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27 A(ELiEE PRIMEQUEST)) . BiHRELSFIYIa2lb—% 255 (Hxf SR16000) 1T & 2ahsrk
FEBE LY UNIX SBAAE Y AT L TH(2—FDOR—LF 4 L7 M7 7 AN —_—FlZh ) &R
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Lok e
B E—HNIT2BDAA vF L 7 AT A(CISCO Catalyst 6504 & Alaxala AX6708S)% HMZH v & EH/N
v I R BRECER SN TVET,
H$HENIT GigaBitEther (8Gbps) @ LAN 2BV K HE TRV, FiRNIiEb HAAD Z & ZHFEF (D FRZF
WFZeRT, EEAEWZER. AEEMERNOXBRR Y U — 7 e mEarcEt - FIATE XY,
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<7§§&&¥5¥"*
r’“’*% 8.0TB (6.0TB +2.0TB)
#@f_ﬂa 1 AL AR 3276.9GFLOPS + 819.2GFLOPS (6.4GFLOPS/CPUCore)
CPU &% 640 8 (512 {8 + 128 &)

0OS %, 1CPUCore % 1CPU &388 L TV ¥,
HRT A RATEB(T VAT 4 AT )>

RAEAE 114TB
(AIFR)
—BEE T 7 A N EHE(work) 114TB

BREAEV—V 7V RATFT A(ELEE PRIMEQUEST)
PRIMEQUEST T g 7 & #(Parallelnavi for Linux Advanced Edition), 3 F4LE & TSS JLEZ 1T > TV
E3x a8

<?EEQ%IU;!;§E§>
iLEARE 2.56TB (256GB X 10node)
n"‘*?f!i i iE A AR 409.6GFLOPS X 10node (6.4GFLOPS/CPUCore)
CPU % 640 & (64 & X 10node)

OS /. 1CPUCore % 1CPU &3 L TWE,
<ERT A AVEBT VAT A AT )

WRE 35TB
(RFR)

—BFEEEIK(/work) 8TB
BHRTT 7 7 A VEE(/week) 24TB

OEMEESF VI L—F VAT A
cEEY— =T 27 A(HSBEEFTEL  SR16000)
SR16000 TixY a 7 &EH (LoadLeveler)iZ & /Ny FUEE(T > TWET

<HENFEEE>
FERoBERE 2,304GB (256GB X 9node)
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BHIRE T 7 1 VEEE (fweek) 20TB
EHRTET 7 A VEEE (/save) 40TB
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FERBEE 64GB (32GB X 2 &)
CPU fE %k 3208 (1618 X 2&)

OS }%. 1CPUCore % 2CPU & L TV,



32 Fao—HERFE

RIVAHHEF 2 —
TREREE & T8 (Fa—EAEM)

CPUSt D P BB A T 5,

i BAED/NRY A DIFREEZRLE Lica v Ba— Y RREZEET 5,

il

e

2 A R VU2 —0ORET B,

AT T RERED—

BE LT, BBRMFIHOLZNWNT 7Y r— 3 iz
R, FIIEBBERICEIREOBILEBHRTABIC Y =7 h bR ARELEBET 5,

DWTH, WIREFIROER

HERICHFRIF R &
RBECPURI R A T RE R BRIE 2 R 95,

BT, BTSN — PSR S~ — 2 TR BRI T 5, EEEAE. X

5| Fa—HBRE VI MICTS
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Foa—HERPTOSEOERIITRLOEY TT,

Xa—4 P BRA ROy FEABEWNQE, LSF, LoadLevelon)iZAE LTV DX = — D4R
CPU K B F 2BV, EfTHEER R K CPU ERRE
AEY X 2BV T, FIATRERERERERE
ZEE : ICPU CHRBFERITTE DV 3 AR
PE/CPU %k DA F 2BV, FIATRERFZ K CPU K
Z—YHI R B F BT, DA —TFRERFICEITTEARAY 3 T
7 — T HI[R B F BT, AT NA—TRREBICEITTELIRROY 3 T
Alx4700 640CPUR R D L HIZBIY ¥ TET,
640CPUIL. PA, PAE, PASHBEWICHEHE L THEALET, PN384CPUIE, PAE & PAS
PMESAICER L. 256CPUIRPAR 5B LE,
640CPUZ R D X HIZEI D ¥ TET,
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KOV a7 REOETOHNETOT, HMEREDT Ny FIEXENTOER A, jobinfo = jstat Ta< > KT
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MARGRIZELETZVBER L TOERAR, PEOBRK L, BEICTE o UIHEEREZT LMD HETH
REBEBCABELTEL ZLRH 500 LOUERA,

3.5 FIAAZE
HEMAHAOE SOOI eV e FVREI LIZHTEEREY Y TONET, HIA—T1THI D H T
DN REREZEA CTHERENATI Z LI TEERA,

3.51 FIAABEEMNE

Parallel | fum st = v THBIE X BEDRCPUSK X AUHCHBIRE

Vg TRIBHEE - Vs T OKTRED O BREER & BV 2B
BERCPUSL @ ¥ g 7NER L7-CPU%K

FIAAK P BRORK - TV 7T L ICEBENE T,

P = Patxp +Pprqp + Phsrp
Patxp : Altix4700 DU 7Y a 7F o —CHIA Lz 8k
Pprqp : PRIMEQUEST ?/ %5 Lv ¥ g 7% o — CHIH LTz A%k
Phsrp : SR16000 D/8F L)LY 3 7% o —CHIH L7z 5%k

352 REBRARE—E

. N CPUI BREIYS 7= 0 OHEE =K
573
REHRTLERE (3600 X BEHELRE)
Altix4700(P) 0.0090 32.40
PRIMEQUEST(P) 0.0060 21.60
SR16000(P) 0.0090 32.40
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HF¥ 22— TARXBITD 1 MY OFARKEREREEDIL. UTOROL IR T,

(EE

(1) HEMEET, Hhr— 7 MREoRfI T, BiZiX. GFLOPS T7,

(2Q)CP (R X7 p—< 2 R) L, IGFLOPS &2 DIZHELRHE T, PMEVWFRBETT,

() CPEHRNIZ, (BB -EEMERE <7,

@) HESET. FAAKEHRXZER L THAE CPUL B Y720 0 HETT,
RIVATaTFa—lBNTE, BB 1 EBRYZY 0R¥KTT,
R PEESBBHE <~ BN TE, AV TOLTEHELTWET,

(5) BERHEHNL., (HBEAE400) T, U HEEAKEMIET S CPURRICY,

NIV AY g THa—

Fa—4%h CP | HERE | RERME | Reffl | BEEEE A w5
PA, PAE, PAS | 5.06 2592 5 | 0.648 BFfH] | 0.0090 51.2 Altix4700 8CPU
PB, PBE, PBS | 3.38 172.8 5 | 0.432 F¥f | 0.0060 51.2 gRIMEQUES 8CPU
PH, PHE, PHS | 3.45 2592 /| 0.648 B | 0.0090 75.2 SR16000 8CPU

_11_




36 ErH—RE TS T L
3.6.1 ®E 7 7 A VERET W 7T L hsep (B

MDD MGVl b TrANRE REEDT 7 A NVEA ¥ —Fy N TRIFEINT TRk
LTS a—F—ZBARTT, Yo ¥ —THB Lizhsep 2w REFESTT 7 A NERETD
L BIICERERHANEHECE 2HE13H Y iﬁ‘o

BEAE—Ry NTT7 7 A NVEBETLHAITIE SR T — FRROLE S ENE F 2772
scp R sftp 2= FEM-> TS & BWET, i/ LTy ANEERETDH L, 2, 3EIREDH
ELrHEES, 2y P77 OFEKBHEE (100Mbps 7213 1Gbps) 2 LUINERFA, ZOKE
ik, BE D7 v 7T L0 TCP (Transmission Control Protocol) #{E - 7@ {E TH 5 Z &Iz
LTWAHEERDH Y £7, TCP I L BEIR. FHRERDPBVEERBENMTZL—H.
BEERER RO L EREERATREN E O Xy PU— 7 B EARIZZENTNT %iﬁﬂ%@g
PETLET,

FITYU X —TE, BIEHEMEC L 5 EEERT A REND 2 UDT (UDP-based data
transfer, UDP 1% User Datagram Protocol MRS T TCP L BB @EFN) BEFA 77V %
scp DT —FBIETICHAIAATE T Aheep FRBLE Lz, % ¥ —D ccfepl L4 H
BRE - JIbRFE - WNKRERNDO~ T BT, hsep & scp 2> TGREEEEZ LA EZ A,
hscp D FBEfE b+ R BRETE TWVET,

(72, hsep TRy FU—2 BBATORVEBIGIVEE T TR/ 770k 51T, Htk
v Z—Linux # (BHE) SIUNKZEANO Linux # EHEE) & OEEREH T, 16GByte 07
7 ANER 54 (EHEE 963Mbps) TERECTEEEEZFLET,

'?’6"58/5 l—scpr?—héi= 2009/5/15 2:40 jtjc 220.2

0:00 1:00 2:00 3:00 _. 4:00 5:00 6:00

BB —PHREET 7 A NVOEREETDHEICIE, ¥0 hsep 2 —EZFHH 2S00, Y —2A
— RIEBSD SA B ADOTTRABEENTRY, ERZTHEBTES 2N TEXY, BV
X — L OBEDUANTE, ZHAEL Z L CHBIEH Y EHA, HET T v b7 4—4id, Linux
ZITUDIBRIER T T, MEIZREAIHI, ATV T77AVBHEBELTHY 7,
HLIELUTOR=VEITELIEEY,

https://ccportal.ims.ac.jp/software/hscp
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4.1 A7l T O - ANE
TATZYV Tl I LHRBII FEe T L0BL LIERE 2SS A0%E - BELWVINED

TITbh=7n 75 ABEHEICE ST, CPU B, 77 A VEERED

HERERZEHET IRV IC,

FATIVTRTTADVEDLLTY T by =T &y & —CETTREBRTREAL, —Ra—P—Ic
I TART 2D TY, TOMIT A=A — Ry F =Y T h Y 2T DA R M= /HEEZ LD,
B F—BENRA VA P AEREFEB LI L Db, FATF7 VT u I AL LTARLTVRET,

TR0 FEDTA 7T 7 r T ABEBEOBRFEEET 1 TLE,
R 20 EERDST AT Fal S5 h—EIXTFLOBEY T,

'Fas

GaussView

A0
AMBER A package of molecular si
GAMESS ~General atoric and molec
Gaus§ian Ab initio molecular or

Fi

Gaussian

Rylr—oIngshLg | 13— yroay ccatx ceprq cchsr
Amber 10 bugfix 11 1© (2008/12/4) © (2008/12/3) -
Amber 9 bugfix 41  |— - © (2008/3/14)
Amber 9 bugfix 31 |— © (2007/2/16) -
Amber 9 bugfix 20 1© (2006/10/26) |— -
8 bugfix 61 |© (2006/7/1)  (© (2006/7/1) |-

© (2008/3/12)

Molcas

sp1 O (2006/10/16)

E.O1 © (2008/2/5) © (2008/3/12)

Gaussian 03 D.01 O (2006/7/1) O (2006/7/1) O (2008/3/12)

GROMACS ( 1 (2008/8/4)
Molcas . © (2008/12/5)  |© (2009/1/15)  |—
Molcas 7.0 spT O (2008/2/25)  |x (2008/10/10) |—

x (2008/2/28)  |© (2008/3/3)

o

(O (2008/4/30) % (2008/4/1)  (© (2008/5/13) |
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Ryr—oIngshe | N\—93> | YEDIy ] ccatx

VASP

ccprq

Nyyr—oInds L4

GaussView
Mo DU —

©: 1VRM—IEH. 03 DKILEREZMNERESNTIND,
O: A1V AM—ILFEH, 203601 DEIIIEETIHELH S,
x: BIEAAIBE

X: BIEEER— GEREBICBVLDOBHETEEL

& AREL

V: AFARF
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42 FT—HF_—ZERIRE

AENFREL I —DF I N2 F—ERL LT, UTO 2607 —FR—ABRBHEINTRY, R
TEABFTT, Z05b, 1 HFOF—F~_—=2 (QCLDB) 2o\ Tlt, BEROEMEZT-oTHEY ., BEF—
2 DEFHEIT>TVET,

(1) QCLDB (BEF{LF BT — & X—2R)

(BAFAFE) MRER

WS . 102,240 1

TEFWMEERICBR S ab initio B TFPEFEEZR S XMOT —F N— 2T, BARIZERBS
(JAICD) & W R PICEA SN TWET e BE—FEH DT —F & 530U T 2004 44 % C1T ELSEVIER
#to> TTHEOCHEMJ 12, NI AR B a—&{L%E 0 J. Comp. Chem. Jpn. 12 1 B2 e
TIATLCWES, WWW AR QCLDB DFJAIZSWTIE, Rk 16 R bIE, T=F —HEDHIR-&E TIEH v F
T, AKEE DS ERIZEIITEE v Z — > & W AR QCLDB D SERHABE 23 STERARF 248 A B3R B AL, 7 LV QCLDB
F—H T F—<v MIWE L7 QCLDBI & SQL Z W T WWWAk L7z % ™% URL:http://qcldb2. ims. ac. jp/ C
BELTWET,

TR 20 FEEEICH BB SR SN T2 T — X1, 4552 1T,

(2)FCDB (JIOEHIZET25T — & X—X)

(BERRERE) HE=A

Wi . 2,394 1

FIDEF (Force Constant) (ZRET 2 XD T — & X— 2T, WWW ik FCDB (http://fedb.ims.ac.jp/) % A
FIRGIRZ L TABT—EA L TnET, FFRBRITTR 13 FETHIEIZR>THNET,
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5 ERR20EE

FHEMBEIRILS L O B

5.1 %Uﬂm En Yo FBIOWAERK
\ B 5] = F24
| SE JBXA| 7evss v o— - = = = 7=
MAE | FIRESD M T W & Bl E T = &
HianF A 128 577 944,945 920,220 658,034| 368,088,000 263,213,550
SFRE (BOWE 5 8 5,000 5,000 0] 2,000,000 0
BTN 17 57 254,000 254,000 171,120| 101,600,000] 68,448,168
. | FEERF 1 4 20,000 19,400 1,888] 7,760,000 755,247
7,5y > ) 3 3 5 s
ERENT FT/ 1 2 1,000 1,000 0 400,000 0
& =t 152 648] 1,224,945 1,199,620 831,042| 479,848,000| 332,416,965

% CPUBFHIZER&IT
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v REGER L ERGREA00=FER) 21T THRE LD TY,

52 BAHERB X OEEEERERR
£/ BHE (Kwh)
< 4 | BEHXEE JU v KR wa g
SERR20%4E4 H 345,373 362,420 707,793
SH 372,339 383,720 756,059
68 378,560 385,780 764,340
7R 428,670 412,450 841,120
8H 424,487 423,290 847,777
9R 374,831 353,700 728,531
10H 380,745 385,960 766,705
11A 350,539 345,000 695,539
124 350,053 288,190 638,243
k2141 A 350,080 252,760 602,840
28 327,401 189,820 517,221
38 364,900 116,330 481,239
2 4,447 987 3,899,420 8,347,407
£ A VXT-AT%@JH#FQ
v Altix4700 * | PRIMQUEST SR16000 *
FRE204E4 H 255 43 614 93 614 93
5H 717 97 735 | 100 718 98
6H 700 98 711 100 710 | 100
7R 725 98 7351 100 722 97
8 H 724 99 7341 100 725 99
9H 692 | 100 697 | 102 645 88
10H 742 | 101 714 93 744 | 101
118 682 99 686 | 100 495 73
1218 727 99 734 1 100 739 1 100
k2141 H 7331 100 730 99 743 | 101
2H 661 | 100 663 | 100 672 | 101
3H 731 100 7341 100 7341 100
& &l 8,087 95 8,486 99 8,261 96
¥ oxE, vV UBER (v U RERER R EE L) o BERE (BAE) T




53 BHEMFI AR
5.3.1 CPU{#E FIERRT

£ A CPUE F TS

v Altix4700 * |PRIMQUEST| * SR16000 *
2044 A 140,523 86 314,236 80 297,657 87

54 341,472 74 405,808 86 347,366 86

6H 337,369 75 338,620 74 353,671 89

7A4 342,727 74 366,315 78 332,021 82

8H 335,938 73 380,034 81 328,668 81

9A4 312,146 71 373,950 84 305,924 85

104 369,344 78 387,403 85 344,538 83

11H 389,931 89 401,663 92 220,351 79

12H 402,647 87 401,168 85 361,821 87

FRk2141 4 390,149 83 421,190 90 347,832 84

24 338,229 80 358,243 84 353,550 94

3H 363,610 78 410,730 87 362,793 88
8 & 4,064,083 79 4,559,360 841 3,956,192 86

¥ CPURFRE D BLIIRE T, :
¥ %k, wILFCPUDEEMIZ RIS 5 1CPUY /= © DCPURREIER (%) T,

532 NoFVg TAE

£ H Ny F g TR

< Altix4700 [PRIMQUEST| SR16000 & &t
%2054 H 1,981 6,919 3,078 11,978
5H 4,697 7,962 2,100 14,759
6H 2,760 4,953 1,897 9,610
7R 4,743 5,306 4,477 14,526
8 H 4,369 5,912 1,754 12,035
9H 6,460 6,278 1,845 14,583
108 4,021 7,460 2,573 14,054
114 3,691 5,104 2,432 11,227
12H 3,498 4,187 2,427 10,112
k21418 3,046 3,409 2,036 8,491
2H 4,601 7,011 2,576 14,188
3H 3,582 7,814 2,383 13,779
a B 47,449 72,315 29,578 149,342

_17_




5.4 7 Z RBUCPUSE FiBFfH]

| Altix4700 PA PAE PAS SEAE| QueuedEf ETC WwEs

SWRR208E4 H 78774:09:46 17799:37:15] 43948:50:2310:00:00{ 140522:37:24 0:00:00] 140522:37:24

S5H| 189726:06:46 98876:00:06f 49706:19:20]0:00:00f 341471:38:10 0:00:00] 341471:38:10

6H| 155241:15:26] 109688:53:29| 67476:30:15]{0:00:00( 337369:18:37 0:00:001 337369:18:37

78| 194632:51:52 80736:53:41f 63230:32:3010:00:00{ 342726:33:33 0:00:00] 342726:33:33

8H | 200033:31:53 80227:10:21] 55677:11:56|0:00:00| 335937:54:10 0:00:00| 335937:54:10

9H| 163119:59:57] 68064:35:39( 80961:10:10( 0:00:00] 312145:45:46 0:00:00| 312145:45:46

10H | 194285:57:37| 87061:22:32| 87996:14:02]0:00:00] 369343:34:11 0:00:00] 369343:34:11

11 5| 194892:46:24| 102765:28:32| 92272:23:06]0:00:00] 389930:38:02 0:00:00f 389930:38:02

128 167624:08:38] 102703:09:40f 132319:42:16}0:00:00{ 402647:00:34 0:00:00[ 402647:00:34

SEk214E 1B 133372:35:17{ 124374:43:18| 132401:38:11]{0:00:00{ 390148:56:46 0:00:00{ 390148:56:46

2H 99336:00:54| 89015:26:41| 149877:42:58)| 0:00:00| 338229:10:33 0:00:00| 338229:10:33

3H| 154364:30:38] 87743:07:46| 121502:43:26]0:00:00| 363610:21:50 0:00:00] 363610:21:50

& & 1925403:55:08] 1049056:29:00]1077370:58:33] 0:00:00]4064083:29:36 0:00:00] 4064083:29:36
PRIMQUEST PB PBE PBS 2505 QueueRE ETC wEEr

SLRR204E4H | 101823:21:47| 156571:37:49] 54240:00:17] 0:00:00] 314235:59:05 0:00:00] 314235:59:05

SH| 128950:57:13| 193415:27:15| 83441:07:280:00:00| 405807:31:56 0:00:00] 405807:31:56

64| 164915:11:09] 100238:49:29| 73465:45:56(0:00:00| 338619:46:34 0:00:00] 338619:46:34

7H| 205042:24:44| 125910:45:22| 35362:19:41|0:00:00| 366315:29:47 0:00:00] 366315:29:47

8H | 150370:24:25| 185312:01:59| 44351:16:27|0:00:00| 380033:42:51 0:00:00| 380033:42:51

9H| 148495:46:23] 163380:20:16] 62074:09:28|0:00:00|{ 373950:16:07 0:00:00] 373950:16:07

10H | 153889:19:17| 147865:32:41| 85648:17:59]0:00:00| 387403:09:57 0:00:00} 387403:09:57

11H| 156097:54:20 169944:02:46| 75621:30:52]0:00:00] 401663:27:58 0:00:00{ 401663:27:58

128 159117:18:03] 165117:07:011 76934:04:10{0:00:00| 401168:29:14 0:00:00| 401168:29:14

SER214E1 B 112721:11:23] 195821:43:51| 112646:55:08| 0:00:00| 421189:50:22 0:00:00] 421189:50:22

28| 106240:05:21| 126581:59:14| 125420:33:05]| 0:00:00| 358242:37:40 0:00:00| 358242:37:40

3B | 172845:25:23] 61564:44:57| 176319:20:21]0:00:00] 410729:30:41 0:00:00] 410729:30:41

& BT 1760509:19:28| 1791724:12:40]1005525:20:52] 0:00:00{4559359:52:12 0:00:00| 4559359:52:12
SR16000 PH PHE PHS 2545 Queued it ETC HBEE

MRv205E4H | 162383:06:57| 60961:22:53| 74312:16:34( 0:00:00| 223344:29:50| 74312:16:34| 297656:46:24

SH| 189953:19:551 91276:49:00| 66136:12:50(0:00:00{ 281230:08:55] 66136:12:50| 347366:21:45

68| 197566:14:50] 76659:48:16| 79444:29:02|0:00:00| 274226:03:06]| 79444:29:02| 353670:32:08

7H| 181916:51:29] 100031:47:00] 50072:12:16]0:00:00] 281948:38:29] 50072:12:16] 332020:50:45

8H | 180374:52:19| 84362:58:29{ 63930:32:40|0:00:00] 264737:50:48| 63930:32:40f 328668:23:28

9H| 166400:49:22] 62742:31:59| 76780:31:28]0:00:00| 229143:21:21] 76780:31:28] 305923:52:49

10H | 172514:49:13 93468:34:10] 78554:32:00) 0:00:00] 265983:23:23| 78554:32:00f 344537:55:23

11| 116022:02:31 38691:33:04] 65637:01:32]0:00:00] 154713:35:35] 65637:01:32f 220350:37:07

128 225131:34:14] 50862:53:58] 85826:16:16|0:00:00| 275994:28:12] 85826:16:16] 361820:44:28

ER21451 A 198093:29:32|  64270:57:32] 85467:08:16| 0:00:00] 262364:27:04| 85467:08:16 347831:35:20

281 205871:02:32] 62996:49:10| 84682:24:00] 0:00:00| 268867:51:42| 84682:24:00| 353550:15:42

38| 219692:25:02 57040:17:48] 86060:40:16] 0:00:00| 276732:42:50| 86060:40:16] 362793:23:06

g Fr 2215920:37:56| 843366:23:19] 896904:17:10( 0:00:00/3059287:01:15| 896904:17:10] 3956191:18:25
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Wy 1R
SRR 20554 A 1,575 163 243 0 1,981 0 1,981
58 3,639 630 428 0 4,697 0 4,697
68 2,089 325 346 0 2,760 0 2,760
78 3,931 325 471 16 4,743 0 4,743
8E 3,690 300 379 0 4,369 0 4,369
9K 5,179 747 534 0 6,460 0 6,460
108 2,551 773 697 0 4,021 0 4,021
114 1,857 1,255 579 0 3,691 0 3,691
128 1,845 752 901 0 3,498 0 3,498
ER214E1 A 1,439 867 740 0 3,046 0 3,046
2A 2,449 1,123 1,029 0 4,601 0 4,601
34 1,658 1,102 822 0 3,582 0 3,582
& 31,902 8,362 7,169 16] 47,449 0 47,449
| PRIMQUEST PB PBE PBS | Queuefygt| ETC | #MEFH
20564 A 5,543 989 387 6,919 0 6,919
5H 2,659 4,326 977 7,962 0 7,962
64 2,708 1,767 478 4,953 0 4,953
78 2,662 2,461 183 5,306 0 5,306
8H 2,051 3,723 138 5,912 0 5,912
9K 3,664 2,416 198 6,278 0 6,278
108 5,382 1,853 225 7,460 0 7,460
118 2,564 2,261 279 5,104 0 5,104
128 2,208 1,806 173 4,187 0 4,187
V214618 1,850 1,124 435 3,409 0 3,409
28 3,280 3,268 463 7,011 0 7,011
3AH 4,635 2,863 316 7,814 0 7,814
& &l 39,206 28,857 4252 72,315 0 72,315
SR16000 PH PHE PHS [Queue&®t| ETIC | #&&F
R 20564 H 2,552 184 342 3,078 0 3,078
5H 1,639 307 154 2,100 0 2,100
6H 1,458 364 75 1,897 0 1,897
7H 2,336 2,111 30 4,477 0 4,477
8 H 1,252 484 18 1,754 0 1,754
9H 1,756 78 11 1,845 0 1,845
108 2,405 152 16 2,573 0 2,573
118 2,358 51 23 2,432 0 2,432
128 2,357 39 31 2,427 0 2,427
WR214E1H 1,942 71 23 2,036 0 2,036
2A 2,442 117 17 2,576 0 2,576
38 1,863 469 51 2,383 0 2,383
& & 24,360 4,427 791 29,578 0 29,578
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6.3 FfHE ¥ & CPURSRI DR

SIEE S44EFE SSEEE S6EE STAEE SSEENE SOLEE GOLERE 35354
M-180 M-180 M-200H M-200H M-200H 5 7HEE EEEE3 (~11H) M-680H
28 25 M-180 M-180 28 [R5 74E $-8210/10
HEBY 27 A B A BRAEA 1A~)
M-68CH
S-810/10 A
& 5 x| swn mA | onmema | P FAL L ) ® A £ A & A A ® A
180 AHA
Tudzy b 63 176 192 183 198 199 207 226 234
OB & B
O M 43 70| 69) 91 94 102, 110 130 141
IS 107, 254 325 330 375 426 446] 464] 496
& Eis 155 334 394 421 469 528 556 594 637
® ?ﬂ%‘:&;? # 1,087 6,071 6,553 6,721 6,305 6,170 6316 6016 6368
CPUB%(:E‘;:Q? R (200HEHE) (200HE: 1) (200HZ:HE) (200HZ4E) (200HZ: 1) (200HE ) (200HE 1) (M-680HEHE)b (M-680HZEHE)b
il # 929 4,666 11,033 10,230 11,938 13,053 14799 15536 33,832/8,458*
ki B 816 3,171 7,427 8,306 10,141 10,091 10768, 12080 28,184/7,046*
%{E%gﬁ;ﬁﬁﬁ% 509 2,405 5,405 6,320 8,205 8,489 8508 12770 20,092/5,023¢*
¥ a TN 41,521 155,980 183,840 214,847 239,771 236,519 226727, 274431 289915
7A77VTRTTh 0 20 43 20 699 10 118 160 39
BB
F § = AR 0 2 0 0 3 3 0 1 0
7 —EHRIK 0 24 93 118 190, 185 202 206 237
(% 63 FRLICEE SERR2AEEE SERRIEEE FRRAEE RS SERRGEERE ERRTEE
M-680H M-680H 6 34E 6 34EE @6 3FEE 716 34EE M-680H M-68CH(~115) $X-3/34R
(~18) $-820/80 $-820/80(~125) $X-3/34R HSP(1LA~)
B AT A S-810/10 SX-3/34R(1A ~) HSP(1A ~) SP2(18 ~)
QA~) SP2(1A~)
$-820/80
BFER B e
B # 5 R & A & A ® A & A A & A & A & A £ A
PAEDET AN -4 213 231 239 256 272 271 225 222 210
OB EF K
O Ma 143 137 146, 140 158 143 127 139 129)
L 520 515 544 593 623 661 589 601 597
& 7t 663 652, 690 733 781 804/ 716 740 726
® W e 6,444 6,001 5,694 6,768 6,749 7,156|M-680H 6,689|M-680H%R  5,722|SX- 8,352
() SX- 2,101[SX-3/34R  8,506[HSP 8,293
HSP 2,133[8P2 8,333
SP2 2,022
CPUB#(EE‘;%? B | ssomE i | (M-ssorEip | (v-csonmip | (M-6s0HEHED | (VM-s30HI Y, | (VessoEH, | (M-ssomzEEL | (vecsonEnnp (HSPEHE)D
B B 9,880 12,439 14,694 16,622 20,606 21,153 18,311 21,781 40,358
ki 7 7,978 10,418 12,347 14,626 17,846 19,110 16027 19.393 37,446
%&ﬁ?ﬂ;};ﬁ%ﬁ#!ﬁc 6,624 7,872 8,300 11,975 11,874 12,491 16,306 24,781 156,076
¥ a THE G 278,956 278,104 253,418 2,955,038 346,987 297,638 227,650 107,194 84,102
SA4TTYTasFh 4 7 3 0 0 0 0 10 ;
FORBERE
T F R RSB i 0 0 0 0 0 1 1 1
vy —EARIE 223 211 218 248 229 282 267 306 275

¥ 0 o0 T D

HEBIUERD

HEEANAECETA SVBREOREDOEETEDET A,
FEHIZOWTIE, 5. 12BRLTLIIEEN,
ICPURSRS, M : b5 A 7T VER, B —RBEARRETRTEERET,
e A — B ERUREEICESKBIE L TRV —ZREENE DD TT,
:S-810, $-820, SX-3. SX-5. SX-7. VPPOCPURRRIIZ DWW TIZ. A A 7 —HEf & ~7 MBI OBEM2TI T,
T FERIIM-680HE 1

22 —




FRBERE FROERE FRRI0EE FRRIVEE AL 12 EER ISR FRRI4EE
SX-3/34R $X-3/34R SX-3/34R SX-3/34R VPP3000 VPPS000 VPP5000
HSP HSP HSP (12B%7T) SGI2800,0rigin3800 $G12800,0rigin3800 SGI12800,0rigin3800
SP2 SP2 SP2 SX-5 §X-5 $X-5 SX-5
HEB S 2T b HPC(9HA ~) HPC HPC 5P2 SP2 sP2 SP2
SR2201(11H ~) SR2201 HPC HPC HPC HPC
Origin2000(10 8 ~) SR2201
SX-5(3F ~) Origin2000
o= 5 R £ A & A & A £ A £ A & A N
PAEPEYAS 201 188 174 166 156 148 144
M OB EF ¥
W Pa 139 126 138 125 101 100 104
[ S 574, 609 566, 539 534 504 479
A i 713 735 704 664 635 604 583
$X-3/34R 8,4251SX-3/34R 8,494[$X3-3/34R 8,579 SX3-3/34R 6,365| VPP5000 8,234 VPP5000 8,492 VPP5000 8,506
HSP 8,431{HSP 8,513|SX5 8,587|SX5 8,301|SGI%R 8,319|SGIH 8,422|SGI% 8,324
% s sP2 8,336/|$P2 8,515|( sp2 8,574|( SP2 8,375[SX5 8,496|$X5 8,558|$X5 8,391
(s TE) HPC(S H 4,872|HPC 8,501 |HPC 8,590| HPC 8,363|sP2 8,492/sP2 8,5551P2 7,118
;Riz)m(“ 3,561|$R2201 8,694| SR2201 8,381]HPC 8,490]HPC 8,555|HPC 8,386
Origin2000 3,570} Origin2000 8,380
CPUE?’(E";E%? ik (HSPEE)D (HSPEHE)D (HSPE:HEYD (SP2 ThinZ:#)b (SP2 ThinZ#E)b (SP2 ThinZ#E)b (SP2 ThinZ#£)b
H # 58,425 73,910 76,804 97,788 249,405 251,785 237,872
Ed & 51,499 58,650 67,159] 79,964 209,393 234,866 229,401
%ﬁ%?;ﬁ%ﬁﬁ‘% 207,790 262,365 273,575 239,671 619,294 678,128 2,030,643
Vs VB 70,308 51,738 45,173 40,697 58,685 70,680 55,522
FATTITETT A 15 3 13 14 18 4 15
FRBHE
Fo— B A AR 0 0 0 0 0 0 0
vy — R 279) 331 347 347 391 302 302
RIS ERICEE TRITEE SRR ISR TR ISEE FR20EE
VPP5000 VPP5000 VPP5000 VPP5000(5 A % T) Altix4700 "Altix4700
SGI2800,0rigin3800 SGI2800,0rigin3800 SGI2800,0rigin3800 $GI2800,0rigin3800 PRIMEQUEST PRIMEQUEST
SX-7 $X-7 SX-7 GHET) SX-71 A ¥£7T) SR16000
BB 2T A TX-7 TX-7 TX-7 Altixd700(78 2> 5) TX- 11 A £T)
PRIMEQUEST(7H %> |  SR16000(3 A #5)
$X-7
X-7
# #m F K g A £ A % A & A g A N
TuVzl b 119 154 132 141 145 152,
M OAE %
%o HNa 89 83 30 40| 44 59
oW 4 449 516 480 533 551 589
& 5t 538 599) 510 573 595 648
VPP5000 8,553| VPP5000 8,502{ VPP5000 8,462| VPP5000 1,402 Altix4700 8,245| Altix4700 8,087
SGIF% 8,545|SGI#A 8,496|SGIH 8,492|SGI% 1,400|PRIMEQUEST 8,304|PRIMEQUEST 8,486
B SX-7 8,524|SX-7 8,451|SX-7 8,492| Altix4700 6,196|SX-7 7,098{ SR16000 8,261
(FFRD) TX-7 8,525|TX-7 8,489| TX-7 8,501 [PRIMEQUEST 6,336|TX-7 7,088
SX-7 8,399
TX-7 8,398
CPUH‘*Y(:Z:? FHE o (TX-TEH#)D (TX-TEHY (TX-TEHE)D (TX-TEHE)D (SR16000Z2)
= % 278,177, 341,788 414,643 702,270 1,005,486 1,224,945
= 7] 277,697 321,796 368,136 653,468 918,737 1,199,620
#EEACPURRIe 1,785,877 1,762,818 1,992,205 4,384,464 6,307,008 12,579,635
(FFTHT)
¥ a T FSC 58,784 28,968 19,896 78,130 140,250 149,342
FATIVTETT 5 5 4 4 21 18 22
FHRBEK
F— N AR 0 0 0 0 0 0
Ty — R 281 284 205 214 188 186
a BERNAAEICET A FABEOLDDEREEDET A,
b BRI MEROEMICOWVWTIE, 5. 1283R LTI EEN, .
c:CPURSMH, M8 b T4 7T VHE, B ¥ —EBFERANRETNTEERET,

By F—BER LB ESCHLLE LTV —CRBREEATZHDTT,
e:S-810. S-820, SX-3. SX-5. SX-7. VPPOCPURRRIIZOWTIE, A T —BEfE &~ MBI OBMARTITT,
*: T B IIM-680HALHE
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3D-RISM/MD simulation study on the structure and mechanism of
self-assemblies in solution
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KBIZETHEBES> FEBRROEENA & #iE
Structure formation of molecular assemblies of lipids

in water and their related functions

Olilr &, IWE K&, =k #We 28 R, EF kB )Ie —H5,
A fut, W@ —&, A FE &KL

1 #FRER. AR

TEEASFEAGECB T 2HNEBIPERTIAET T L, KEE - BRERESFEAFHEICESNT
02 ol KO EFHRIEORFEZIT o7z, L ENVOBKBEF~OREMHRE S F OBV ALK
i (FTEEAR) IWEB L BWEDO NSV Y OKF P I B VOBKBE~OBEIO B o X VX —B 3 E LT,
IO FEE F 2B L I B A OKBRTICBIT 2BNFNREEEZTIMT I L L b EE I
NOBRIMED S FHEERFT L, —F5., EUENB LI CEZMN 2 SEFICBOTCEERER MRS X Ok
MR L, RREMERIERE R EOYMEOEVE S TRIICALMICT 2 ENT, ZhbOHMBEDETT
NEDGFENNFE Y I 2 b—va VETole, ERTIIBEY, EMSE, {5 E iRk L onkE:
DFEHNFVI2b—Ta VXD BEMICTEET 5 2 & T, Bt L 2BEUHEOELIZ DN THF L~
DHOEFEITolz, ABEETIE, ThOOHBRICLVELNZHERRELZHRET S,

2 HRFEESGIE. BEFIE

MBSIFREEE SFENFEHE L EARELREDIZLIZLD, BESFLLTEAFEAZ UG Z v
FCTDT IV BT KBRS SDS SN a7 ~BETAIROEE R VI —BE2EH LT,
(1] FRERRS T OEREICESEHEH VY

20 T T T T T T
64 {8, 20 FELL EDIRERA 76725 U V7 ERDIER 1% - 5 3
s L OB lcRomEnEE s S s g i ]
S LUTc, BOAE Lam, BIE30ISKEFETOLLE 2 § “\@wfxﬁwd
~10 slope = ~3. o -
+ ns A—F—OEBEMSFEHAZEYI2L—va §
VR T, =T
[M&[UOHEITITHE L NBER LB FILAY “r 1 | | { i ! i
- o o . 1 2 3 4 5 6 7 8
FBOFHRT BT T L Modylas &6/ L7z, number of carbons
3 HFERE M1 FAAHFORNBEOEHTRLF—,
A BESKEREN S KF~OBITOEHRT X
[I] KFDOSDS IBMZEBAZ Y ZmF YV TE U, NEF—Z, O BEKERENS I 20

PRI . - T KER~OBITOBHETRAF—EE, Ok
FY AT Z OO B BRIV R 0 b B B~ D BB 0D B B T L
RER 1wy, BEKERED O KF~DOBE, > . @ : K2 BEAEHE~DBITOE BT F

FOAKFIOEBHZIAFTIHNTHRHIETH Y, BRK E—Al (ZBRE(A. Wishnia, J. Phys. Chem.
67, 2079(1963))) .
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PEARFIDSDENEZLCRLTNG, &5, KFOHBEZ IV —[Ex ¥V CB/MER L > TS, —h
IXSEBRIER(S. Cabani, et.al, J. Sol. Chem. 10, 563(1981))& L WHIS %R LTV B2, BF 5 <Ak, ~F b
KICEDT =BT FZ DI A X THEOLERTZDTHS5 EL2OND, KEdd I B LOBAET~D
BATOBHT RV —EL, TAIUHFTOPThLADELZ L - TR, BABTOFRERETHS -
&L DEVEEEETRLTNS, Fl, AXVERE, TAACHTFOHEOBEL LTIVEBREERL
THEY, HERERELBROVHIEZRLTNE,

(0] B> “Fihis” Z2FHE3 270, BEY FOERER. SREREHESR, S FHBRSMER. 5 E
CIRRREL &V S ED DRETEAT - 7o, RERISBRIEDO ) SURERE 1otz (TRbbMF Iz
BRHEE), BMEEOWL ENOHE LLEOSREEEMRERIL, BMEEN L ) KE2EEZE > T
(ZVRFGFENZ TRV ), BES FHBROABEEOFE Y OIF, B LARBIIRTmIC X B
BETHD I ERREINT, BES T ORFHEBICB W TR, 21257 LN TO 20ns B OB S —H
Thnd & 91, BLRBEOEEIXIVRIF BRI > T\, [IF B ERIICTHMET 5 72D ICEHE L
T REE S F DO REMMN D B CHBARED b3, BCHIEETE 7 /UIC BT 30% BEOHEMNA S, L
MREOIRE I EFMIEEL v AIFEE Lo EREMESE N L 2R/ L,

2 feE 5 F OB, (£) E¥HE
EFNV(E) BlREET v

L1 1 [
-3:0 -210 -1l0 b 1|0 210 3:0 -30-20-10 0 10 20 30
x/ x/A

FER, HEERIZETE

FEA, EIF, FIE, (RTETE)

THR, B, T H LR PR [, (&R TE)

H . &g, B, ME, (RS TE)

BEA. F 5. M, ICPWS, Berlin, Germany, 2008 4£ 9 A . &, FH, A, EMLG/JIMLG2008, Lisbon,
Portugal, 2008 4= 8 A | BEA, T3, [, 55 31 EIERILFEL VRV T A KR, 2008 42 11 A | AR, HH. M5,
% 2 FoFRFE RS, B, 2008 £ 9 A A, 5. HE, F 22 BoFiizlb—aritims. il 2008
£ 11 B, AR, FI. M, ibid

*  [A#F, MSBSM2008, Tokyo, June, 2008, & . & . & H. Ak, #JR. [HE ., The Ist International
Conference of the Grand Challenge to Next-Generation Integrated Nanoscience, B A, 2008 456 A | &, &H. HH.
Fadk, B, FE% . EMLG/IMLG2008, Lisbon, Portugal, 2008 45 8 A | ZfE, &, & H. %k, I, M, ICPWS,
Berlin, Germany, 2008 4E 9 A | Z2fE. [MIF . 5 2 B/ FRIFEFTas. &, 2008 £ 9 A | &k, bR, ., ibid,
LR, W, 8531 EVARALFS R U D A BRI, 2008 4E 11 A, B, B, 28k, L. MR ibid, 2. FE.
22 ES T —aREas., [, 2008 4 11 A, B, &2, £, M, ibid

&

* Ot % ot
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HEHFOERBIEEEXE

Computational science as super-accurate and
giant-system-applicable science
OffH B—. B KR, HIE ¥, F3it {#. James Anderson, Annika Bande,
Sergyi Bubin, Tao Fang (ETFLEHFFEHE)

1 #FEEE, AR

FEROFERZORBICL o TRBEERT — i, ERETER L LTOHELZORR L | MERZ .
EMRZEDO LI RERZDOH L HEFRELFRE CHRIIR I ZLOTEX A HECHETH S, Fx
X, BTE O BRI LT, Schrodinger FRERAZMITHNCAELS D OBEBEZAIKL L TBY . ZO— S TH~
DISAEZHELTZ2ZLEZHEBL TS, A7V T, ZOBEREFEEZ -BROSTFRIEALTYL
TeHDT v 7T LR EFHEEZITV., BEEMROEEORNZEHITI,

BEICOWTIET CUBIENTEE -l - AT ERBRETEEDEFREHRO>ZLEDTED
SAC/SAC-CI gz &Iz, VY — ALV RIZERGFRICEHT 2E ML HIE T, SAC-CIIEIX, 2 DHFRIC
JEA &4, Gaussian 7' 7T A bEBE S, HHRPFCHE - BERICHASATWS, A v =7 FTIE
HLBFHEATLEHBVIMERFZ B L. "7« V ALEWOW - BHEESL, AFEEERREREOE
FIRBEDEE R E~DISHERAR D, FRFIZAED R, 5512 DNA A BIZZOFERISAT57200E
IE - BRZEATV., EMROF IR STELERPLIRET D L2 BET,

2 B, SESE

2.1 EHEBZOBEEL

Schrodinger FRRNDENTHI 2 fBIEEZ —BRORT - TR L TEKTLHZ L EZERE L, Free
Complement EZHRE LB IV TEZ, REROEABRE CEL 2B LETESLEETLHOD
Local Schrdinger Equation (LSENEIZZE-SL 7' 77 AR ZITV., KV —ROEF « 5 FR~DIEHDT2HD
BN ZBEoT, ZROOHERERLEZT v T M, Fx OMEIN—TTHELEZERRATY VT
NTHY, B —OUFFERICALYRERITO 2 & TV —TCOWFHEZZIT LRREHED Z
EBTET,
22 FERZEOEXRL

SAC/SAC-CI % EIC LT, EASFRICV—ALVAICEBE LTV ERTH D Giant SAC-CI {E&
SAC-CI IED B H DFERETH D Direct SAC-CLIEE WL EIT o7, T H D SAC-CL #£1%. Gaussian
Tl A ERE LI THRERIT-TE Y., WFEICIE, Gaussian BI%IRZ Vo, SAC-CI 7'm 7' J L,
T F—DWFIHEB AR WFIFEORREEIT o7,

3 AR

3.1 FHERZFOBEERL
o NBI% LT X 7=, Free Complement ¥:/%, Schrodinger HFRERDBEENELNLHFETHYD, ThE
TEL DVEETRT, TOFRAENEEMICLHEID DN TE R, AEEIL, F3 Free Complement ¥&IZ
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LV RN (FBEE OBREICMELZISKRIEL, BEOESFETELNDI T RILVEF—ED LR
fE & H-square error LIFEIZNA BN LFHE CEART IV —DOTIRELHE TS - & ¢, MOBGEGKEL E
FEIZRFE TE D FIEEZ MV 2, 80 43K Schrodinger HHERD ERER RN U B T I RVWEELLNT
W5 He RFEERBICEA L, 20T AF—3, 2,903 724 377 034 119 598 311 159 245 194 4 (a.u) & 15 5
Nz, ZOMEIFERHTE T EEMCHEIELVWI ERETFIATNS,

Wi, —RETF - ST ROBHHBECHAT CEEDCSEFRT - HFR~OEMA L WREL T2 LSE 4
AL, ZOFEZRENRFERMCETT27200FER - 7030 XAEEER{To7, B, 2EF%
2 LRCRORIRE & 5 0 15 2 AHBERE RN X5 NI SO FMERRE & f#dk L | Davidson B s A {hik & A 7T
RELTDLERERE L, BE. 6 EFRETORT - 7RI LBEBHL, R1IRTLIRRKRTOR
FRIE S B 0T IR ITHEE R L E DB RIS T vy v —7 (1) ##HETE,

-14.40

# 1 Free ICI LSE calculations of some molecules

Atoms & No. Ord Energy ii: Liz+ ~lstExcited state
Molecules Elec. er M, (a.u.) Ref. (au) .14:55 Groundstate ,
Be 4 4 1770 -14.667 300 -14.667 355 2 0 o
LiH 4 4 2645 -8.070516 -8.070 553 £ 1ass S5 dotdn &)
B 5 4 15038  -24.653 872 (-24.653 93) ¥ aan0
Li,' (X’E,) 5 4 3386 -14.805243 (No ref) 1475 \/}—,ﬁ_. :
Li," (A5, 5 4 3386 -14.664 371 (No ref) 1480 'S o8 Y
BeH (X’Z%) 5 4 6772 -15.244176 (No ref.) 1485 !
Jet 0.0 4.0 8.0 12.0 16.0 20.0 24.0
BeH (A’ZH) 5 4 6772 -15.035362 (No ref.) Ran)
Li, (X’5,%) 6 4 16418  -14.987596 (No ref)) 1. Ly OEF b
Li; (A’Z,H 6 4 16418  -14.868 342 (No ref) SRR
BH 6 3 7219 -25.286413 (No ref.)

