL, M TERVWIEZHLMILE,

4 FER, HREEEZEITE
41 WX
* % Mochizuki, K., Himoto, K. & Matsumoto, M. Diversity of transition pathways in the course of
crystallization into ice VIL. Phys. Chem. Chem. Phys. (2014).doi:10.1039/c4cp01616e
¢ % Yagasaki, T., Matsumoto, M., Andoh, Y., Okazaki, S. & Tanaka, H. Effect of Bubble Formation on the
Dissociation of Methane Hydrate in Water: A Molecular Dynamics Study. J. Phys. Chem. B 118, 1900-
1906 (2014).doi:10.1021/jp412692d

% Yagasaki, T., Matsumoto, M. & Tanaka, H. Spontaneous liquid-liquid phase separation of water. Phys.
Rev. E 89, 020301 (2014).doi:10.1103/PhysRevE.89.020301

- 247 -



Nakayama, T., Matsumoto, M. & Tanaka, H. On the thermodynamic stability of hydrogen hydrates in the
presence of promoter molecules. in SOLAR CHEMICAL ENERGY STORAGE: SolChES 46-52 (AIP).
doi:10.1063/1.4848090

Himoto, K., Matsumoto, M. & Tanaka, H. Yet another criticality of water. Phys. Chem. Chem. Phys. —
(2013). doi:10.1039/c3cp54726d

H S, MARIERT (2013) H A NA R L— b OEIIEREMIZ OV T, BEH DR & BT,
23, 94-102.

% Mochizuki, K., Matsumoto, M. & Ohmine, 1. Defect pair separation as the controlling step in
homogeneous ice melting. Nature 498, 350-354 (2013).

Tanaka, H. and M. Matsumoto, M. (2013) Statistical Mechanical Approach to the Thermodynamic Stability
of Clathrate Hydrates, Adv. Chem. Phys. 152, 421-462.

WAER, HPHH (2013) k77— LR A OHERIRA, RRRE 71, 161-171.
RATA, RAEM, HFHEH (2013) FT7RXF v 7 KkOEELFAFI7 2, KRERZE 71,
131-140.

Tatsuya Nakamura, Masakazu Matsumoto, and Hideki Tanaka, “Thermodynamic Stability of Ice II and Its
Proton-Disordered Counterpart; Role of Zero-Point Energy”, J. Phys. Chem. B, submitted (2014).

' Masakazu Matsumoto, Kazuhiro Himoto, and Hideki Tanaka, “Spin-One Ising Model for Ice VII-Plastic

Ice Phase Transitions” , J. Phys. Chem. B, submitted (2014).

42  RIFEE

* 2014-3-31 EEREREME I F—  REER, TKEKDVI 2 b—va v REBNEFHE
HRFHRFERIRF ¥ v /73R)

* 2014-3-30 BAYEEESE 69 MERKEY VARV Y ADKORBREE -EREVIal—va
VR BEOEDER-. RATEM, DKOMER L EBRES ). 5 R PEHCRIERZHE 5 v
NEAV S|

* 2014-3-27 BAR(LZERE 94 FRFESPRECEGER, MAIER, TEMRSFPELTETEE
REE) KOWMERY AT Iy 7 R-|, HAHEBH@EEBRRERL Xy L 3R)

2014-3-17 Physics and Chemistry of Ice (PCI2014), M. Matsumoto, K. Himoto, and H.