=
5
[
-

SACCL
syn-dG

. (b) Exptl.

Sod v ® N o= oo

IV .
N .
-.-"'-

-8

oL
-
e T

Ellipticity (mdeg)
[ NI N R ]
4
"
ﬁ
Ellipticity (nudeg)

32 SACClEOERRIEEEBEKXRE
SAC-CI IED A& 725 %#1T o 7=, Direct SAC-CI ?f@itﬁﬂ?r;%i&li V. RERILEDOERBEA~T hv
FEMNFREL 20T, 2, SAC-Cl =R AF—MFETRNALT 4 U VEHEREBOBERIIOF R LT,
HEROLEERLS PHILE, BEREOSERMPET /IS, BEEMO/NS SR, BRI F—F
B CARER R EEEZH > TWHZ EER L, _ P p—

M1 = £4(CD) A %2 /ViE DNA X RNA OV /\ —

POMETRICEFIC L AOLR, A BE DN ] N A
X L EEX IR ERFOALS MSBHIENS - \|/"—'~
2B, FOHEBHELRIZIF LA TN TN, % |
ICETHRSFO—2OTHETAXL ST /Ym0 Gl 3 s 30 30 o 0 M0 20 250 500 S0 340
v (dG) &F—Fy P LTHEZITo 2, WK 2. EBRAY FVEEB) R ) anti-dG & (b)
A7 MDEE =2 JE ma BN, CD A2y syn-dG @ SAC-CIANY ML (FREHR)

FZIE, AT it b BEETHY , BEERLFELOAEIZLY CD AT MBRRELSEMTHI LR
TENT, M2D X512, anti-dG BFWVITERALY b L~ T B8, syn-dG ETI/VITER & IO
HEFRIIZR>TWAZ D, WIEF Tl anti BREICFETLHZ LA, BRICK VTSN,

3.3 BERHFHRO SAC-CI Hin ,
Giant SAC-CI {£% & FMfs S O FHEITS A Uiz, TTF(Tetrathiafulvalene)-CA(p-Chloranil)i3 3B HHEES &

RLZTHL RS FERER T, EBREEB LT, PEROLTIRFEBEARIZETBEIZFEL L, ThFRE
DERMHEBLZEL. BMEOHENELEDLEIRRTHD, TOANRLRIAFTIT AT FIVEE
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ELTHBSNBENRSENTVNS, TFALLT ToNE

TTF-TCNE (Tetracyanoethylene) DFE(TTE-TCNE) 2 NT 5| ™| 10 _~ - ‘rl”l'ﬁ "

R L, BRI (=2)lcb AT F LTI, SRAKICE 2 R U
350 T SABEDRIED 5 K & RIRE > (M), 41 2 -
BHAD=ADEBRTHED, 1,2 2BkSE, Krry O e

¥ URERR, BT RLX—EHE L, 12-r1=0.05A T, BhER 185 _?zo 195 200
BAEIE LB 2 LB hoTe, ORI, KHEHES Frelion enetey (1)

) | \‘E
DEEBER B3 ) T2 < BERICE & 5 TR BT B0 3. (TTF-TCNE)o DRI

% L. Giant SAC-CI {5 CHEERB DBRZFHR TE /-,
4 BFR HEEEELIITE
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BRI TFROEESSFERSaL—P3y

Simulations of complex molecular systems
utilizing hybrid molecular theories

O F&REZVR. Marcus LUNDBERG, H{REEE, {FIEFH, KHEE A, Biswajit SAHA, Oscar
CHUNG . [ &£ ¥ . Xi LIN, Thomas GRIMES, Pavel AVRAMOV, Safwat
ABDEL-AZEIM. Alister PAGE, #&F (GUEIKFEI ettt ¥ —),
Ahmet ALTUN, Ioannis KERKINES, Zhi WANG, Hajime HIRAO, Shivakumar
SEKHARAN, Satoshi MAEDA, Narayan BERA (= U — KZ(k22%}), Stephan IRLE,
Ying WANG (4 HERFEEI L)

1 HFEER. AR

FOME, ANt ONEREOLLIT. HAENPOCHTEOCEFN L RIEHENFRESGRET DT
b, BEEETEE QM) HBORTRERATHZ LITIZERTETH D, APFRO BT, BEEICF 5
. ZENAT7 Y v FEi (ONIOMIE) R ET /1%¥ik (DFTBE) REDHABLXEL T, 7/ VAT
by TR EEHESTROBE, RIG, FATIv 7 AREDTI 2 b—2a VETRD, WDOND
EELRMEOBAZIEINDZ L TH A,

2 BREEAE. BtEAE

EFREEBAF D F DRV X—HEROFORT Y VEEFE - 120 TES1ZMDY R E 2
EHETHL, T F—TRAHEENTWE T/ T 5 e LT, Fx HhEARIZSI L 7-"Gaussian03” &, /N
BT FROBBEFHEOLDIZ “Molpro2006”% FIZFH Lz, 512, HEHHEFLFETH HDFIBIED Y
05 L"DFTB"% 4 VA b—L L, D FEAZHEICER Lz, £/, "Amber’ 71 7' J A% F o751 D
Tt 2NEOTF s T MIEM T, &5 dGaussian03Dexternal =1+ > N CTREH 3 slave” & LT, & 5
WIEAZ VT ERWCEELCRA L, £k, BilZ 427207 A”GaussianDV" & 1 2 b—b
L. ZhICACHEFRODTFBL—T « W RETFEERBE N FEONV—T 4 VR EZHEH L TEEDT A b
BLOWERIZFHLE,

3 HFZEELE

AEELSEEL LT BHEFAD Y 7 2 — it BB IR KRBG B iR WL 2 REREHEZEK
BOF—<iZOWTEE L, O HDNONIONWTITER 2 1 EECSIXEXHELEBEOTET
BBB, MOV OB OVWTHHERKT L, FRTORBEBLOHERF —HRE(T oM. R HIR
#. RIS, BETRHLVIMERTTH B, UTIRET —v &2, EBITRRZHET D,
31 SHFERBIIBTFTI)IVATLAOYIalbL—Ya v

A 5774 PEA~OKERFREOERBOPE, OB VW TIE, BET 7 X~/ EREWHE,
BRI, AEEBER P AVSBHCHELRAEST - TVS, HEIZT EXFEEEHRLANFITA—FREODT
B, EFASTRCHNTDEHEEERIALT 0T, TRAVCGHLE ELVICHIR L, TNEH T LH

_23_



[T & OMEAERART ¥ % /VE #cc-pVDZE L Uee-pVIZEE Z

0.6
AW 7=UB3LYP, RMP2, RCCSD, RCCSIXT) #EMNBIEFEIZRD 53 04 A
BT LHBRO—HER LICRT, KERAT ) —LRWEAL  so2 77N
BRZOHEI, AEL I — & o THDTAREL Botz, AR £ o | B
2 o5 .5 . 3.5

WWEWTCRDIEHGEE 7T 7 74 PRIE~DOKERTHEHZEDOE) /] §02 | \.j/ ~ UB3LYP
. . \ Zo4 | \ [ RoveamaiBIYE
ZOMIERIIGATTH D, % ’ ;j ~~=~RCCSD//UB3LYP

B. $7 7 AH— LIHESELA— R F ) Fa—TorRic 0| cawe o
F%j_ 2 @]7} ?%’i’%o ﬁ% Pl ,_zh ) a’_ = “—7(SWCNT)@_&L_B§LC 08 - C-H distance {in Angstrom)

HE—AYBEBRER AL LCEbND, ZOARKE N1 ooy —HROMEL O HE
BIZDOW T, BEEDFTBZ AV, FeyyZ/ 7 A X —LEIZH O UDIT  XARF vy L3 —#

EHL7GS)-SWCNTO - KB FEEMITICKERT2EHRES
2 EF(OFTB/MD)RIHE 21TV, SWONTR IR IC 2R
WRARETD A ERTHD TRWE Lz, £AFER. &
R OBEKRGEYE., FeyZ 7 AX — L TOREF ¥ v IS
DHOEARZR L MRFICEEORBIZMIT T, Z< DT
Vel M) —HEETo, H2ITIREZ T AXY—ORE
PRI LD ® v vy TREOFZRT,

32 BAENTFERIELIEADTFROVI2 V-V

a v

BRIRIETE TORISSE (X V7 8) ORE2E AR
BREEPEBEL BEONSE LOBERBMELFIMTs &
PR, ZINHEDOY I ab—a it EERMLET NV TE
MINDIERE ol BEREO L VEELRBHOILD
WKIEZ v R Bk BRTHLERD D, KPR T, R
Z Ry EEOFEZONIOMIETERE LR L, BRORIL
BLOHEEDEHREZ W ODORICH L TITo, Zhb O
BTV TN EZREBD TREVWZDHIC, ERHOFRE2LE L

L. A FITOFANEERFSE L,
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Conformational change of bimolecular system and its relation to
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Theoretical Studies on Metal Complexes
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Non-equilibrium molecular simulation of thermodiffusion in polymer
solutions
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Development of the multi-component molecular theory and its
application to hydrogen bonding system
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LG22 ENTET, ERTHEOLNLDIAME b “FRD” 27 M EFRTHZLIITERY, £
T, EF BEFEOSEHELZEFHICRV I, BEDRLEE TS LD TE S ab initio BREES S
TFENZEPIMDYEZ W TEF AN MO 21T o7, TNV FELTF V2D BT, FHER
REEBHERLZHRT DI LICLoC, RFEOERAMEZHEEL, 2, BOETHRVETART by
IRIETHELEE L,

2 WgEHIE. BESE

BEFIREOF ML, EERREIZIE MP2 L, BIEREICIEIMPR2 EEREORBELSE T2 CIS(D)EEZ AW
77. EEBEIL, &b 6-31+G*E V=, PIMD fHEIZBIT 35HELRMA %, BE 300K, FRFEOZETFHE
ERBETAEL XS 16 123 E L. A=0.1fs T 10000 B & % B\EHEIZ VY., 40000 BLB 2 AR L7,

3 WFIERE

200 T 41
Figure 1 1[0 F LY OEF A~ k&Y, Figure | OEGITE iz ] — g@ﬁ“‘zz
FROBHRUCRTHRED BB LI abinitio IMD HEIZ L 58 ¢ b i 37 o
R, ARITIGRD EOHEBB L abiniio HSFBHEClassical  §mf [ doo &
MD) BHEK LB HRE, BRITEEESCORBFRES RS, = 0 | P
F UL OTHER (Doh {FHE) TIRERO7 abinitio HEM D, BE O «f [/ ES
BT Blu(8.14eV, 10.9e¢V. 11.1eV). B2u (10.6eV). B3u (7.76eV, ‘ZZ '2 " 3?
9.52eV)? 6 AE AT, TIUCKH LTI MD #HE CRAINARE S N 00 I RS T sl
1o & B BTEREDEL X2 EET 5 L A TEBICE > TREL P By 7
HEREARTED BT ALY MR A RS ML TR < EiEA Figure 1.Spectrum of ethylene.

7 R ERo, EABIC, BT L XA HEE LT abinitio PIMD HE TiX, MINER L VIERY, ERBRTHE
BB LIRIBAD ALY MEEBDHZ LN TERL, 7.76eV (RIKFE, n3sBR) L 8.14eV (VIREE, m 7t

BR) EoY—2IcEBTAE, VARG L, HH MD KO PIMD HETOREDBEBRATE Lz, 1
3. C-C BOBRLEICLY z n BROSTEMNENY, x3s RIEL n x *REMEE LB DL & bIZET RV
X—ZY T FT B THDHIENELT,

4 FER, HREERETLRITE
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Molecular Dynamics in Condensed Phases
OFx =, o NEE. ¥FH RE, IR #HE
HFREZF T+ MY A = 2R Z )

1 #ZEER. AE

BIE, B VAL —F— 2 AT LY BRI, BRI B 5 TR TR
RHAF I ACET BRI TN TN B, BT T2, KRR NS R P OB EE (R
Bz LD, CRECHEEK, S5IAREARy hT—2 OBRA LB 1., FERE, BRI EE
RIET. %7, K Y AT F ROERBE— N34 20 BOMEDRREEMRT 5 L T8 b TEETH 5,
FFETIE. HFREROBEDRIIRE, EhR) ~TF FOEERF A7 2%, BHREOSTHE
HENLRD, ERERLOLBRIETS.

2 WG E. HEFE
ER L7721 75 L3 gaussian 03 TH 5,
3 BFSERLE

3RV = NINEBDTREE

Ny = b UARTE F= U ARE, ON B EFO5Fid, BIRTORIFANT PR EARBEZRL
BIOBWEELERT, #iZ, CN BRSNS TS 2150cm™ 35030 NSRBI &0 BEEL, Wi
BANRKEL BRs, BERICEY, KEEY 7 N 2BALBEEY 7 N 2BERD 5, £, AR
BRI, ~XY R TIRREOEIMIAEVENT 5, ORREEMET -0, BERIIBIT Y=
UNEELHTREERORERE L CNBERE OB L RO, o FHROFVEEERZER O HE D 720D,
FiEE LTIEMP2 &, BEREME LT631G+H+HdpE AV, £ 1 IZOHERBRETT, XY =rIw

# 1Y = YA EENESLEAEOHERR

<
r € ; s
[, o
Pt a g ‘5 2 @3 P “’ga B o’
e pee | b che 009 9u| b 5. 00s %,
o i@ -0 ’ >3 9 Fee 50
¢ r é@«ﬂ@l i 3 ’é,a 4 e
P
E (au) ~-323.52985660 -438.93439530 ~-438.83268421 ~478.12372280 -478.12129124
CNFEERE (om-1) 2166.14 2182.12 219883 2180.14 2186.68
FAEE ) 2.1573 7.2478 6.3951 6.0604 6.6049
RELIFILF keal/mol} 6.68 5.60 7.16 5.64
pry=gact 4 1.18494 1.18533 1.18336 1.18556 1.18363
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Yy N X "g@ \
s wae "W o s e - 2P 09
? é) .:’a g > 7y .”8 E Q’ 2 d
3 . 9 3 &
eI d B LA 2 @5 . . .
9 S0, %@ 9 ég*‘% LR 5% 2
4 2 M ¥ - -9
-~647.07136865 -647.06563184 -647.06598370 ~647.07797517 ~647.0726137
218602 21837 2184.65 218002 218134
218639 218538 2186.97 218062 :
137055 20511 51839 0.0221 5 0627
0004 25539 2.6544 07521 062
7.31 371 393 1146 8.10
1.18519 1.18506 1.18571
116484 118489 118481 1.18567 118544

W, AE)—NEBREBR LIEEE, E_EBREER LIZBEIC DWW TREREZRTS, RIBREILR
WML, A% —NVEREEERKT S L CN BIEREIIERE S T b5, —FH, ~FHFHTiE N
VY= MU NVOBEBEINCED, EARMBREOEME RS 7 SRERM OB ES N, 0B R
ERBRICLDbOLEBEXHER TR, KEHY 7 FE2EHRT DI LETERD o, 4, LOF
EREERE, EBEODREEZIMO VWAL E, BRETEITR-o TN,

32 B u— /L OKEFEESER

vr— LT IR R 7 & O BRIEEE T CHEE L KFEEUER LR T 2, BRRDIEREICLY, v
—/L 0D NH HEREIDEEE S 7 F LEERRER D, ZORTHTHEHEN O, FEL LT
DFT, B3LYP, EERHE LT 6-31G+H(dp)E AWV, R2ICEDHRERT, KFBREEZHHKT O &ICX

F 2.0 — L OKRBFEMEEEOFERR

W
{Pyrrole)-{Diethyl Ether) {Pyrrole)-(Diisopropyl (Pyyrole)-(Triethyl Amine}
Ether)
eml 3536.84 351461 3319.25
R ETL R 592.3518 661.8289 1248 4758

D, REEAMERES T MY AL, BMEMRENT S Z ERENTEN, BAEOKRFIERNICEA SN
FERE—ET D,

4 HEER, HEEREZEITE

[1] “Vibrational Dynamics of Benzoic Acid in Nonpolar Solvents Studied by Subpicosecond Infrared Pump-Probe
Spectroscopy”, S. Yamaguchi, M. Banno, K. Ohta, K. Tominaga, and T. Hayashi, Chem. Phys. Lett. 462,238 (2008).
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Molecular simulation of protein-ligand complexes for computer-aided
drug design
/E B RAEERRT)

1 HIFEHE, A

KR TIZ, FoNTE-VH oy NEEERTFHEBECXY L THTF Y Iab—Ta VEFTV, ZTOBELR
LORYEOFHEE T o/, FU XV E— VW FEEHEEBED FRIIERSRFICBVWTEERZEHZ £
7L TWD, FURIBE-I Ny FEAGEEEELTHT 2 FEEIEEL Y. ELENLEFHET 57200
AaT7BEHLEHEREINTVEN, —FTREMERY DL RATEEIIVWELEFELRY, A2
TEKEIZ 0 E- DTy FRIOKEEBRT VY — 2 HiECEHT 3K TH DB, FHELENT
BB THAEREIRILF -2 RBREICHET ARE IS FYIal—ya VARESERD, £ THM
22Tit, FPRBEORYMOTMIISF L Ial—Ya v BNERATHINENERE L, BEDOLE A,
—RICHF VI 2 b=V a VL EAREAERT R VR —FEIXY VY FOBINCER S L. FRIBEDOZY
PEICER SN D Z L3R W, TR THINENEFRET L I LIIEBCEETH D, £,
BAKRFHBEDY I 21— a ZEOL0IIMAT, 7Y al—a VICRELTHER, #ERDY
Ty RIZOWTOHEFNRT A —F OIERR S R T o2, &5, RV BHEICHENTRRSFI Iz b—
Tar7ul I ARERIIONTHIToTEY, BRLETu 705260 LEEE0HERESCKEESD
FHE AT o 7,

2 WFRFIE, HEFIE

KRBT, HF P Iab—varFEELTHTFENRE MD) & 77U VB (BD) ©
—HREEEHEH Lz, MD IZiT Altixd700 124 A h—L#EH D AMBER 9 2 L, BD IZI3HEE b O
TR—TF L > TERERENTEY 7 7 =7 brownian Z Wz, EBEOFHEIZBW L, £7 brownian OFHH
MNHITFoTr, ZOFEIZEL X, VA RORL2 2 THRED X 7 E%HE L (PDBID: 6PTI, 1DT4, INKL,
1D60, 2FJY, IMHQ, 1P38). ZN HIZk 4 25H5EEFM % MD & BD THE L7, ZD& X, 6PTI & IP38ITD
W Altix4700 0 1 core ZEE L7-31E 25 2,4, 8, 12, 16,32 core 2 L725HE £ T, CPUcore HZ &5
§§K%m5ﬁfﬂm%ﬁotoMDK%Hé%ﬁ%ﬁm~%mBMM£e%wfméoViav—yay%
Bl LCix, 1P38 Tt 100 ps. FRLANTIE I ns ETHEZIT o, BIEFEE XV H - VY FEAKE
OHFTVIal—varDledDEFEZIT o, THIZOVWTIIHEBERR LTI T RO DO HEOR%E
PEIITo7, B LEQRTEFLUEERE ARSICRONDIT AT ATV E | EERIZLITLIZRLN
BEMSEECHDANLK LTI R ThDH, FAZATVEH L UIBEL BRI LIET VERBEL,
MP2/6-31G(dfp)iT & B HEERE/LE. CCSD(T)aug-cc-pVTZ I Ko TCZRAX =T a7 7 A )LV &RD, 715
NG A—BREH LT, AAECT I FIZOoOWTUIERMICSIAEEORE STV 5 6 EOFEERZ A
B, ERBRESTIEE, JERRISTFHEE, BENBEEL AV ORERELZITY., HERROF

_36_



BRI OWTIRE Lz, &&RIC, ERICH VN2 E - U TV FEAERIZOVWTONFYIab—va
BiTof, FIEL LTI MD, BD O G &2\, MD 2RI 2HEESE L L Tii—A1L Born 11T & %3k
REEETNVEMER L, xt8 & L7~%2 PDB ID T 1HPV, INNB, 1PPC, 1PPK, 4DFR, 8ABP ® 6 > Ch 3,
INLIHLTRyF 77 m 75 A GOLD TRy d U ZFHEEZITO, BB g e kx < Hnk
BEOFFIH LTy I ab—va VETo72, ZRHIR LTET 0K 25 300 K ¥ TOFEMD 2470,
FOBEEREDY I a2l —Va rEToT7,

3 HFERRER

%7 brownian OFFHMIZOVTE, WTHORIZOWTEH MD & B U CEHE BB N RIEICERE Sz i,

BIZROBERRELS RDIFEZDERIRBPRKRENL VWIFERIZ2 o7, R L7 CPU 2 7R3 0WEE
(2 core) S EIMER L2 ROH TR HAREV 1P38 TiXBD 1 MD @ 10 fFLL EEEICHEREITTE TR,
BONEZERTREICHEZITY LW BRUZK LT brownian PERTH D Z & B¥bholz, 72, Insic
ELHEELIToTOEEE RicHE. WTHORBEENRKEJENTELT, MD LIZIFER LI#EiE
PEOLNTWE, THbDERNL, BERSFIIal—ar7ul s hE LT brownian WEZITH D
ZEWNbND, —FHFTHEAT S CPU core M S B2 FADOEIUEBIRIZ OV TUFHET HRR LN TED
WIULIZBE L IR E HRATRB/LETHDZ E BRI E N,

RIZHMESEROEFLFFE IOV TIE, FAZRAT VRO CIIEERLBEEERNLT L b AT HEEE
LAWZ ERHMBA Lz, £/, AAEYT 2RI LTI f MoSBEEOEEMENSRBE SN, Zhbo
FERND, MMEEARCHEFEOBRBRICHLOBEERLETHDH I EBbhro7eh, FICEEBRRORBRIZ
BHETAOLERHD LD LEZ TS, HEEEDCBRNDLE XD LEFEOHFHEDF RS FHEER
REPBFATEDZENLEE LR, AFEORERINSOFETIINL O OBENFEEELHEAET
XN ERbhrot, BIZANLERLT I FEREDONEEENERERCEEENETEOBR L KB
WERR-TBY, BFREZERICHETECWVDRVWILEEZREL TS, INLDOERESELTFAT
ATFNRDGFIERT A—FEREH L,

BRIC, BAEERTREEEDS T I 2 b—a VIZOWTiE, INNB IOV TIRIEMEEE & RIEMEEE T
UHy FOBRBIZRERERENTREY . FEMBECIIEARER CTRVIRBESTRRENTZ, ZhiTS
FIal—v s TEARTREBEZ M CE ZFEEEA R LTV, —F TERLSDORIZOWTITR
SHEEDOR: T H T EEEB PR TV, ZiUZBD, MD ORFIZX L TRI > TEY ., £
LI ANTEHE (FIE MD) OBEBTHRIBED TV, ZOZ S IBEREBRETT I 5HEORAE
TRBLTEY, PRCKSFEMZDISBERHDOTIIRVNEEZLND, £ 2 THRIES &t & HRH
WA FEMATEBEOSFYIal—vavEiToTd,

4 R, HBEEEEEITE

% Akifumi Oda, Noriyuki Yamaotsu, Shuichi Hirono, Ohgi Takahashi, Brownian dynamics simulations of a wild type
and mutants of bovine pancreatic trypsin inhibitors, Biol. Pharm. Bull., 31, 2182-2186 (2008).

*/NABE, BERE, ERE, PREA LC#EHZ, EFE—, ¥ 0 E- VT MEEGEOTHIE
B TANFVIab—vay, EIRIERERESES (2008).

*/NAEBE, BERE. EBFE, FAATLVERANOEER I oo XX —OR(LIZET BT
{LZRORF SR, 8 46 B B AREM P EFESFES (2008).
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A fundamental study on the slow dynamics of glass-forming systems
OFE B (BEHRERR BEILFEHHR)

1 BFEEBRY, RE

T AR EAREIC R SN B B ARY— L IRIEN 555 L. BT EEOBHFHME L 0BG
AND LW AHEOERNTH D,

FERRIRRED X 5 R REBBERF STFERE T, R ICRFEROBREZRT N 7 AR TIE, AroERZERIC
RE—ZET D, BARB M ERIENABEBER A OND, anf FoBRREDRL2 R THAISNS
BARY—EIL, VI RAROFORBHEMBORR EZE X 6N, VI ARE/FBITIEELREENO—DT
HD,

AWFLETIE, BIRARY—MERT A I R0TF L LT, WHhEE LoREMTRE2E 25, AfEOZE
MCTH DM FE Tld, WERNFERNRDNREBBRFIFELY T, NTEBEOREM COELIIN T AW
SRR RT, R RFEER AR TEETHS L. ROV TAMICEAD D /(7 A—F R
DHTHDZ e b, RECFERBAR T RITE D EMAR T Z ZADETF NV TH D,

2 BB, REGIE

Wih EER AR F RO FENZEY I 2 L— 3 VEITV, BITRFEEE ThH 5 ZAKFHRHIEDRH, 2
MR B HRDE, Brdle DRTFEREBIZOWVWT., BT A2 FOREB#EDEL BT 5,

HES 0 I MMICEBEHVC, BERFOA RV N R T U E AL TORBBET LAY A XL
FEAFEV I 2 L—a v ETol, WHMEE LTI, EEO 2R TOBERRMEZMCE, YHEEOH
¥ LTBICHES ZENTERVWED, BROLCIC=a— b AR K Y EEEMEZRD T,

3 BRERE

WE L E ORISR FEF DS FEAFEY I 2 Lb— g U EITYD, —ERECORTOEEBOBENEZ
N, BERFEREZEAL, BEE LERFER L OMGERERANT,

W OEEDO LT ERFT RECHIET D) AT A—4, FERER o (RZEMICHTIRFOED
AEBOEE) 2B ST T Ialb—var®2iTolr, M1 =075 DLEDRDOARATFT T ay b,
— B CORKF OBE 2 RETTRYT, MTOBEIND 2 WBNEREREIBREMFRIRIIBEH LT
DEBRN TR R — IO LTWB I ERbhb, £, K2 CBBER dosmBERE T, RER
o TIXDFADENIENDERRH D, 0~0.78 HTc Y PO TOBEBEDITLHDERRELLoTND,

BT OEB ORI L K PERE L OXISERERRD 720, 2 KTH ELOKRFEETHDH =AKTO
BEF&FE/NTA—F h 3ROLICEETD  BETIRTF L OBEBNI=AKTTHD L& b=1,. ZAKT
THRVWEE h=-12F3%, K32, HDREEETOOREEY L BEEREd &L OBRETRT, K&ER0T
i, KERBEIIEEE S TR FORMEICD 2L RD, £ h OFEER O HECEELBRMBHLZ L&
Wbdote, h OREEER 0, S BFTERFEEE L IEFEE & NEBCELT 2 REBICH DRTF OB
BERKENT LMD, BEEOEMPRRE—EIIHROPHE (7T R FL—Ta ) L&) BATRFE
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EREFICRE IR EICBETAZ EBdbhoT-,

RATRRFFEIE ORERIE 2B 25701, h OFFMMEEEEEZHE L, K4 ICERBEBEE ¢ T
O, FHEERE%E T, FHRIBIHUT stretched exponential THE L TR Y . WFEBOBEEMOZBES BT
BREFOBERE BT ENTE B,
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<h>, <by, TImE‘
3:h ORI & d & OB X 4:h DEFRHIAEBIREEL

4 ER, HERERZTITE

% A. Akaishi and A. Shudo, “A study on the slow dynamics of hard disk systems on the hyperbolic plane”, Dynamics
Days Asia Pacific 5, Nara Prefectural New Public Hall, Nara, JAPAN, Sep. 9-12, 2008.

*FRABE, B, [EAREBRmMCET SAIEETET VO RFTHRFEE] | 2008 B AYHEFIHUFR
&, BFRZE, 200849 A 20-23 H

% A. Akaishi and A. Shudo, “Frustration and glass dynamics on the hyperbolic plane”, Unifying Concepts in Glass
Physics IV, Inamori Hall Shiran Kaikan Kyoto University, Kyoto, JAPAN, Nov. 25-28, 2008.

KA, HREEE., [RHITEICRT D RITHRF S EERT . BAMEZRE 64 BIERRR, MBEKRE,
2009 43 A 27-30 H
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Structural analyses of the key intermediate clusters
in the aromatic substitutions
O K# BKR CGRALX - BRf - BRI R RITRE)

1 HEERR. RE

BT AR @I iiz) FERICBIT 2 EARNPSEBERLZRILT
& DFHFFHRREBBREOSIZBWT, — 2. K 112K 7 o-complex &
N 2WERPEES LATEBREZ 2T LanTn5d, 22T,
c-complex FiE DR EMEZFNIT 2 Z L IZGHIEREA ORIZ 2 £ 5
ZbiB, &I TADIZE T, KIRISIIREE T 2354 To-complex Mt
PRECFET DNE I 0 EROICHAT S L#AMNE L, Th 1. s-complex it
ETIZ, N"BH AR OBEEN Y T A S —E A A ALCBR SN TERR SRR R b T
wétb‘\ﬁﬁ A FRETEBRRS AR I T L8 SIS CFyNH; R, 3 L OBEER IS A3 0E S h

DIZFHEEIREILAERTELEZDLND CHYNH; RICBIT D7 IRAFZ—hFF o 2148 L L,
[CeXs(NH3),]" (X = H, F)DHEIEZ IR AT L - THEF LTz,

2 WREETGIE. BHEIGIE

C6X¢/NHy/He X =H, )IEAH AL L ABEEY = v M OEEERIZA Ak (EFEBICHET 85
YeETZIT 118 nm OEZEERANN) 2AFH L, ERLIEA L OEEARY MERIET D Z & T, REBBRK
JADHEITHRRGE LTz, F/2, R LA A D H b o-complex #&i&E 2 AT 2 & HIFF S 1 B [CeXe(NH3) ]+ (X
=H, Oloxt UTHBEES CEABRATA 2 & TRARRZ "AZHIE L, £72, BbhmR27 bMLOfE
RO 1= DI B EE PSR (B3LYP/ 6-311+GQAE2pd)Z & D ER L & . B bz X ToiEicxt3 2 &
WERAT (TN OFRMIEE % 0953 % L THIE) . ROMP2/6-311+GQdf2pd)i7 & % = R ¥ —{ED T
fliZEITV, EBREOUENS 7 T AL —EEERE L, £z, REEGEE L IRCHEL AV, BRREL
MRRBAZ DWW T EEETTo T2, TR TOETLFFHEIL Gaussian 03 727 7 AMI Lo TiTo T,

3 PR

1) C¢Hg/NH; .

%] 2(a)Z[CsHs(NH;), [ DRI AT Ry, (OICE LRI L - TH b v 7zo—complex #IEIZED
AR MDY Ial—al, (WIDOROKA T AVEEARY bVvEIRT, K 2() & (b)DIRS
AT MV DRI | [CeHe(NHa)] TZo—complex #EZ R L TWB Z B85 0n5 % L, 0
BEREANT NVITEBGERY (CHNH; E£7213 CHNH,) MBEAlshTuhiRy, ZoZ &iF
o—complex G ITHENIZBR SN DN, FEEBBRSUSDREEE Th 2UHHRR~E#ET LN k
ZRLTWD,

2) C¢F¢/NH3 5%
CeHe/NH; B CEBMUSAERY B LR L TRV OIE, BERRME N EN D EEZ2 NS, 22T
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B e LT 28 AL, RRROERZTo7, K 3@IC[CEFNHs) ' DIRSNZ =2 R L (b)IT
AEICEDZVIalb—var ORZIODRDNA T AMEERNY ML ERT, ()& bIIBIT D ER L
AEOLEN D, ZDORIZBNT bo——complex IEENHM SN TND Z LR 5, HIZ, DEEX
N7 MBS R (CFNHPER SN TWB Z b, EEOEFEREB RIS RIA
& LT Do—complex EZBAM LIz LD ZEE2RFLTNDS Y

ARWFFEDOFRERIT, FEREWSIEFEEE LT Do-complex &N KBNS BRE CREICEELY D L %
RLIEHDTOBRTH D, ok, AEFAEBITZARFRORFIZ LD, 5 24 EULZERISFRSORA M BERZ
—HBEZHE Uiz, $7=, BREO—EBIZ Nature Chemistry 35D Reserch Highlights |2 THEA vz,

@) [CaHsINHg )1 Tta) ICsFg(NH;), 1

2900 3000 3100 3200 3300 3400 2900 3000 3100 3200 3300 3400 3500
Wavenumber {cm'1) Wavenumber (cm-1)

T H Rt T@ RFIY
— .3
N NH3 4
L HE ROFTTE
O <O, e a
g g 17

| o= Y I
L l L HERR
h W A\

T LI T T T T T T 1 T T

92 93 94 95 96 180 190 200 210

miz miz
2 (a) [CeHoNHa) ' DFSLA 2 hv, (b) 3 (a) [CFs(NH), [ ARSI A bL, (b)
c-complex HEIEIZE-IK AT PADY I = c-complex I E-S AT FADY I 2 b
V—a v, (R A A APEEARY PV —a Vv, (A FAEERARY b

4 R, HIREREZEITE

% Spectroscopic Observation of Isolated Reaction Intermediates of the Nucleophilic Aromatic Substitution
Reaction: Infrared Spectroscopy of [CeHg(NH;),]" and [CsFs(NH3),]".
The 2008 Molecular and Ionic Clusters Gordon Research Conference, Aussois, France, 2008

* VRS TR —HFF RIS B EERKREB RIS P RE O,
5 24 EHLZRSEERE . 1P01, dbvEiE. 2008

% Observation of an Isolated Intermediate of the Nucleophilic AromaticSubstition Reaction by Infrared
Spectroscopy,
Angew. Chem. Int. Ed. 47, 6008-6010 (2008).

* KA RIS T D5 FHEKIZELOL T RS OIRIN K,
%2 [Ely T RER =, 3B16. M. 2008

% Microsolvated Reaction Intermediates in the Aromatic Substitution: Infrared and Electronic Spectroscopy of

Benzene-Ammonia Cluster Cations [CeHs(NHa) 71" &5 B4
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Analytical study of reaction mechanism in polymerization of polar vinyl
monomers using phosphine-sulfonate/palladium catalyst system
OFlm R+, BHE Fth. ¥4 RE RXEIL)

1 EREM., AR

B IIBATRAT 42 AVREE/PA () E WD, BRERE =07 2= iy

Ar2
DREMEAL 7 4 b2 F LR B LR B D LB ADEITTHIEE RNEL TS, Ml prpd/Me
VT4 DEMNEAICEDESOFIIFEAEHESN TR TZR, Fox D& LR o‘ﬁ’"d \r/q N
FROEEARIIEEE =07 2 n= N LD FIb T ORI EA G Ch %, RFFETIE © _

1
SRR RN R R E AL TR LN R BB THI0 10, RISHEAHIZ  Ar= Ph, 0-MeOCH,

EH B RHNOATIOD THD, SFEEIT, REIBRICEHORY = FL %

B2 2BEEEZEE TS, CORARERRPSELNIREZET, BEA L7 OB EA IR T 2EMEBIRE
D, INETCRARBIGENESN T BMEA L 7 0 OB EA BRI L TRERAL /1IN 52 DHFFRIZ
2BEEZBID,

2 WAETGE. RHEFIE

IHETIRERICI > TRLNIERART 4 ANKRBERNLFLUTH T 2T AR NATYY LEEO#EER LI,
FISHEEEL TEZONATF L UEERR SR T I RT Ao 73TV MRS OB ELBERNBEKERIO
ECP EEZHAVWTENENEELL. ZNOOEEZIALNICT B, T, TN ENDOEEM TOEBRELZ KD,
BEAMEF AN OB BEFEOFEML I NF—DORESEALNICTDLEBIT, BXBIRIOEOERL=FLF
— b FE R RDBZELIT LY, A S RIAICESEORI=F LU 2 52 2B B2 TS, £TOHER
Gaussian 03 %3\ B3LYP L~V TfTo7z, ZEBIKEL CTITV T A Lanl2d %, flOJR-FIZ 6-31G(dZEHL
72 LT OERIIESTE T AERHZRLF —EZHNTND,

3 WFERRE

P, HERMEROTDIVRT EBAF NV EOBN T 2RV TE XD TF L RO RIS Z TNz, BlhL
FOIEMFRIEICLY T _RTOPEE - BEBIREIZ cis/trans BIEERITFET D, 2IHD cis/trans EPE(LIT, AR
FREDEEEZ £ Berry
O EIEREE TEIT T
BN b ol
(Scheme 1), Tz 5
FZ,=FLUOEA -
cis/trans BMfb - L7

Scheme 1. Cis/trans isomerization of [P-O]Pd("Pr)(ethylene) complex (4).
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o OfFHE - B-t NV FRBEFIZOWTHRHEITo7e, =F LUV OFBA (ERE) X Scheme 2 123817 5 K
BDONL— b 24-4-5) BELEFTHY 255 27.7 keal/mol DEEETHEITT S Z L Bbh oz, —F., B-H
BB D BEIL 2-3-6 & L <L 2-2-3-6" BMFEETHIEN DY, ZNEH 25-7 keal/mol NUETHD, =
DFEFEE I T LR ALIEFITGEVETHY, ELOLFRETH D, F2. B-H BLBEE D chain transfer 725 N4 IE
ERRITHBERET T DI b ole, ZOZENL, TFLUVME T TIXRTOIF LB 4 0 4 OFER
PHEATRY, HANBRIETT2b0EE 2 6ND5, EE BEIOZF LU REELRWRE TR L 700D
EMEEPEAT T 22N ERBITHENO LIV T, 2L B-H BBEREITTAZEE2RL TN,

PEDZLnb, RER TIIHERIS THHTF L AL B-H BEENEHL TRY, =F LU OMEIZE>T
BRI EHEORY =F LU RNBLNE LV BIRROE RN ELN, SHRINEBEEL, BIEL =8/ ~—D
FOSHEIZ DO TR R 5,

Scheme 2. Energy diagram of ethylene polymerization using Pd phospine—sulfonate complex. (AG, kcal/mol)
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4 BR, HEREEELEITE

(D) Kochi, T.; Noda, S.; Yoshimura, X.; Nozaki, K. J. Am. Chem. Soc. 2007, 129, 8948-8949.

) Noda, S.; Kochi, T.; Nozaki, K. Organometallics 2009, 28, 656—658.

()  KEFEEM - WASER - BIERT - #RELTR - Chung, L. W. HA(LZERE 89 FFF R 3K4-51
(@) KRG SBET - FHBER - FHRTF BALERE 8 FFER 3K4-53

5 Nakamura, A.; Ito, S.; Nozaki, K. submitted.

6) Noda, S.; Nakamura, A.; Kochi, T.; Chung, L. W.; Morokuma, K.; Nozaki, K. to be submitted.

N Ito, S.; Munakata, K.; Nakamura, A.; Nozaki, K. o be submitted.
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ERRARRGBERE S VR TFEAABRIZETS
FEMEEREICET IR FIEENTIR

Quantum Chemical Investigation on the Elementary Reaction Process in
vivo and the New Functionality by Formation of the Molecular Complex
O#rx BEE, WA BA. B =/ EREKX X

1 WIFEER), AR

B -cyclodextrin ( 3CD) E%H’]ﬂkﬁfﬁﬁg (host 43F) LEMHF (guest HF) & OFHESEEZTRL,
guest 53 FOME 2L ERD (B : ZEMOWKOBMEOLE) RIS, D TEAEL L TOH 2
BEME (B« AfRBEE e R L) %ﬁ@“é%’r@é EMEBCD (mfSCD) BB THIELEZEHMNE LTS, mf
BCD DR DOAE AT 2720, HERL L NICEHLENIRFT TH 5,

BEE. T HBBEBORRE s e VERELZ BHL T2 FHERORRE L2 7 —< I8, BE,
v r U EBRE O DI A S S PAYE amoxicillin (AMPC) & mf 8 CD & Oa#EELEY (AMPC-mf 8 CD)

ERE L. AMPC OZEN « FEM DM L E 721X AMPC-mf 8 CD OFFRBEERBIZOVWTRHFT LT3,

2 WFETTIE. BHEFIE

H20 IR ERIC X 2 EERIBRFTZ1T\, & 5IT Gaussian03 12 K 5 BEF LR 21T - 72,

[Theme 1] BCD 2T 2 /a2 —ABILZ, 3FEOKEBE QL. 3fBLU6H) 26575, £D0HbH
D—DODREEFEICERE L EA LD B CD FEMAKIZ DT, Conflex version 6.12 12 & B BLEEAENT D
R ERE GBI (B3PWIl/ce-pVDZ L~v) L, BEEDEBRME DBV LS AMPC GEEDE
BlzonW TR LT,

[Theme 2] B CD DEE(LIZ X 5 E W TH AMPC K5 FEHIHIMERE % IRt 5 7= iz, AMPC- 8 CD &l#1k
EMOEFT R L, BEREL HF/6-31G L~UL) %, A LEYOS TEELEE LT,

3 WFSERE

[Theme 1) FEBRTIZ 3 7D S-EBOKBEENBR I BCD FHERIT, AMPC DEEEREZIRER S RN
EWEA S0, T BCD HBEKOEBLEEIL. FEND D WVITLANIC AMPC ZEBE LIS NI
EERL, BREREL XL, ARICHO 8CD FEADKBELEE LR L & 25, KB RICHBEME
DOHHIHMEDPB LN,

[Theme 2] AMPC 3% O#3&EH1Z phenyl B & penam BE%F L. B NEEMESMET T penam RAIIKDHE S 1
T, FOHEHELD, $E-5TBCDIZL D AMPC DERIZKIT AL EIX, BCD 7% penam REZEHET S
itk BE LTV, —F., BCD A phenyl BEEEAL L7B4 . penam BRiL B CD IZ X5 RELZIT 20
72 AMPC I BB THAKDMEE LD & & 2 TE T, phenyl BO LN AE(LEN 25E TS penam FRiTIMAK
SRS WERS FEE DRI X > THL MR- T,

ERR2 AOMEREL. AAERFESE 129 FRCBOTHRE L

4 R, HREEETRTE

1) %EIE, WH, FHER, TH BHAEZSE 129F= (2009)
2) % TH, BlS. ME., Fx BEAEZESE 129 F5 (2009)
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SFIEES S UREABBEZAV-EHEESF
BEUEDBENY SRAF—DREHEDHR
A theoretical study on stable structures of biological molecules and its solvated
clusters computed by molecular orbital and density functional theory calculations

OEilR FE, KE R, #F EH mE BZ ERIERFERCEFER)

1 #EER., AR

RS THREOSETIL, 7 I/ B DNA S E S 772 © OBHERNEO A REES T 2 @R nEe v
—P—T T = a LR DR RFEEZHOTRIEL, BFEY -y MNEFEATHZ LT, ZOHTER
LI FRAF—DEESCETREBIZOWTOFEMBRHALED X 5 LW I RAPBAIIT bS5k
STETND, FZT7 VX VT NRGTOBEDOREZ., £ OAEEMEE L OBED b BIRAF TV 5,

Hxid, TNODILEBEREFOHRRATI/VBETHS L-F— BT, BEEY =y MITH—®
OAURA =L g VOZRPBEIENSZLERHLE, 202 2, BE SOOI VR A—T g URERET
HMOT I VBEIFIRESERS>TVWS, —FT, ﬁU®7\/&T%é?x:»77:/?@ﬁn%§%
25 e, L- F— U3 BAMEE T 100 TV a VR A=Y g VST L RAVX —IZFEET S E PRI
%, ERTIEE—DavRA—Va VETRERIENER, 20a B2 —va VOREZIITFESND Z
NHETOREEETNTIEHLEHE L ORBRFBTRHARTH D, £ I TABIETIE, Ex OEFL
FHEZAVTREEE, BERPHER 2TV, ERICBOLNLARS ML EORENOBEEY =
v bHO R SOBERELITRI ZEBHE Lz,

L-R— N3 BFERT I JBEOT7 2= VT T2 OB
VBRIDKBEE OB AL AT NVRELESGFTHD,
o T FOT I JBEFHE SO HRA—Va VET ==
NTT=rv BIZIERAKE 25, TOMEEIR K 1ITRLEX 9 o »

2T I EEINRXRVNEOHMOARREEOKRNICEL  NH—0=C NH-OH OH-N

type type type
kAN z)( 0\_@% /\FA
D 3 REOREIC i?é kNéisz@;jjéa 1. L-F—SeBiF57 3 BEHD
WEDHT T, Co- Coi e, Co- NFEHE ATl KA AR

kv 600 BT RRA—La LV EEZDI ENHESL, 7
2N TSR, IR HDOR 3TED I R A
— 2 a URBRKIIICEESIIRD ERES LTS,
L-F— T3 &E bz, M2 WRTL9%, H5—D7 3
JBBOTEREE KT B ZoDKBEDORE DEVOND € 5 &
% 4 SOMEE R B UERD S, (EoT, Zg PP lpmipe mptpe  rom ype

WG - SR B T LR 2. L-R— 2B 50T a—/VKEED
U7t duid7e & 722 &R 100 25T o I ——

2 HARFIE, BRI

%4 B3LYP/ce-pVDZ L-ULTOREIC L D, FRENS 2 7 4w — X DWW BN 2 M Rl (b & L1
BB ETN, £V T vV TOREREHR, 20 LT, REEHEED DB LZ 1000 e LI
R OREREIZ DU T, MP2 152 M05 LIS & W o e BRI BRI 2 £V EREICR L 5 Z E kD L Sh
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LETHEEZ MO UEEREL L IRBFHE LTV, ThENOBREZLE L, £ TOEHEIT Gaussian03 7' 1
75 L ANTITRo 1,

3 WFZERRE

2500 R 1
N R NH—0=C ©% NH—OH OH—N
X 31z, L- F—="DHEH TR LF— DK | pe type
WaryiEA—vardo (Pogog¥F—% 200 e q o 4
i i
BIELT) R= AN F -2 Z00FALAN S b |
— ~ 3. ol < e 58] ; R‘
MEDWTR LT, SR, EEOARRE 3 Tl amd T
5 R S\ o
AHETHEL, SEHECHT BT 8 s R
1000 - ! .
—VEBRKBEOREIZXZ 4 >0OEEL 4T 3 ‘ b
DB = HERR TR BT T L7z (Imp, lpm, w0 R
=
SHe e hY S i . . . —— [y
rmp, 1pm D). WiE= & DA E—OR : L . E?ggg&g\c%\;%mpzcc-pvoz
L& TOFEFETIZIER CERZR L ok T TR T
H
7:,, 75\3 B3LYP GCJZ é{ﬁ&\i MP2 M05-2X &Ciﬁ 0 4 8 12 16 20 24 28 3'2 3|6 4[0 414 418 5[2 5]6 6|0 64 68 72 76 80 84

®3. L-F—rt0arkA—ya OBzt ¥ —fE

REEIEL Y, EHEMTOZRLE ‘ o
(Pum R F—HIEME)

— B3 D7 72 o7, ZALiE B3LYP LB
TIROBHEEEROESENE/NTMENSBERRIBN D THE EELDLND, THITE~, M05-2X JLE
BIZ L BEIZIMP2 IZEBEEFEFCLIO—FKER L, ZOEIZ, M05-2X ILEI$k D57 B3LYP LB &
DHERIZOTFZRINT -2 AL AR LZbDLEZLND,

—5HC, HD—OOEFHEEITEH LEED, KBEAFHOENC L ZM O >OBEDT TOTRLF—E
ki, £ TOREFETIHER UBLER L, 0T &t &3 0 0-3 < 80~83 DHEICHT 5= 3/L%
—TEo XV ERBZENHES, HFIEICBWTHIBERI UERBEOND Z b, KBEOREE2EZ
7l EREDMEERAOENL (FIEHLOBICH LB OND) 13, HEMEFEMAOAZTERELTY
HEBEZDTENRHKD,

L- R=R_EEkDay R A— g VERAX -5 % 5 L. OH-N type DEFKERFEG 2R OBEICRE
RbLDPENT EBDOND, ZOZ LR T7 2= VT T TORBRE B L TN, B TREBEIZR Z &I,
X3 T8l ICY-rEE (M20ENID2EE., IpmiEE) EITBBENCEZELLTNDZETHL, VT
o VEAKBEOREZITNERD 82 OfE (M2 0END 3FH, mp #iE) 128 T~300cm™, Z0fth
DHEREITEAND L 500 em™ LEBREIC/R->TEY | HHEEICLZEV SR oT, JORRIF, ERITE
WTH—DayvRA—vary LMVBRIShR2Rol b E<EE LTS, BE, BlllShRAR~T
M BREBH AT ML EHE L, ZOBENERIZ 81 OBETHINE I REtPFTh s, £, EfLT
5. HAHEHEENTOKBESBOEMICE S IANF—E(LITHE= RN F—DEIDOHR TRLE S
NAEDH, ZOBRRRKERRELOER L2V EBIMHEERADOBHRIZOVTERM LTINS LIATH D,

[1]1 Z. Huang et al., J. Mol. Struct.: Theochem, 758, 195 (2006)

4 FER, HREEELETTE

*EHE, ®I. B, BN, BB B S TREHRS 2008429 A 24 H (B) ; 1-B11
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RE-FK - /SR —DEBFRE L RIGIBIE

Electronic state and reaction process of surface, thin film and
micro cluster

OF Ex. &AM ®BZ. Bl BR. F¥& HJ. BR f4.
RN Toh (RERSN KRFERZERGEWEHEFZOER)

1 HIgEEE, AZE

FIAF—=ATOIIRRPRAY RAaEy 7 hROBELXCERES L VIESEFEUSHET L0100, 8
—Eﬂ_%o<m%%&ﬁ%®m;\ﬁ@%ﬁ%&n7x5%x_Ltmﬁm&ﬁ%%%w<k<;&%k
DETEETHD, BAEEBRETNOR2ETHRERD BT, ZOBREMEZMHEOTE BV IZMENT
W&o TEMER - EEMICHLNCT2EEZRLTVD,

FERLW BT 5 BIEREBEEORBMESOMINICH R EE 570, BHEBEETRTHS La,_Ba
LCuO DEFREZHALNCTHEEZRATVS,

2 BRETGHEE, BIETIE

SREMEZNDICHRENT-ETMRE Z A bA VT 4 V7 TRBT D, BEOWEEIXL - 2 - 3T
HMis T - AT - NAK TR EOYERREBET 2, HHEOLOESRFE T2 EAZE MO,
BREEENSA T A OBETOWD I F 7 U ABLIOF X U F LV ACERRLEILT S,

La,_, Ba,CuO, DL 2% A D7 5 A F—FFNIZOUWT CASSCF %2 V- EFREHELZTT

3 HFERE

AR L RSS2 ELER0 7 ) —VEEO S bRBHSICHIS T o7 ey 272G LT H L&, D
THeiIZC/CTOEEMEEZ LI L LT, 2¢i=—m(A)TEBREND, ROWHa v F I LU RAEEZXDHE0
TE N i ODHPMEET ¥ FCHFET D, 0 TEV i ORITER L EEE G LB O RENEOEK L2V,
HROESIIF v FVOBICEBER TH B, MHEOTHIIBENEFETIERESL 7 U —F /VOFIRN
IVEEORSNTRY, 7 —FNLOFENCE D &PEED s EXRF LB IIHFET 2&BMHROa L F 7
ZUADBRFLEBRHARKS, TAIEO s PIE L p ENEET 2EBMHRIZ OV TH T U —F L OFIE]
Wk arFr o RAORFAOKEBEEETIENEKD, EBEF ¥ RNVICEFLFT D ¢i DHEZHNT
Waxx /v F U RABRTERHEKD,

La,_,Ba,CuO, 7 5 A F —HOHFEREF DKM 2 HR P 3EDET M2V T CASSCF 5HE 21T o7, #K
FHA N COIMMTELTOETREILITY FAF—F A ZEFEDBRONDENS o T,

4 BRER, HEERETLEITE

NG B, B HAY S 2008 ££ 9 H &
NG B B BAMHESES, 2009 £ 3 HEK
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KD SHMEDRBHE
Underlying Mechanism of the Divergence of Water
ORXI&fE, MALE, HFRET., FTK. LAEF. AO1Y ., HEH GTERE)

1 HBrFEERY

 FEHPOHEREZDD L, TIICRXLOIAKRRME, BHOERRKE, ZLTEOEELBSE, =
NHTRTHRAKTTETEY, LA (AR EMREORLEZDLY, HIEREGOKRE S E2E S HITHED
BEEZRE L. EMCLEREREZREN LA, WEOBREZ SN LT, MKLE HE I NEEx REE L
LT3, ZOLIKBREEREE T, IR EOAMIKEOKERGEE L LT, H5WVITHEEH
E, WHA, BEME LT, TOHEERTFRAALRLTCNS, —F, KiZZHoERERLMEE 2>
YWETHD, KBREOXIRMERZEONEMDZ L3, bR EXTWA L A2 EET S E TR
20 AR T, KOEKRPLMMENDS, AENTOMEBIZESE T, AR TIIOBMNEET A4
RBEROMEHICER Y EA TN S,

2 BFESGE. BEFIE

BRI 2L —3 3 i Amber 00 A — UV T N =T EFIA L, ADOVIal—g
VIEHEREOY 7 P TR LE, MERERI LIV 2 b—Ta U ER, BT FERRELRSDT,
HHIIREIZ U A ML ESR AN,

3 WFERRE
3.1 KEHCT L REEET S

KE ACUTIZRRT L, ENOEL DIREEIZRELRVEELIIUD D, KAEUTICBERAZRT S &,
KIT-450F THEBER BT, TOEBEIT 10000 X0 I NTEL 2D, Z0 LT, @BHEERENEE
T HREEZR,

KREFEOESIZ, BERERBICONEFICREL RS, ZOHFESEELSI &, KTBHEE) L HIR
T BTN, FET20%L EBIHET D2 EXbnd, B RXy hU—7 bReY—0BWE KRBT 55
b TN RBENEME RO T, BRI LI, RFEER SO L 5 IREEML L. £FEOREEIT
ENFEITHEETHNERAN -, FTORER, BAEAKREWVZERFEENNEL Y, 3 BEAEL 5B TIX
1 B EBRAERRERZZ EBbhotz, 2% 0, BEMEERIVE, ZOBRFORMEEORE I 2MD
TEMTEREWVWHIEWKRTIE., BFAELBFABE TP AREERDA L ELD, —F T, 4 BEAroK
SFE. BRIOPHICK L, BEE TR, BEEYREIIE LWEMEREEZF SO Z L BHLMNIRo T,
REEL LToKIT 4 RALOKRS F BRSNS, RFTEESMEVZEEEELL TV D LIFEAR, KR
EFTIL3EALE 5EMSFNED, 2EB~ORSIIERL TS0, BEELICHFE> TRMEEKEILD
FRAEAEN LT, SFEFICIIRB a2, BRI, BFRICLZEEZHES O, H#E6ADPELTH
LT ERBAOLMNTR T, BAEKERETS & BEMNEICERZR L B ITEA AP ET L DI BB IHE
THLELBIT, BAENBELCHET S, ZNHDONAT L RITL- T, EIEMCIHINGE. BIEMN TIIHE
LT, 40TEBEOBRAKNRELDZ ERbroT,

32 KOBEF AT IV I R

BEUREE DK BB — AR OGREICES BB LY. DFHNEVI 2 b—Ta VI X DI L.
BALD 30K 12X ETOXKOBERRITKRD 4 BEICKBITE S, (DEEBKOFIZ, BELEIZLVE
RET Rt DN E RS T BB, 0L IR EN S RMGIT 5+7 KL HEN D, Q)RR MERIC
£F0, 10 0FEECREOEEDOENZATER, ZOBE T, DL XMEX®Bjerrum KiE)H 2 Wi -V
/R et (Frenkel KB) & W o7z, bRE U—MRREIBR SN BERH D, I bDORME, —BEFR
KoL, BEBEMEL, »OoRERFERICELIDEZHE L THZ b, MARBRIZEIT 5 ECfE
DEEFELT, QEEOINIRAIZEREL, BtoF bR sMREIEROTIIEREND, 20
B G MR U— A RRITEE TR RY, BROBHEI T RAOEERER CEELTE S, R
WEORE SN, FOREIIRBITIEREYA X285 L, BEORERRTBNICEITT D,

Sk OBEOTEERQ)TIE., R LoBEOENGD FUBOK T ANLOT)TERL, PReY
—H R ENGERR SRR LRI BRBOEE B KRF LR 25, ORI RAD=ALZ, Ry bU—7
HHEORTHAMEELBEZ OILD,
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3.3 KOWBEIES & HRAEE

WA REEA 7, FERFEEOBEER(T I /AL NERRLIFESERL, ThEPBAHT
DIR% RGN H DKOEEEZ XBT DDAV, ZOkER, WKEFIREICH 2 BAFHKIZBNT, 2
DDRDRDEERSTPENIRER FAS VBEEER L TWSZ 2R TAZ LRI L, FiE
RIBEFTREBEIL, LV TANRTTADEFNLTHS Kob-Andersen TF /M HIEE L., HiE L ES)
BEBIDDD>TNBEZ EEH LN L, KEBHRETS LHETAREREHELNIT I, HF
NE DA A Y 2B I BRRAKOSFEEHERZITV, KOERSTFHRTE A Y OBz
XU, D TEEIIEET B2 L bhrolz,

3.4 Photoactive Yellow Protein (PYP)?D N RIBFEIIC 31T S &L

FLEJESFAE Halorhodospira halophila DFFOHZR S L/ B PYP ZADENMEDE L —Th B L E
ZHNTWVD, PYP IREMTH D p-7 v VEBOXBMECRIEEZESE LTI A 2 VEITS, £ PYP
DIV A 7B NT, BAFOERME IRV TREARN 71 bk L, E&5HIC N REEBICK X 2R#EE
BRI DZEBMONTNS, LML, 2O N REBERICBITAEELBEDL I RLDTHBED
NEINETHLNIIESNTVRY, ZZTHRA RIS TFHNZMDFESLCHEZI RV —FHEEZANT
Z DOEER(LE RN LT,

ETURMOHELVELNT-RBAFN T 2 AL LEEEZMEEE L LT MDEEZITV., BEwHE
BRI, BENT 7 h AL L2 EE TIIBERR Glud6 FBICAMEALTEY ., FRICE - CGEEIZ
HBE~NV v IR 03 BEFCEBERLTS2oTEY, REM ALY bEHLREEEZRTZEBNbI T,
TIZ, WL 2P OHHHEEID N RIBEEEZEER LI, TORTERAN, CO/BER, o3 BREEL
L7zBELZOHEEE LIV FUIRBWT, Bl BB LI REHNRREONE, —FH, o T
Tz MU TR Bl BEOBICENSDETRRE LN, TLOBEEIC D W TEHRHZ RV —HE 21T
Sl Z A, Bl BHOB LS REBERNICOVWTIIBEHZRAAVXF—REEMPNISNWZ L ERHTZ LR
T&7, BIEEDICEMREBRZRNAE—FEEZED TN D,

3.5 Proton-Transfer Reactions in Reaction Center of Photosynthetic Bacteria Rhodobacter sphaeroides

YA HE Rhodobacter sphaeroides B D RISH LTHE U B IEEREN T o N B IALEEIZE L CiFE %17
olry TOXRIBERETHEZFRNAF—%F 7 ubiquinone(Qp) ~DREHETFBEN _EAE L, —%H
DELIE2EFREEETHUDT QA 207 oy 2Z TRV BTEND, TOBEETHNIZTOD
Ta U Qg ~BEIT AN, FOFEMRSTHEOA V= AL EEREFRFEICI o THLNT L,
TP, BHZRXAF—HEZHWREMOREEZHERTLH I LICED, ¥/ QR EOT e F %
ZUBMAERORKE EETBERD 2B UL, 717 bAELTZ Glu-L212 & Asp-L210 A7 k2 KT
—THDHIEEFHALNI L, SHIATEHAFEHE (MD ) 2HNVT, Zo07 v b BERREORER
EiToT, TORR, Gu-L212 b0 b UoBEIREE (BK1) 3%/ v Qid Glul2l2 MORERE
—DARBREEIZR -T2 bDTHBHZ L, ET- AspL210 O OREEM Y 0 U BEIRE (BE2) 2% on
DS FEMNLIZABREREE R Y N2 Lo TEREND Z LR EBALNR T, T TRESHT
BERKES LIZ, N T Uy FROE—FESFEINZHE (QMWMM %) ZAWT, £72 b BERE
BRI TeRT v VEERE L, BER1IRBE_ETFBH LB VoA LET e P UBETHDL Z L,
BRI 2 Tk, ZU U BREOKSFOBGE DL TEHC L o TKBEEER Y U — 7 B EAEDD, 7a b
UIBENRRITAER EERERVIRT I LR SRR LT, B2 D Asp-L210 D QgH ~D T 1 b RBENTR
LT, BoNEEEEzILF—2 AV THESNARIEDF A LA —3, FTIR ERIZE D QgHOT 1
MALRIEDE A LA — E—F LTz,

4 R, HRER

1. Why does water expand when it cools?, M. Matsumoto, Phys. Rev. Lett, to be published (2009).

2. “ Ry NU—7 B OEEREN <, RAER, bR VTP =07 - FLOVEBAFENLIZILDD
YV« MR ET chapter 4. BRRESHET X « T — + TR (2009).

3. [Proton-Transfer Reactions in Reaction Center of Photosynthetic Bacteria Rhodobacter sphaeroides, Yu
Kaneko, Shigehiko Hayashi and Iwao Ohmine, J. Phys. Chem. B, to be published in June 2009.
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Analyses of interactions between protein and ligand
using molecular orbital calculation
OffFmE Zh. MHE 3RZE, WE fik (REBRERFER - TEFER

1 HIFERE, AE

BHEOMAEEICE S REN 2 ERR S 73%F (SBDD) B HEHMICHA S T35, L LETED SBDD
i3 REFLIEV T FOFOBREIKTHEET 74 =7 4 —OFREERRN 2D, SLEEE O EHER
RIERIZ KL DALEMT VA e EFED ., EENRT A VITRERRIC D5, 77 4 =7 ¢ —i3#ii,
VA NP BAEMOMEER= XV —, HEEBRFOREBER =X — RO, IV RaF
DZLFVEVT 4 —, OMBEDLELESHEETLIZ ERAONTVD, AT, BB L ¥
—DEFEERERDREVEEZ, THEHETIHLVWFELE LT, KOF2H0DIEATZTETALTHD
Cluster hydration model (CHM)D B 1T > T\ 5,

2 MRS, BHEFIE

PR ANV X —2HETA2H L VWHEE LT, KaT2HODIZEATEET NV THS Cluster hydration
model (CHM)%Z &% L, FKBP & 6 EOBEAEFICHEA Lz, CHM TiX, =R AXF—IRA L - THE
&5, AE = {E(P-L)+E(WP-WL)} - {E(P-WL) + E(WP-L)}+AEgs. = Z T.EP-L), E(WP-WL), E(P-WL),
E(WP-L) X4, P& L, WP & WL, P& WL, WP & L OMOHEFATRLF—%KT, AEse
12U H 2 D deformation energy #3& LTV %, E(P-L). E(WP-WL), E(P-WL), E(WP-L)iXMD ¥ = L —¥
gDV N —bhEEEIND, £, FE T 1S T A% AMBERS, Gaussian03, GAMESS, Delphi %
ER LT,

3 HFFERRE

FKBP O 6 OB AAD CHM TOHEMAE LA B R RV F—DEREA GOEIZIT®HWHERERES
Niz, CHM TiX, VAV AT 2BROBAE O BATOMRE, 7T/ BOBREZLIZAELDZ
ENFRETH D, £ T C. FEHRMNTZ2AT o 77T, mm7%GMM&wotﬁ*ﬁ%Lk%§i AT D
NRFNT 4 —RIEFIIRE L BERETRRRESEEZ L TODDIZH L, Argd2 O L ICEICHE L2F&ED,
%éwﬁﬂmﬁﬁbfmé_&m%ﬂokoﬁ%&bf‘nmpukwfi\ﬁ%ﬁgwﬁémwﬁﬁ
BETHLIEEERTHY, VIV RORBE~OFFRBKES LOFEFKRT I/ BERENIENTHD Z
LETR LT, 5%, fOF 7 Bih CHM 2 AT 22 L C, ZNETLILE-HERELND L BD
5, TOBRZEONEZERIZ. FIv /T VA V2 T2BOERERL Y MIRLE-RDPNRD,

FR, HREBELIITE
*#tH, Fedorov, {478, bl HAXRZESE 12945 2009, =i
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SFRERRZER LT HERRU_BESRMEORE & AR

Design and Development of Mononuclear and Dinuclear Catalysts
with Aid of Molecular Orbital Calculations
O EE FEEEE GLEKE)

1 HIEEEN, AR

RROEEERERICE U2 IURME « EERMEEZFHZTMERE O, HILOERICES SENR
%%&%ﬁﬁ%ﬂﬁﬁﬁéoﬁﬂ%?m\ﬁﬁ%@%%%?ww774/%a~:/?%ﬁﬁbf\%%M
FEREICIM U2 ORE - BB EERNLE TS, ITAVT VAT y NEESEE (CBAREE) kB3R %KtE
MR AR= b, BEOTEESRMEIC X 5 o — 7 b AT IVORE T IVF MEFIRD R & O
T U FARRERBEOERKZ, DFTHEICLVERTAZ L 2ENE L,

2 WERFIE. FHEFE

B F{F & T Gaussian 98 & 8 Gaussian 03 2 7 5 & % ., BHandHLYP/6-31G* .

ONIOM(B3LYP/631LAN:HF/321LAN) (631LAN: LANL2DZ for Zn, 6-31G* for the rest, 321LAN: LANL2DZ for Zn,

3-21G for the rest) TIT o 7z,

3 HFEEERE

3.1 (R)-BINOL LSS 5%

O X
FGNY VBBV T ATV, ¥ T Ni:]+ Q 2 CBA_ HN Q#)

H o AN 0" OH

ZLr A7y Mk (CBA) iy Al OR Rpory ()

0 Ar
LT, & FaRRAR=HURISIE qa;R1=-CH=CH, 2a:R?=Me 3 CBA
. . — 1b: R'=-CH=CHPh 2b:R?='Pr Ar=H, Ph, 4-NO,CgHy, 4-CF3CasHa,
R LCELEAFBBERERT . 0 ripy {r&ﬁmw%ﬁ%%mﬁeﬂ
ABFFETIE, RISHIEOFEN & = _ _
FUFABPMEDOFERICOWTHRF L7z, £T/h& Yo ﬁﬁp@m

i H@\L
EEMLA A R REB R R AR (TS2) & R T HETT X

:E)OH L
T84 (+9.3 keal/mol
FB IR bioT, RICTF LT AR T (et eeskcama)

[ ©.
N |
REF L (1a2a)F AN THRE Lic L = 5, ARSI HL O—F O N L H
+

. , o. O-H0.10Owme
ARISEEOBRENEIC SV TRM L, 43y 1Oy "owe *<O Re e P
,N f H
1akl LTHAART—h2ab 2 HET2L . 2biC O- H@I
N
L3 Re ERO Si BXREDEBIFEE TSr3b, TSs3b 1825 kealmo)

[Z3VVT, CBA D 3,3°-ALD Ph 2 & RPE L D

ERFEN Si BREOBBIREZ RELENLTEZ EBbhol, £/ 2b ZHAVWT 1a-c ZHikd 5 &, 16 T
2. R'E & CBA filfiEd 33°-f1dD Ph & ONERFEIZ L 2T, Re HRHEOEBBRENFALENTDOILE
RH L7, &51Z CBA D 3,3 MLOBMRESREKRITT 272012, TSr3b & TSs3b D E@E L EIZED
T, CBA @ 3,3 -fLDEHE (TS3a: X =H, TS3c: X = 4-NO,C¢H,, TS3d: X = 4-CF,CsH,, TS3e: X = 3,5-(CF;)

_51_

4+



2C¢Hy, TS3f: X = 9-anthryl) [ nile
DHEFRBEL L TRV Ar N
o-H\
F—ZUUE)Z B LT, "538?(:;‘59"”
TS3a Tit, RIGEEICR wo /o
Nl
LCHasTERIESE S | %
s o e L gt 813 -
ADTEBTERVIZD, Ar = H (a), Ph (b), 4-NO,CeHs (¢), 4-CF 1CeHs (d),
E 15 1.0 keal/mol & Tl 3,5-(CF3),CeHs (e), 9-anthryl (f)
U Kealmo ~ TEmty  Ar AE (kcalmol) _exp (Ee/%)
1 H(TS3a) 1.0 11
TUL., TS3c, d ©JE 1% 5 Ph (TS3b) b 20
TS3b LRABOMEERL, 3 fg?;)cem 34 30
(TS3c
—F, TS3e Tik, LKk 4 4-CF3CeHy 39 33
(TS3d)
ERNERBICE-T Si 3 ?;5-(0353};&}13 43 84
TS3e
HRBOEBRIRENREE _6 9-anthryl (TS3f)  (0.1) 26

L. AED 43 keal/mol E TRELK2oTe b EZOND, TNOLDFHEFRIIEREEL I —KLTWVS,

R
32 Fxid, ERXLE R\ﬁ Ve Ny Zn ~Me  B31YP/631LAN:HF/321LAN
s v e
- N A\ N 631LAN:
i o7 RUNEE  Me ,o|\ 0O Me f) N 0 e / > | "LANL2DZ for Zn,

_ § /2 LN S , 8-31G* for C,H,N,O
R o A O G S < N i 4 “zh ,- 321LAN:
e | N 7 ) \ ] NS | LANL2DZ for zn,
TUVERNE e ok =N N % s N N 5 3-21G for CH,N.O
~ [07 49 / N o j}" AN = e L0, IN,
T R T L0 b B &7/ / \ \4’/ lN black: high level calc.
/ / gray: low level calc.
7
RETLEMMEK S R -
TSs1 TSr2
WZRBWT, 7 F AL
‘ TSs1 TSr2 exp.
WS 2 PhE LD R = Me: +0.3 kcal/mol 0.0 keal/mol -
o Ph: +3.8 kcal/mol 0.0 kcal/mol 52%, 49% ee, R
Z v MZIZ OMe 2D 0-MeOCgH,:  +7.9 kcalimol 0.0 keal/mol 45%, 96% ee, R

O REMIMBERENGEET D E, = F U FABRERE L<mEL, R KOERYMEEENICEZDZ &
FRHLTWS, £z, YEEROKERI Y, KENBROPORITETTH720I21E, FTALERT
IVRHK L TIYUED EbZn BMERIEFRHALTWA, IntEAT IV ia-7F b AF)L=3:1:1
D H R THER S 5 BB IREEEE TS, TS2 12Xt L C ONIOM §HE 1T\, =7 » F HBIRMER B O ERIZ D
WCHRET L7z, ZORR, o7 N RATFANDT BN OEBEBREL 9-7 2 I AEEDIEREIZL T,
SHEEXD TSs1 BALENT DL, RBRER TS 2R T RIELZEELEMICEZ S ZENbroT,
E72, OMe BOEAIZ L > CHRETHHET TV FARIRMEIL, 9-7 2 MU VE L OIMERZITMZ T OMe
ELHPOHBHEEERCI > T . RERZEXD TSR BRESBETHZDTHAZ LR LE, Th
DOHEBRIERFEL I—HLTWD,

4 ER, HEREBRETZITE

* (U, FRIE, 89 EESES, 20094E3 A, TE KFH, ILF, 589 EHESFES 200943 A, T
* U, SEM, J Org Chem. 2009, 45, 8887-8894.
* Fkil, #&HM, Bachu, Z%, IUH, YEH, Tetrahedron 2009, in press
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TEHAEERICE S EEREROBHT

Orbital Interactions of Chemical Reaction Systems
OFH & (BERKFE)

1 HFEE®

AREEL, 7 U NRYBKBICBIT B0 ABREEORE 2 HEREER OSSN LHELMNCTE &
FEBE LT, SEF, TINMReRX— R 2AWET VAR YEILRIGENVA AT L 25 v FEMEIc
I VEEET ARGV ENTEY ., Aunfx—F FOBERFICNA AT LY 2T v FEEREITS 2
LCRYRRTFOREFEREE D LV ) KISEMELO A D = X ARBRENTND, 22T, 7Y ARA
F—h 1 ETATE REDORIRIZDOWT, VA ABPEELZWVEEORKISERE (). BIOA AL L
TAICLBTFE LT HE ORISR (i)-(iv) Z#it L7,

o]
Ja®

8"
/
A~ *+  PhCHO ——— o” o

1 Ph)w
2 HFERE

B3LYP/6-311G** L~ )L D ELEAENE L AV, BERELR O NIREIT 2 £k L7z, FUSER ) &
DOABEBEETFEERIRIE TS1 BT AHEER o 5 4 TEHEZAWERT NG, 1 L7 A5 ROBO
%ﬁﬁﬁ@%iﬁﬁh%ﬁhﬂkm67w7tL@ﬁ%L«@%%#%Ema@mﬂ@)&7»Tthio
BFoa—rR7NLRTEFRL~OETFEBENL Figure 1(b)) BEETHD LWV Z&Bbholz, R
BB () T, AeRrx—rECHD OBFO—2Z AICLBEM LTy Ly 7 A2ERL, Z0ary
Ly 7 AT AT e RAKET S, ZORICERETIEBIRE TS2 KW THRBEOHEFERTENRRD L
N, RUETLOEHEERPECHE T RN T —IRESETL, FUVRETORETENEE->T
WHBZENRBENT, A2 b—Ta VEENTORERY L, AICL BENL L -EERF 713, ERASAICEMNL
TWBZ EBbhol, ThIE, VA ABBRETE5& 21T 5721 T, Arx— b LOnlkOBEZ 5
BEEDHZLICEET S (Figure2), ZOBEICLY, FURRFORE 2 Lb—a VREAD L, REFERS
BEDEVHZERHLMNI ST,

3 EBR, HRERELRTE

* 3 H, A J. Am. Chem. Soc. 130, 12519 (2009)
* KM, =%, VA Chem. Asian J. 4, 81 (2009)
(a) (b)

O

= ) ;¥£? §¥§? ¢¥%9
o + —
/ERICI;,

42

x@%“@

Figure 1. TS1 COFMEIEREE Figure 2. AICL i




FREHHEE - FEOBFRELAVICEHEXFEOE - [REHBR

A first-principles study on the electronic structure and the transport
properties of semiconductor thin films and interfaces
Ol . F&ER B (BERBRRFEIFEH)

1 WFEER, AR

1980 FERNDVDW DAY Ay 7 REMINDGBFEPBRANHREINTE L, BIZZ ZHRETII¥E
FRIEENOERICHNVAY A Ay 7R TRIRIRS AT —NANTHLI T I/ v X bRBEITNER
JRF A — L COBERERRO bIo0ob b, Z0XIRT ) Ar—/IEEILBTAARHEDOT S r—F
ELT, REL ZODFAERA L,

B, ZOXIIZROBRBHEL T L &IZ, ED XS REFIREBOEMIEL 52 RFTAICH
RBEZETHD, %@¢?%%’¥§W%ﬁﬁ%@ DB, BT OBRAEZ AR T E
THOHAVEENRED L IXEE LTV NCESEZ2H T, B bEXIE, HHEDNT XY (BRF
m\%ﬁgé\ﬁ)@ﬁﬁ%bﬁ?i\ﬁ%giﬁ%ﬁféhk%ﬁbko__T®%ﬁi 2H TR
S BHIBEDOHETDARTHIB, TNIRLVFAZTEFHREOFANHIEIND 2 E, EEfFEICITRE
REBEEZHEHETED, SEOHRETIIIORBENEIL NNV T D RLF =N FOWENLEEER
RICES ZENTERZEERLT,

BT, FFICMO S F E TS O b #GEE - PEEAREMIEZRLDF ¥ V7 OBEFEIIEETHY .|
T OBIERFEICRE REER 522V E— M —n VBEORRK L 25 BEEMIEE B FEMICERLT
Wb, ZHIEDOWTIHE, BEETH TH D,

2 BRI, BIREGIE

SEOIFRTIZ, ZHE TCOEBEFLVHERRELZ L7 OBFIREOWHE D K OBRE F THREMIZHA
TEDINEMTT S0, F—FHE kp BEEO T2 /T AEERLZRALXF =0 FOBETFT FL
BT S 4 IRE TOMBEE RS, BROEPX»LEINAERE B Lz, LBIBORF TEF NI
LBHEBEIZOWTIHLUTDOEY TH D,

WA THEEE N2 F ¥ RV O L EAREET T L & U OKRRF- CREEM L7z (00D, (110), (111 @i
HALERATTETFAVERALT, EFREBIZSOVWTEHE.RTTo 2, EOETT ML, ERIC—RRICEEYE
FRICEE R FEICIET R =B S L R OBR T EREBEET VICRAT 22 L TEER
LTW5, ZHHDEFNMCET R THE. HETF (subm/EE) 2»OHERF BomBEE) THd, o
DEFREHEOBIZIZ. ENEEEZFD LT 2R EOMICL . FREEIENGTHE SN D band gap
shift, valley shift &L CbHRMNET o7, HEFEIBENBEEZERLE L2BERT Vv Vil
BlERWESLITIEY 7 FThHD I L TEFEDH D Troullier-Martins B /L ARFEERT v L&,
BRI FEICE LTt ultrasoft B A H W=, B v AT =R F—F 20, 25Rydberg T, sampled k sl 8x8,
8,8, 4x8 A v i = H<001>, <1115, <1100 CIADFREDEFT MIZOWTERA Lz, LBk E LTk, RFTE
BEIFEL (LDA:PWO2) % AV iz, BB T 571 2T A, RRAZICRAWT, FREER ERIER) o
TCHx A% L7- TAPP (Tokyo Ab initio Program Package) & & 9 ultrasoft #ERT V¥ v L OERIF
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BERVPEHEEEOIEEN 2 E—REHE 0 /S A ThH5D, AOEETHE LAY RO R VX%
6 IRSEANIEERNZT 4 v T 4 7 LTRDI,

3 HBrEEER
FACLIAD DN HEDOETHEE (ZRXAXF—1NUR) OFFARE LT, 0 AFETHSTE TR LE—RhE

EFERD LV IREMBRICT 5, 2ED, SAIHEOT VY 27 vV — (B 2)A0Ak=(k, k)i
BILEFREEZEL, TOZxLF—%ek) LT5. ZZTLEHCRADFROKS, Kk, 2B LRADH
FUCERERZBAO ZRTENY brveT 5. K ZEELTHIZEL TRV —RENER2D X528

ka%kP%m)KOwT%iéJgéL@%ﬁwiﬁwﬁ—s&ﬂLﬂiuT®i5Kﬂw9®NVP%%

e(K) ZhioTET T LIRTE S,
gmum=awﬂ+——ﬁ~*eqi s(k™) =min &(k,.k),— =ydy’
2m§ﬂ (kmm) L A nq]eﬁ’ (kmm) a]q] ‘k=kmin

oD, k, #iEfEE Kk, +0k MAEDCEVICER LT, ok, DZRETIDS &,

2
i /4
ek, +0k D)= k™)+| — | ————-—"—+=7(k, -A
G EEOREELTHTAZENTE S, 22T, A, yIF4KRETOZIAF—RY MG ERNTE
ETFTZERTED, ThLDOTRAEIE—ERBENRIAT OHERERE, EEDORAT THE L FERM
LAV ETCT—RTHZIELERTIENTET,

3 RR, HREBSIITE
4.1 FBE

*  GHEREIA. IWPAE, 1Si/5102 REICHT DRFERMHOE-RERIBIZE], HAYHFER2 0 0 8 FHFX
& (BFERFELAXFY/2SA 200849 H)

% J. Yamauchi, “Qualitative prediction of the confinement effect in the effective mass using a
density functional k.p perturbation calculation”, The 29™ Int. Conf. Phys. Semicond. (Rio de
Janeiro, Brazil) (2008/07).

W & [Si ~OFBEB F—v' 7  BRNALOT Fu—F ] BAMEERE 6 4EFRAE (Vv
WY b, BEFEE) (2009/03).

4.2 FX

Y J. Yamauchi, “Qualitative prediction of conduction band valley profile in silicon thin films from
bulk properties by density functional k.p perturbation theory”, J. of Computational and

Theoretical Nanoscience (in press).

* WWRNE, (VU arvF  BE0F—REHE  AOEERFORE] EEWE vold3 pp.289-296(2008).



SFASLVRFREFBEOS FRERICLIHE

Molecular Orbital Studies on Intra- and Inter-MolecularElectron Transfer
OHEf ZB | BHff FET (WEJIIRE BEPE)

1 #FEER, AE

11 SR (LB REROETEE
FREOFRMBLEROETFEEL, FEOTIEELHALNCTIEMNT, TNV TAZ—ITD
WT, FEEREEZT o7z, BEEOHFERICYBEEERIIOVWTEONIHEREY, B L T, B
EBEOHBICKNBEREFEEELHET S, TLVHE—HEZSOBEEKLED TE I W IHIBENERE
DEBIZEETHLINE, HHET 5,

12 feFEFeMSFOEFEIE
LEIEHRDE > & bBWDF ThH S, m-oxidophenyl-1,2-dioxetane DALZEFEI: A H = X KIZOWT, 3
MIZHFREE D TE Tz, IR E 5 22 FTHDHDIT, p-oxidophenyl-1,2-dioxetane TiE, FEHZHTN
EL &L, AL m-hydroxyphenyl-1,2-dioxetane T, syn &IZ, anti {RKIZEL LT, EAMEPE Lo
TWHRRZHEL., LFERIEZET ILEMOETFHEEDOKEE AHT,

13 ZE&REFDOEFHEE
50 LA LB RIS, cupric acetate monohydrate D X 9 2 D& BIEEN, HERILBMIOME &, FEd
BEFANY MVETRTIENR, ML T\, ZHIEDNT, £ DHERIFENSBR SN TE R,
H—ERBEIE SN TVRY, ZZTHLWERSE L BT, DFT BICX D, FEHRHERZT O,

2 BRESTIE. RTEFIE

2.1 SR LBEERDOET N 7T RAF—ZOWT, F—s30 hEOE(RIZKIE LT, pair potential (Z5F5&
THEBEZTNWAZRAF—2ROLFREZITI , BANCEALSNTZ La,Ba,CuOy IOV T, F—s3»
FCHBH, Ba ODER, 0.125 T, BEEEFRHE LRV, ZOZEBMOBRERTH, ALL IR
STNBENEIDREOWTHELE, ZOHE. #HETH 7 FRXF—TR, TRENEHTRO T /LT
N—ET 5 L5z, HRZ 9 RAZ—DOEE%R%E %2 7T, GO3 program @ DFT 717/ 7 AT §HET D,

22 i ¥ TIT m-hydroxyphenyl-1,2-dioxetane  ODLFEFIEIZ DN T, BARFEEROKRT vl THRLF
— i &, FDFED molecular orbital DZEK72 ¥ & EE L T & 7253, Kohn-Sham orbital energy DZEALIZ>
WTh, EELE, EICHWET 27T A%, G98 @ IRC, GO03 @ IRC#E, CASSCF Z2ETH D,

23 BFED ZHSRER D, BEEELHEEITo T, X BERMITO/BR LB L, RICEIH—EERRE
L. ZEEREOTRXLF—ELRD, 52 TDDFT EICX V., BREBOFEEZZNLENLOREIZD
W, 4772, G03 @ DFT &, TDDFT % AV /e,

3 HFIERLRE

3.1 oxidophenyl-1-substituted 1,2-dioxetane D43 FNERBEFEIEA I =X LIZONT,
ZhIZOWTIE, BEOREETELLETOBE &, BIEREOHEEEIC >V T, BERIEZERT
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THDHDOT, WEEILHET S,

32 BCEEDETNG FRAZ—OFHEIONTI, BERKEZERT RO T, WREEIZHRET S,

3.3 TEEREERT. b o L bEEMICEREHROPENS SN THDHEEE AP HONT, Z0DEER
BRI DI, F—id, MR REERETHD, —EEREL, BIERREC=ZEEREDOT X
NE—E%Z, DFT IECELS RBED D Z LIl Lz, #HRIT basis function 12X 528, 1ZIFELW
FOHEREL, XN F—REHECE R, TORBEKEADL L, TRO L Y2, —EERED MO T
. BLIASBLTRBY, UHFD MO ITET, ZOEERR LN,

Triplet

L X

g HOMO

HOMO @ (1) NextHOMO & (1)  acetate anion

Singlet <

L

Ol NHOMO

HoMO o (1) HOoMO B ({)  Na-acetate
triplet state

WIZHERRE, IO AT P DRBIZOVTYH, EROFALIL, o BRIFEREB LN,
X HIT, 1950 A0, B FEEEARER. IUH #HF—EEEROLBHESNLT, FRART ORIk
25, Cu-Cu HOETBENALS ML E LTRBESA TV, RINFIZOWTS, EEIZZOTFED
ERVIZ, o TNBI LN, RENTZ, T DX TD-DFT ERFHTHLZEEZRLTND -

e, HREBEZIETE
FHFRKFwL
1. C. Tanaka, J. Tanaka and M. Matsumoto, Intramolecular charge transfer chemiluminescence mechanism of

oxidophenyl-substituted 1,2-dioxetane submitted to publication.

2. M. Kyuzou, W. Mori and J. Tanaka, Electronic Structure and Spectra of Cupric Acetate mono-hydrate. Revisited
Submitted to publication.



E6STFOHERRRGICEYT SERNOHE

Theoretical research on reaction mechanisms in biomolecules
OEFHRK, FKEE, & B—. EEER. REBE.
R FE. SHBEN. ABEIL (TERFEREGELFERE)

1 HIFEER, AR

BEHEXBRAORTEENEALBTH FHRHEEERIL, BECEREEBEL. ZOLERISOES
PAEMTEEIDIREIT/2 > TN D, > T BEHEDOFOBEDRABEICL > Tb b SN BLERRIEE .
ZORFIEHOBESRIR L Z2HMBICER L TIT 28, Zhnb 0S8 FAEMFOEZERNERED—>T
HY, INERTRV= FOBEME LTS, REEL, (@b FEMIRFURMELA), (b) 1 > 7P
~ T = EAEEEAL (Of HIV BOEMFME VW HHEBIZOWT, ZOMERTHIEICET 5 HEHN
AT 21T o7,

2 WERFE. FHESE

FHEIZIL, ab initio MOYE . DFT R 0 TR FEEZ AW G FIH T A4 75 U —7 a5 A L LTI Gaussian03
LEFH L, 2 TE1#EIZIE, AMBERS 72 5 N NAMD #FfA LTz,
3 WFEER
3.1 b MAEMBERFURIC L D b — 7 ORI T 5%

AT A LRI LEMRIE. 2 oMigEko s s EZO
~R7F R (Epitope)® b b HILERBLR(HLA) class I IZHE& S &, Mgk
EIZHERT 5, Z O Epitope & HLA OEA KL MG EME T #AI(CTL)
DERH L. BRI T A NV AR LTSI CTL 12 & » TR & AU
BZEHEREND, ZOREBYV AT LAEHET IV I F LU OMBIX, HE
R AN ABIERBICES CThH D, CTL L2 REMELZFHET DI
i%. CTL #3383 % Epitope ZWRETHLERH D, (B L, ERIICHFE
Epitope ZIRET HI1ZiE, 2 OHHEMEELTDH, ZHETIZ, MHCpred
X2 PepDist 2 &, WL DD HLAFEA T F RPHEIT 0 /5 ARRERS
Nz, LxL, ZR6%L 0T invitro BEBRERSL=2—F NV Ry bU—
I RBWERBRANCESS 0o 5 THhB, Zhubid, BEfFO HLA B
CHLTEPRY OFRBETTHT 2L TE S, LRLBREED g . g goy~rs Foss
2 HLA 3B L OZBBRNRLT L COSBIHT 2 PRIEEE LY. AHE, & - HAES, < 2v s
ARSI FHRICES 20 Camp—s o v—yaro, LR e o
CTL $afE v AT L% 553 5 Epitope DIER~DE R L RH 7=, 2BCK) & BT VDR L LT,

AHFZETld. Epitope & HLA OREABEEEOKABRIMEELZ R B, MIDITESERIOW TS FENZF
SHE A FEIT L. RIC MM-PB/SA (Molecular Mechanics - Poisson Boltzmann /Surface Area) 14 & EYEIRE)
BN LA DT T, UTOFIETHEET R — A6,y KD, (DFE(LEDO M Y Ialb—aY
D 1F ) BEL 2 a0 500 BOBEAREELRYET, @QFDOFDOa T H A= 3 T
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WT, MM-PB/SA HEERAWTRHEZRIAX—DT U ANV E—HAaLHE L, 17/ BEOTEHELEHT 5,

()1 T/ BHEMNS 100 a2 0 HD I T3 A—3 3 LIZoOWT, EEBEMENEE AL X
X =Dy bu RO EFREL. 17/ BHOVPHELZENR TS, HEREERAB LIV vdf #HEERD
B 1213 AMBERS Program Package ¢ SANDER & ¥ = —/L ISR OEHIZIEIPBSA 7' 1 75 A, HUEREE)
AEATIZIE NMODE & ¥ = — /L& ATz, ,

HLA-A%0201 1Z, BAATEZ L R o TS HLA B TH 5, HLA-A%0201 I2%f L EBR CREGEMEORIE S
TW5 4 DD Epitope I 2WT, EFELOFIETHAMEL THI L 742, Epitope OBLFIMEDIRTS DEM %2 HEE
THZENTERL(ERL), ZO/BRND, AR THWZFET, HTEI EEETS HA BZhFhicst
9% Epitope OEHEFMEZ FTEITA2ZENFARETHD EHFEIND, BIZXTF RO B HE (deformation
effect) #&E 35 Z & T, HLA & Epitope DiESEFMEDOTFRMEEDH EAR SN,

F1 : B HA-B 20/ X7 F FEEHEOT R F— L EREO IR

PDB ID peptide sequence Kd (nM)* AG.;. (kcal/mol) T
1HHG TLTSVNTSV 294.0 6.0
1HH]J ILKEPVHGY 242.0 9.7
1HHK LLFGYPVYV 11.0 -1.8
1HHT GILGFVFTL 6.0 -30.1

* Mamoru Fujiwara et al. Journal of Virology 82, 138-147 (2008).
T Deformation effect ZEE L CEH LIS RLF—,

32 AVITATUFAT I NTF = BAEOBER ORI

WHO 12 LiuE, BEFHEA v 7 Pz L b R T 250,000~
500,000 AD ARTL 2o TW5, IEETIE, BRRERA Iz Py
ANVAHENDBENLE AR LETT AHNEBEDO L S ITHEINT
BY HNIBRERIZEV B b b~DRYREL S LT pandemic % 2
TTEMNMEEREN TS, TAI/LAD envelope 1235 M2 protein & VY9 ion
channel #FH%E 4 5 amantadine & rimantadine <° neuraminidase (NA)% FHZE9
% zanamivir X oseltamivir 72 EB3HiA L 7N U FHIE LTHOWSN TV 3,
Z ?DH % amantadine & rimantadine (% H3N2 & HINI1 T, oseltamivir /3 HINI
THIHEZE BB HRE SN TWD, —F T, Stachybotrys sp. RF-7260 72515 5
L 7= stachyflin & W 5 . B D D &E N M A& L &
3H-naphtho[1°,8’a:5,6]-pyrano[2,3-e] isoindol-3-one B ZFFoLEHH:. =
NHLIZRRDANCARLDORVANAFERZRF O LB TN D,
Stachyflin (XA > 7 /L= P 7 A /L ZAD envelope (Z& % hemagglutinin (HA) =
LHEE L. A I LEZ HA @ conformational change 2 fAET 5, & 25 0 L HEEF L, MEEE LS
2% stachyflin i A/WSN/33 HINI #R(WSN)ITIZE R Th 513, BIEFERIT X ;i;gffiig%iifg
WEBICESERD, BAMEEZE 37 I/ BERIT, LT LVFEEWA  mwomrshcns,

D AALE L TORWO T HHEER D A 7 =X AT BEMITITHATE 2

VY, Yoshimoto & DHFZE TIXMHMEZE BAROE RN HA2 ¥ 7' 2= v + D K51R, KI121E, S206L, & LT HALl
YFa=y hOVITEL THDH, ZhbD D HItEERICEREROIXKSIR & KI21E TH %D, Yoshimoto Hid

]

: %\ |
"u",,-g
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docking study (= X D #5E#AL & LT KS1, FL10 A Z#BE L, & Z 525, HA2 ® K51R, K121E, S206L ZEHR
72 6TNT HAL @ V1761 BRIZ L D FEIMEREL E 5 X 7 = X 225N TR, < Ho TR, KB |
B3, HA L EYOESERICEL T, 3B I 21— a 28T LTC, 1 MERED 2 1= X055k
295 Z &, 2. Stachyflin OFEELZUE LERFICHIEA LB ¥ W EERTE L TH 5D,

WSN I[CRIETFEENEZ 2 L ESMET T2 REEED
Teiz, BR HA D&% RH D, MODELLER % F\W\ T
TRY—ET Y 72T WSN O HA 2B LT, &7 U
¥ 7 ORI A/Puerto Rico/8/1934 HINL (PDB: IRVZ, Y
1RU7) & A/Brevig Mission/1/1918 HIN1 (PDB: 1RD8)Dis et )
EERWE, ERER2 (KSIR, KI21E in HA2 subunit), R4
(V1761 in HA1 subunit, K51R, K121E, S206L in HA2 subunit),
R6 (V1761 in HA1 subunit, K51R in HA2 subunit)iZ->W\ T d
FFRIZET UV 7 %84T 572, VMD version1.8 % 1# - T Table 1
DAL T 100x100 A% envelope % ERE L 7=, UniProtKB @
P03454 7> HA2 subunit © 186~206 735 B & BEEEMEH L L K3 : Stachyflin (D*?%E‘J}? YSTHEND Ry F
THA ZEICREG S, WL LT 100x100x250(HA O £ i;%;;;;a ;@ﬁ%";gﬁgfi;;;
T#+10 A) A> DAK(TIPIP) & A Ao 2 HAE S H-(K 2), RFE. SIEE S 21 FBEOREETT .

NAMD version 2.6 2> CTZ b OET A DR VX —ig/MEEHE % 1,000,000 steps 1T - 72, Non-bonded
interactions ¢ cutoff distance /& 12 A. Non-bonded van der Waals interactions % cutoff distance THE H 2T 0 123
% 728D switching distance % 10 A TH 0, 20 steps BIZEZHT S5 15 A AN O atom pair list CEEN 5 b D
WOWTHE Lz, 2 TORFOIHEIZ CHARMM2T % iz, =) AF—/MbE{T> 2%, GOLD T HA
R LT stachyflin 2 Ry ¥ /v Ial—va il VBEESET BERMEOEWERD T, HA2 %7
2=y RO FI0 ZHLIZ 30 A 2 EOBEHME LT Ry F 7 %17 7% Rankl OFEAHEEE EIZ. D109
2510 A DHEFAZEETME LTHE Ny X 724707, A a7 —E#i2id GOLDscore % FV>, 50 B D
ARG A M/ Lz, GOLDscore @ Rankl DO#&iEIZ-DUNT ASP % iV T rescoring 21T o7z, Stachyflin & %8
PLL7-E 2R, RE L LTEATRERLEYE ., TIXWEOLEYT — ¥ ~X—2(3,000,000 = U —)
X Y OpenEye @ ROCS # FiVV TR Y U —=1 7% L Tanimoto £5%% 0.75 2L E (&M% 5094 R L7z,
ROCS T157z 5094 L& #1125\ T EON T stachyflin & OEERT ¥ L2 HEB L, i 5 2OBREELEY
BRI, BONERIEAMICOVWT Ry R 7Yy Ial—ra VL VS S TR AEIT o7,

1,000,000 steps DT R/LE —H/MEEHEIZ & Y RMSD OEEI35E S &L 2a o7z, WSN RO HA 12kt LT
stachyflin Z A SEH I ENTE(K 3), WSN D HA2 7= h® F110 & stachyflin ® B &, L113
E EBRVBBUKFEEREZ LTEY, N114 OfISE7 I / FE & stachyflin @ D BROEBERE 7. N117 ORIET X /
& stachyflin ® E BROBERFBAEREAEZ LTINS, WSN OEBRKIC OV TIL, R2, R6 Tl stachyflin iZ
ZEEOTLEOZERIZAVIAATLE - 72, R4 TiX E105,L108, D109, F110, D112, L113 & stachyflin A3Bf7K
MEMERZ LT3, rescoring @ ASP IZ Wild Type 2% 29.37, R2 2% 20.08, R4 2% 19.79, R6 7% 19.26 TH -7z,
27 Y —=r XY SEOEMIEEMPBELNZ, T BTy TR 304.4358~341.15402 T, 2 THBEEK
ENTVWAILEYMTH D, ZHEDLEHD WSN D Wild Type 1232 RyF 7 Ialb—a D
rescoring @ ASP fEIZ stachyflin 25 29.37 T3 - 7z D% L CENLI 17.18, 35.09. 30.35, 24.82, 2595 TH
T, BE, BHEEAYEEBAL CEEIEOEREZED TN D,
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3. 3 HLHIV EOEWITE

HIV BYF I 2B/ E-T 2000, BEEAED 7 A VAT 2 EEMEEZFRLHEFo—o L LT, ¥
=/ FATRENFHENTWS, Y=/ ¥4 THRETIE, BRORRMHEEREZ L L0, BREY A LR
DEARF BB OFERD O EDFRIMTON S, - T, PABERBERTOT —F X—RTEEFET 3,
Bxid, HFVIab—va VTESWERITE T RIFEORRBICR Y EA TN S,

ERTHEASNTWS TREO 7 7 —EHERE, 7o/ ¥4 TREC LV BYRSENEE ST
W5 19 BOBRIKEREREK T 0T T —BIZonT, ¥YIal—va itk ) EREROEGTFHEEIT- 72,
MO, BEREERET 0T 7T —BOEEEEEDS T ETVEEKR L, KIS, R TEAFEELZHANT
EENTOEEEROEIEE RO, RRlo, ZoBEIIH L CHEROERMEZ PRI Lz, SFEIN%E
Bix, Fu/5 5L LT AMBERS # V., BEESEICOX, 30 F /BOYVIaL—a v BETLE, B
THIIZ. pocket LV 7T AERAWT, EREESHALOEREELRED 72,

KA 2 EA LLERRET 07 7 —BCld, EEEPBEUICHEAMAICHELRWeDI, FEXKLE
BRI 77—V OBEAGEEECBN T, 7ue 77 =07 T v PHEBEOE U BRI BB H 5,
757 v OB LREAIE, fEHMOFRRICKBMEND, LEULOBRESaT 7 —BICALT, 7=/ %
A THREBREFBEEOMIANEOHENRR O, HIERIZIVRELEINETTHT T 7 —8
B LTI, AEBMEIEREL 2D, BMOIEEZEBEL TV A VANV LCIEIAED R TFRETH L2 N
HERTET,

4 FHF, HRERELITTE

*[1] BB, EHA. KM, KA : J. Appl Phys. 47, 3719-3725 (2008).

*[2] A, BB, B&E. BE : J. Comput. Chem. 29, 1930-1944 (2008).

*[3] KH. BB, BE., E¥ : J. Comput. Chem. 29, 2531-2542 (2008).

*[4] AE. FHE. B%E. K. 28 : J. Phys. Chem. B, 112, 8672-8680 (2008).

*[5] &, AR, BE. BE : eJ. Surf Sci. Nanotech. 6,241-245 (2008).

*[6] TR, f: 5 S [EAIEEA T 4~ T 4 7 AWFER, 2008 453 H ; HARFEFE 128 43,2008 £ 3 H.
*[7] RE. fl : BARIEFEZE 128 4F=,2008 43 A.

*[8] HE, fill: HAIKFERE 1284F=,2008 43 H.

*[9] AE. i BARIEFESE 128 F=,2008 43 A.

K [10] FALL, it : HAIEFSE 128 £2, 2008 4£ 3 H.

K117 FE, fh: AARKESE 12844, 20084E3 H; BALV b U A VAFE SEHEIF—,20084E9 A ;
5th International Symposium on Surface Science and Technology, 2008 £F 11 A.

*[12] EBF, fli : AARIKFDE 128 45,2008 4F 3 H.

*[13] KM, filt : BAEZSE 128 F4,2008 43 .

*[14] A F, i BAREESE 128 45,2008 423 A.

*[15] g, i : Sth International Symposium on Surface Science and Technology, 2008 £ 11 J.

*[16] 28, fih : BAT A X%, 2008 4£ 11 A.
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SF. EY. REORTFILE : kB E2RE

Quantum chemistry of molecules, biosystems, and surfaces:
excited states and chemical reactions
OwR IEE, &)1 E#, XuXin, 7 B, D.Mukherjee. A.K.Das, & FuZz,
T B BHF BER RERZELEHER)

1 BIREH, AR

Kﬂ%?mvx&hm;@%%Ltﬁ%@%ﬂ%&@3?~vkow1\%@%%%%%#50
(1.1) t MEFRDEIC Téﬁi—%;~—/ﬁ%w:xA3$%$%@ﬁ

(12) #NLVT7 =5 —BIZBIT5FE0 ANTHIE

(1.3) Active-space SAC-CL {EDBE% L5 H

2 WFITiE. BHEIGE

2.1) (L.1-3)DFFFITIE SAC-CI HE(SAC-C1 7' 7' 1) & W CRIEIREE 2 515 L 7=,
(22) (11-DDOBFEITIE QMMM IEDRE T 1 77 AE RV THEERE(LETo 12,
(2.3) (1.1-3)DHFFRITIE Gaussian03 7' 77T A% vz,

3 HFZERLR
B.D) b MEEEHEILBIT DN T —F a—= 0 A =R 5 EYFRRIR

HEREHIZR - #% - FAOZRADRIIK L TUSE 3 2 #4814 E, human red(HR), human green(HG), human
blue (HB)ABTFIET 203, FHITISE L CRERELZ KT 2 L FF— 1 BFRIX 3 >OHEEYEICILET 5,
SAC-CIEIZ & 0 #HE &S - bt = % /L ¥ —13 HR, HG, HB &% U rhodopsin (Rh)? EER#E R 2782557 0.05 eV
BETHETE 7, ZOMEE2EIC, RV —2F1HT 2UBARFITONT, BITEITo72(X 1),
FORER, R, B, FOAXY MENOFERITERE L OFENREEERTH L Z b oz,
Rz, BBHAEEACRLXY —27 I VBB THBEILTEF L (K2), Z0RKE, VFr— L EBE
BB T I VBOY—7 Z RERR T — c Fa—= IRRHERE, fIE, 186 fitoT X/
B21Z Rh, HG, HR i = R L F— 2R X F— 7 F &¥ HB & OEFULR R EN TV 5, [FIEEIZ 181,184
fEB 725 ClIfEEY A ME. HG HR DHEZEZRAL X —2 7 F &8, FRUSNSLEEILENTND, 2D
XAy —r U RTEBREE D, BRI T — s Fa—= BN, VF - LVEREOSFiEL
L OREME RHTZ &N TE D,

B Chromophore s uuuun} SEZ(RET Bare)
DP\ Ok ¢

&mmn mid scquence mlmhcn (Rh as the standard}

HEB HG HR
X 1. R FAERDEBECBNCHE=IAY K2 Fik FREFHSEROERTVAZBNT, Big=x
—L 7 MNIBIAMENEROES, uF YR AX—HIEEEITIVEBEY — 2 REEDFE, R B IK
REELTS F O BREIFRFNLF I AEE A TVEENENR BT RBREWE., e YU
®%f£&%%:EEE@%%%%%JWDW—Ti Th, Ve ABBIIRR T B LT,
JBEOBTHHRERL TS,

cn)ﬁw/7:7~€ BT HFEA0 AT

ERERNO 7 —n UHEEARENRT XA —ICRIETENET IV BEREEMICSE L THET L. AT
Wil T— « Fa—oV TOFRREEIC OV TIHFRLZIT > T2, BN FROERIMNELT D)
BAY 72 ) VIZEAEORENREL KL, BAEEELIED, BINORER, 17 =) UEETA
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MZRWT, BEEMEERT 27 VBEEORR ST, 7A BER
iz, BRMEHoTER T 7 25X THA I ERHELMTR-
oo T, BHVTZ bEEXTHET I/ BRFEE Glu344, Arg223,
Aspd22 ZHHEDT T2V ICEB L T BHEDY I 2 L—a v
1727z (K 3), ZDfEHE. Gludd44Ala/Arg223Ala/Asp422Ala @ 3 &
EREOFER, K950mm OFRF 7 MBREREL b, FEAKLENH
BIND EWVWIFBRERPE LN,

T

" £304A D422
E344A/DAZ2A R223AWT (779

3 BALT = S CEREOELT F
(3-3). Active-space SAC-CI {5 DBHZ & i ),

TVANTEONOSMEE R L, FOSROHEEE LT LIELIZEER%E %2 £727, Active space 113, B
BRT T OREREOR ML RECRRTE2ERTHY, ZNETICCHR OH VIV DRET v
YOBBIIEAL, FRATHD Z &R L, RFRE T, FEBSCBOTLEEFBERETERENLL N
OO ZJRF53F DRIFIREE L Active space 5% IV CTHFFE L7z, % 112 NCO. 3 212 CN DR % TRT,
3BFEEFE TE O Active space IEDFERZ SDT-R{N,, N,} TRT, Z Z T N,, N, ITIEHEZEH OBLER %R
T FEBHNT DZP 2V, MERELIITHI = R L X — MBI L V1T o7, NCO & T DR IREIZA
AACTRIBT HZLICL > T 1 EFERTRAINSRETHY ., SD-RIETIVEEAELND, —F,
CNGFIIEFMIMCIVERL, 2B FBEBCRAINDIRETH S, Z0BHE, SD-RIETIIERME L
RCRF43TH B0, Active space HIZ & » THICIBRE = X L ¥ —RBAFCTR &N 3, B’Y HRigcix
3EFEBRBOFENEETHY , 4ABETHEHETETEDLEFERLETH D, Na=R CNCHFIZoWNT R
DFERVE LNz, Fle, ZTNOLOGTOEREREANS M 2HEL, 3 ETHEF 22 TEDEERL
HBES 5 Z LI 2o T, Active space JEIZBREIZ DWW T B BEICRER T2 2 L 2R LT,

F 1. NCO DOEJE - Bhil kg R 2. CN OEJE- iR RE
RIE BE  Re Ro T "R ik W& R Roy T
v (A (A) @) ; T
X SD-R 1 1230 1194 - X1 SD-R b leos Ll
SDT-R 4,4} 1 1400 1.185 -
SDT-R [4,2} 1 1.230 1.193 - =B
ES o 1200 1206 - A’A  SD-R 2 1352 1185 6.004
ATt SD-R 1 1192 1.190 2.679 SDT-R 4,4} 2 1315 1207 2.837
SDT-R 4,2} 1 1191 1.190 2.879 eSS 2.636
EES 1165 1202 2.821 B%" SD-R 2 1.354 1.188 7.632
B0 SD.R 1 1217 1310 3.963 SDT-R{4,4} 2 1302 1223 3.640
SDT-R (4,2} 1 1220 1309 4.000 L, H 2.779
s T Lo C=* SD-R 2 1341 1192 6578
SDT-R {4,4} 2 1311 1214 3.594
EB 3.306

4 FEER, HREREZIITE

(1) M. Ehara, J.R. Gour, P. Piecuch, Mol. Phys., in press (2009).

(2) K. Ueda, R. Puttner, N.A. Cherepkov, F. Gel’mukhanov, M. Ehara, Eur. Phys. J. (special topics), 169, 95-107 (2009).

(3) M. Ehara, H. Nakatsuji, Progress in Theoretical Chemistry and Physics Dedicated to the Proceedings of the 13th International Workshop on
Quantum Systems in Chemistry and Physics (QSCP-XIII), in press (23 pages) (2009).

(45) T. Watanabe, M. Ehara, K. Kuramoto, H. Nakatsuji, Surf. Sci., 603, 641-646 (2009).

(5%) M. Ehara, K. Kuramoto, H. Nakatsuji, Chem. Phys., 356, 195-198 (2009).

(6%) N. Nakatani, J. Hasegawa, and H. Nakatsuji, Chem. Phys. Letters, 469(1-3), 191-194 (2009).

(7%) J. Hasegawa, M. Higuchi, Y. Hijikata, and S. Kitagawa, Chem. Mater. 21(9), 1829-1833 (2009).

(8%) Y. Kiyota, J. Hasegawa, K. Fujimoto, B. Swerts, and H. Nakatsuji, J. Comp. Chem. 30(8), 1351-1359 (2009).

(9%) Y. Ito, H. Takahashi, J. Hasegawa, and N .J. Turro, Tetrahedron, 65(3), 677-689,(2009).

(10) S. Arulmozhiraja, M. Ehara, H. Nakatsuji, J. Chem. Phys., 129, 174506-1-8 (2008).

(11) M. Ehara, H. Nakatsuji, Coll. Czech. Chem. Commun., 73, 771-785 (2008).

(12%) J. Hasegawa, K. Fujimoto, N. Nakatani, H. Nakatsuji, Frontiers of Computational Science 2008, pp. 1-8, (2008).

(13%) K. Fujimoto, J. Hasegawa, and H. Nakatsuji, Chem. Phys. Letters, 462(4-6), 318-320 (2008).

(14%) BB F&, P #, BEHE, 43 (11), 147-155 (2008).

(15) M. Ehara, H. Nakatsuji, Recent Progress in Coupled Cluster Methods: Theory and Applications, (Spinger, 2009).

(16) J. Hasegawa and H. Nakatsuji, in Radiation Induced Molecular Phenomena in Nucleic Acid: A Comprehensive Theoretical and Experimental
Analysis, pp. 93-123, (Springer, 2008).
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SR FEICT/DEOBELBEICETIE—REHE

First principles calculation on structures and functions of nano
materials

ORBELE, A0, BEEN, FHLEE, NEER (SRKFRERERBEFER)

1 AR, HEEH

AR TIE, 77 7= WE., BiJRTFA— /BB LT/ #&&EW2 00N, KIEEF O DNA (2B
HIFERAT D BIE TR, VT 7= F 7 URVIER L, /v a ) = THEEER LS | EEHEZITV,
FLOMRER, 51T, FVa PR ETEREZED TV Bi T/ BEICEIT 5 2 U BLEMEER
DEBEF, BETIE. DNADNAL T Y XA P — 5 L OBHICED TH S L E X LN BAFRISHED
FEBRHEROBEROMIT 21T o 12,

2 EEAE. BIEGE

AR TIT, BENEEERICESE-REHELITY, ZOHETIH, /1 /"—va v EBvIaL
—Vay V7 by T OFERFE] CBWTHRERTOI TV PHASE 2 N5, K707 J Lk, EER
—NR—a Vo — M CERELENTVIORRERBEHTH L, 20D, By F—IZBNTA A b
—LENTND I Ea—FZA0 BRO BV RHEERH
BEiTH) R TED, £, /v a ) =THERLUNC
AV CHEREEREERLLHEZTOOE | FHE £- £y, (meViCel)
FHE =2— F OpenMX % vz,

3 BFFERLR
(degree)
OISR GE RS T T 2 F ) UKy (ZGNR) . % 1]
DEEIREEN | IR D R v LG 2 7o, A T, -
%%i 7= i, E?L%E;\?ZD Zkizky N K?fﬁ @Eﬁ‘ﬁ?ﬁ%ﬂ - - Doping x (/Cell)

T BEAR LCCHE()). FRTOA L D E RK
KA VEORTHE N )Lt 5 RBEED AL
BENRERECTHAN, ¥ VT F—7EEZEMNIED L, 6 DE
ZOE AR SEDRENRTELIER o (FERD, D
¥y UTEAL, BRASRZOGC, RFMHEA (N KT B) i2ko
T, AETHIEN G- Te, ZORRED LT, ERURICEY,
Jval =T AL VEERESEIHFLVTF AL b= A5 A
A ABBRELUZ(ETR),

SI(11D)FEE LI Bi 7 BENEHIZKET 5. BIREWVWTE TH D
TEmD, ZORTHE., AV VEEREERPEETH S, L. AEMMBAEETHHECLD, v =
NYEBPEREN, ALY = A~OERALE/HEIND, JOBEOREMHICE, BY UEEICEEL

Si (back gate)
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TAOIMERBENDE L, LIRTOBIZRIZ L VAL Z LTV (T. Nagao et al.,
Phys. Rev. Lett. 93, 105501 (2004)) .FIZ720, ZOREIZIE, RES w2071
TABELE) TRWVEBENEELER), REERLERICHIELZREL TN
(M. Saito et. al., Jpn. J. Appl. Phys., 46, 8824 (2007).) , AHFFETlZ, 2 FR4r AL/
—VELR BN ERECE Vs, fully-relativistic ZRFHEICEY ., MOV ELEMHEEIE
F(SOD WY AfLTz, EDFER, SONTE T HEED A5, R FHEEICIERIC
REREBEEZDEPFE RSN, ETHRIC, NyZ Vv UT-EE T 5, SOI

e s0 EEBULHELEELR HEERERLE, 7
t//\/ 1 /V' =RV IVITED /S FEED, SOL ZhRITizd

o5t ' o5 f VBIRNCEALT 2EN 0D, Fin, TV—RE T

% ol - 3 A T BT T E SR RIZB T, 200k
§ 7777777777777 g ’ WO FAF—1T, FFEBRENT &KL, &
aad | i 05 DTEDD, BR EDOTIEL Bl BIEOMHAIER

; /\/ WRTFEL T, Z2o0BEDON, WTnp s HES

X, r Xz 5% T %, HEfEmlLiz, AFROREIZ, 5B OERNE
BRI E 5.2 550 THD(CTERG)).

KIS F D DNA 2720 T DRI AT DRI KRS FOEEEZ T TNDZ EHRBENLT
7o T, REMAKRS T AREFEER T o, TOME, —&H, “AMOBEEICH LT, kDT
2, DNA OFRSEPUTB W TEELREMICKAFEEEGZ L TWDAZERHLNCRoT, I bIT, F—FHEE
B ARSFORETRLF—N, +HRENZEEZHEIDT, TOKOREOHRIZLY, C=0MHET
— RICHEE T3 0— 7 MRERAIC Y 7 b T2ERBEND LR olc, TOZEEZERTHZ&ITED,
FEREREHEBCE L, AFENPDH. AKBEKT O DNA IZBWT, C=0 MRS FHREEL TV LEN KR
s (CURE) .

4 FTEETITHRFERE., BR

(1) Y Phase control of graphene nanoribbon by carrier doping: appearance of noncollinear magnetism, K. Sawada, F.
Ishii, M. Saito, S. Okada, T. Kawai, Nano Lett. 9, 269-272 (2009).

(2) % Water effect on infrared spectra of DNA, H. Taniguchi and M. Saito, J. Physics: Cond. Matt., 21, 64242-1-4
(2009).

(3) % Relativistic Effect on the Bistability of Bi {012} Nanofilms, H. Kotaka, F. Ishii, M. Saito, K. Sawada, Y.
Uramoto, T. Nagao and S. Yaginuma, e-J. Surf. Sci. Nanotech., 7, 13-16 (2009) .

(4% Band-gap tuning in magnetic graphene nanoribbons, K. Sawada, F.Ishil, and M. Saito, Appl. Phys. Exp., 1,
60441(1)-60441(3) (2008).

(5)% First-principles study on the graphene adatom and its aggregation, T. Hashi, Y. Uramoto, and M. Saito, Jpn. J.
Appl. Phys., 47, 6623-6626 (2008).

(6) ¥ First—Principles Study on the Graphene Adatom and its Dimer, Y. Uramoto and *M. Saito, e—]. Surf. Sci.
Nanotech. 6, 269 —271 (2008) .

(7) K iB#F#IE Half-metallicity of Carrier-doped Armchair Graphene Nanoribbon, M. Saito, International Symposium
on Surface Science and Nanotechnology, 12 November, 2008, Tokyo.
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WERT7 oY INEICLSBEESFORYEHASSaL—Yay

Protein folding simulations by generalized-ensemble algorithms

O MAMEE, B (AR, KEER REAAZTR), DARBE (Ea—X k)

1. BFEEHR - AR

ABED BRI, EROFEORELFMT 2MARY I 2 b—va VIEEED ZLICE - T, B—FE
SOF LT ROSERETHE FRICT 52 & Tho, T LT, B R X —HEZETIIN TRl
XYy BOT 0 BBICET BRI ENEREIT ) L bHME LTS,

2. BHFEFE - BHEFE

Bxi, IEE7 ¥ 70k (generalized-ensemble algorithm) & HBREN DALY I 2L —v s VFiEL
BEHEOMNEFHETHFBE~OEAT2Z LE2REL, 2060F L LT, v AF 1/ =H /L (multicanonical
algorithm) *° L 7"V 7 ZZ#iyE (replica-exchange method) 72 EDEFMEERT & L HiIZ, TR OO FEINHFE
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T, FUFLRPIEEEN LY I 2L~ a BEHB I EILH D,
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BB, 2, BREAETEREL OBRA. BKEEA~Y v 7 ARLO/EINEICKEAE > TNDENETH
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HASEFROME. BFRE, RGBRE, BEMEEICET 2HRMNTE

A Theoretical Study of Geometries, Electronic Structures, Reaction
Processes, and Solvation of Complex Chemical Species
Ofith R4F, EBEX, HERES. MAKSE, KEfh, BELE, B)IM&R, B)IIKE,
M. Ray, Bz, B & PREE, ZEFE, REERH, fEE -, FHEzEE. F
fME®, BREE, BAEF. MEE RELEZ., LA &
ORI RFERZFRE LR 0 F LR T HER L 5 E)

1 HEEB, AR

BEEETFRIIMEOREI BRLRIEFRELHFOBRERN ORI FHOIVEIASTFEFTHY . RFH
3, BBERBTROIBETREEHERERED s, p EFROBEHTE D hypervalency, HH & B TR DLEEE
REER—ST. A—FRRKELRTHHI, ZOLIBREARETRSTIOZONTEAOETIRIEILZHE
PREICE e KiT, FRORBX G CHEMET L Z LHEERBERL N, ThODEEETFRAFIIEE, K
EELZEETH Y . EB(EF, BRALENS THRIEROENSR 2o TN, flxid, TEMESERE
R — LV TOREBAERME, EERNOCRERIINVTNLEBERZEETLLTI2HAETFRTHD, K
BEMOHEBEICHEBE LOBKBRTRLEL L TLERETRIEERRIZRLL TS, Z0L5ITE
BBIVEANT CEERMIELZ SO IEAETROLFELRICERS 572010, EFRE, BT
BTAELVWHBALETHD I LIZEI T THLRY, £/, ZODITE, EROERIYFTIELIT T L,
HFLWERBHEESLEL 2D 72, FILWEBHERSNGEREVELTOIHEIAEZLND, £
B, SBEHECBBER L ~T OTRLEOEAZ EIE, EROBTIREER TIIE LWERME LR
HEERH Y, £, BIER SN TV EEREHEEOESER EOMEOEFIREBEBITRIIZNETON
ETRTSREENEZ LRV, 0L, HABETROHERLAIDTFRESE THRO TEERIZ
LWz B,

HBelZINECEIIEBBLBEE L AR TO~T o EXRMEMNORIROMEE, FE. IS, ff
BRI BT B BRI 21T > TRe, BEOMERREZLUTIRT S : ONT o iR e g OB &RE
OB TIT, VL, YU Ly, BAWRVINVEB - EASE, N7V UAER BETIETE
FURSY Ly, UFTFasEN, UIT Y AERORE L EEEEHALMNC LI, E. A7 Re =
WSEROEE L AL VREOEELZH ST L, QEBEBERBEEOISEOERIAR T, BT Y
T A(ID. B4, FF AVEEERIZE BBy, AF O CHofERT VE=T O N-H Fa DOEELK
BT A BRI E 1TV, RISOBEE RISOXER T 2MH Uiz, ()EBEBIEADMIELRISHERIC
LTI, B40), 2T ADEKR, o=y A(IDERICLDA V7 0 D Ry U ARBER, A
U U AEERIC L AR P OEBER U MMERIER, VT =T A0D, 2 YT ADBIUR DY AJIDEEEKIZ
£ % ZE LR B OKBMER RIC BT B ERAFEEITV., RUSHHE & ROSRE 2 ERmACEH L. ()
FIERIRED bIT, BRAEEEITRIT 5 DFTEORREHA LML, KRERERBEHAD post Hartree-Fock
HEEFEEETIEYNRT v VvERFE L, £, O ER L EFREEROMASIC L DEENHER
PERLFORA, BAEREORMSFEZ—F v b T HHRMHNZEROBE, RELROBPKE
HEHFEORBITLBMVMBATEI,
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AREEL, (1) FFEEICE| & & KRBEERB & B D post Hartree-Fock 3B 2 T LT 2 EMETF v o ¥
JEDRR%E, 2)PAOVEEEZ ML L T 2B A BIAMOREN v 7V v 7 RIEOERREITZ,
@) C(ID-Cr(D)fE &2 H T2 27 0 MEEOREAME L BFRIEOERBIIFE, T 2 — LUt %2 FF—
=70 non-hem FERINSERIC L 5 BERS F OIFEHILEROBRIINIZE, (5)= b X ¥ L HDBH ek
2B DBRACAT IS T 2 BRI R 2 1T o 7z, EHRICER L& CH UL AR 2 SR Tl
BERBEL RO EDOHFNFEREACC, NI FVFu PPV URABOKDSHEEHE L=, Boh
TR XBBEALERR LB LKL TRV, 5%, BRIV AIVE~LERATATETH S,

2 BREFIE. BEGE

BREREEROHERMI TIZ, DFT BIC LV EBERELEZITV, =R ¥ —%{L% DFT, MP2 to
MP4(SDQ), CCSD(T)ikTHiEt L7z, DFT #& 1213 B3LYP & 5 \\iZ B3PWOl A% % A=, BB
& BT DOWERKE T Hay-Wadt b L < 1 Stuttgart-Dresden-Bonn 2/ /b — 7 DEZINER R T o 3 + /L(ECP) TR
WA, FRFMEETFIT split-valence Tl b U < 1 triple-zeta BB CF Uiz, £72. BEMIFITiT 6-31G(d).
cc-pVDZ, cc-pVTZ FEE72 E 2R Uiz, FONMCERBEMRT 2 R 71013 d 0B AR I & 7=, & i L & DFT
FHEIZIX, EIT, Gaussian03 7’12 7T A& #H L, MOLPRO, MOLCAS, Gamess i% CAS-PT2, MRMP2 &z
RISM-SCF #H#121% Gamess 3 %\ id HONDO %/ L7z,

3 DFERE
3.1 VAHIC KX REMNTFEEO8EED CCSDMDEHED-DDOEMRTF Vv VDR

%< DEBSRERIIIREREMTFBEEN, TOFERRDOY A X% K& &, post Hartree-Fock 5t
BHEeWEICT 5, £2< 0BG, BREL HEFCTEE#E, CCSD(T). CASPT2 #HEXRITR I N, BEHRED
EFUHREIEEINTLE> TS, Bxlid, FEENLEREDETFHDRELBV IALEYRT v v
AOBRE (la BT IbR) 2RAEATCERE, TRNETOEBOEDRT oy VCRIBHOMEZERT S &

IWNRTA—F—=BREINTWEZDE, Brlid&R e .
E%ﬁ?57mV?%?ﬂﬁwl*wﬁ—ﬁiif%b\LW:%VH§2¥I
ZFOZRXNFE—BNEZHFRATILIAEHNRT v,

Frontier-Orbital- Consistent Quantum-Capping Potential
(FOC-QCP)2HFE L= ¢ ZAEBHEEKOBEFIRENEL
CEBIN, BHREOETFHHREZEVIAAT CCSD(T)
FIENEREL 2D \ELWERME b v, HEEE  PMes,
PPr; 72 EDERAT ¢ VEMLFITHT D FOC-QCP %A%
L7, SEEL L Y LA PPhy; @ FOC-QCP DA%
ERATz, PPhy 13&)E & L EMEEREZ R T LE
Z BN TWTod, INLETFRHIE D RV F — R %
EYEL L7oRFGA—F—TREREPELL 520N 50,
B ChHoTz, £ T, PPhy B L UYELID P(vinyl); DAL
MEFHEEL C-O MFEREIOREMREZRIT LI L 25, sossL_. L
ERBEIRITE b AaN o T, BICHMICRE Lz L 25, 0 2080 208

veo of Ni(CO);PR; by QCP method /em”
P OIS EFHEEE PhdHHWVIE = VED n EFFH
COMEERRDY . FOREINIETFFEEN 201 1 : Ni(CO)(PR;)D C-O {B#EIEEL © FOC-QCP
HELTWAZ L, %0 HOMO =X/ ¥—Mhr L CO M IEIC X DFHHHE & RBRED B

(1a)

U, () oe = Un() + Cr P expl- &) (1b)

2070

2065

2060

Tolman's Electronic Parameter v /em™
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FEIRBNIC MBIV, n BFREZEE S, ITEFHEHEOSEREL L7540 HOMO & OMEIT
HHLZLEHLNI LI, ZO/REIX. KEEED HOMO 72172 H LCIZ4RE & PPh DMEERZIEL
CRBEbL->TWRNI L, HOMO & HOMO-3 D 2 S DHEDHEEA 2B+ 0ERNH L L. 207
OIS EF A HE DS EH N BENMEE TO HOMO TR VX — 2 EEBTIITRVI L2 RBL TN, 20
L O IZ/ER L7= FOC-QCP |3 112579 & 512, PPhy %

=T, CO ffFIRE) D RBRE L #HEEDFT ) OMIc R @&

R ERBERIE LN, TRn- ol Q.
2Dk LTHE LK FOC-QCP A M LT PIDSE o8& T co. 3

RO A VR = ML (Scheme DDA RAE S - ff 3“?%- f;n d

7eo EIERD DFT AHEMKRIIEBRER2FHR TE 20 AH = +8.1 (exptl.), +19.7 (DFT)

7%, FOC-EP %] L= CCSD(T)EHE ClEERiERIC 7.4 (CCSDT)/FOC-QCP)

B —B L RAE biviz, FCO-QCP M L2V S Scheme 1 : Pt(Ilphenylacyl $517 5 DB CO &
BIZOLD RRERRITHT S CCSDOMEITRTE 5
Th D,

3.2 PA(O)SE(4ZEMIZE LT HHMT I RILEVDREHYTIVT RIEDEROTE,

B A RIEaMERALEXELLEDOE
RS T E R FE TEERRISTH BB, 7 Pd(0) with F-
VET A UDOEMCED ZORISHZELLM  CH=CHI + CH=CHSiMe; > CH,=CH-CH=CH, (2)
WEINDEE I ERFBRITERVICHEBD TH
BREWQ2 ), ZOKINE Hiyama 22

B
e
&

BN TV TRIGEHEND, & E,:9.6 E,:43 E,:74
WRTIET v BT =d  OEEDT =§~30.0 (9.9) 417 ,2—7§" . (7.6)
BRED LS CRISRICHET 5, 8 HCE N ey
MR EE ok, TORISIE Bl R
PAO)~D CH=CHI DREEAYRI.  funoan s 2105 A% o f "
A A FEAY CHCHSMe;  Sanof ¥ 3/ s R
DO RNTUARAEFZ LRI 300} 2_2710?; 0.8) ‘.L
PA(CH=CH,),(PMe;) 2 55 D7 & ¥ = -0t e
V@%ﬁﬁ@m %ET@?T_?—E)" 7 % oxidative addition Coordination Ty ransmetallat;n Reductive elimination
T =L DENEA DT R L XIS of CH,CHI  of CH,~CHSiMe, of C-C bond

5 ; =\ : z inyliodi inylsilane DAEEH SV v
W (E2) 7. BERITFT XA };égi(l;{\figgéiiéé vinyliodide & vinylsilane DRXZEH » 7Y >
ENACTH D Z LD Sz, K
o, TyBRTSAVEET TR TR e Eddo
PLFRNFICERENDHEA (Path B) | 300 3 AE : 30.4
BIY, 7vBT =AU RE= LY fg-g N\ .
TR LT, 71 RIRBAK 00 E3:9_ e
T BEAPath OREZHNDD -10.0 ’ \ C
T, FNHOREREER L, o ¢ AETEE
Scheme 2 IZ7RT L D2, FTF AR

HAGIZPathBR EOCTELL{E Scheme 2 : h T VAR X AL DO =R F —Z 4k : Path A I3
> . — Pd(CH,=CH)I(PMe;), Path B | Pd(CH,=CH)F(PMes), Path C X F-0
AN, VoET =AU I vER S~ T REEIE B Bt s

_70_



NFZEBHET D0, DDV, =T A BIEEMIREMIRKIEL T, hT VR A XU {RET S L
BHLNE R, BT, #, 20X REESRBR LN, BETRNALF—DOB AN LRI L, Si-F
DEVEEDBEREND L, 7yRT =F VORFFETRLF-BENZDTHEZ L, RIS
HUE XNV —EN OH 7T =F v b RIGERETHIZ L U v Y L 7 oRR L, —RER TV
ARAZ AL THFEROEESRBFEND Z LR ENTz, UL XSz, RISBITFOHRZ L, F0HE
HEMAL, &51I2, —REIZFT U RAAZ LR EET 57201380 L 5 2t CRIER ZHBETE
B &ED FRIZERRELE,

3.3 BHANSBEEKDO(LFERINTBET 5 BRI

FEEERR LILETOMDIENY 25E T 5% L\ RISM-SCF ¥ (RISM-SCF-SEDD ) #AWT, &
HA OB &eEEDOBRICEITINERE (PtMe,(NH;)+Mel — PtMe;(NH3)D) (2 DWW THANTZ, Z OB CIIEERs
RERBEZRZTZENTRINTRY , FICEBERET T SN2 BIO KB TEITT 200 EE XD
T3, LMLAERL, IR FITHT2E8HOBEFLEHEORKRETIE. B ETERT S N3tsko
BB E 2 P ERCERTHVEFRARELZ TR T2 L5 2REBEN =R VX —/ICizgdf s, Th
{2k LT, SN2 B o#t& 1T 100kcal/mol 2L ED = R VF—BMEL S, BZ 0 ERN, —J, BaMTo7z
Wit (= bz A &) TO RISM-SCF-SEDD &2 K B FHED B, TE EAEITARRE L CREBICEERMIND
RENEEBICERNC/Z Y SN2 B CHEIT 5, £z, 29 LIEBRRERIZ L » TRISEEIZBIT
DEEBEE L AFLVEOEB THD I EBHLNE 2T, BxDHMABRY . ZHEDTF VUL OREFIE
EEER LIS BEROMERIGEOFBEICEII LMD TOFTHY . BRI & LY, THEMRBHED
OISR AT 2 REE R LD Z AL E R oT,
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EEREODES L USFEREHZEI 2 ERIOHR
Theoretical Studies on the Classification of Chemical Reactions and
the Molecular Design
O EHEL, FHJIKES, PMEEAN, KBS, WRED (BERX - 1)

1 BEER, AR
{LZ S DEITIZEB T 22 OBEORE 2 AWV E3 DIl FRERICE SV IZETF DERIER
EVIBETHRIGOERB L OENIC EAH0EEITVWEREO S 52 FRIFEOHEREZRFNT LI L&
BEGE Lic, SEERUTOX S RREBASF 7 7 A4 — O8RS, U BRIRFUSHE O R X
VR, RV Y77 ¥ V= OBELFFRECOVW TR Lz, £z, @BMERISE LT
Ziegler-Natta K ISHEBIZ DWW TH IV o7,
2 WEFE, HEFE
HEHEL LT, KBERORY B FESL LTIE ab initio & FEUEE HF, MP2, CCST(D), 3

L OMEEELBALIE BILYP A MA L, KM I A ¥ — O TEAFFHEII R R BRER L
IMC MOMEREA LR, 7o, RVBREEBLIOCRI V774 V= OfEICIT ab initio 2FHL
Y5 HF, CCST (T), CASSCF 45 & UVE BEYFLEE 3% BILYP b % Al UIRIGHHE O BT I I RS EIRIZIR -
7= CilC AT %247 -7z, Ziegler—Natta flAUSHAEIC B L CI3M EEYLBISkIE BSLYP ik 28 A L 7,
3 BFZURLER
3.1 IMICMO #:% F W2 KL H;0'(H,0), 7 T R & — DERRAIAET

AR CrE, I Miyazaki 5. Shin 512 & 0 Nature sEICHE Sh REE T v FAbks 7 A5 —
H,0'(H,0), DB & 5T L~V THRIAT B 7odic, Fox BSBR LZKREY 7 27— OFEFET
% % Integrated Multicenter MO (IMiCMO)¥: % i\ CELRRIARNT 21T o 7o, RTR D H;0'(H0), TR, n=21
TIR A7 MBI REANEND Z L BRESNTBY . 207 TRAZ —DY A XEFEE 0=8,
16, 32 @ 3 BOEFNHREFHVTHEIT Lz, PI##EIT MonteCarlo JRIZ L VAL, NVE BLT
Nose-Hoover k12 L % T=300K D NVT ¥ I = L— a VR EZA 03 f5 T 10ps T2 72

NVE ¥Ial—3var® V=2 NUDbLARREOT v b5, ZREREMITLILL 25,
A ADINETRI T AZ—@ =8, 16)TIE H0 2k & LTHEIRICR v PU — 2 D3k LB ERET
BHAHDITH LT, B ANKEL RB0=32)TIE Bx Xy MU — 7 2EOEEP A ZHF O TET,
3IRTEHIRFR Y FT—Z ~EREL LD LT HBMPHER S,

32 NEIKY T RE—DBERDEFOREWEIEC LILERKS A Y —~DRH

KESFid. RISHLPESES T & L UEERSCEEICERLTRY . KWOB TEEREH 2R
LT3, BiEE LTOKSFOBE 2 DF L UV TREITT B 72®I0iE, KFFEEFy bT—7 BEIC
B 2B RNETH D, LMLAERS, 7 TRAF—IZEENIHFRPIEADITON, KFEREER Y
R R F AR BIINT B 7 D E R R AT S AR D, T I TABIE T, BEAKS T
2o b LT/NEKZ 5 A F —(H,0), (0 <S)DARFFES /5 — » DFTEATVERY 7 27— G0
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W~DISHZRATZ, #EiZ. HE B3LYP, MP2 IE% FV ., EERKIC

1X 6-31G**, 6-311G**, 6-311+G*% I\ THEE 2 Bk L 7=, ‘w*%ﬁg
Hx Dy TAZ—FEAOER, FHEODKI TR —IZBNTIL, 4 B Q?

UL ECRETIRK » b7~ BRI L ERRICF > | T — ) \ ;{

PR LI BB ICHEE L = & b fe, & bic, BHE v e

M= BEDOHTTE KEREOMEBEER LIZBREX Yy FU—7 Fied. (HOL YRR
HiE(Figure DEFED Y FAX —RRBICEETHD I ENbholz, SEETIZ. 752X —RNIZLTHE
REGRR Y N—IBEEZSL LR, BREERR Y NI 8ER, TV R&hkrI2F—
EERT Ao T B I ERb otz

33 EFOHMBERELERE L OBENICER LR v RIGHIE R

SR VURIE, RE-RFEEEROERREEERIED—2TH Y, MESAHMIEREEL D
EEHEDORRICBVWTERETHD, Lo, TORISHEEIZE LTI Figure 2 1T L 728 & EAM 22

RTTLHLMCENTBET, S RBEACIENT o
BTV D, TITAETHE, EBELTMg ZAY P Clacpy=C3 N oy
EEFARICHLT, RISHOBTFOBEICEE Lice  + M EBRE cs
IR o Cl., .. _
B-= v EEEEORE 2f ok, 2TomEr T Y b A e
BEEIE gy O
CASSCF/6-31G* CHRiE{/L L, RKE oM EITH L T N

. R ) ¥ MU BRIF
MRMP2/6-311+G** Tz /L F — 2 FH L 72,

KHFFETEY o 7= ZHODEF /(M4 = MgH, MgCl)
Tk, EH 0 HMBERIEBERISICHEASTERICEDL Z L bholc, M4 O H %2 CL ~EB#]RLE
BE. BE, BEERG L DICo XV F—FEERNTRY | FIIHBRIGICEIT 5 =2 X —EREDKT A
BE Chol, CILC T ORER. Co-M4 BIDREELERKS., ZORISOHENTH D Z EHFRRENT
BY, MgIiZClZDITAHF AL MEEDDLZLICEY, RIENEZ VAMICEDR L S ko EXD
b, 2F0, @R VURBICBW T, BERISICBIT 5EFOEBRIBER S Mg RFDOITFF ML
DESBHRLE->TVD Z &% CILC TIEIC X D FRITRE RN DAL ML Lz,

34 FEVZLEVTPUIZL S Diels-Alder K

Diels-Alder BUS ORISHIBITIL TT, SUEE CICRABIIE o |

BITONTRY, Br DRV T AT L > TRISEBERELTD Z Fig3 %%E’Jﬁfﬁéﬁ%

Figure 2. &8 ~ = FISOR S BARR

EBHENTWVD, TNETOFEL DIFFRIZLD, R EL /\

TYOTE &2 AWEEAICI biradical IRRE % #R B9~ 5 HLAUAY 72 B
BEROS THEITT 5 Z & A CILC TR Z Wi RIC K VAL
Lo TWD, £ T, AR TIIEBREZEAIL L S Diels-Alder
RIS~ BOBTEERNE L, 72V efEr OBERE
BEA LY TP U0 X B Diels-Alder )22V YT CASSCF/CASPTR % AW TR 21T o 72,

P AFAEBIVCTINFaEZTNENTYOT B VR 4 BRLERV D VICLZT7E V2D

Fig4 BBERIBUCHAE
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Diels-Alder RISIZOWTHT 21T o7z, ZOFER. EBERE TIIBBARISEENERICEDROIC L
T, INAaBEO L RETSREZEAT S Z L CHERMRISHEREN B SHE L 0 b aHIcH
LI L BRNWE L, BIEL, BHREEAIZL D Diels-Alder K ORSHEEHIEIZET T, ¥ 7 2 %,
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Structures and Properties of Novel Boryl Complexes
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Theoretical studies of the electronic structure of molecules and the

reaction dynamics
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Theoretical study of the reaction mechanism of metalloprotein
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ORISRV T, MEETRBAEO—FICEFTIBTOEBIIRELALNCEN TR, HBRADL X
R RT DT E LT EH DA LA E R CIRTRC AT T L AR SR T 1S, £IT
NIFVFrua 7 4 VR EORBEROARLT, TRHERYBELEAREBRICANCERHELET
L, BHENEO X )L LT ZEROERMDBEREBEZHIE L THD 002~

1.3 EBEEROL HAHEBEHO~LTY R Y OERERLOEFEE~DEE

AT, PR ERK, BREE., EENOBETBE R EOEMERIISLEL SNOMEEZEIRT LD
HMEBOSBEZFIALTWS, ZOB, AV OBEFENEMNT S Z L TE&BORFELHBL TR, €
DOHEZHLNCTE 2 EIIEMRLOEMIIIEFTICEETH D, AFETIL, BEOEFHIMIEEN
é@%ﬁ%%agﬁﬁb\@%T%%éhk:&wﬁﬁ%¢bé%omAivxUV®%ﬁ$bﬁ%5§@
DL DHBEH T TLEOL I BREEEZT 50 BENBEEE AWV TR,

1.4 HVeAFERSA—TATY RERRT 7 Z—BEEFOOBKHHEEERIC KT 2 Eimrubis
PVl THEDONR—FAT Y RERRAT 7 Z—BIIZOEMEFMNFE LV TV 2B OEBOBEL L -
T3, ZOBEAER. MICELERRDO S OCEDERO S ORMbN TN D, e “HEH b O &,
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SRVBOGRBENE (J < -70em™) %R 2 EBERITHERON TV S, Z0Z b, RINKEELE% %245
THA S BEBEER S OEEN p-hydroxo Tiia< p-oxo THDH EWVWIBRERENTNWS, BEF{LZEENS, B
KHIRT A—F THOIENRBEESEE RS, CNEFEECLANL, ELVWEFRELZRDS, 0BT
WREZ AWT, AR REBME OB DN TER 2T 72,
2. HEGE, HERE

AHFE TR NROBENEBE b OERROERIE LML ETT220EL OHEERELEL T 5,
BRI OV TIRLLTITRT,
2.1 BERLELE K OB LaDBEIIRIESE LN T VT R 7 v A ELEER OXERE S EmT 07—
% (PDBID: 1v54 (B&{LH). 1v55 BTE) R L LI, AVDOAFLE, =i 77 LRI FLE
KRS, MBI F O AF VI IFY —VICEEBE T ETVERBE L, TR bICx LT, BERE
L U T#A A ITid Tatewaki-Huzinaga?® 533(21)/53(21)/(41)iZHay D d D diffuse B3k 2 M 2. 7= b D &, R,
EF BEITIT6-31G(d) % . KFITI36-31G% FIV T, BILYPA#AEBILEIRIC & 2 B RS8R BHE 41T - 72,
ELEHEREOEERICE L TIIPCM (FEF40) LEREAZERTARTF 2 SEBMICBEHIIZT
7 JW(point charge model)& FiV ) CEHE L7z, Point charge model® A B IZAMBERY6 force field CEHIL TN 5D
LOEEA LT,
22 EMAOHEEEEZFADSD, BFIREE(PDB ID: 1AINE L UHAREE(PDB ID: 1AIG) D Y6& AR B is 1 L D X
RS OT — D LEBELNEARY Y LT (N7 FUFrunT 4 va BIK) OBEZRNT
B3LYPIEIZ L D ETREZ ROz, EEBEEE L UdppBEFRTEL 20b T 56-31G(0.25)% Az,
EHBEDHREFD 12 DPCMIER L U'Point charge model & AW TEHE L 72,
23 BEETHEY CH 5 Themiste dyscritum~25T. Y A Y v OXEFEREERIT 07 — % (PDB ID: 1THMO
(BEEFE&TY). 1HMD (BBRIFEATNE b LT, ZESKIEMETOITERAMA T 5 & AF P /(His25, His54, His73,
His77, Hisl0)& A F A I XV — iz, T ARG X UEEAspl06E J V7 IV EEGIUSS R BEEEA AV ICE & #H
ZT-TTIVEREE L, REREE L T8A 423 Tatewaki-Huzinaga?®533(21)/53(21)/(41)iZHay D dD
diffuseBS$k 2 M7= b D%, RFE, B, BRITIL6-31G(d) %, AFITiL6-31G%E AV TBHandHLYPHAIZ
HEET oMz, EREREOCHESRICHE L UIoBERXHIE(PCM) (LFESRL.0) BLUOREMELZ S
Mol-, BAEOLERMIZIZ, AMBERYS force fieldD b D& v iz,
24  PDBID IXZWDOXHHEEREHT OFRE AV, ZOBEEFLEET ML LT, BRI OGS L KR
JRFIZ DWW TUBILYPE AV B ERE(L 21T - 7=, §E FIEIZUHE UBHandHLYP, UB3LYP, UBLYP
KOWTHEEZITo 72, BRI TA—F THLIEYTHBELOELZEH L, ERELHE T LICL-T
BEOFELE L, ZOBFREZAVTIRALX— AV VEE, BRMOMEE L,
TRAHFICRBT 22 ToOFHEICIIGaussian03 % AV 7z,
3. HFERE
3.1 AV OBLBRITREDTINRRNLT 4 UV BROEHREZNM LT e bBENICED D Ag38 LA
YERT A~LaDHRNINEOBROBEIZT TR, "7 4 ) VBRBOEERTN THAIZ bbb bT
RIF FEE RN LT 8 b UBBNCED A ANLaD TR B UV BEAOBRE(LZLBHE L TVHZ LN
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AL, FOREE LTHRLT 4 UV VBOERIINA T e 4 VBEDC-CEA Do* il 2/ L= 8
HERRIZEVSA A OREBIEMDPEEBTHIZENELILND, FOBRIoCF LV BEOILRFY
NERZOEANERETHL2P, ZHIEAY OBHEOEHET I FELOABRACIVEEEATHS
Z LV L7, & BIZpoint charge modelDFERN S, BABIC Lo TEONBEHIZT T 1 B L BREEAD
BEMALEHEATLILIOCEHS L bHONE ko, 2D ENEANLaDEEA A OBLETNE Y O
oA R, RVINVEOBEREEMITDZ ETTa b UBEOHIEIZIT > TWBD TN & HEE
INDd, EEERELLEZLOLOEBOER, BT 4 U VBOBEDORHERL L A F VL OEEST
JEEN DERENICIZE A EEZEELZE XN ERbhol, ZOX I R~LAIEBRERER FICE &
EZEIN2BEONRARIIR L TEHEREFEELHEOZ L TE B2, "flexible electron mediator" & L TE,
FHEEDo TS, ZOEEDPRHCXT HMHENH 2 DIER LR LBELEOETBHOHRE T
ELTALBEDRILTVEOTIZRVWAEEZLLND,

3.2 NAERMEOLERKIEFLDARY ¥ VT HFF T VANDAY EESAEEENEREE
AWTHNICL A, TRNETICHRRIZBIT D ARV Y ARXTAF AL T VAN DAE EE L DOIERFR
HORER I a7 4 NVGFDAFAZRATAE, 74 FLVEOERBENEIES ZEICRERTHIZ &%
45 U7e, (Yamasaki, Takano, and Nakamura J. Phys. Chem. B 112, 13923-13933) FABEH® 7 I JBEOER L EF
{LZHEOHBAICED T, ARV Y ARTOETFREICXTE7 I BOBELRFT L, TORBRE AT
v (L168,L173, M202) & 7/ F =1 (L135, M164) OFENKENZ LRG0Tz, ELIZEEKOTT
L EVERR L (L(L131)H, R(L135)L, R(L135)E, H(L168)F, L(M160)H, R(M164)L, R(M164)E, FM197)H) . EBRHIZ
HESNTWAALVEENOEMEBRT L2 L2RAT, TORR, BOBEREBFRTLHI LN TE
7o

3.3 BEVFEEEOERREEZAVTALTY XY COBRKEESICED 2 8ROAIEdHE) OBEZRLF
— EBREOTHEORE XX —DOEFHM L, TOKR, PCMROAEMEIMIC LY BEEOHELO
PRBANLOGND ZE T, PUETRAX—DENR-82TeVHH6TleV~ERD LIz, ZDZ&,D, BHE
B DEHERIL. o HEORET LY —% LRI, REBBEOUEMEEFEREZBOD D I ERHLME
2ol

3.4 BFREBIZUBILYPILE AL ORKETHD LoD BIRBESEORE ) LRREH 2 1Zm-oxo
BMThHDHI ENERENTZ, ZNRBITAACVEBEERFTRILE ZA, 041ZEDeR U BPREHZICEN
TWBIZ ERLY, THIER—F A URSHAIZIERTELL TS D TH S Z Lo Tz, p-hydroxo
OBAITZ DL T R->TEL T, p-oxoBTBITHHMTH S Z & B D o7z, Fe-Of D IRHEIT HLEHY/]
&<, 2D DFe-OF DREAMEIIHEIRNLDOTH D Z LB RBENTND, B RIERENT OFERILFe-O
FOFEEEE &MY A FNEOHEERAEZE L THB Y Fe-OMOREAENBNZ L 2R LTV 5, AOFE
Rk HRediradical character 72 & DML N2 XETOIHRTH 72, TN O ORRN LEBHS DaA B/
v A EOAE LHEEEA L, BORBBEERBEL TS EE2LND,

4. FEER, HEFER

- HEEER
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KJEEF, (L, HRF, 39th NIPS International Symposium & 7th OIB Symposium 2008 [Fif #B#5EH

* JEZF, Houk., Houk65 Symposium Computational Chemistry: Orgo, Bio, Nano, 2008 7 X U H &5E (a¥ ¥
JVAR)  BFREE

*EEF . IPR retreat 2008, 2008 fF BRI

*JEEF, o, A & 102 EfREERRS 2008 4R BEHE

Kol A, 5102 [FfER RS 2008 AHE WARER

KJEEF, R, AR, RREREERTE [ERES 7RIS F5EAMY VRV T A 2008 L

*EEF, /R, A, R, E2ES FRERTRS. 2008 fEE

*EEF, IR, LD, TR, KEREGEREY I 2L —Y s UHIIEBE 0 V=2 MYF RS —ARFRE
EF—LERERS, 2008 Fit

XRE, /MR, IO, A AARMEERE 89 BIFEHIFER, 2008 T

*/hGR JBER. WA, TR BAERE 89 HIEMES, 2008 THE

I RAY—FER (F2HbD)

*JEEF, $Ff, TUCr2008, 2008 KK

*ESF, LA, A, WATOC2008, 2008 F+—AKZUT (¥ K=—)

*[EEF, HAF, 49 th Sanibel Symposium, 2009 F AU A (¥ a3 —TYTIH)

*EEF, L, PR, ESEEAERYS 2008 HIR

*[EEF, /R, WA, TR, BAREDYEFZSE 4 6 [BHFES, 2008 EH

*EBF, /R, LH, A, A—R—arPa—FTU—7 g v/ 2009 [RHERERAZOSER & &I
FIFtEA~DOHE . 2009 A

KGR, . FHE, KE, B, ®E. WA, ICMM, 2008 A X U7

*/NR. JEEF, 1A, HAf. 49 th Sanibel Symposium, 2009 7 X U A (¥ a—ITIN)

*|LlgF, EEF, F14t. The Joint Paific Rim International Conference on Protein Science and 4th Asian Oceania Human
Proteome Organisation 2008 A —A ~F U7 (77 v X)

* L, JEFF, Fit, TACC20082008 FE (E¥E)

EE2S 84 (DE2 1, RAX—64), ENFER 294 (AFE . KA Z—2114)

- HAR ERR

K 1UiRF, EEF. AL, J Phys. Chem. B 2008, 112, 13923.

KR, L, #BAE. RHE., FE. KR, AL &HE. WA, In J Quant. Chem. 2008, 108, 2966.

KN, JEEF, P, J Phys. Chem. 42009, 113, 5099.

ST, UH, EE, RE, KE, PR, ®HE. WA, J Phys: Condensed-Matter, 2009, 21, 064227.
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EESFOME S BEICET S5 BROTIR

Theoretical Studies on Structures and Functions
of Biological Molecules

O HH £+, &F ¥, 58 FE, B BE, RE K, 2R, KA K,
L RdE, EA HE, L RF, EA BXK (ABKRRE), FIl # EEFEEIZK)

1 HEHE, RE

RO THEE L S TENRE - TV T INREERNT, £RELFOBEPRIED A B =R h,
E72, RIS~OBEHERE Y ORBOBESEZHONCTLI L2 BN E LTS, EOARIL, 1) HEREE
DEEERMEEDEREE ; 2) 71 NALKSTF 7 7 AX—OfEE LIS ;  3) ONIOM B L 2BEK
JEDAT AL, ZRONITDHILTHD,

2 BRSETTIE, BHEGE

fEA 7 v 7 A%, Gaussian 03, GAMESS, HONDO T&# %, QM/MM JEHE L, ME CTHEEZED T
% HONDO ZfFEH L T3, QM/MM IEZE 72 D EWVEHERESVNETH Y, WHIEHEEEPFIH L, &
zZ EFoFa 7T a0, MEICERLL,

3 WFSERRE

(1] BESEEDOEERMEDERER Ghx) = M11BR)

BBEEICIEE OBEERMEERN
HY D7, BHRORRERDRRA
DO—ok LT, EEEMEEOEEH R
BEh T3, LaL, BMoOEET
%, AEEMAREOT XX —FEEET
DROVEBNIEDN, ZTNETHOIESX
EREBEHHBE I THLN TR
TW5, £Z7T, BEBEEELZPDNAY
TABHEE L TWHIRET, ¥717
ok b7 277— (DPT) 3BT
BIERESoTEERENBZ D
Hetr, 7= -7 = M,
B, F7=r—F3I Wobble ik
, HFRIIZoU T, ab initio MO HEEHEIC

THITH Lo THRILE, ZORR, ZRLO
HER O DPT I}, BT XX —CRIAZZENTAETHLIEEZHALNI L, £, BBEEOET VL
MO RAFICE-T, EECA=FLE—TDPT AR 557 L 2HR L,
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[2] v MoAbk T2 7257 —0EEL OHEEE GRxt) X F2128)

Ta hAbk T FRAE— (H;0)(H0)y 1%, PRV BRSEREREEL LA ENTES, b
Au P —HICAEARKRBBEE NN = 2T RTEL DI, 7u hAbks T AF —OEEE KFEREEF
= Lo THBUET B, KBHEAENF - E2AN— MR I 7ICL-oTEEHZ, ThEHE2A LTS E
W&o, PRaY—MICFRER TR TOKRREEG /X~ EFIETDLIENTE D,

7a hAks R E— m@ﬂmmﬁmﬁmf,#ﬁf@bﬁuv—%uﬂ%&miﬁéﬂ5—ym
WoDHIREMZ T, NSRRI FRAE— (n=2~4) IZOWT, FIREZMTPICTRTCORERELBIER
Z, ZOWESOHIBEMITCORCERZHT L 2R L, ZOTATY XALIZESNT, n8DHE
IZOWT, bRu P ERRARREE Y — v LR B E KB/ EN Y- 22T A LT, £ b
WESWTHERELEDY ERBROSTFIEEZ AV TEERBELETY, Ta hfbks IR F—
H;0'(H,0), (i=4~6) DT X TOREEEEZRDT,

Fa AR Y T A F —H;0'(H,0), (n=2~T)DOREEEICH LT, RIS FUEEIC L AMEREM
Wik B 2oT, MP2(full)/aug-cc-pVDZ DFE LM LV BBEBE N T2 2 &1k, Fu bk
KT GAFE—ICEEND OH HEEZRHERICHE L, S5, ZNHICHYE T2 REEEIHEZ £ & D7,
FUE—ICHEEND OH AL, 75 AF—DH A XL 6T, MWEEHERT L2 RH L,
FPr, JTAX—H AL RIZL BT, Zundel #A & Eigen A 7D 12 bAbKT TRE—I%, ENENF
%72 OH (HHEIREV R & 7R 7,

[3] TS5 AF v 7 OFWLIEEE b OBRORKISEEIZS>WT GEXY 2 M3I1ZH)

AU LB (PLA) 2IXUHETHESEIETT ATy 7ICx L, BWIMERES % b OB (Cryptococcus sp..
S22 fiE Y S—+¥, CLE) O, fERISOIEREEII SWTHLMNCT B0, MlERNCERELLEZD
NBEHICONTIE QM (B3LYP/6-31G**) &RV, TN OERSIZOVWTIE MM (AMBER) ZHW5
ONIOM HEIZ L BEHER B e oz, ZORE, MERSFIZ, Thl7 QRSP FEICEZOI N E =V OBSR
WEEAEEET S LT, BERRERET T2 MERISEERREELT D5 Z EBALM LR 2T, BT,
Thr17 OEIBEBAKS T EABEET D L2ICED, A FOEE~OREBERIED T R/ X —[REEDFFIC
B33 ERRE ST,

4 BR, HREREETIITE

* & AN 11 [EERLZ RS 2008 4 5 AfEk, *Jieli&fHH, Gordon Research Conference on Molecular &
Tonic Clusters 2008 £E 9 B Aussois, France x ZCRE & FH H , 45 31 [H1E $L 7134 2008 F 11 A R K IEAR &FHH,
% 2 [E4 TRERHERS 2008 42 9 AKX LA &HE, BSET /- AT - A v 74 LFRTY L2008
12 AREBXEA&E, WATOC2008,2008 459 A v F=— (%0 r

[1] Thermally induced double proton transfer in GG and wobble GT base pairs: A possible origin of the mutagenic
guanine, A. Padermshoke, Y. Katsumoto, R. Masaki & M. Aida, Chemical Physics Letters, 457(1-3), 232-236 (2008).
[2] Classification of OH Bonds and Infrared Spectra of the Topology-Distinct Protonated Water Clusters H;0"(H,0),.1
(n<7), M. Jieli & M. Aida, The Journal of Physical Chemistry A, 113(8), 1586-1594 (2009).

[3] ONIOM Study on the Mechanism of the Enzymatic Hydrolysis of Biodegradable Plastics, Y. Sakae, T. Matsubara,
M. Aida, H. Kondo, K. Masaki, and H. Iefuji, Bulletin of the Chemical Society of Japan, 82(3), 338-346 (2009).
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TIOF-FEROILERGICETSREFEEHTE LI L—Ya Yy

Quantum chemistry calculations on chemical reactions of actinide
complexes
OWH &Rk GERKRE KRERILFRMERISACEER) ., RE 25 GERKE XK
FRLZRFFRR L AT LEFTEEYL)

1 HZEEH, AR

77 F = NEROBIEEDOEVC X DB MESCHEEREEOME, SYET~OREREL, RAEEE
WRLGy DU EFHEZAT O BRICHEICEEREBIEL 25, BIEEETOWNET, UL OEMER TORE
BECHRATOFELBE L. AEEIL, WEBEL LTUS =L -G 2 TREEHEA AL 28T 3 TR
DRERELZ EXAFS ERE P THOLNCT DI L2 HE Lz, 28, 88L& LTIE4E 0K Bt o=
FhELTETHA MAOH)) %, TFEAF L E LTZAN A UUTFY U A4 B ZHOVE.

2 MERIE, BERE
SETE[0 0 1]

X7 YIA MER

@ = FEY A b

Wik [1 0 O]
K1 79 I TREETI. XTVA Ml (B), BETA b CFEelmE (FR), A

THWEZ AOu 7 7 A ZET IV (F).
X7V A MR R T (WEVA M) LT EFREFEIEFEEL, RERSFPERAE TS Z

Enh, —RICEEREFHET 2 L EICHERARASEREEHEERI VS, HENRES2HET 7 72X
SEAETH D LM Lz, Pl L WERE T A NIRRT 272010, IR L2 X 9 72, Al(OH)(H,0)s
75 AZ EMER L. DFT-B3LYP #HHEIC L » T, WEBEOEE M EZITo7. E/2, I0pM O T =)L, 1mM
DYV TA S BRERDAZ) HEL, pHS.6, 9.7 27ER), 55, 96 BILR) DX 7 ¥ A MEEREZ AN
T, BRINE e HER% D BM20 (2 CHfE L7z Uranium Ly-edge EXAFS A7 h Ve i CREE Z RIE L 7.

3 AR

BEEOHEPTIE, U(VDIZX T VA FOBE~RET S Z L TRBENTEY, EXAFS OFERN LHEAE
BE & L C U-0,=1.80, U-0,=2.39, U-A1=3.33, U-U=4.22 (A)3F b TV 5. UNVD-F 74 im0 R &G
& LTI Comer-Sharing & Edge-Sharing &\ 9 #3035 B 23,5 EIZ X 5 & 15.8 kI/mol 724F Corner-Sharing £
FIVPRREETH-T.
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3
L/
y

;0 | ) 5
Aé ' B

2 AR TELNBEEQ TRA, 3 THRC) « T/bh U HEERQ T%:B,3 TRD)THT T =/LDF
THA b ETOREELE,

2 JEAREEMEREIR C o EXAFS!IC & % & ,Corner-, Edge-Sharing R HEFE L TWAZ L &2RRL, K2A DX 5 7%
BB VA M %3 % Corner-, Edge-Sharing % 313 U-U [IEERE 4.150 A & LW\ —8 (430 Q)& R L= TAD
UM TN 2B DR 5120 T =0 2 BERSEE R R 2 EWMETHETFANERBERU-U =3.92 L)%
L <HHATH(DFT: 3.949 A). 3 LR T /A U HEFEEL EXAFS TIZ U-U =422 A Tho7=73, BMEEER CIXE
BIZEWU-U=376 A Thofz. EXAFSIZ LB U-Si MEEHHC O\ TiE, BAMERERCIZBE (3.82 4), 2/
FEZ (3.07-3.10 A) T3V VA FORERRLIZN, Tk U HSEE Tl 2 FER 7 0 U-Si BIEE#ED &
Boi. DFT 35 O, BB CHEK 2CITRTE 7Y A PERETY T 44 b ((UO0,),Si0,2H,0) D
W, Tk VIR CIIR 2D X 2 R L2V U A FEE LY T o UBERRBEY A M2 ED
ToHEIEDS EXAFS LR L RURIEETH D Z EAWRB S . A THE L ZRBETT NI FAF &2 A
WIZEHE T, BEEREOREZHMRYH, SOICRATOBIBRTE Vot L VM « EREIEVRIGHE
Br, BEFHMIZBIT 2BITRE TR Z1T 5 FESEL I 205HD LWV 2 5.

4 BEER

[1] T. Hattori; et al. Geochim. Cosmochim. Acta, submitted.
[2] A. Scheinost; et al. Annual report 2006, Report FZD-459, 2007, p53.

5 %k, HIEEEZIITE

*RERERR, R EEXR, FHEE, FHER, FEEE, BT &, BARETFHES 2007 ERoks, b
TNEREES, 200749 A,

*REER, AHEE, FHEHAE, FHER, BHT A, BAEREFHFES 2008 EEOES, KEKFK
H % ¥ 2 /7%Z, 200843 H.

*REES, AHEESH, FEAE, RETH, BF &, BHAREFAFER 2009 £FEOES, HRIEKR
FRMELF ¥ /3R, 200943 H.

% T. Hattori, k. Ishida, T. Tsuneda, T. Saito and S. Tanaka, 1¥ Joint International Symposium on Nuclear Science and
Technology “Global Sustainability and Nuclear Engineering, Education and Research”, Xi’an Jiao Tong University,
China, March 2008.

% T. Hattori, k. Ishida, T. Tsuneda, T. Saito and S. Tanaka, SITU-UT Joint Workshop on Nuclear Engineering 2008,
Shanghai Jiao Tong University, China, March 2008.

% T. Hattori, T. Saito, k. Ishida, A. C. Scheinost, T. Tsuneda, S. Nagasaki and S. Tanaka, Geochim. Cosmochim.

Acta, submitted.
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ERCFHEZRENICERALE-ARSBREICE TS RIGES &K URIRE
FREDOERH

Theoretical Study of Reason for Reactivity and Selectivity in Organic
Reaction
OFE KRR (BHHEKRF)

1 BFEER., AE

EHAREZRANCIT D 20I121T, BNFERERKGEEFERT2LERS D, +o R RKEE TRIGHE
T, DOBIERMEACRWRIENEBR L S d, BERICBWTT, BRAMLFZORICEREDL, 85
RIRBRIAA L ZL OERPIYFTE LTV D, RIEEROERTEROHAFIEIZE R HEOIEH M
Z -, THEHLY - ERACPBMAEORGERE] BB LTS, JAUTFRRBEETIZRVDR, EREhl
HOTERY, FOREZRERE LUL, ERLZEHERBLZORTICIIET DHRA L A /L ORLIEN
TWBZERFETEND, B - EBREFRMAEBFEA ST A ML, %K VBELLT 2FHEARETFIC
BOWTHREDHDLEZLND,

FITERARAFO T TS, [RUGBRIRMEORIL) [CFICBER D, IRZIT-> TS, £iud, BRME
OB LELIRENEICEZETINLTHD, T, FOLIRRIBABRIRERBICHET O NTN DI 0EE
U A3 5 = & ANHENIE, PIROZRIGEENTRE 25, BRbFEOERICLY, ZOBEME
B ATPHIEREEAEELE., IRETHASATIRD > LFHRZE FERZERL, BaUVREREER
WETD, ZOFRG L RLERLERESZHEBICEZFENEYET I, INBNEAMRETERTLIATS
b

2 WgEEE. SHEGE

2113 Gaussian 03 72 7 J AR L, FHEHFEIZI L LTBILYP hybrid FLESEEEEM Lz, HEIZ
EUT, MP2ETOoRE LT/, EHEITESE LT, 18 PRIMEQUEST R TiT-7z,

3 WRgERRE
BRI vE LAY E I BN D T L a— OB LRSI ET AR

BE AR S 7 RALADE I BN 2 TN a— L OBRICEIGOBRS, A HERFRER - AR—EHE
I TIThR TV, —EORBEERETCNER, [POL 5 RAERNMSEEOM EIZFHES L TWDL00] &
VS BRI LIS B LI, ERICB VD TRHEEARVRI T 57z, £0 X 5 UGB ROR L 2 HIFHRIT,
DG OBEEROMEEEAT S, AR T, DFT HEEZMAV, RIGHICET2EREHRR L, R
BEUEER, o 3 v RELIS O rotation RESHEEZRBRELAATH I ENAH SN, FEOMA
RS RERE 2520 ERRABICER SN, ST oY UR EOBRENS USRI R T
B L, TRECOEREENLEON TN, 3 7HEETO rotation 123 LTIEELRNWI &, 4
Bl OBENZ BV TSRS T,
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C Ii RICHO Energy (roaifml} .

, 1 . -
# goNa T %OEH C:\.
OH ©os-5mol%) ] \

J_ ., + Oxone®
1 2 & »
B R » . CH4CN, R R % '
(0.6-1.2 equiv) CH.NO» o ‘) 23 5 e g? e -
or EtOAC £028.4059 P e & S
R & \ £, 4.2
70°C g&éfmz‘ !a TS Twigting # 28 2 Far (=
“highly efficient and selective oxidation” 8 i3
128457 i %g
\ CIREETES N
HIET A5 * a«'

w

tEaD
Fa-Ellminating

16 = e
Atkoxyparictinane (¥} Intermediste & 7 ‘ T
11238988 H1224pm 01 143

BE52TS DEARTR2G foding (i) «

56T 3WET HEETA WA '
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BAEWL DNOBEET, HHEE - B—EEESUAEOREN T TWa, LRI RRE, R

F D OSMEHERE 1 8 L NS AERM O IKEREIEF N DO TH D, LarL, USMEEOEREESOERA
T 2B TS, MEOBRETI T HRRVRETH - 7o, RISHEEE L) OERELH Y,
FRELIC BT ARET R IT o7, IR L L7fiilE7 152 5< U, DFT §HRZHV, €OREME L - REd

B kY, MECTFERECERERIAOIELEZEE LT,

4 FEER, HIRFERELEITE

% Joshua N. Payette, Matsujiro Akakura, Hisashi Yamamoto J. Am. Chem. Soc. #&HiH
% Akira Sakakura, Rei Kondo, Matsujiro Akakura, Kazuaki Ishihara J. Am. Chem. Soc. AT

* Muhammet Uyanik, Matsujiro Akakura, Kazuaki Ishihara J. 4m. Chem. Soc. 2009, 131,251-262.
% Kazuaki Ishihara, Kazuhiko Nakano and Matsujiro Akakura Org. Lett. 2008, 10, 2893-2896.
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*EH, KA, HEH, AR BRMEREFFR, 200 9F 3 AME

*OEHE, RA, KA, AR BAULFREFER, 200 9F3AME
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T/ - R"ATDEOBTFRE - #:E - BeeDEES

Correlation among electron states, structures and functions of
nano-bio materials
O #F . Boero Mauro™, WHFIZ, &EH #—*, BAEE, AEHZKIL. BIFEKER.,
EEH&IL, L TEEZ. Abavare Eric
(R RZFZLEREFRD)
* (LR FHCEYER FERD

1 HBIERER, AR

BREHEOMEE L, BRERTHITREFTORELYWENCTOMEERAD AT VATRESTVD, £
DINTG VAZHE DT A RETELTEY ., o TH/ A7 — A OFEERIZBW L, ~ 27 0 2PE TiXE
FlEn T, FLVERERTHIWREENRH 2, EVBRZIIE, T/ A7 —VOWE - BEETIEE
AT, 7/ BEOHZOLONWEBRFAOH LVERE LTEETIEHLITEZLTND, XSy
=2 TR, /A AWEORTHEE L ETHHEEORRBREAL ML, HLVWRARZERTHZ
EEZEME LTS,

2 FFEGIE, BIEFIE

AREFEDY 7 —TF COMERBIEENLEEERICL > TELATNS, 2% 1% — - BT HEEI
BT, BT EREFIIE FENOBRENDBERT vy LTy Iab— &, MEFREOM
AEERIIEERERECBFREEILM (LDA) 72V LIZRFTA BV EEEEl (LSDA). HHWid—ikl (A
YY) BEARLE (GGA) THPHh T3, BEFBEIECREIT S Kohn-Sham HRENZ, O KEBIHKZ
PO EFEESTZ2LEFREECTREET A, HELIE, @ EEMCHEA v 228 AL TS ZEK
DESTEET A2 LIk » THEIN D, Kohn-Sham FREROMESL LT, BRHFEDCOL>THHHE
BARESE L RBER/MUEZ AN TVS, RFEMBIC OV TORTRAF —R/MEIC b B AEEZ
FHuwiz, SLRERREEICBIT2SHMMEOCEADEZDICIE, BENBEIEORNTOS FEIFIE
(Car-Parrinello Molecular Dynamics: CPMD) &AWz, WTFho7m 7 I A% 7L —F I X VB ICE%
ENZLDTHD,

3 WFEERE
(LR O FL T 22PN ] X AR O IR O T

GaN, InN, AIN 72 ¥ OB LERITEE X v v 7 REE - LTRSS D ES E TORRBEEE 73
— T BRTF AL ADERHBCTH IR FEALY bRy AR LTOEZR I TVD, Thbb,
BMERMMET & F—7 345 2 LIt Lo TRRICBOTRLERIC L 27 U L ARBN, BRMERREZ R
LTW5, LnLians, EXMEE—A Y bOBRR Y, ZhE CORMERER L IRRDIREVETR
LTna, 4E. EFHEEOSEEEIEMICRY Az DFT+U(Gd ORFELE 4f ETRECOETHEE
BEAUYA b - THRAXF—U CBY ANE) OFEICELY Gd F—7 GaN OBETFREBEFHE L, K1
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X GaN D Gd EFLEFED 2 oD h F AV EILORTOREBEETHD, HFF L EHHER R LR
WL (BB 3RTRET) Zhid GdRF LBBEMEAICREA L, 26T BRTHETORA LV MEET
HIEBRRHENT, EBEHFAVELOEEEPLL TN &, TR —MIZR b RERREL,
NTDORAE L PREERICHES LIEREBTH D Z A L, RKE— AV NIV F AV EFELOK
AL THERLTEY . ZNAERMIZAHEN TV IERBEE—A L FOFRERTH L EEZ LN,
£, Gd PEERT, AFFVELOHBPFET LR THRBOBBMIRENHETZ 2 ERRMEh,
FEKICBIT 2 HIHFRBBEEHEOBAB TR SN 5,

—
o
=

X 1:DFT+U HEIZ XL 5 Gd+Ga 5
FEILTOEFIREEE, LEBERE

0

=

o }

g

[+ N o~ > 3) o\ - L

2 O] Ay, FTERPEA T
3 HE M o DRIEBETH Y 130 RT BT
5 | 1)l A . .

S b \' | xevmms s,

2 I n=13.00ps (. down

8 -15 -10 -5 0 5

Energy relative to the valence band maximum [eV]

RET ) Fa—TXx L Z—TOEFHE

BT NARZBNT, Fx RO F R Fav 7 Z R EWATERNBEEETH D, MiMbeE
HBEREILOETBLR TIL, T8 AT ) A— MR F— L Th ), FAUTEEBEEOER 0 I LE
YA RLROTND, FX XV EALBITLETHROBHANRBE TH D, HEROF ¥R, F—
MEEIT, BROR NIV VA —ORBIEELBEIN TS, SR, ZEBREST/ F2—Thb
ZHMABEEEICRTOF v R F R e BEIBEEERICL > TRDE, STEOOMSIREFHIRNR
Hahiz, O&DXEBREEORARE LIC LD EZEBBOBANICHES, ¥/ F U ADERTH D,
HHOEDIE, 1 RTEECRFER, ETREEEIZBITS Van-Hove HEMICL D, F¥ v & 20
BEE oA T ABEREETHD, SN2 DL RZERET /) Fa—T OEIMUE RNRNICERE
ORVWTEMEEAT DL, FIBEENLRET ) F2—TBHFEHBL, Fr 3V F U AOERBADL
hize ZOFESBNOREb T, 7/ Fa—T 1 ROFERIT 188 L2oTr, ZHUL SO, 2EDH
R — MERIEOME L FIRETH 5,

M 2 : Z=&ERKZFF /) F a2—7
(8,0)@(17,0)@(26,0) PHEXK, /A 7 AEE
picE ., MAF 2 —T72+Q, WHIF =—
TN-Q DEMPEZL LN TWDRREE X
b, BRUR NS VIRAZ—TD, F¥ RV
Fo—T L BHRTF 2 — TR T 2 —T
A SN TV AEEIIKRINT D,

_93_



K2 FA R PLBASE & 2 DIk

FBEREEERIT. WEOMEN - ETONE 2 IHRROICEET 258 R TFETHY . 5%, LK

B2 R (7 A= PVR) (TR 2B SOMBEREIICEER o TN D, RERNY 7oy F 23
B TIIRESE (10,000 - 100,000 / — F) ORBAFI T —%7F 7 F % NRTETH Y . ZFHITEIT =FED
BRENEETHD, BEAMPEAICRIEERTY — U =88 (FFT) 248 E LAVEZERFEIIO LS
DEANRT Ta—FThd, Rxld, REMBTFLCRBEKBIOETHEES KD 5 EEEESE
(RSDFT %) ZBHFE L, BUFFHEMI AT A LT, FOF2—=0 Z2ToTN5, BT, KiE
FHEOFIEE L ORI L D | B T S110,000 FFBEO 5 EEFLBISIESHE A, 1000 7 — FEEOHT
TRy AU ETHEELRZSTRY, 1024 / — R TOEMMERRITERE— 7 ED 20 % BEICEL
T3,

ZDORSDFTIZL Y, KETIwHEKGINTZFA YT FEIESI T/ Fy FOZZAE— - Ry o7 %
FHEL U7z, JE 5 A &K Kohn-Sham #E(7 (LUKS) & 574 &7 Kohn-Sham Y7 (HOKS) & DRl ¥—3%
(HOKS-LUKS gap) #AWEHEDHEEL, 4 MmN — L BFBEMADE (Aser) FRVEEE
LT, Fr v TOEBIRMICRRDZ L, 20OEI, 7/ Ky b~OBRHOEAT R X —ITHY T
ZEDbiroT,

RSDFT IBIFMELISN DT T v b 74— L ETHEWRT 3 —< U ZERLTEY, HxRe T
1, 000 JR-FREDORIZHT N DD ET R F— « EFHEEHENFEITENTZ, Ge/Si~T o EREIIE
WL 2BEBEOHEMBERINCEHEEN, KRR MR F—U U RO ST 7 uP—0ES & LTHiE
ENTND, LL., 4%DETAEESDDIC, FHAEREBR TS Z 381y, 4E RSDFT &
kD, RETS BR+7 BEEENRHERIN. T XD 90 EFREMNENE U TEHEEEP A T
RHZE, ZOEBETRALX T, BUSORVWEEOEBKRLIY b, HARECEIZRNIETRALF—
BICRETHD ZEBNHA L, $M3IITT L 5IC, 2 OBRMNEET STM ERE CEAITRETH S
ZERTFHIES T,

(a) V=-0.5 V/

B4 3: 90 BEFRERALEHEE
D STM B OFERER, /1
T AEE V BREOFAENE
HETRRE, EOBENRIES

(b) V=+0.5 V DiSlocﬂon line FETREOCHBERT, 8

FECERFBEBRFEET DI
bbb, BALEOME
IXEIBRICER S, GBS
RNA T RABIEREEE R
LT3,
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LR RIS & VEKSTFRICE T 5B & HEt o RENER

Understandings of Principle of Selectivity and Stochasticity in
Biomolecules and Chemical Reactions

O/bialg R, ¥R & B BHE WE E2#H. F —A
(LHRERFEF R BT JET 0 F MR 4y )

1. SFEEB, AE

AHERRE Tl b FERIERCEEE S F RSB 2HEE/8 72 EOREBEIZ R T 2 TR &5
FHEZ AR - ISHOMENCMAT 2 L2 BN L T35, EBFETIE, 2 TOIRE LR
WBBICSLD TR TORIS T 2EEALTIW S 2T HIE7R 6 2 VWISRE & T NICERT A E
DBEIREBIZE-S & | F OMZER L ORISR O RIBAEERLEE - KBE TICBVGERICAE
BT MEFERGERET 585 LWEHRREZRISHR 2R T2 ISAME I, SHEEERB X
G FRERFIEHR NS [ TFHEELKOF AT I v 7 ADOEMR], &SN, ITNELREK
DEBEMEF AT I v 7 AOFTREOBMR 2EAT A OORNART A F I v 7 RRITER LE
H9 5, MEEEIEC

(1] BBWEIRIT D A AERICBIT 5 2R3NV X —B8 % XE T 2 EAL SEROFE FEDR R
(2] BE/AREESHEEOIT Y BAHRB L OFNIZ L 55 FEN1ZDOEME

(3] BRITTIHZEHEBEBREDSIEES:

(4] DNAJE DK DEIRESFEHT

(5] LangevinZW8 TIZRIT DILZERKIG DR EM

(6] 15 TR RIVEHR N D SRITCEH H- XA F—H 2T 2 BTEROBER

(7] B PEB I UMD AEVWEZEIRE LERWREER Xy U —7 2BERIIT — 2 bR
HT BRI FIE DB R

EEBELUL, JIZTIREELTRIETAHERREZHET S,

2. MEFHIE

{EFRIERH X7 B i EOEEERICE T 2RI ORE 2 BT 2 -0 ReHEE2 T
AR L LW (TR2bb, (LERIS=TERIBELIEZ 2V B 2H AN NE LD, i
£, Br 28O BXELORFRETN—T N, UV —EEEHEEHG (Van Vieck BEFRO T
FRICAEY) 72 EOFEFHEEZER L T, BRELY 5 2 VEE RERRESC T X COGHELE
BHTES 22T NER D RVENRKISRESERICHER FICFEE LS EAHALNE -
7ro HDBIREEIZHE S ENHAELHEEILIT “MEMLEOERTY FV° CHEY L, £
HROND L ESHERITF OIEN R E LR RICEREER 2 Tl 3 2 808 O R, REE LSRR
B MRV T L & EIZA UL 2 OENEARELSREICERBERE T CEL T 28ED
WThD, BIRRINRE L ITENHRELEEN DB ORI EE/ NEERNESHEERIC I - THE
NrEFa—7ROBKE LTESRSNS, BINKEREORREERT 2 ZELSRE/ RRESL
BRI, ENERESHEENLEEN DI o T, BHEIITVEEND & & i, MERIEITER
EREZREYIETZ ERBLNTVD, BE/TARELHRIEOHEEIT. ZORVHIAEDOERIZY
PhbhLT I HHERU FOZLEREORICANWTIL, BE/AREMEOHEIIZEA DM
TR, BESIEER/ REELHEDIT Y BA L RERSOLEKGBEREFAT I LA TENE
RF LY VHFERICBIT2RBED LS THEBERET IO 20 LWL EOERE
%5 FEM (RFRFEEORSISMNE) O2FEEHATLIZENTED, RAITBRAERIER
L. BE/AREELEEDIT Y BHAY — VB, ZOHRVELNRE =D & DS F O8]
2OEDEIREEERBTEION?2ZEELE, Hlzid, BRSERBICINVEIRE/ FLES
BEORTERHRD & FNLDHRERITVBLAAZ VN E2 52 ERTFREND L& 21T,
2 HHERTRRY VI VEALORE/REESHEDORTIL 1 KT THY ZOFHERFTVES
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NE—=E fold & KITNDHT D BH T — 72 N REROICR L, 3 BHER T fold & X
BiZ cusp & swallowtail & KIEN 2 3STEIEDOIT Y BL F— L RAREL 2B,

3. WFERE
LUF @ Hamiltonian iIZ Z» TRRIBEINDANY T AL I UESFOIFEFNORIREEZ A,

2 2 2
H=Pr P Pr —21—2 +V(R,r,7)
20 2m 2 \mR"+ur

(Rr,7) BRDOE L IR ROERTHY . (P Dyo P, ) RENS L IRBER HER LT

Bo ZORIANT, B 1 OEITRTAY U ARFRI VR FICERUCHEIEL TN &)

T RCERTDH, TORBICBWTK

| PEMEEE L2 5 Wik, ERA B p, 8

R oHe {ro @A~y Y ARTL SRS

He+l,=Hel, pgp"" r FDFNABHYE I MUBILFET D, £D

VRV ETE(Ry) FACRETHY, 7

! FRZALTHTh 5 &Rl E 72 13l

1 RORY REEOER) PR 5 = 2B r HRICIALE THD.

LD XS R—2DFEICRELEETH Y i

DHENZRETH D LD RV FAOEFIIIEN B AL SBEREET S 2 L 2RT 2 L8 T

x5, %wiiﬂﬂxﬁgﬁﬁili(&y,pmpy)0) 4 ODEEECEZERY T2 N TEDLZ LM

SARTTHD IR0 D BN RESEELD r B LU & %258 EOF T

DOBEE/FREELFEIT, 4 RFTIHODFA 1 KTEEMZ T 5 RTEDOERETHD, 205

REDEHEEEETRET 5 L REETHEOT, T, (R, py) PHBEIELTHEY V

HVEEED (R=0,p,>0), BRULHLEE LD LV IBIEICE > T—BRICKTTIE 2 21T &

WBHDT, RU A VEETIIEORE/MREELFREDRICIL 6-2=3 RIL L 125, KWIZ, TD

BT A VE EZRWT 3RITEORE/RNEELREDOH DV BEHANZ — % TO 3 RITLOZHK
% (r,y,p, ) PEMCERT 5 2 LIS TTE BHBMETIRLT 5 2 & TRET 5.

ORI, BBENIAY VARTRI UESFIEELT, BRELUTHET S LV OB h¥E

FETOT A DLETE I RS TFOERr 1 ORISRl T 5 L T0 WS &

RoTNWAEEBEZDILNTEETHAI ZOBBHENMODEBER y IV THZ L7 H

19 20
15 16 17 18
4 9 10 11 1213 14r

K2 :#%EOXATOHER Y OV BAAAY— FX : gIHEFOEMTHI 3 RILE
BIEDI VBRI E— (F REESHEEE SREEMICHE LI LI TELRAEALAD
&, F  RESHEELORETHHEOES (intersection manifold)) ZEM : REELHR
EO2RTEWEZRNY v I VECRERBIRZEEOHVBLOKT R RV
B THIH O ZRTTEBRER bR WVHEEK, & AU U7 VER TERITEENEIR S HE)
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ANV ARTF LIRS FRERELTCHNA TV EES L rOERELMOBERENRD v L
THZETNIUALART LIRS TRERMMEEER LZBICEEZ LTV 201 =20
ISR E — o BRBBENCHEET D Z B0 o Tn, MED/F — L BT O &S E O RE
EERERED LTV e ENIOPEEBAILIZE 25, BIZEOBEITIE. 1 RITEHRETD
BHNGZ = BRI BB OBEIITEHE R Z R TR BANRE — U 2RT LNy
Too W& DOEHEDOHRBINRITY BLF— D 2, 3 2FT,

M2DEDRERD & AREESHBENRENVIIZIE L RITANTIFV 22 ERTWAE 2 & R34
b, OV ELOFRBIZIEr OFFIZIT D Z72ENTRY, 2O 2B AR, KEH
WRISEEr CMMOBHENS BB L WS B TRERENDI Z N5, HnT HEDHE R
Th,. HERRRLEESHEE L ORETIR LB ENWVIEREICEA TS Z EBNSn5, =
OFERESIL, | REBBOWY BHNAZ - THLND fold EFHINE X A TORER ST
HDH, LEOERI, AU A VUREL LA LNTWAELESIBRE - TV ABHTHD
EEBIT, TOBAITBOTCIEEr DI VWRISEEL - TWE 2B T 5,

3 HIFEDIATOYER Y DIV BHASRT -2 AR REESREOHEREROE
BERTIRT, RESHREL ORETIERTERERERLEA2VOT, & :Tﬁiil@%@‘
5, EF : EORDOH5—HR 2R LK, BTHAITFIOEeEEY MOFREZR
To ZOFMERTRULHERRERRANRZTEIET S (& 2IF8 THLNWER) HAT
WZERTEHITT O BHANRE =0 D—2TH D cusp NFET DLWV ZEPEHATE D,

AR rOBEBELMOBEHEEPBIEET I EILL VAN TARTFR I UESTFO
Wz & 8 E AHIEND Tl AR ESEEDIT U BH /A — IR ENICER TR RERE L B
T 5, TOWHYBLOFEFEX IITTT, FlziE, SRTO—FKEEOIT Y BHA Y — 3R
BRI O, 1 RTHI7: fold, 2 RTTEAETAEL S cusp BL O3 RITO—REIH THIH TEL
% swallowtail &9 3FEEICHEINS, £ Z AT cusp Z)Wf@i AERENDNET—ED T
VR, — 2D TEFE LT, REESEEDN 4 S0 9Lﬁﬁ%m26hék4
STV OEIT OV) cusp FFERRIZHET B L1 H 3
Z—=rBHY D BH2], LML, ENDBHE—DAER R
— TR BEERICWH R ZHEEAR ST,
EOX51ZH 07t MNIE LT ELE LS oo
TV, 7272, KnEELMoEHE L DR OFMEE
ﬁmﬂﬁ%kbf&wﬁé%émm fold LAELT R
TEERTIENTES, 20D, bt

ww@fﬁbﬁmiﬁﬁm&mmamﬁt@%wmﬂ
ERIZE>THEEbERTWAZ LN THD, =
K4 : 2 RTEOIHVBLOET (5 HWOLOBEFEEZIVBHBICHE~N2Z L, BV, LvE
b R—IRITHIZ fold BRE, Sc) HBHHETEF ¥y U RIARRORIGHELRE/FNEE
cusp IZFHE$ % [3]) SEEOHVEHLEZBELTCEDLIICHEL S D00
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Time Scales in Multiscale Protein Dynamics to be submitted for publication.
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EREBABBLRAOEROBRRARY FLIZET 2 BRKTHE

Theoretical Studies on the Absorption Spectra of the Dyes for the
Dye-Sensitized Solar Cells
OdtR & (EEEMREHIRRT - =XV X — L)

1 BEEH, RE

BREBAGEIL, B EEELER, MRAR, BUBTEMERBIREN SR IEEMET, v
Vo RARGEME B LT, MR LORENLE T, 2 o%B LT 5 ERNERGHETE 50T,
RERBERFEMT A 2L LTI TV, FARETIE, T0ARHERASELRORBREEOEK
HIZBIT DRINANY M & HERBEBETLEFEE TR &Y, ARERABELETRC, #RERT
BOWTARBEEFBINLOL S IELONEBHRTOILZENL TS,

2 METGIE. BEGE

BBEIIA Z ) —NVOBEEFZIRE C-PCM 1 THB Y ANT DFT 2 AW THEEEBEL L, £08EEL
BEICTAY ) —/VOEREFT T TD-DFT OHEZERT 5, HEEO—EE2 IV AA L ARHEEKEE
DETNRTIIEEFR CEEREL L, TOBECBNTAZ /) —/ILOEEF T ¢ TD-DFT OE % Efd
5. EHEIX Gaussian03 & H\ 7=,

3 HFERRE

AEET /07 4 VFEEREFERETHBREMNBRE LIZOT, TOFENE 2HI2ONTHET 5,
(3.D 1 1Z7”"7 Chlorin-1 I ONZ Chlorin-2 D EHEE A7 VIZEARAZ 4 B13E (HOMO-1, HOMO, LUMO,
LUMO+1) THRL XN A, Chlorin-2 D%HE, EEERE & LT LUMO2 BBN4 5 Z L AHERE -,

Qy COOH

o) A X
COOCHg3 COOCH;3 = HOMOT % ® om0

Chlorin-1 Chlorin-2
1 2 Chlorin-2 @ Kohn-Sham #L5E

LUMO+2 I 2 IR LERRIC, BRSO D, AEEBAKGEROMERER LICHFET S Z L AFIN5,
EFES. Chlorin-2 # AW/ BT 6.5%% R, Tz ey VAL ERL T EELRHWEZEME L
T, BEOESEMETH S,
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(3.2)X 3 (27”9 BChlorin-1 (14 EE 6.2%) & BChlorin-2 (BHIMERE 3.9%) 2 B D LiF#ksa L, @EMED
HERRITZERU Tho, £ C, REEO—H L L T(TIO)E B VAL, HERDED % Na EFTF
TIMMELTERERY B, %EFOFEICIN T, 21RO E 7= BChlorin-1 % AV 2 £ 5 L% I3 BChlorin-2
DHEITR SN2V LUMOR2 DFEENFER S, FIEOER & A, Z 0HEOEMMERENR_ E~DEENRFR
® i,

:’ @
COOH A v
"& Ly, t ‘Jﬁg*
s Qi. ‘5'? % p°
Ja" i'; ’aa‘; i’::
B e
g LuMosr P LUMO-2
&
v
. R
Y o N L
COOMe COOMe CRE Py + :’
LS o
0 Za B
BChlorin-1 BChlorin-2 e Yoot A * omo
3 4 BChlorin-1-(TiO,)-Na ¢ Kohn-Sham #i&

Z D% TIXEAEE T TBP(tetrabutylammonium) % ¥ L 72 B4, EHLPEREAS BChlorin-1 (1.6%) & BChlorin-2
01%)EFLBOT DI LPHERENTVD, ZOBEIIN 5 TBELELSIC, BRIOETEZEAT
% TBR&E LC HOMO & TD-DFT O%F 1 iROFITEZRE S D MFL (Molecular Fermi Level) & Tibz @ CBE

(Conduction Band Edge) DTRAF— L~ ARIELICHY, TBP OWRMIZEL Y CBEX LR Y, @ARHL¥E
BE~NDEFEAZHECLZbD BB IND,

LUMO LUMO
PO 7 S ERTISTIEIIET I TNy bR TBP
MEL no TBP
3 40
3
5 45—
<
w
50—
HOMO HOMC
-85 BChlorin-1 BChlorin-2
.6,0 | -

5 TiO, D CBE T XL ¥ — LU~ TBP MR

4 HR, HEREERELITE

(AR, TEFHEBICLDIARORIAY M EBBR BT (FREREKBEMORHIEMRI] L
R HIEE (—= b —HR) %225 ) (2009 4 1 A3IT).

(2%) X-F.Wang, 0.Kitao, H.Zhou, H. Tamiaki, and S.Sasaki, Chem.Commun., 2009, 1523-1525.

(3%) X-F.Wang, 0.Kitao, H.Zhou, H.Tamiaki, and S.Sasaki, J.Phys.Chem. C, 2009, 113, 7954-7961.

(4%) X-F.Wang, 0.Kitao, H.Zhou, Y.Wada, S.Sasaki, H.Tamiaki, and Y.Koyama, Light-Harvesting
Processes 2009 (March 2009) Kloster Banz, Germany.

(5%) E., LB, M, A, B, xRk, EXLFEE 76 ERZ, (200943 7) ) .
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BRI OHIOBTIKE ab initio MO EHE
Ab Initio MO Calculation of Electronic Structure of Organic Radicals
OVIN=HIL, =3 B =FEEE BEET (FRREKHE)

1 AFEEER, WA

JYBIERTF PO P v 7 AXBRL—F BBV (LEEFEEBEZER 7 b
(MALDI-CID-MS) {Zi%, WL 2 DOFHEOHENGRE D, 0P TS, U VBEOBBHEET, U
BALSNTT I VBEECL>TERS, UV UVBEEHAAREY (Ser), hrAF=rDwRARRT MLTIE
H;PO, JBLEES HPO; HEESBLAI S TV B 03, F 1732 Tk HPO; B0 LR EHEl S 5,

AHFETIE, VB bE Y o (pSenE&Te7F RO CID-MS/MS A2 hZBIT 5 HPO, & HPO, BiEE
D FISHEREIZ DT, ab initio B EVLEEIEZ AWV TR HEFBICHRE LT,

2 WL, HEGE

MALDI-CID-MS/MS O 7 5 7 A 5 —v a VLD IEIREIE 7 e b b FTho, UV Bkt v %
EUR LRSS FET LAY & L T[CH-CO-pSer-NH-CH;+H] 2 A\, 712 b MBS FERDORE
P & HPO; BBER £ OV HsPO, BiBED = R L X —REEDHE 21T olc, 777 AT —va VRIRDRT Vo x
VR LF —HHE % B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) V)V THE LT,

3 HFZERLE

3—1. 78 bAIMSFOER

M 4> 7 CHy-CO-pSer-NH-CH; @ 7' 2 K U IR A EARZEMS T2V TEREN
[CH;-CO-pSer-NH-CH;+H] 43 7% ET /L, KEMBEDZRXNLX -2 LTz, TR VX —REEDHEEDT
1 b UAHIIERALIE Ac 22D CO THoDT, Tk HPO, BERIEDRIEFR & Lc, WICKEERBEDOT 1
N ATIIELIE Y VEBREED PO TH Y, THITREBRRIT LY HePO, BBED T18 &1 5 D T HyPO, BLBED KT
RiICHAWBZ Lz L,

3 — 2. HPO;BiBERIS

Figl 12 HPO, Bt R BB lcBIF 2 PES 2 x L7, B, O, T8, ®ix % h
PR FR, BBRE, FEE, ERFRE2 T, BEIIRIEEE 0 B X O RFig | AHE
FB) , MEEIAOSRO TR~ AMEMEEZ R, ZiE Y, [CH;-C(OH")-pSer-NH-CH;]7>5H @D HPO,
BiBEIE, =L —[EEE 199.3 kI mol’ DKBEBEI D%, U U EEEDPRF & Ser @ O FF & ORMOFEE 25
BlFAZ N bhrol, ZMEEDTRILE—FEEET 939kl mol! THo72,
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3 — 3. H:PO, LiBERE

U VBRAEE U v inh H;POL98Da) M BiBET 2 RS Tik, HyPO, BRBED B EHEME & HPO, & H,0 BBk DFE kS
BO2OBHBZENEZ LN,

[CH;-CO-(pSer+H")-NH-CH3] 7> 5 ® H;PO, BBl D B E RS2 BV T, pSer ® C,-0 ‘ff\%é\
BRI VB D LREL, BAERE XX BB I OEOEEDE D, driving foree 1371 b
FMEALOBE L E 2 bivie, HPO, BB OARRICEKIT 57 0 b MBI Ac D CO T,
[CH;-C(OH")-dehydroAla-NH-CH;[IZ 72 > 72, ZDZEh6, CICHEALTWS HDAEBEH L ZDH%D C,4-0
WEEFKREZEL, PES ZFHAET 5 & AEBE DT X)L X —[EEET 116.0 kI mol! Th 7=,

(P) 2012)
(T8)(199.3)

Relative energies /kJ mot!

(R)(0.0)

. ) O
25.7 47.0 80.5 1.945 3.045 §§ fo%)
Angle § (H-P-O) /degrees Bond length R(P-0) /A
Reaction coordinate

Figure 1. Potential energy surface for HPOj3 loss from [CH3-C(OH")-pSer-NH-CHj] calculated at
the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d) level.

4 xR, HRERH
%Y. Inaba, T. Takeuchi et al., Carbohydrate Res., 344, 613-626 (2009).
A. Naka, T. Takeuchi et al., J. Organomet. Chem., 694, 346-352 (2009).
* &G, B, 1T, & 56 BIEESTHRETEHRS, KK, 2009E5 A.
* I, % 56 BIE BT ETERS, KK, 2009 4£5 H.
HH, AR, BRI, BRE, &7, 85K, 20, KW, Bir, , 5 56 HEESTHRETHR=, K, 2009 45 A.
*EE, BIE, N, BRMEFERE 89 FFFS, M (T, 200943 A.
FTES, VB, 1A, A3, AN, BALREE 89 BERES, e (FH), 200043 A.
i, %5 32 B B RE BSOS TMS IRHS#EES, KR, 2009 £ 12 A.
YA, BAZFRES~A 7 n b —2A07 5 ) VRE 141 ZESE 134 MHFES, RE, 200012 4.
* A, % 55 EEEEBLENGRS, KK, 2008 49 H.
* T. Takeuchi, J.Fujita, M.Tajiri, Y.Wada, 56th ASMS Conference on Mass Spectrometry, Denver, June, 2008.
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EBERBEE—FOSTUKEICET 52 FHERD, S OWE
Molecular-orbital calculations on Raman intensities
for low-frequency vibrations
OlAbEZ, MEE, REA— (BRILKEREE)

1 HEEE, AR

AR TIE, NURUBERICBTAEESRT - FOT v UEBEEL, T BOX= VT AF U A
F v I A ONWTEFHEERHER2To 2, 47 =Y —/(TA) T, o UOMERTFHD A FALERST
WEERT 5 & Z1Z n 9L & IR A B (s BUE)OHEEERARET 5, BEREREINFMICHEET HEE
BETIE, KESHHT - FRRERT - VBERZRTIENAMONTVDA, PUBRMEEERICET 2%
TN T IR o, AR TIE, 4 2 BE#E X [X= -NO,1), -CN(2), -H(3), -CH;(4), -NH,(5)] CRE# L 7=
43 F(CeHsSCH, 4-XTANZ DWW T ERHE 21T o 72, TORER, LEFMMEEER L I~ VREILHT 2% 5%
HRABEAPENBOZHANWTERBL TR I N TEZ, S5, BIE@RENSOEXBHREOFLE REL D
7o IR R R EREEER(TDDFDHE 21T, BRI BHRICESE S~ VREELEE L,

ELbHEMRTI VB THH IV UNFTH, D THEEGERETFEEICREREERITT, &Ko, 7V
T UTIISTRNARERE L BEEAOREBEERAPBESNIZEL 2D, BEEEERDO TR F—FER~Y
Fo— ERoTER, £, 10 eV LU LEDA F AL RAX—2FHORTHE OB EERN LR
BHIE STV, 22T, He(DREFONGv+ M- M +e )R T4 F U ALBTF AU+ M— A+
M+ DERZITH, TRICHTIHEHBRHEE LT, A bV X —HE LR FRMEEERRT vy
NDOFEEIToT,

2 WA, BEFIE

FTRCOEHE T Gaussian 03 712 27T AZFWV, TA OLHEiEE & BEEE O T RVF—ZE[AE =E(p) -E(V)]
DEHE TIZ B3LYP, MP2, MP3, MP4, CCSD(T)?D J5¥ T 6-314++G(d,p), aug-cc-pVDZ, aug-cc-pVTZ, aug-cc-pVQZ
EEZHWE, T~ E L RIEREEEE T B3LYP/6-31++G(d,p). E—A A ML=V F—MB)DHEIZIX
OVGF/6-31++G(d,p) % BV Iz, 27 U & w43 F & He*(2°S) & MBI, BIAEREO SHE O REE 28T 5 70,
He* & OFELMERD 5N TS LiJJKFTHRA L, &4 ORMEROITHEE 100 KO T 5T MP2 JETTRLF
—EHE L, counterpoise 15 CRIEMBEREGHEEZEBSSE) L MIE LT,

3 HMFERE

3.1 BHRAUEUORIREIE T ~ VHBE L ot HAEEH

FFT =V — VBBIK 4-XTA O5 FREEREREE D K& SAE 1T, BREAOETHEEICT L TERICEL
FHZERho(®E e I T, BEFHREMIEIE—A A ME RV X —(E)TRES b1, EFH#EEL
RTRBREIR NG A—FZ—ThHNA v NE#c, b IE I8 L TERE : . : :
BEE2BT L RNIoT, HTAEEICHT 3 ETRESLE NBo 10 WO 11
FROCCHERHEEERZRALVE—2 0 EEBMICA D &, FEEED »
HOMO 1248 Y3 % ng EAMIESAE ZIREMT TNWD T & ZRT I &R
TET72[1,2], TA D5 FHREEREEEIFHE LUK TE L, BEEE L F
EEEOZEERTERET ABEEN NI THRESN TV, RFkR:
TRAF—HE LV PEBEREETHDIIEERETHIENBT , , ,

&7 Iogigation Energyg/.?z\’
RIRESCE— FO T~ U REL, BEBE CORIEFICHIRDIT L 1. 4-XTA DT XL E—EAE
PINETCIIRE L CEl, ARETITRNT < U BES 4-XTA OF% & Hammett Efop (T 5 IE
FIThRT S LN TE R, BT, NH, CH, BfAREEMmErger PHE

AE 7 KJmol-!
<

141

<
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ThHI L 2RBREHEORRENDEIET DI ENTE, BT~ U ROEEL TDDFT 1T X 5 EiEIR
BHEEERICL - THALLEZA, HBE LTHAEAEARE LR CIIRENCIZIEEA BN &
Bogiole, LIl-T, BEBEICAONDIARN T~ UEER, KIBBIRENC X - THEMR S - BPuBEEE
EERADREPRENEFZDH, RO gHUBIRIZEAEFEL TRV R3S -72[3],

32 TIJVBOR=UTAFALEFART bv

04 Hé

T BOSEY T A A LB ALY bk, PR 20 EEIC PAH el oog_ 40
CHEST S NI HEBAITHE LTs, M2 10RT 51, 7 v iz f,ﬁisﬁiﬁg
BRI L, =3RRI L T, RbgEki w1 O
EiZ, DFRCKBERFEE 2 OFoTNWDZLICHET A Ip THDHZ  0kimol! 2.1 kimol!

EBRRENT, FERIC OH ZOEFAEMHE M) TAZRHEELTND

us 1y @ R S T &

&%WHmm\Mb%@#%é%%ﬁ@@f%%ﬁébfwénpi@N%?{; ﬁ?g? “fo
N 3(gdny e 04 H6

WO REETHD LMD, 7Y VBT B TRARMEDRS i 0 wh O m0wT

ITO>N>OHDRINTHES ¢ E2 5, Hip (Cs) vn(C1) | Vn (C1)
6.9 klmol! 5.3 kimoll 11.3 kImol"!

K 3 IZIEAFETHESNEZN=V TEF A7 MVERFHERRE IR = b |

L sieRd FRART L, 4 ORMEEREROHEAT L g PR
THEBFCERINT, 2O 0EEENESG L TN D ERET S &

(IH+I+HO+IV), LV EBRBLSBEINAZ ERGhoTz, 22T, "=V lonization Energy /eV
TETANT "AOWTERIL, DTF0T7 7y T U—/LAED R e L

B OIS 5 BT EEEED)C BT 5 & LI[S], [ERF=  He@S)PIES Ny O

FNX—EE A R TR HBE SN TWA DX, ERZREE L H# 8

Oen NgTocol

Eéhéo nn 5 ?|7
33 TR BOMEERRT VUYL ARG
Halz stExhnerY b LIEFEoRICE HEERRT

VR R TRT, ETARTCE N TV A BRI N T I b
HAEZI O BT KB O RFOIETEREN D i3S dote, i Cao o e
BARBEAMEEROEHNEmE B25, ZRLOMERART 7 B~ G N R T

3

VLR ML, BREIRTHBR=V I T ARSI B R 52 5 :
SERELNTVG, BRSNS S A A AR OEZE T A/ N\EREL
X —(KTEHECEDPICS) DRI & | SHE T OEB= KL% — 0 F_J&/VN/VAQJ/&ifW
27 ME. B ANAEERRT VU L TERMICHF SN D

LR ot HETELNIAREIERERT VY v ML, L O 0 ety 0
FEMERZR LTV, BEREIELITH 2 L2k o T, He*(2’s)
L OMEEREBDZENTE, 28, A AbEAF v 7 A2 fE
B3 % DIz & o[6).

2 4 5NB 7

X 3. 77U D) BANEFA
7 R VUPS) & (D)ERR= T
EF A2 h(PIES), B X UNc)
HERET A,

4 R, HREEETLITE

*[1] B, Wik, KB, %2 B4R RS. @i, 2008 4, 1P124.

% [2] Y. Yamakita, T. Okazaki, and K. Ohno, J. Phys. Chem. A 112, 12220
(2008).

K [3] R, b, KB, B AMLHEAE 89 BFF o I, 2009 £, 3A4-09.

(TIE)

*[4] Wb, K&, &2 BOTRFENRS. @E. 2008 45, 4C09.

%[5] Y. Yamakita, M. Yamauchi, and K. Ohno, J. Chem. Phys. 130, 024306
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(2009).
% [6]Y. Yamakita and K. Ohno, submitted.
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SFBHEEHELFAVVEEBHE-RNA A0 induced-fit DT
HEREICB 52 FEEEEROTRILE—RER-

Molecular dynamics study of induced—fit mechanism of protein—RNA complex

—Energetic analysis of inter—-molecular interaction on the binding interface—
ORIFLAFZ @R « BRFE) HBEHRRAGERR - AFFBERE)
1 HFZRER. AE

RNA-binding protein(RBP) & I%, RNA DEEEFIXCEREELHK, FE6IT2F2 XV ETHY, x4 D RBP
IXFEE D RNA OZE(L, 4fE, BRI 81284535, RBP O—FTh 2 Pumilio TITFEEEMH DT I/
e B L CHRAEHREYE2EX DI IR LTEY[1,2]. RO RBP O RNA fEAEHMIC, EERT
RBERPEATAHI LT, BHL TS RNA IHRENICHEET 2 AL RBP BT FA L TE, FHA A
— v 7R, BIEREIER P R ARICENCON D EHFE N TV S, Pumilio ® RNA S R AA | Puf
RAALNT36BELHEME L8O Y B — bbb, & U B MUIEEMIC RNA EE & KFEH&%
FERT 57T I BEEMED->TW5b, —R9 5L, Pumilio 1T 8 325 70 2 EEL 2 F BRI T 5
Loz Bbn o, EEEBRMDS Puf FAA VX SUGU LW D, 3 BEMN D2 DEFIDRERAGERKICEK
WTEETHDLZ LB TWD, SiEiEE T, 2 BEPDL3BFEETOIE—R3KLx, TIJERE
DARFEEEETR L TS, AFETIIEED L OBEEGRTE~DFE L ERBIICTHD L OICHERE
L= lb—va vE{ToT, Puf KA V-RNABAEROSFENFHELZITH HFEEDO TV =2 b —
POBRMBESICEE TS L D Puf FAA L -RNA MOKFREEFHROBEELRMBIT Lz, &7 3
VB, HEORESEHIINVE—DT I N E—E~OFSEHE L., EEMICHKR L, BITORFBR, &
AEFIFOEEDESRDOEREMA~DELEITETITRNI &, Puf FAA VTIXRNAFEREMNEDT I
J BRENFICREICESE T2 L 2HLMI L

2 iR, BRI

ISFENHEEE Y 7 R =27 AMBERY [B1ZBRWT 1.5 7/ BOSFEAFHEERT o, MAEBEL LT
Protein Data Bank (Z 2$% X 41TV % Pumilio-RNA # 4k (PDBID: 1IM8Y)% i\ 7z, AMBERY IZHIE & #1723
EREERET V2 —/L LEaP T X BT3B S RVWKERE 70, KEZREZHE L CUEMES Lz, REK
FIL. A AL 2 CThb LT, BREITo 7, ZOHROEREG00 K). EEQ atomyBREO T EE)
HEPTVEERED N5 V=7 b U —E T L, AKEBAOBITICIE AMBRE [Z& R TW S HETAE
Pa—, ptraj AW, HFET VOHEICIX Visual molecular dynamics[4]Z FVMZ

3 HFZERLE

3.1, HERRLER
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Puf KA V-RNA BAKFRICHIT B HL DEEOREA~DEL L, Puf KA L OBEESEREL~DF
BEZFRL7-DC. MDHEZITWHTFEE N7V =7 b= b7 2 ) BEE-EEMOKEESEREE
DI B LSRRI L D= AN E—B2HE Lr, 2V AL —82487 3 JBEE, HENS
DEEIZHE L, FEEFIFOBEEI SN THEAEOREM~DOFEEN—HFE TRV L, BIUVPuf K2
A TREEFREOERENECEEMCHFLELTRY ., BIZZ0ORFECHIBELRERICEFSL TN
LERALC LT, iz, BEMfre =2 t°~%0)tl:?§7b> b7 X BRE-BEROKEREE PR
SNOEEORERL T I NVE—ENRTREMDERSVR—H LRV ERNbnol, ZOZEETI
S BRREEEMOKBERTLE T TRAZ v X UV IV EAEOREICEFELETH L0V 5 | ERMOELNTE
HREIXRLTND,

RNA Module 1 Module 2
T, 2 :
g ;/ \\. ) .,«/“\"’-},_..._.\ - O oo O B e
s 5 - RN Y A\“}f) YO
2 \ s _v ) -2 o -2 —
Q | / e 4 - -4
2 .10 . A
2 s
= -6 -6 S
8 15— R e
E SAUUGUACAUAY 25 9 35 Y9 ¥ I I5 6 o 0 3 0 0 %S

X 1. 72 /BeFRE, RNABRENK L AMAEERT X LVX—GEEOEE T—H DO H)

32. GROREE

SEIIEAETOLFENEHEERITR I DB TH 0T, 5%I1% Pumilio 33 X O RNA B COEENREE
YA T AOEETENDZ L THTHMBEER, S5 AEITERTE 2257 induced-fit © A7 =X
MMIERZLTW PETHB,

4 BER, HRFEIIITE
AFERRIZEA D Ea—F —bFEE0 O E TV % Journal of computational chemistry Japan”{Z#¢
Fa - BRA ST

(2% 3CH#]

[1] Cheong, CG., Hall, TM., “Engineering RNA sequence specificity of Pumilio repeats”, PNAS, 2006, vol 103, pp.
13635-9.

[2] Ozawa, T., Natori, Y., Sato, M., Umezawa, Y., “Imaging dynamics of endogenous mitochondrial RNA

in single living cells”, Nature Methods, 2007, vol. 5, pp. 413-419.

[3] http://amber.scripps.edu/

[4] Humphrey, W., Dalke, A. and Schulten, K., "VMD - Visual Molecular Dynamics", J. Molec. Graphics, 1996, vol. 14,
pp. 33-38.

- 107 —



ALATA—LOERIZLIEBRBEELOS>FRHAFEISaAL—S3 Y

Cholesterol-induced change of a membrane environment: a molecular
dynamics study

OffBEN CRERZERZEIIRT)

1 HIEER. AE

AEGBIIE RS ) VIEEZEB TIIRL, AV 0", WIEE, AT u— Vg R ke RS TR
LT3, X A7 BITEREENT BV 7 IRERHS TREICES W TEEREE 2 R L, ZOHE
EMOZDWCIIEAROEE L ETCHEERTAIZ EREETH . EECHEETASFIRT V& Ao
LTWB0TIH2L, BAECL - TRIMNICESY, Bl LCQIEES 7 bo X 5 RIEHERELZFO L
E2ONTWS. BE UV ARI7ELEO LD RIEOIHFHEMITH, FHORERENEFET D EEDND.
Bl z1E, v RV 12 DHA KB LR CIEMMERRE L RY, $RE500 N7 VAR—F—ZHOESIT
BKIE L CHEDENBTE I L RREEN TS, 20X 5 REOMRICHEET HEL v /37 B OHSRET
BRAA=RALEFHTIHE, F o EERMEEERLZERT O LITEETHD.

AR TIIIEET 7 POTERS THEa VAT a—LIZERL, ILATFa—LOFEC LY EOWE
BEDL BT EON, EEELNTVWDE L RI7BEITEIED L D 2B L RIETONET Lz, A
T, BEE AV ELREEOBMORNGFHOELVICHLERL, BX VX0 ENLIREEICEZ RS, TL
THREEN DIEY VR B 5 X A EERR
2 BrEFE, BHEFE

BRI L T, BE VR EIREROMEERRANED X 5 BT 500 EHFET 57208, TFE8A
vk e W CEANREETOIRA B AN L. 7 2275 L5121 Gromacs3.3 W2, EFAVF NI HE
LC—EBEEE~Y v I ATHDT 7 AF L, IBESFIT dipalmitoylphosphatidylcholine (DPPC), = Vv
ZFa—,L%&F-. DPPC B—fE L 25%a L AFun—/WRBAE, SLIEENTNET IAFY U1 5F%
MDA TEEE 4 DDEY R T b % R ITEREE OB B LLEEYT L72. J£7) 1bar, JREE 300K ® NPT 7/
YT, FHRIE 26 TY X = b—3 3 Y EITORELE D 20ns ZRATORNRE Lz,

Bodhh OREY RES 55410, ZREARKENZ1To7%. BE 50x50 07U v RIZKEID, U iEE
DU VEFD 1ns MIEHMEEEZRD S, FOPHMEITIICX L 2KT7 — U =BBEITV, A7 MLA
ExET.

3 HFEEELE

LAl REESTH 2000 B2 5 RBMEREE B L2 2 & C, BEOEFEO 5 00 L RFTHZ2ES 0K
Bl oAV Raty JREEMBESNE. InbiT, ARERKGEOREBIC L VEERES FO/MS
RETIIEUARN-EEHTHE. I VAT —AEZ AN EICEY, FITHELRE U EORKOES
FORBEDOETREESNE. I LAT I —LOREEHR L ) VEEEORILKERE ORO/ Sy X7
EBLEDTHD., OV VEEOHBEMETIIED Sk oL & LTHEN, F—ARKOBENK
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TT2EHZ, FA4RBKIIT VAT o — UVRRHRRENRREN (K1),

TIRFVUBHALLREIBOTHEERIZ, SRV DERTIBEI N, 2L ATFr—/L 25%EEEIC
IS D NE—ERERBROETAEREN. REX V7 EOFEETEZEET D LW I ERTT LVRE
FEEBENTWAR, ARICEESNLTORWREERBANY v 7 ADATHFHICEOBHEL T T 288352
LEZOND. ¥, BOESRTIAF VL OEEOREEBEZITH VX BOBKEREICELEZES
B L. UEOXIWCES VA7 EREET D2 & CIREMRBEO Y R IHMET L, EOESIZRETH
WCEEBRPZTBRIENREENE. HEL, EOIRVIIEV AT LAOREIZBPEINTND 2O, HE
{bETNVEEZRWE, S HICKREBERBIC L ORENLETHD.

—%, BEHEROBNNIEAZ VI E~OEEL LT, BEOENSCT IZEVRR LN, TIAF
v O 0.65nm (ZIFEET HKSF DL, DPPCETIE 3626 fTh o7 Dizkt L CHOL B Tid 173 A
Th otz F#Riz DPPC X XV KRG T LT AEMICH S0, £NIZEY NRik, CREONY v 7R
HEDEN DN DPPC EOF R KE hotr, X LV BEE~ODEELFAD B, BETI7TARY
VEEDEVATADY I 2 b—a v EITRoTNS.

DPPCmM
CHOLm
Alm-DPPCm
Alm-CHOLm

EaE 3 S ]

Intencity

¥
ﬁ%gg_:émé&%%@

x%\\

s

T T 7 i

2 4 6 8
frequency (1/grid)

M1 EOBROEEALT b
4 R, HEREEITIITE

R

* H8MH AARELERYSES 2008FE 6 4 RAF¥—FEK  (1P-086)
*x E46E 4AUYWEHESES 20084125 FRF—FERK (1P-209)
RETE

* ol BABEAERFAES 2009457 FRF—FEK  (1P-099)
% Fujita, et al. BBA Biomembranes (submitted)
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KBBRRICHT IBFAIFRNEROMSR

Development of quantum molecular dynamics
for large scale systems
OJI% B78, T 3RES, FrE #Hx, PE FE, KKk &,
EAF B, KT OARSE, MR B (RIRKZEBE TR

1 AFREBEIBIURE

Txld, DNA RF U RIBEDL D REKES TOREFIZBT 2RBBRICHKRH Y, ThEHTFE
715 (MD) DBLR N DR EIT o C& 2. ERERH CORISRREL FRIORIGEREEZH 5 7012, Z/Hn
REMOMOCENBE L ZETHLNEELRY, F—FEBEZESWZHIIBTHEREFNTHS. K
WFFETIL, FFIZDNA O XD RARHESTROLAF I 7 A L CERBBOMRLEE T L0, (DE
BT IT5 DNA OF A FI7X[1,2], Q)—ERE3fERESH T2 DNA ORBLET M LA MEEIT[3-5] B L O
(3)DNA W iz 3817 2 B IR B RS O RERI R R 12 BE 3~ 2 F FE 21T o 72[6,7].

2 Br3ETE

AR TEEH TS ERD 3 FEICOWT, FHFEFIEDHEME RS, £, ()0 DNA SIEESF O EIER
RIZBWT, K5 FE DNA B HIZOWTREFET L MD f#F217-72[1,2]. 7 /VEKIKENEICLD DNA O—
HE IR TEXAZENMENTNBR, FORAH=RAAMIDONTIEHSREARITITE TR, FI TR
ZECIE, A OMBEL KFIEIEN DNA OREN T TEEIZ OV TR~ 2. 10 HExIO DNA B icxtd5
MD &S 217, KRS DILBARE RO IR S BRI DV TEEEIT o7, FHHEICIZEIC AMBERIO %
AWz, iz, (201000 HESHEED DNA B A&7 0HELL T, BEILET VERAWZREFT 21To7
[3-5]. DNA OEEFRINZOWTI—HEZL B OB ATRETHDHIEND, BT MBI TH—EESERELE
THIEREREND. Z2TE, B ISR TIOE, HE, 5, VUBENDRIRXIVAF R LA UTOHR
(BT L OREEEI B ITTV, TEEURECORIRIR B I S W Tl ZAT o 7. ¥ AF 30 A#EHTIZIZ Langevin # 17
ITARERW, BRI B — BT F L DIFEEEE T HT-9DIC Debye-Hiickel FTEIE V2. —F, DNA 12D
WTIE, VVBEOABRCERS T2 LLELOBENOAMONLIONC, BRELEMTL L TEROREVE
ARTHIENTERN, FITC, QUZZITF A1, B2 B D Schrodinger FERXEMHEIZEIZLY DNA WHOE
FIRENZ AT L72[6,7]. 22T, 2 AN D DNA B 1oV, ZORERERZAIREL L CE T HEIR%KOR
HRRBFERAZHANTND. BEREEZRDL7-HODEFIREHFIZIT Gaussian03 ZEMALZ. ZOXOIZ, BT
DIEBNEHDHIEILKY, 2RFETNVCHBLET VBT DBM I MERETHIENTE, W HEEXHIE
® DNA Wi T IZBIT BNV TF R — e VT T4V I ADFREMEAT S FTRE L2 D LI SN D.

3 HFZERRE

EFEFEF N2 RN DNA Bh OFRBIFFETIC VT, (S-TTTTTTTTGG-3)2 05 10 HEXOEEIZ
TIP3P EF ML DA FHEBEL, SIEN\EEORAMERELGEEZR LMD YV Ial —a &2{Tole., TR,
Kz H o7 F =0 (A)-F I (T EESMTIIRFEEN RO =R, 77 =0 (G) v (C) MDKREFE AL, A-T
BDFFUCHL TREA RO MBI A5/ -7, DNA BT A ISR 2EBEO A JBICH L T, 20 ZREN
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24x107s v 73x1017s

* all atom modsl

‘ coarse graining

o o 0% &
© Y © o
ve @ ove
¢ OgY Yo \/ ©

single nucleotide

X 1. DNA WrH O £FRFETF L & BB ET L. X 2. 5 -AC-3'0 HEESHIBIT B ETFHEEROGE.
DOILBARREZE N U L2 ARBNCHA LR EN RO, A OB L0 ILER B OBER R, &
UL FREED B I AT EBRFOBIARE O VL 2EE L BND. S5IT, MEELHES FRVIETS
KRGy FOEBESRBEZ T T5ZLI2LY, BEOKG FLOMICHTITRBRREEREC TWDIER RSN, &
DI FEIE DFEELA DNA Wr i OIEEUC L RIEL TOBZEDRIREILZ[1,2].

BFFET VE T DNA WA OFBEITICEY, 45 THROMEERRRENC RIS T HELEERTIILNT
DN, ELIKBMER A, — /VCERIDEEEHRTH720L, HiL e T BT VI LA B E LT
H5. AR T, ITRERROETNELEL, HEMBOKZRAITOWT Morse BIORT v /L B%E H
W, BFBRROV =L —Yal B FRREL. F, IO ZEAIZOWTRT Y Uy VEBLIEN— R THD
0, Bxid, BEOAZyF L 7ICED 1 G OHRERT LUV ELTRETHILIZEY, DNA OZELEA
BWIEREH L. ZOFER, A-T & G-C DEFROEVCIAMMBIEE OELEHALNIL, EREICHTHRN
—B&AS7. EHIT, 155 |ESXFD DNA BT IZOWT, BEOERE OE D, AIHOBBR NI & — T
F DEMEZT D LI LD B EE OBV EMEITL[3-5].

DNA (ZALNOMBELEBRZITEBNT, BEROMPERBEIOEELERTHIENTERWD, EROR
BOEFEHICERTOLERDD. I T, 2 HENSOEEREZDLCEFHBBEROREREOHEETo
7o ®2 0%, 57 -AC-3" DB AS 2 AR DD HOMO ORI R E THD. LCAO BEICIIRD LS FHL
BIZOWT, FEEEES AV THRBBOHEZITo TS, BERT Uy VHORE KL, EENORERE
HRNRET 2R, KEHEENUCHEHEROBBIZ AL 272[6,7]. %I, BETHRSCHBOHREE
FERITAR ST RATOIZEICEY MD LDy 7V 7% EE L, DNA OBERBIZ2RENCRIT A BHBEOL R
oW TERETT).

4 FEE, HRFEEEEITE

*[1 B4, £33, JIEF, %21 EHEASLHEES, 2008 .

* 2] bAF, L3, JIEF, BAERES 2008 FEFERKS, 2008 BEk.

X3P, L3, JIE, ElEAfFr =T Y O SHEES, 2009 fLIE.

* 4], PE, b, JIE, E21EASAAF =7 Y U TEES, 2009 FLIE.
*[SPPVE, L3, JIEF, BARMMFS 2008 EEFKRKS, 2008 k.

k6113, JIEF, HAMMES 2008 FEEERKS, 2008 k.

* 7115, JIEF, 21 EFEEHERES, 2008 HE.
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SR EREDDICETSEFELCRAEORFRICE S R

Quantum theoretical analysis of peculiar anisotropy of protein active
sites
OMBREE (RERMRFRFER EMEFHITH)

1 HFEER. AE

HEY

WD X R0 BN RS OFE R, FOBEFRLIZ, Br 07 I BEEASCHETICET A EREEN
EREIEBANS 2 LT, HABOEAREFMEEHRLTNAZEBHELNICR T, oT, 4HD
EEEREO I, FOILIREFHORER, T2bbEERLORGTHRIFFEEL. TOEYHEED
HEMEL OMOBBEMEATIZETHD, ¥V EONEEE L ZDEFRBIIRE—GOBRIZH
5, $Eo T, TOBEFLONTEEER LOFOBEERIL. ¥ v 7 EXRET 5 LERIEZ 7 5 EE 2
BT RBRZNOBRSELEFET 52 & T, EWCEROREYEELRBT D NI -5 LR
FRREIND, BE, BILEFVVERT R bUBBIIIBWTL, F U7 EORFTNREFEE L DO
LERLABOBRNRBETRELZSHEL, TOREL L THEFICRENRY o b UBEREIEHRTLZ
LR, TNETOHEELOMBICIVHALMCEN 205D, UL Lid, Z 7 HOBREFLICE
FAEERESMEE FOAYEEE L O OMBEOERICIIETFRICESHTBLERAXRTHY . £HIZ
IVIZLOTRFEOEREZMPAT I EMNAREL 2D Z L AR IRL TV D,

UEoEREHEZ, A7 V=7 P TR, BFRICESCE-REEFREFEOFELAVT, 4
U OEER DRI A EEE L BEFREL OMOHEBEZHLNC L, ZOEEREGEICETFRIR
R E 5257 LT, ZoX 0 BOMERBISBELMATLIZE2HNET D,

P

AHFIED B2 Z — 7y N F U RT BT, EMESICEBD CEERESY VR0 BEO—2T, BIER L
G BAEATWATF Ny n AEMELEEE Th B, F b7 0 LARMEEERITEREORIFICMET 2 ERRRS
VRO ETH D, TOBESMET RIS, BREEK~EBTTOBBELNL, TR EIELTED
BF ROl b 4 BFEZITRAETFBREN G, BLUT 0 b BECRNRTT 4 TV A FHLRE
DEVRIT 4 THA Rb | FOREARIZEL->T 42078 &L HEFH7 0 bR TRIET
BB, 7o FYOBEREE LT3 SORBHFETH I ERRINTEY, £4DADEZHEET 55
EOBETTICHR LT HEE - DRE - KBK LI TV, BEARIYES 7w F Ry TRIET
. BEREAEO T r FUoREEE R, FREATICH 2BBERKRICEDNICHE LaTghiZe b, I
. o hrFrRLTHLATWASENR e N OBEBEA LI —REBE L TEY ., TORINHEEZ
B oM d 5o E EREESEN, 70 NoRVTRISIE, V87 BRICBT 2 BFBEIRE & &
2, FORBEEEHALMNCT A LT, JOBEIFOBREICEE L LT R X —LHRIEEEZMRHT D
DICRERTH D, AEEIL, KENS X A7 EREB~OTF 2 b OfERRETS D BEOABTAL,
BIU. HBRIZBIT A7 Ry 7RG BFBEHRISDTOEBEMLO—2> 8 LTHRRIN TN D
ABFOZOITEEPYTE,
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F b7 v LERMEEER O D REK A DITIE, His503 & Asp9l 23572 5%t (His-Asp A 7 F) B3FEET 5., His-Asp
AT R, B o 7uF7—ERVRX 7 L7 —F AREE OBEROMBEMICEEL, 2 hrofE
ZIENEE O T o FARIREEERELD Z & TEOMEMRESHE S Z LML TV D, DREA LD His-Asp
AT ROBEO—2IF, ERF VU ETANRGEUBEOMIZASFRBEASNTEY, &L LTHHA
DRMERERCK D F L KRBHEEEZERTHETHD, 2071 b UEEREIZEIT 5 His-Asp 447 Rd
EOREIZT 0 R TFHBREEL ROV TN OMIINE THLMNZEN TRV, &2 TR T,
D BB ARIZIIT B His-Asp A 7 NOHSEER 2 %EI 2 H L0295 BT, His503-Asp9l ZAED 557
o hALRREE E—REHEOFECLIVER L,

F k7 o LEEEEE O H BBLEICIE,. TOHEFO—2L LTALGT (Db a) BPEET D, ~b5
FISETFERL T4V VBRI VEBRENDI R EOS T THD, TOHSTIIEABEDOE X ¥ XRS5
FHEO—D2THO, BFOBZEMES 2 L THRARERRSIESTHZ LML TND, £ I TANE
T, BROEZICLVELANLSFOETRENEEZHLMNITHHNT, BB LBIEO~L o
DEFRELE—FEEFREHEOFEEZ AN THAT,

2 WZEAE, BRI

ARG, BENBEEERICES E—REETREHEOFELZ AV, D BEA DO His503-Asp9l &
OFEER T 1 b ALIREE, BIOHREEEO~L g DETFEEZRH ST

His503-Asp91 & DFHEEMF

His503-Asp9] R OEHEEF /LI, His503-Asp9l 54 7 FEZOBEICH L 15 Ho7 I/ Bk, BLT
13 EOKSFEELESE, FOBTHOF b7 u AER{LEER O X F#EE (PDBID: 2ED) LVERVHLT
VERL U7, SHEITEEETLBIMRRIC I L, AEHA OB TR —RILEEAREUO T T o7, R
HARRIIFLEER L L CIE Hamprecht 5 A353% L7- HCTH LEE%E Ao, PWRET LB+ & OMEIERIL
L ARIERIDEERT v v e MEFR VW TE LT, fifEF O Kohn-Sham BLUE L FEBEKEZ AWV, £O4 > b
FTEFAE—F 70 Ry & Uiz, BEEREGOT CANRER I LOICA——/WEEZRV, TDEV
L LT 22.90[A]x23.60[A]1x23.10[ A)DEF AR D EAIE AV iz, B IRIER X OHE O S LIC TR
REER AW, SHE T 1 /5 AT CPMD 71 7 F 5%y /r— (Car-Parrinello Molecular Dynamics code,
Copyright IBM Corp. 1990-2006) % v 7z,

~h g DEFELME

NI g DEEEF L, ~b g & FTUCENT B oD AF U VEEE, ERRLMOTF v LERE
EEE 0 X A% (PDB ID: 2E) L YUERVMUCER LA, HER. ACVEREZRY ARAY VEE
TLESECTREA T ST L. — i B A ESREL F C T - 7o, ZCHARBELEIS & LTI, Perdew D 23FA%E L 72 PBE
REEEFVE, NESETLMET L OREERMZTAL T Y7 MIOBRT vy ViEZHRVWTRLE,
{58 F- 0 Kohn-Sham B i3 EERHEEE AV, 200 v M7 TR X —% 36Ry & Liz, FMERRED
FTOISLR B D 7= DIz A— —E VEE IV, 2084 E LT 1635[A]X16.93[A]1X21.43[A]DES FE
wiﬁ%%mwto%%%%%i@%%@%ﬁkmuﬁ&@m%%ﬁwto%ﬁfuﬁﬁAmmwpfmﬁ
5 13y r— (Tokyo Ab initio Program Package) % V72,
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3 WFERRE
His503-Asp91 RIZ DV T ORRER

His-Asp # A 7 RELOZ X7 BBREABEHRT 520, ZOAVICHD 15 BEL B3 EOKS T X &
BECHE-TRE L, SHRKENLOTE b OBV IARICHIESESL D, ORI 1 EOT 2 hyv
MUz, 20%, 2EEEERELT 52 & T, His503-Asp9l ZDHEEER 71 M ARRES -, F
DFEFR. TDOFRTIZ Asp9l 371 b AL I NTREE (FHRREE) & His503 87 1 ko b En-kig (B
BEREE) OO T o M ARRENEET A Z ERHALBIC R o7z, F5 2 0DREDLT R F—EX
# Skeallmol TH D Z &DBbipole, ZDIZ Linb, DREADIZENT Asp9l & His503 iZRIBED 71 b
VERMEE TS &, o T Asp9l & [RIERIC His503 b 71 F OBV IARBRIZEEST S Z L BNREBIN
oo TNETIOIIZBIT LT E MV ORYIAHIBRIZBIT D2EHMOZITFIE Aspdl DAL Sh, ThiZ
EOWT v F DR IALEEREZ BT\, AFEOHZERERIZ. D BEARDICB VT His-Asp &
AT FBEEET22<H LT 2 N UVEYIALEELZ RIETHHLOTH B,

RIZ. His503-Asp91 D ZH>D 71 h I ALRIEIZXTT % | His-Asp ¥ A 7 NOEFED & 37 BREDOFE
AT, B<ALNTWA X IIT, TIVEBEEORS 71 b ALREBIZZOE Y OBREICE U TELT
5o His-Asp FA T FTiE, EAF VU ETANTFUEELOMIOKGFRBAINTEY, &L LA
OBHERESCKDF L KBR B EHET D, £ TIOKERBABREORE LTS, His-Asp A 7 K
IZZEDE Y OKRBREEERE L BEREWITMZ TO LSBT E Lz, ZORE. His-Asp 4 7 FBRIZ LTV 55
AT, £ OERLBEREE & FHERIED = 3L ¥ —Z213H) 50 keal/mol & IEFIZEVMETH 2 Dlzxt L, AR
DARBREAREEZRVIRAATESEIZZ DR NAF—EDNRK 5 keal/mol EFTELLBAT D2 EBHALNITHR
oz, & DIETFIRIBEFMICHIT LIARR, N L7Z His-Asp 54 7 FIZBWN T2 T LAl DT XL % —
EUTRONTERER LDV T bH, AEOKEHERELZRV AL Z L THREINDZ LB bh o7,
TNHDZ END, DREBADICKITZKBEEEREN, SLED 50 keal/mol b 5 His-Asp A 7 RO ZD
DT v NALREBOSTXVE —ZEERIHETE S, EFICRETHENRRE THDL Z ENRBEN
Too T3 B DOBFFEALERIE, AIP conference proceedings 36 (2 #E#Y X 41TV 5 (K. Kamiya, et. al., AIP Conf. Proc. 1102,
257-261,2009.)

~Nh g lZDOWTORR

LD~ L 0 2 —BFBLTHZETETHMOANL a ZER L, BEFOBZICIVALLILBETEE.
AV VEE, B XU Kohn-Sham LB DB N7, ZO/RER. —ETRILITNL a DRBELEFIREE
EZBIERI L, #RELTHTHFRIEDDHKFETOOZORBMORLT 4V VRICEFBENELLZ L
BDHLMNIC o7, BRBMLBLVEORETEERZL AV VEEEDSM LT LR, EFEIALYCD
FEEETICHRRETFORAB IV ERRICHERENE 2 L Rbhotc, ZORERRBEESANEL ZRE
EREANLER, TOREARERN, MAETRSKRETHRORETHE (d #E) 258752 L TEL
ZEFRLEOBVVHERANCH D ENDIoT, ZOBRNBERADED, SETFHEDOTATOEE 4
HLUED T RV E—ERT I~ 2 eV b REL LR THZ ENbhotz, ILICHETEZEDER, COBRENR
THRNE—BEERDSEIEEL LT, N g WESRETRBICD RV T 4 U VRICHKRT SFEREL
LERFEHE (AU CET 28 HE (BCHEEE) BMEET 22 ERALMNTR o7, O H Sl
BEBICLY, —ETBTICEI ACVEEEZOSMOBRIZEEICRCHAZIND Z Lo, b
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ZOBCHIEEEII BOF A TONLGFTHEI~NLDICHHET DI ERbhol, TROLDEREND,

— BT

WY dBEO T FAEX—MEMO LR, BIORLT 4 U VBRIC L % BHOHIEBEEIZ, ~20F

OEBIZLOTALLZLDTHDLZ L hbhoTz, SHIZZOHECHEBEEIL, kxR L0 TR OHKE
DEETHLBREFOHREREVIBRLZITH L, MO THERRHAELEZ L EBHALNIC 27, T
b OBFSERLE L, The Journal of Physical Chemistry B 5512488 X472 (K. Kamiya, et. al., J. Phys. Chem. B, 113,
6866-6872, 2009.),

4 FER, HREREZEITE

FER

HAR

* AL, “BAEDOINAEEE - EFIRE - AYEREOH OFEREIROHSE", 5 64 [l H AME
FRERRE, SLEREE, 200943 A (RERERK).

* Katsumasa Kamiya, Yasuteru Shigeta, Atsushi Oshiyama, “The Importance of Interplay among
Physiological Structure, Fluctuation, and Electron States to a Proton Transfer across Peptide Backbone” |,
Joint International Open Symposium, [EIF 2> 7 7 L A & —, 2009 F3 f (FRZ—FKRK) .
* HFERL, AR, ERER, BAE D, "YUV ERBRTIBIT 5 L pK, OFE R
HEHEICL SRR, & 46 BIHAEYYEFRF S, BHERESES. 2008 F 12 A (KAF—
FHR).

% Katsumasa Kamiya, “A Novel Proton Transfer through Peptide Groups in Proteins” , The International
Conference on Theory and Applications of Computational Chemistry 2008, ¥, H'[E, 2008 £ 9 A (i
FEEEED .

* Katsumasa Kamiya, Mauro Boero, Masaru Tateno, Kenji Shiraishi, Atsushi Oshiyama, “Possible Proton
Transfer Mechanisms Through Peptide Groups in the H-pathway of the Bovine Cytochrome ¢ Oxidase” ,
15" European Bioenergetics Conference 2008, # 7' U L, 7A LT K,2008 4 7 H (RA ¥ —FK).

% Katsumasa Kamiya, Shuji Yamamoto, Kenji Shiraishi, Atsushi Oshiyama, "Significant Change in
Electronic Structures of Heme Upon Reduction by Strong Coulomb Repulsion between Fe d Electrons”,
The Journal of Physical Chemistry B, 113, 6866-6872, 2009,

% Katsumasa Kamiya, Yasuteru Shigeta, Atsushi Oshiyama, "Effects of Hydrogen-Bonding Environments
on Protonation States around the Entrance of Proton Transfer Pathways in Cytochrome ¢ Oxidase", AIP

Conference Proceedings, 1102, 257-261, 2009.
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HMBHEETILABRET OOV ILIZES
Ex®EEET/ N MFTRDVZSaL—Y3Y

Simulation of nano-scale & bio-molecular systems containing heavy
elements by MCP method

OF B (BERDOKELFKF)
1 HIEEEH, RIE

RREIL, REEIL ERSEFHFLOVBETHS. FEEL, FTud=7 FoEBRENOBE LT 7-.
KBTI, ExXROMMRIUETLEHERE  AmNE T AVARRT v v0 (MCP) #EiI2XY, #Hi
REeFT/ - MAROBHRHIBOVBDNICE VBT EEZENLE LTS, EXEZEE LESTRORY
BVDEEL 213, (1) BE@RICHNXTIZETOEMRELE, IHEFER, & Q) ExHICEERE
KD RDERTERY, 20 2 AlLdHd. — R, ExREEROBTFLEFETL, HF 054D
RECEERREZRETHETOAEFEICIMOE I HEHNBRART v v (BCP) TRMELN S, #HxE
F@EY MCP ¥£i%, ECP dho—F72H, K (1-3) IZRT X911, WRILEZ RIL¥—2 7 MNEEFICHRREL
HOBREBIFEED 2 L THMRNICRET AMEFIECHBELRIEL. FREES L FRICER
THRTHEHTHS.

Hyp(1,2,L ,N))= ZhMCP(r)+Z_

=1 > Ij (1)

A2

Z-N,|, < R :
Ve (r) =— - 1+ 4+ A e
J=1

I=1

1
hyep(r) = _EAI' + Ve (F) + ZBC
¢ @

©)
T IT, Nve IAET - WRAETH, Bo [IABBLUET XX —ICHIET 537 A =%, |y,) A

Tulxl NEFEETHD, H20 FEIX, BBERBIZOWTD MCP NI A—X—2F-IZlR L. *
DRERERETD. E£f, MCP KL 7T 7 Ay WFEIEELZEE L7 00T L0 E{To 7.

2 WgEHIE, HEFE

1k, BEEED MCP & LT, (n-Dp(@-Ddns HiE (n=3,4,5) ZHFIZHW VK5 pdsMCP H#HE ST
%. pdsMCP 1%, BEREORRICENS LOD, FEREOTRRICIZEND 5. 22 TREET, i
EIZ, &5 (0-1)s BLEZZEICRV S spdsMCP ZBE% L, ZORERERDFEICOWTHE L. #
Bz, ATOM-CI %' GAMESS # Bz,

3 BFFERRE

E-BREBETD, BE - BESFEBOTRINXE—EL, HIHRNELBEFHE (Cowan-Griffin Hartree
Fock) * pdsMCP * spdsMCP % W CHE L-HEREZX 1 IZRT. pdsMCP TlE, 74 v —TERho R
REOTREZLET HET, spdsMCP DHERBZEXGBHEETHEOKERZ IZITRRIIFEHTEL XL OIIR
STREFRRTERNS. £72, EFHEBZZE LZHEIZBV TS spdsMCP BRE2BFHEOKERZEERT
BZEBRTIENTEZ (F 1. BiZ, £ 2 IS TEEIC spdsMCP %A L7220, R0
spdsMCP ZEJE « FIDREET 237 4 L B IEWVEE CTRITE TS, EBEBIZOVT, 2B FFHED
SHEMEICKETS MCP 2HETHZIENTEL. 4%, LV KREARRIC MCP 2BATLFETHS.
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4 o Az E(@D)/au.  E(S)au AE/eV
2 5 spdsMCP
= [5s3p4d2fig]  HF ~145.40375 ~14554882 ~3.948
£2 CT7Co N CISD 14593851 ~146.08911 ~4.098 (~0.150}
g | s | OpdsMCP CISD+Q  -14598096 ~146.12881 ~4.023 (~0.075)
E;,‘l Ti 301N BspdsMCP AL
= E: H T eu | Pornr A
$0 0 - Sl DD [8s5p5dafig] HF ~5312.74586 531288779 ~3.862
z : ] CISD  ~5313.36677 ~531351516 ~—4.038 (~0.178)
& T CISD+Q  -5313.41953 ~5313.56453 ~3.946 (-0 084]
2 al Exp. ~3.971
1 pdsMCP & spdsMCP g %1 spdsMCP HE COETFHEORY AHRES
AuH REET R/A w, lem™) T/ eV D,/ eV
®E MCQDPT2
MCP/{4s2padif] 12e 1.513 23218 0.00 3.01
MCP/{5s3pdd2fig] 12e 1.506 2380.3 0.00 3.08
20e 1.499 2451.2 0.00 3.25
AE/[95TpBd3 1] 12¢ 1.510 24004 0.00 310
20e 1.502 2454.7 0.00 - 3.24
Exp. 1.524 2305 0.00 3.36
Als’ MCQDPTZ
MCP/[4s2p4dif] 12e¢ 1.638 1525.7 3.86 -
MCP/[5s3pdd2fig] 12e 1.626 1821.4 3.82 -
20e 1.630 1805.3 3.52 -
AE/[9sTp6d3f1g] 12e 1.639 1754.0 356 -
20e 1.680 17414 3.66 -
Exp. 1.673 1665.6 343 -

R 2 spdsMCP Z2%5F ([ - BUEREE) OONFEERTENCER L726]
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[33£# 3] (r) Mori H., Ueno-Noto K., Osanai Y., Noro T., Fujiwara T., Klobukowski M, Miyoshi E., IRevised
Model Core Potentials for Third Row Transition Metal Atoms from Hf to Hg, UChem. Phys. Lett., (2009) in press.,
Zeng T., Mori H., Miyoshi E., Klobukowski M,OCalibration of New Model Core Potentials for Main Group
Elements, OInt. J. Quantum Chem., (2009) in press. (%) Osanai Y., Soejima E., Noro T, Mori H., Mon M S,
Klobukowski M, Miyoshi E.,CRevised Model Core Potentials for Second Row Transition Metal Atoms from Y to
Cd, OChem. Phys. Lett., 463, 230-234 (2008). (%) Mon M S, Mori H., Miyoshi E.,OTheoretical study of
low-lying electronic states of Mn2 using a newly developed relativistic model core potential, OChem. Phys. Lett,
462, 23-26 (2008). () Kataoka Y, Paul D., Miyake H., Yaita T., Miyoshi E., Mori H., Tsukamoto S., Tatewaki H.,
Shinoda S., Tsukube H.,0Experimental and Theoretical Approaches Toward Anion-responsive Tripode-
Lanthanide Complexes: (OMixed Donor Ligand Effects on Highly Coordinated Complexation and Luminescence
Sensing Profiles, O0Chem. Eur J,, 14, 5258-5266 (2008). Gajewski M., Tuszynski J., Mori H., Miyoshi E.,
Klobukowski M.,00 DFT studies of the electronic structure and geometry of 18-crown-6, hexaaza [18]annulene,
and their complexes with cations of the heavier alkali and alkaline earth metalsOlnorg. Chim. Acta, 361,
2166-2171 (2008). (%) Osanai Y., Ma San Mon, Noro T, Mori H., Nakashima H, Klobukowski M, Miyoshi
E.,[T1Revised Model Core Potentials for First Row Transition Metal Atoms from Sc to Zn, OChem. Phys. Lett., 452,
210-214 (2008). [Z&RER] (EWNDOERRK) k) & BE (KEESE [MCP ILL28RELRELRE
FALFRHE TR A F—SIEDRF - IS L RBEEB A FHE L SM LEREORVEAR] 0= =
~T VT T A —T b TREHRT 2 e B R RICTER LB BB R vTRBE OBk, E5REI v
WYL THERSECEME UIAEBAFE ) 2, ©<IE, 2009 F 2 A (HRFAZ—RHE) (o) & EH
T EAR, ZHKIEO &2 7 A X —EBTHIEFS] 040 FRFER< 2008, 1P119, &R, 2008 4 9 A.

(EBaER A ¥ —%5) (%) Mori H., Zeng T., Klobukowski M., “Calculation of Enthalpies of Formation for
Transition Metal Complexes: DFT/Core Potential Assessment Study”, The International Conference on Simulation
and Dynamics for Nanoscale and Biological Systems, (Horiba International Conference), P33, Tokyo, Japan, (Jan.
2009). (%) Mori H., Nakashima H., Miyoshi E., “Electronic Structure: A study by coupled cluster calculation with
newly developed relativistic model core potential”’, World Association of Theoretical and Computational
Chemistry (WATOCO08), PP417, Sydney, Australia, (Sep 2008). (%) Mori H., Nagata T., Miyoshi E.,
“Development of Analytic Energy Gradient Code for Large-Scale Relativistic Quantum Chemical Calculation
based on Model Core Potential and Fragment Molecular Orbital methods: (MCP/FMO)grd”, Odyssey2008:
Mathematical & Computational Aspects of Molecular Electronic Structure Calculation, Edmonton, Canada, (Jun.
2008).
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Theory of Interfacial Sum Frequency Generation
O#%HE BsL*, {0 #FEih*, Viadimir Sokolov**, HE Fie+
(AL RFHZAFERL, 0 T BB FERT)

1 #FEER. RE

EMREKERORETWE, 1%, KEREERE, ARRSERICBVTUT LIZEEABE 2 H- TN 5.
B2, BOEOREM.ICE L THofmeister series& L TN TWA A A VIEFIOMSEN:, SEEERES T
KETDAF L DM EDEERBRIRBEINTVD., HRICA T VITEME T O a0 RRFEIOMEE
R, NUIV, I E VS RIS FOREEOREMICH LTOEETHS. ~0 L 5 AR
RETOA A DR ZEMT D7 OI20E, REATOA A DR
LEVEMENBERDCHEATINERD S, SEHRL BPRY L
T D WMBRRBIRRE L, 4 BRI & o> TEERN,0s DMk
IERINE L 2o TRV EL OWREOELEED TVEMN, +
OB L TIEREELL O LRG> THRW. FilziT,
BRIZAKEIR R C2BBED A A AL EAT O A, FEEL T OB
EHII AN TOREERRBONE Sk Vo -RIENEHR S
NTWD. ZoWo RERFTHEE ORIz L TERRA S
JIEITR SR ERFETH Y, ERICIREE KR ED OIXIER
ICREER AR PARBET L Z EITMb TS, Lnl,
TDARY MVORFIZE L Tidtke 2R12H 5. SE, #Hx I
EHFENES I 2 L—va VIR VBB KRR OEEFIE R %A 3000 3200 3400 3600 3800

T T T T T T T
[ 0.02x HSOs Experiment ]
.-"F-.' ;
o -

"oy
¥bure water 4% .ﬂ. .

TR

1 L 1 L ) I
3000 3200 34100 3600 3800

0.02x H:SO, Simulation

pure water

\
il

Intensity (arb. unit) Intensity (arb. unit)

AT MNVEFET D Z LI X o THEEKIEREERE & OBIfR Frequency (em'")
ZHLMNTT S, Fig.1 The experimental (upper) [2] and
the calculated (lower) ssp polarized SFG
§ o Ak L f H
o) Zﬂ:% ji{f\ = ']';%— j:_f{f zilel;tlr(l)lrrlrsl or pure water and H,SO,

RRRMARREAST PRI, STORBTE—2y T T S
FRSHES S TR LRI BEF AR AN BER s e PH,0+
HD. TOEFFEITH LT, F 4L Charge Response Kernel (CRK) i —o— Ps0 2__
i mN— R & L7 B TLEEHE % F T 0, 1,07, 0.2, HSO, pHSO‘f_
H,S0, IZH 5 D RE o tBET LV ERHE LIz £ OET NV E A 05
T, ik &R EE (0. 02x,x:mole fraction) FEEA/K AR I ORI

3 o N o . 0
BEBEANRY NOOGFEINFHEZRET 27 T 50k
DiToT. Fig.2 Normalized density profiles of
cation and anion in 0.02x H,SO,aqueous
solution.
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3 HWFEERRE

B 112, FHE SN Hik & BREE KA E (B E0. 02x) O ssp/ BRI OFE W RAE ALY MU ETT. 22T,
FHIBRERICIVBMESNTEART AATHY, THRHERRTHD. AV Ial—va il bR
MZEBHREZICHBELTWAZ E b5, K212, FHE SN HRERKER A E (BE. 025 DR
FORESMETRT. RV Iab—a UERIE, RENS/2LZCR»- THO, HSO,, S02, DIETH
EOBPEHRINEZ LERLTVS. 2V, RETRESMBRAICT T 20OEM, BHEEMNIC~AFA0E
HEHOLER _ERFPEREND. —EROHEMERICL VRS FORRMPEEELZ, FIEERBEX
R MR R L2 X O REBEZZ T A ZEBHALNE o7, 58T, RERILFETEEL RI2ERER
BOFEEITITETHD.
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“ Tatsuya Ishiyama and Akihiro Morita,"Vibrational Spectroscopic Response of Intermolecular Orientational Correlation
at Water Surface”, submitted for publication (2009).

 Akihiro Morita and Tatsuya Ishiyama, "Recent Progress in Theoretical Analysis of Vibrational Sum Frequency
Generation Spectroscopy", Phys. Chem. Chem. Phys. 10 (2008) 5801-5816.

Takayuki Miyamae, Akihiro Morita, and Yukio Ouchi, "First Acid Dissociation at an Aqueous H,SO, Interface with Sum
Frequency Generation Spectroscopy”, Phys. Chem. Chem. Phys. 10 (2008) 2010-2013.

Akihiro Morita and Bruce C. Garrett, "Molecular Theory of Mass Transfer Kinetics and Dynamics at Gas/Water
Interface”, Flu. Dyn. Res. 40 (2008) 459-473.

% A. Morita, Molecular Dynamics Analysis of Vibrational SFG Spectroscopy, Telluride Science Research Conference on
Nonlinear Optics at Interfaces, Telluride, CO, USA, Jun. 23-27, 2008.

¥ A. Morita, Interface Structure of Electrolyte Aqueous Solutions Studied by a Combination of Sum Frequency
Generation Spectroscopy and Molecular Simulation, Telluride Science Research Conference on Liquid and Solid
Aqueous Surfaces and Interfaces, Telluride, CO, USA, Aug. 11-15, 2008.

K EETEIT. AIEL., FHEBAL, RNZERE, TS G X B HEEKEIRR T O B OBFZE.
% 11 [P RaS. ik, 2008, 5. 22-24.

%V. V. Sokolov, AIEMH, AHFH., ZZMAEAFL, MD simulation and analysis of SFG spectrum of
liquid/vapor interface of methanol, %5 2 [E4rFEFEEEae. &M, 2008. 9. 25-29.

* B EfR, SHPNL., RECBTSRFAEBEOHER. F 2 BHoFRFEF RS, B, 2008, 9. 25-29.

* A IE, REFL, KREMEE L SFC A7 P OSFEINFEIC L DR, # 2 Eo TR
2. FEM, 2008. 9. 25-29

KA IER, HEPELL., FREBKAREEEE E MERRERY MLOSTEINFHE, E2H0FY
I =2 l—vg UEFRS. i, 2008, 11. 17-19.
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Search for reaction paths of organic reactions by means of
computational study
LE E— (REREERZE HEFH)

1 HIFEER, AR

WU AT NVT B F(PhCHO) & KB A 4V BRIET D &, RPN T a—)L b ZREBOIEEERN
BT D, ZNEI=Yra IS Thd, £, AUTATE RRV T VA 4y CNERIELT, Ry A
YEEZD, TIUINRV YA VR EIRIEN S, W E B ERORKIETH DI 0b b, ElAR KRG
WIBIIRMHAD X2 o7, 4E, PhCHO + X + (H,0)s (X = OH, CN)DRISET VT, ZHENDRIERE
1BEF L7z, Scheme 1,2 IZid, BEZ X LN TWDKIGNREETRT,

S)
( OH <—fast Ph (C'))HH t([g Ph slow
oy = PhGH C-Ph—>
Ph-6"H Ho  577)
O  (orD,0) ) 1
1
E] [S)
oH 0 ¢ OH
Ph-C + H-C—Ph ———™> Ph-C + H-C-Ph
1 | 11 i
0] H (@] H
3 4 5 6

Scheme 1. Parent Cannizzaro reaction

2 MEFIE, FHEFE

&% — O GAUSSIANO3 ZFH L 7z,

RB3LYP/6-31(+)G* DFEFEEHW T, BRI
EEE A RE L, RICEERGEEZ (IRC) #HE
TENEFNORBREEZRDT,

3 HFZERLE

Scheme 3 IZ 4 EEA LT TV ERT,

H= 7 K
X1z,

0%
|
PhCHO + CN® —— Ph-C—H  (-1)
1 CN
8
0° OH
Ph-C~H ——= Ph-CO (3-2)
CN CN
8 9
(O-anion) (C-anion)
or OH O
Ph-CO + PhCHO — Ph-C—C—Ph (33
eN CN H
9 1 10
OH O° 0 ou
[ 1 1 1
Ph-C—C-Ph —— Ph-C—C—Ph (3-4)
CNH CNH
10 11
[S)
0 o 0
Ph-C—C-Ph —— Ph-C—C-Ph + CN® (35
CNH OH
11 7

Scheme 2. “X> > A UHEH ~D Lapworth DS

B o7z 3 -DOERIREMEE, TSI(C), TS2(OR U TS3(C), 2= 7, TS2C)A e FU FA A1 H(6)

OBEERLTWVWA, 1=V ryuaRitit, 3 SOEBRTEREINTRBY, B2 O=XAF—B(Thbhrd
Loz, EEEEIT TS2O)TH D, EARBRMEDFE kykp 1T 3.03 & FHH S 72 (ERIE, 1.8£0.2),
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precursor(C) dipole (—F/”@)B{U“ MPWIK/6'3 1(+)G*@ %é’b E Z)§ {Tj‘?ﬂ
PrHo + (RO + MOl . y—pn XHTW3,

TS1(C)

vE= 120.00i ! <
H @
S O-H-0-H-(E>0
Int1(C) o l‘i \\C’Q

|
PRCHO + (H20k + O[5)—C—Ph H

@ {11,307 A]]
%1328 A 13364

& e

o "g)
" X:(Hz0)s
H-O
nt2(C) Scheme 3. (WU AT /NTE F),+X + (H0), X =
H(E) o) .
Pr-C@-otT) + O + by HO', NC D JET IV
=
4
30
rs30) 90 b AR
d k
A N
10 pommmmee TSy T\
H +3.26 Cannizzaro
% precursor(C) <t524> N\ /
2 [81 nt1(C)
oL N R I
5E TS0)
o0 bl A e
Int2(C)
80 b 12116% ,,,,,,,,,,,,,, product(C)
@ <14.10> {-34.50]
40 <-32.08>
product{C}
reLro + t40n + Lyem B2 T=29815K,P=1atm TOH=Y 7 0 ZJEDH
H N N .
rﬁ o0 B R L¥F—21, RB3LYP/6-311+G* SCRF=dipole,
. tl '
. RB3LYP/6-311+G* SCRF=PCM [K# v 2 ] Kk O}

1. =Yy uRIEOKRE, KFEOFS 2-6 1.  RB3LYP/6-311+G** SCRF=PCM <7 7 7 v F>DIE
Scheme 1 &%, VVIZEBBREEEOFHE LTO  MIRENATND,

Me— DR DIRENH, TS2(CO)IZiE, RB3LYP/6-31(+)G*

D BEBE A B 2 T, RB3LYP/6-31(+)G* SCRF=
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precursor(B)

2PhCHC + ON° 4 (HO)%
TS1(B) H ¥
Ph—---oN® *+ PRCHO
i
O™ & HO%
vE= 114,201 omrt
Int1(B) 8 I
i
Ph——?*CN + (H0)7
»
i + PhCHO
H(10)
@80,
H
T52(B) H *
|
Ph—C—CN + (H0)7
o)
‘
| + PhCHO
}HE0)
1
(26)0H
v¥ = 945.02i cm?
Int2(B)
GIH_HEH
0@2) + OH
;
!
!
HT) + (HO) + PhCHO
Ph—C—CN
OH

TS3(B) mazs Ay o

“ N6

@
Cs
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[Iv¥ = 392.951 em™]]

Ph—C(1)-- -~ @C—Ph
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$(5) b
N@) + (H0)

TS4(B)
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N A 111239 A1

1746A
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!
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4
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O
e
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U
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1
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2 A ]
---------- Ph-C-0O~C~Ph
TS4(B) +22.12
(R Ts O TEIE x oA

20 fmmeo oo onT— -/ -1+21.80} [+28:02]

L Jop R R S A R R
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E 0 F--—-fFA - TR 08 - N
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benzoin reaction [;42,»3 ) 140.73) {keal/mol)
-10 c-C 80 5
©
XECN g éo‘C—Ne Ph gHCN PO o gHg Ph
SN NF 7 N A > » RX B © © ENr
B4, A UHRADE BT R LE— 2L 2
-CcN® §9 o
— 2. pnibC-pn
N
H

Scheme 4. H1 ViR = )VIRIETED 2 DD FHiE
XA EE

B 3 A UREEOREEZTT, W=V y o US L EARTHET, 7 @BOoRBERARD b1k, Flo
BHESOERIT, M4 0BHZIAX B TROND, THIiZ, TS3IB), TS4B)KLT TSTB)PIZIER Uik
HEEEHI AV —2/Ho TRy, FIRZEHEMEZRETE RV L TH D, Scheme 2 13 1903 I
Lapworth [ & D#REE S 723, K. B. Wiberg i 1954 FEICZ DA X — LAIZEMZFE L2, B L REWEHEL
HEHZ RV —%2EHO TSIB)PEHESOFREREEZ NS,

SE, XUXTNAT e RERBAFTUVX)DRISER T, BlE LT, 28 Ph-HXC-O-CHPh! ® & 5 72
=T IAREE R o T IMED 20T EN BIRET HAERP BB ONROONORE Tholz, T ORE
ZEWT, Scheme 4 121 2ORAETRT, BB L —F AR TIE. IAR=AEC=0)NIEbIT
LES, BRELODVADIRERFECINF—EH/TEIINR=NEITODoABERLTH, EIDDOERE
TEELRTEIRSGRW, IV 7y a SRR Y A VST R - FIECEERER LTV AZ &
Bhnb,
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*"A new mechanism for the Favorskii rearrangement” Org. Biomol. Chem., 2008, 6, 3109-3117, N. Tsuchida, S.
Yamazaki and S. Yamabe*

+ "Theoretical Studies of the Addition of RMgX to Carbonyl Compounds”, Yamabe, S.; Yamazaki, S. "The Chemistry of
Organomagnesium Compounds", Rappoport, Z.; Marek, 1. Ed.; Wiley, 2008, Part 1, Chapter 9, p 369-402.

<> bhrR L haRFF oYM - FOSMECET BRI L DhE, g BF— % B EF. T
A EE "haR A RO E—H F23E. 49— 7 8page. (HF) IPC. (20084 9 A)

« "Structures of polypyridine mononuclear IrlIl complexes in the ground state and the lowest triplet state", N.
Yoshikawa, S. Yamabe, N. Kanehisa, Y. Kai, H. Takashima and K. Tsukahara, 7norg. Chim. Acta, 362, 361-371
(2009). :

+ "A metal free blue emission by the protonated 2,2’:6’°,2”-terpyridinine hexafluorophosphate”, N. Yoshikawa, S.
Yamabe, N. Kanehisa, H. Takashima and K. Tsukahara, J. Phys. Org. Chem., 22, 410-417 (2009).

Y "Three competitive transition states in the benzoin condensation compared to the clear rate-determining step in the
Cannizzaro reaction", Yamabe, S.; Yamazaki, S. Org. Biomol. Chem., 2009, 7, 951-961.

« "Detailed Description of the Metal-to-Ligand Charge-Transfer State in Monoterpyridine IrIII Complexes”, N.
Yoshikawa, S. Yamabe, N. Kanehisa, T. Inoue, H. Takashima and K. Tsukahara, Eur J. Inorg. Chem., 2009,

2067-2073.
%"A Remarkable Difference in the Deprotonation Steps of the Friedel-Crafts Acylation and Alkylation Reactions.”,

Shinichi Yamabe* and Shoko Yamazaki, J. Phys. Org. Chem., in press.
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Theoretical studies of conformational effect
on stabilization and reactivity.

OKHE (&7, &% XBi, $k B, ¥R #B— BR FH (EXRER)

1 HFFEEE, RE

vty (1) R4T T RRET ) (2) % LIAH, R NaBH, 2 &2 Lo Tk RV F#&xrd
% & axial attack ZMESEAVICHE Z D23, L-Selectride (LiBH(s-Bu)) ZMAWTt KV &7 L7cBRIZIZREHT
equatorial attack 3EBH LD, —F, 2 MICA MFIVEEZEALEL 44T S Fars v
(2-methoxy-6-phenyl-2,3,5,6-tetrahydropyran-4-one; 3) DA Tix, NaBH, 3 & O L-Selectride DV 31 % F v
Th axial (FHEBELEICELNTL 5, ZOBERBREOEBRIIINE TH X ICHR S, BBIREIC
BT HHEIEENE (antiperiplanar RR) % & U7z Cieplak £5 /=0, FEIREE TR ML E TR VELE
BEOSTEMEFRE L 2o TVD EWHIRFHZ ETHHINTE 7, LMrLInb0dHiI b EEN 23R
AR L TR Y RO BLIC DV TOER ax attack

B BRI A2 S IUC 2 Ao Te, 2 2 CATRE N

THE. MR BB S 1T & BRI OB Ry 20 bRk

BERICOV\T, BHERFEIC X )RR RffZi::ff7%ii bR = Me: B, = H
75 & Lblo, CORIBI pERNERER O SRR
FORELAME L, 2 eqaMack g Ry=H:R; = OMe

2 MEREIE, FERE
FHEIX Gaussian03 7’02 75 L E AN TITo 72, BEREEB IO XA —HEILEECHEFEL LT

HF, MP2 BX UMk~ 7 DFT &2 AW, EERBEIL 6-31G(d)~6-311++G@Bdf3pd) 2 HA 12 U THW,
Elo. HFOEEREFIREEMRIET 5FEE L TNBOS.0 2FERA L,

3 HFZERE

18I W2a~2e 2t N NELTOIEOEBREL S FHEHEICL VRO, S5 NBO #ETE V5D
T ET, BRREBIIBITIETFOBBESCELRGESOBEROEMERIT Lz, £ORE. L-Selectride 12
£ BIRIC TEIBIAIIC eq attack B E 57 b UigE . £ OBBREBICE T 2 BIEEMRITFE, BREIK
StOERMZRLZTED, ZOHRICE > TRIEITHFATE RNV BB N E o7,

ZZCRIT, BREEZREMT 2ER L LCEERREBOS FHEEICERE L, 6 BROREEKICE %=
V7 G —OREME LIS OBRERIE L2, MERELLEEa L T A= a VDT RAX—ERD
T2EZ A, 10 2a~2d TiE, EHEN equatorial if & 7225 EC ERLD 2 7 4 <— & (B U TERRICE
ETHoTeM, 2 TiEA P TVEN axial (L7225 AC BRBREE Loz, FROZEILI THLR LA,
ECANREZETIEHELDOD, ACEBL PR UIRFEE THD TBIRE DT RXLF—ETENITERE
<, ThE 3 ODEETNTHRKISICEE L TWAFEBEREZ N (K1), SHIZIhbDarT
F =T NENIZ2ONT, YUHFERRIZL > THE S EFOE model VT, IR ZIVERR EIZBIT S
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ax attack

ax attack ax attack

N oo A Y,
\“_—‘%:Phém/o

eq attack

0]

eq attack
Ph 9

OMe  gq attack

EC B AC

LUMO DJE#3 Y (EFOE Density) & SLfEH)7272& B4 (PDAS) & W /VR= L EEOER TENFNRES -

7= (FE 1),

ZOfER. EC EDH AR VRRAL T, ax EIT eq L 0 b ZERICIZTRPRFRFTH 5 B

DD, 2a~2d IHAT ax HOERVIIRE L, eg AOEBVITHED LTWD I Lh b, SEEZIROBE
2a~2d IZE TRV EHRIE N, £, LUMO X ax ERRELEVHLTWAZ ERHEENE 2o T,

X HiZ AC

R AN

KL TB A Tid, LUMO BX O AEHZERITE BIC ax MO F N KRE L | ax attack SESEICE -
EWRRBENTZ, TNODORBRLIY, 4-F FFE FRES ) U COBBRE L AR S

. BERBICBID0FOREML, INVE=NVRBRDOLEDRI LOGFREDER Y OEMIZ X
S TEE TV ARERS R S LT,

EFOE Density (%) PDAS (au’)
conformer H (Hartree) AH (keal mol™)
ax eq ax eq
EC 1.929 0.297 23.5 45.1 —687.152029 0.0
TB 0.792 0.550 364 21.5 —687.146080 1.9
AC 0.158 0. 546 43.2 4.9 —687.149067 3.7

# 1. The EFOE analysis and stabilities of conformers of 2-methoxy-6-phenyl-2,3,5,6-tetrahydropyran-4-one(3).
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% Kaneno, D.; Tomoda, S. Tetrahedron Lett. 2009, 50, 329.
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% Yamamoto, T.; Kaneno, D.; Tomoda, S. J. Org. Chem. 2008, 73, 5429.

Koyama, Y. M.; Kobayashi, T. J.; Tomoda, S.; Ueda, H. R. Phys. Rev. E 2008, 78, 046702,

Iwaoka, M.; Kumakura, F.; Yoneda, M.; Nakahara, T.; Henmi, K.; Aonuma, H.; Nakatani, H.; Tomoda. S. J.
Biochem. 2008, 144, 121.

% Yamamoto, T.; Kaneno, D.; Tomoda, S. Bull. Chem. Soc. Jpn. 2008, 81, 1415.

% Kaneno, D.; Suzuki, Y.; Tomoda, S. 19™ TUPAC Conference on Physical Organic Chemistry, 2008,
Santiago de Compostela, Spain.
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FEREEERT RV T 1 F VLiBE
Theoretical study on Penning ionization producing excited states
CERIEEEZBEBIR(CH (T D REAIAZIER  Isotope effects in the photodissociation)
OfEIL Ak CHiBRE)

1 HFFERR. AR

KEFREF ORVRSBECBIT 5 MMEEDZENT-OU T, Yung & Miller (1997)13 % SRS = L ¥ — (ZPE)
ETFNERE L, TOETFMIINIERMAE L 0¥ o Ao RV ¥ —(ZPEYDERIZ LAV FBDL 7
MZED, BVFRMEEORSBEELZBELEAZ L LD, L ZAMRKIL, ZPEETIVC X 5 R {AEN
SRLBREELN 2ERECERZALTCVD LR TE L, 220, KRBRERZ LEERFELA
PSONTDNT, RIMER CORXRBINGIE - MEEREOFEERY - SI120HERZEE L, U2 0EEK
I$BBE— A b L Franck-Condon& F(FCF)2» L EBRRRIN » BIEALT MR/ TERT —F LB TH L
& % 4:\ T?Tj‘:tb@%b \3281602\ 3381602\ 3481602\ 3681602\ 328160170\ 323160180\ 34S16018001"31/ \T\ &K{z\‘
&Ki@%t%%m%%%ﬁﬁ%ﬁm;%%ﬁﬁmxﬁéﬁﬁ%%%%%é#ubkoitﬁﬁﬁﬂﬁma‘
AL 1 9 FEIIIHSIZOWTEIEGELIO b & TX'A\>A'B R EAZRER R O R FARHEIE L D HE 21T o 7228,
BHERHEZIT O DI L DR T vy VT — X RO BB EE RO DLERH D T LB
D, ERL 2 OEEICIIE TR EIC Lo TIHHEELIO L & TH,SDA 'A,, B 'BJiREBORT v vy ix
ANF—ZHELT, SKERT VI Y Vo3 VX —HECPES)DBERREEITo 2, EWHEELITO
H,S(X-A/B)NEMBERRROHEII TR 2 1 FEIITI TETH 5,

I TTiE, BHRTIE

SO,MPESDIRFEIZDOVTITER 1 9EEDRCCSE LV F— LR — MIHEL TS DT, Z I TRHRIC
#R~2%, molpro 2006.1 712 7T L&A L, aug-cc-pVTZEJEBEE % H\ > TMCSCF/MRCHEIZ X ¥ | JacobiffE
Z 2 (r: OOFEHE, R: SELOODELMDERE, 6: rERDOBRTHA) ZHV, CHEFMEOT T, 1EEHOAMR
% 3EEAREER 2, SEEOARESZ 3ELATRELZ SEEDLHAEL LV HBELHO=R L F—%
R . Davidson O EZ M2 72, X 'A;, A Ay, BBy, C 'B,D 4 HREEIZ-DW T, IMLS/Shepardi&iZ X 0 A LT,
3WITDPESE BTz, EI-HRIN E 7 A B ORBRIEREZ BN T 5720, X-A, X-B, X-CEHIZOVWTE
BIHETE— A 2 FHEIMS)ZRE Lz, RIZ, TNEFROBEFREBIC OV TIREIEN O RLF — LR
BREEEE RO, EFIRENEMOFHEIIDVRIEICE V., J=0,10X,A, B, CREEIZOWT, £ EN80fE
ZEELTRE L, |WIZ, SOAX-C)NEIN « 7 A AT bIVOERT —F L DLBREIT 5 1), BHHE
RLIFCFOHERIT o1, S BT, JEIEABEBIESONX) + hv — SO,(C) — SOX) + OlZ R T B FAL iz R E
BHonict Ao, EREBREREEL AV THERROB AZNEREED L & bIT, KRR
B LR E OMEBERO 7 — ) 2Bl b RIEHEORTEEZ RO T, FALEEOLEZITo 7,

—J5. X A, OFranck—CondondEif TA 'A,, B 'B;437%#5 L Tconical intersectionz LTV 5 Z &, [FHEIZC ‘B,
LD AT E HITA L 72 B T avoided-crossing L T3 Y . CIREEDPESIZRTHIMEE L T3 Z L3 - TV D,
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IO, BERRERBEICERTATDICIENRESREZIM ANDLERSH Y, ARE LBIRER I UC
REE EDIRBBICOWCIERBUEEI DR T v o v VR F—3E 5T ofr, THNHDOF—FE2HAWT, EhE
2 1 BEIIIFEHEPES I BE A TE DO~ v TREDEHE TH 5,

2 MFERRE
SOx(X, A, O)DIREN= R /L F— _
R1I278%0, (LI, 2661 BT D) OV TELNE X, A, CRIEDES =L F—DFHEE L £R
fBEE ZHE L TRT, XREBIZOWTITIRE = 2L ¥ —5500 cm™ £ T, CHREEIC OV TITIRR) = %L ¥ —2500
! FETCERBLEBLTCEWEVWRBN—KEZH TS, ZHOLDEENS, 557 PES ITRRIN - 74

AR MBI UCEBEEREDI AT I v 7 A2EREREUEB T L THoRBERDD EER L. &2
B, BB IERENENDOTEK LT,

State X'A, A'A,, C'B,
(v1vov3) This work Obs.[1] This work Obs.[2] This work Obs.[3]
(010) 565 517 534 394 378
(100) 1115 1151 897 947 960
(020) 1125 1034 1062 772 752
(001) 1305 1362 1224 262

(030) 1679 1551 1583 (32524) 32627 1135 1122
(110) 1683 1666 1426 1321 1338
(200) 2227 2296 1796 (32738) 32627 1879 1918
(120) 2244 2180 1949 (32890) 32871 1716 1713
(002) 2602 2426 598 561

F 1 : [266]DIREIT R /L F—DHE ; [1] Yamanouchi et al. J. Chem. Phys. 92, 4044 (*90). [2] Vibronic
energy, Watanabe et al. J. Mol. Spectrosc. 10, 136 (*85). [3] Yamanouchi ez al. J. Mol. Struct. 352/353, 541 (°95).

SOAXSC)DHILULA LY R L& SOCIX)T A F AL F L

AFHETIE CREDIEFHEN 260 BEEZE L CTHE0, AIHIMEEDT- D, I LITREBEREZHES LT HAER
REERL < o> TLE VW FC R OREENRREA # 2 72
W }: v 5 §+§_’:‘@Fnﬁ%7b§f)of\ :ﬂ’bu_’:@ﬁé@ﬁl* Excitation of the X(0,0,0) state
NF—IRD o, ZOFER Einstein O B RED
HENSLELRN AR M TREREBERIR+454
THDHI LD fEoT, DD, WRIEHFERELZH
VY, [266]0 X(000)HENL & BEE— A FPOBEMNOIED
NEMBERE, TNEREBEIETHELNER
BRIZX-CNY FOBERBINALS hZ K Figd
I CBRME D FFE A7 hJV[Ran et al. Chem. Phys. i
Letters 439, 280 (‘07)] & (LB U TRg, 7235, ARBFFEIC T T R T R
X % Band origin DEHEAEIL 40953 em™ Thotois, E 1 19 Excif:sonWave[;;fh/nm 228 2%
BIE 42573 em™ 1227 PEETNS, =77, BT o 1. 266100000 REED & D X—C Fhkl 222
XWURER RS MVIZRONLRNoT, kv (ARFZEIZ BRI, Ran D O SCERE T TED

[ This work

Gaps / arb. units

r Ran et al.
+ CPL 439 '707) 280

Band Crigin |
2 =2349nm |
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—H. C-X A HALT F T2 TIL, Einstein @ 4 BN SROF-HEH ALY MM EEEOT, 2
A7 b )V[Parsons et al. Chem. Phys. Letters 320, 499 SAREE A EE R R LR
L C(300)/ v=45160 om™” |
(°00)] & ELER L T Fig.2 1273, #&ElhiE X REED(000)
EN~DBBRT RN F—REML LT . E2E2 LT RO TI T R R AT T

%, Tirb ERZEH CIREED(110), (200), (210), (220), -
GBOOVRENEM B D7 A FE AT b TH D | (110), i C(220)/ v=44909 cm’”
QOO B DAY MLEEW—BERTR, BEE |

e
BNREIET B2 T FCF Do —7D—FN o AT I.Il.. | J. -
B RDIENMEo T, ZORERIZOVTIIBRHTT ot
gl C(210)/ v=44549 cm™" -
55, el WWW _
S L
0.2+ — ol E
_ i B 1 e i VIR NI O O I P
@ L ] r W C(200)/ v=44174 cm™" |
£ o4 . ZMMM M '
=3 i r -
.g o | B ll.|l-l]-lJ||]“ 11 1. A
3 : '
= ooqll | L C(110)/ v=43615cm™" |
b i. ! I | “Af1h?+ll.lj.LLll.lllL J 7]
7 T T T T T T T T T 7 T 7 T T ¥ T T T
0.0l o L 0 2000 4000 6000 8000
0 3 Time / p: Difference from band origin/cm -
Fig.3: BFEEENHHBT7 5 v 7 R ;R = 423 Fig.2: [266] C-X Eif7 A A7 b/l (line)

& FER AT R (red),

pm THLH

SOL(X) > SO,(C) >SO(X) + O NI fEEERE
SRR RICB TSR
MEHREZFANDLZDERK
f= #& ¥ (real wave packet
propagation) IZ X BEHEZTo 107
T SHED 7 U v FE(WNV) & R
IZ. Nx=251, R=0-10ao N,=
219, R = 1.2-10 ao. (ao & Bohr
) THY., BEBEOE R
F oL 0024 TH Do Rips= (g
8.0 ao, 7as = 8.0 ap T % BN y W
Lz, D RLIN S T D266] - "

10-16

Abs. cross section / cm?

D7 Ty A% Figd IORT, 107 . |

140 160 180 200 220 240
ERFTHHI &, FIHAMEEET Excitation Wavelength / nm
HARATENG, R AT—72 Fig.4: X(000)XENL & HIEAR I & 3~ 5 [266], [366], [466], [6661D %K

INWTERE (4.8 ps 1) DERMEIFME,
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MBERCTHLZ EWNE-o T,

Wi, A TEDRLAL T [266]. PS0, [366]. S0, [466].
68190, [666], 1TV T 4.8 ps k£ THFEIRE LZERALE °
IERER R J= 0,1 IOV TEE L, BohimRITA~<s :

RV % Figd \ORT, BE. S 5ICERE AP ClEREHES
MR TH D, 300 K 2T DENLEHEEZRD BT,
(000), (010), (100), (020), (001)?> 5 fE DIRENUENL O BT EIFS &
R, FEHASAEZEE L CHEEE AR Lz, BRI
D7=% Fig4 12BN T 200 nm & VK E CREMEE R & sb -
RAEL HRDOT, 155-200 nm (2B A MERE (NS, B Eoe ‘e ]
W FEIALARTE O IR 5 (Enrichment factor). Gsotope = Gisotope/ Tass — I
| ORBEAEEERD, S DICEERERT . Awg = b - o0 © B =087 )

: , Fig.5: 300 K {23317 5 J=1 IREED SO4(X~C)
0.5083y66 35 & UAgss = doss — 1.943046s Z RO KIS I T =1 msngpue - 1315 2 8 Brdk (kA I (A 2h B
I oWTHE B three isotope 717 v b &5R$, Figd DOt
ARBDI T 7h5LFEEND K 51T 175-200 nm OFFH TIIAR Y KEREMAESHRIZA LR o T8,
155-175 nm CTIXEEFHEFEORMAERI BTN (P OHE P 3.4 DERED) .

Ages (= Sges — 1.943 X 8466)
o
T

H,S & SO, DFEETEL PES

Jacobi FERZ & AV H,S(A, B). SO(A, B). SO(C, DYREEIZDOWTEILER 3200 SO FELEIZ DV TFERT
BABT UV VI RAF—EFHE L, &AM, HS(A, BYREOFEHBEFESENHEHATIILSERK
TN L0, EME L E D IR BABREZBEN T 2D O RIHREENRNE VI FERIZR->TED,
F—Z BT D OEBICHERRL P o TN D, —F. SO, DT —F DERITFER 2 1 EEIT O TE,

ZDMOFHERFR

KREBREHEDFEEDTD, (7,00BN ) Fa—7 B ETENEFENENTENL Y V7 2R O
KRESFHEREEZBRE LZ, BN V7% 3BERTCHEELY HETCRIBELIEET LV FEERL, £0OF
£ D BNNT TIIABSFRALRVOT, AVOAlY 7 DOBETZ CIRFICHFREERL T, KESFE
Uy ZORLFEICHELSETRT Uy Lo p X —hiR %Rk, HRICTEERK mid ZHV, 441K
BEEH T MCSCF 12X ¥ MO RO T, MRCIICE YD =X AF—E2REL T, 1RTOFEHEREEZRDI,
F. KESFEZV L Z7OFLHLTLE LT CHEFIZERSEE L EOEL, KBLFOEEGEBELE X
LEDOEEAN, RELIREFER TR IVALLBRIIB LN oR, 3EFER TIIEERE
CEIFRREBOZ RN —ERLT v TV VT ORESEZHEECEZOND Z LBHEY ., KESFOER T
FNF—RHEYRES L LLBRTEDLZ EHHE T,

3 RBF, HMEREZIITE

(1) BT, B, 55 24 EMEPRUSTIRE (2008 F 6 A, #LIE) 1P14,

*(2) FEIC, FEER. 5524 EULFSUSERRS (2008 6 A, #LIE) 2P41,

*(3) T8IL, FEEL, &2 B4 FRERTRS (00849 A, &) 1P060,

% (4) Isotope effects in the photoexcitation of SO, in the 4.8-8.0 eV region; Tokue and Nanbu, Applied.
Geochemistry (3258 T ).
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RIEFPRES L UAILERIEICET 5ERHPR

Theoretical Studies on Thermal Chemical Reactions and
Photochemical Reactions

OHEMFEE., WREE, BHE, BOER, WS, Eags (EBREE) .
{EFRER (BRIEERT)

1. B EEY - A
ABRETIT o T2 DR DB LU T DT —< oW TE ORI IC R ~5,

(D DFEAFERCLL2EBETHEER= bR OBELRLICET 2%
(2) 7 bro T2 508X BT 5 HERAIFS

2. BIEiE - BRERE
(1) ZFEAFERCLDBEETFEE= (LA WREGEOBEEICET 255
FERPEICBONTCHEBEEZANT—PE)ICLIToORENEZ 52 ERHEMBEL LTES
i, RECEHOWIEMEE CREN SR & L URROBRE R ORBIZBET 2R BNEAICIThILTW S,
L LR s, ZOMROETOREE L R ERNVF—YEOEBEED ST LV TOMAIL, /—
NAREAFA FVEBALTEFEUEOA BBRBEEL TVDER, RIEZRINTHRY, BZRLF—
BORTHLEEY= bfbAPCISESERYERH Y, TNENRERDBE LB 2RO, HES
NTOLAEUZYBEHREBIZOV TS EIERMENMTOATEY ., ZLOBREXRREINTND, L
LN, BBREROFLESIT. KEEINBHT I -8 EAREDZRAF—BHEVITK
EWVw in situ OFPRELLVWEEFELLEAINLTORY, FFE= tafkeshod T
DATB(1,3-Diamino- 2,4,6-Trinitrobenzene)2 1%, 0 FHIK O FRICKSBRE 2 H LEBREBE D TEWD
B RLX—YEERE LTHLN TS, REZME L THEREE(LCO MR 2T 2 RITIA
ATHNTOBER, BICEEE= F b TEANC I BB L TCORERMIHEV DN
\\, % Z°C DATB ORI 5ENMRE BT 5720, HTBAEEEETo7, MD HEIL,
54 5y F & & e 27 DB T THEEL S 5 primary simulation cell TiT o7z, £ TOFEIL NPT 7 o9
TNTET L, MD FHEIZ, KRE atm) 2°5 0.5GPa Z 1T 25.0 GPa F TEAIT L7, MERDS
FRAFEEE (O FRIAEEAEED ICHEE L, ThEBERBHHLEZAONDI = M EROT IV AOZHEHA
DOEMIZHTEE Lz, KEEA atm) 75 0.5 GPa T EICMET 5 &, HTHOKBHEEERIENEN
BEFRZEAD LT, LA LARBEL, 7.5GPa by TS M OLED . 8.5GPa £ THEMLET 5, &
12.9.0 GPa M Hid, BEEBICEY T 5, #6-T 7.5GPa I THFMOKEBGHERMEBERDOHDHF
BELEDRFGA—F—ZBEBNEL TS ZEREZONDOT, = haEROT I /X0 ZHADNE
T COELE M Lz, = Fo I3 L7 2 ) BoKIC k- C2 BEGFET 523, o FHKE
EABEMOBLORT L ABIZ LT, 7.5 GPa METMNOBBELKEBLL VB I EARHE, =
NHBHBRED ZHADOEIT, MEKH L CTRERSEO = AINF —2ZEMTIRELZRIZL TS
LA LT, BT RNT A — 7 —DENMEESEEZ RS LY FROKEREE LBROH D o #i7ZT0358
EEL LTV L IEEBEEY, OIS, DATB OS5 FRIER OGS FHOKREEN. mEPORKER
PRETIREVATLL LTOREZRZ L T AREENRER SNz, Fx X DAC TOMERR
LEEFCB IR TEVESEDOV I 2 b—ya VERNERTRAHINEEAREZR<BHRELTWVWS, HiIZ
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DATB DORRZRMEREE T RXN X —EE BRI T DAL, TRAZ — L\ ) BRI B EE 5 5 LERN
BLHN, TOBBERFOENIN 20GPa L SN T3, FBL7BERKBESIC L DREYV AT ANET
T, 20GPa AT THESZILBHRTH LD EEZLND,
(2) T b7 7RO X B HICET B ERAIEE

B X BRI K D HACFROSOBFFRIZ YA M RRAED
EAEETH DR EDRFEEFIA L T FRERMEEK
ISBEOBREAHFE SN TS, KBS F TIIHF
EERNDLGFRNT I —FMRFECNICEZ 0 W
A MBREOKESMRBEOBRINHE TH 5 0Iext L,k
HERRERERD TIIRF =R NVTE—% 5 TBRAT
EDNRADEED T DRI AN EECTH D
LEZLNTWS, 7 FRAXIHEORBEIMEL,
RAES T TRALNLVHRLERIE OBER N
ENB, BE SPring8 BN TTE hv s T 2K
DR X R & B HMERERRR O BT, R
FETIET & h 7 T R F ORNRBIALSR GRS
HZBfRL, 79 AZORERBEDHERK T X #
LAY M OHEREEZITo 72,

75 AE DEEEEHER D% Gaussian03 & AV
7o &7 T AX OHEEIX MP2/ce-pVDZ L-ULZE i
THERRELS LOREBHE 2T Ao
EBERANT, XBRIRALT MVOHEEZTo 7, &
HIZE X RN OMFRERR LB T2, WK 7 ho 2522 —CHEo XBRINALY h L
EALE N ZHE 1T o 72, BUAFE O time step % 0.5 fs & LT Newton DIEBNFERE 20 fs BRI
7o TRBWINARY MVEHE & N IELEI ) FEH B2 StoBe-DeMon % IV Ve,

BIZT7E b7 FAH CIOBRIRANT bNVERT, ZOER LRI ANRY MVITERANT bV
DEME LS BERT S, REWTIE, 286.4eV HED C(C=0)(1s)>n*(C=O)ILRBENIE - —2 1Y
SRAZEHR L THE— I ALBITIE L A CEID2VDY, 288.5eV 1D C(CH:)(1s)2o*(CH)IZIRE S D
B — I IIKEEEOREER R, BINBEREADT S, I (C=0)DEEIDE VT, KFEFE
CHEBESTIRTOEVBRBEN TN HDEEbiLD,

3. %K - HREBEZIITE

% O. Takahashi et al, Chem. Phys., 351, 7-12 (2008).: T. Tokushima, O. Takahashi et al, Chem. Phys. Lett., 460,
387-400 (2008).: L. G. M. Pettersson, O. Takahashi et al, Phys. Rev. Lett., 100, 249801 (2008).: % O. Takahashi et al,
Bull. Chem. Soc. Japan, 82(2) 272 (2009).: T. Tokushima, O. Takahashi et al, Phys. Chem. Chem. Phys., 11,
1679-1682 (2009).: %Y. Kohno et al, J. Phys. Chem. A, 113, 251-2560 (2009).: K. Yasunaga, O. Takahashi et al,
Proc. Comb. Inst., 32, 453-460 (2009).: % O. Takahashi et al, Tetrahedron, 65, 3525-3528 (2009).

KB, WE S, & 19 BERERIFEHRS ORIK, 2008): BE, 5, & 56 BAEHERLFEHEMER
TER WYY L B, 2008): EAED, 2 ESTREHNRSE (EME, 2008)

Ce=0)1s)->w"C=0)  monomer

C(CH,)(1s)-->c*(CH)

Intensity / arb. units

285 200 295
Photon Energy / eV
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LERIEDBRFAAF S XIZEHTHERUTFER

Theoretical Study on the Quantum Dynamics of Chemical Reactions

O WTFR—. ks, FRHER, #EHESE, Sergei Manzhos, =R, AHZERK.
FREES, RFEE, RKEFE, ZBEXXH GRRREI)

1 HIZEEE - A

1.1 EfEEmCOBETREEET— 74/ VHEEER (KF. F4/)

R TIT, REABTHBHICBTIBEES AT I 7 X LIENBEEEROBEEL ML L, RERET—

FRORESFREE— R 7 = VI WNDEHF TOBT L OB EERIC>WTEFEHELZITV., £
i LG, BT PR S OBEREEEIToT,

1.2 Nb F—7BIOW F—FL7=7 ¥ —BRIEMLF & o OREMRIA Rk, ik, WT)
=AT7(NDREFT =7 L7z7F¥ —BH TiO 1%, £4 - {Ea X MNEHEBME L LTHFShTnS, K
R CiE, BEXRMEVOIZOWT, Nb F—30 b OBESERARBIELFEL:,

1.3 AREY—MESISOEMREZ B L= - fHEFEORRE BH. W2, Manzhos, 4I)

R —fEEREDF & LT, T/ v— NEEBAEIZB T 2TV a— VO AT MMURIG E KBV T =
AZBTD2H/Ta—nADFEINKGERY B, ZORKICHEEDRERZ B LIFEEITo .

2 FREESIE - BEFE

2.1. FAERKRECOETBEHEET— 74+ VHEER (KF. F)
GRRET A+ ) = NN DV RAERBICH D BREER (CDF) DRI OWT, In, Pb 72 D p-block
FBFCHBENT Cu REZIRY _EIFE—FKEFE (VASP 38 L O SIESTA program /) 12 & DT E1T -7,
—F. TREEHCERRAREE—STRIBITHBREEE LV BT, ZOFEEME N I EELEHTF
SRRE GBIRA)) OHEiRE2IEFEE S U — 2 BEIEIC X 5 E—HEEE HiRUNE program) THREE L 72,

2.2. No F—=7BIOW R—7F L7+ —BRELF ¥ o OEERE Rk, Mk, WT)
FE—REICE S AV FHEDOFEEZ DN o T, 8FEN (T, 0p) KHERK2EETON FEF WRF), B
(IR 2 [ TO Vo Z#EA LTEEIZOWT, RlifbE =X F—DhE 2T o7, (VASP ) ZMH#
ORI ESE, 2 TOMSER F—_V MNEBER VTV L, FESNZEFEEICK L, Bader
N AW TREFOMEFRELTM L, FICREE2HHT A HRNGEHROBRERL T,

2-3. FRE—MERGOBEMEL BIE LER - HEFEORERE (BH, B2, Manzhos, )
Hx i, T — PEEREEAEES 2 KT OREREEEEE T D LV O ETEN L, BFLFEH (Gaussian03)
L RASEREAET CEENEEES AV CEEREOETIRERZRETE 3\W\hbd 5 FEHE R (VASP) &
ERE LT, 7/ v— MEESKRE CORGHEEZ ERIICHA Lz, KBENT =0 LZBELTE, 77 A
F—2T NERNT, BHEEHREILLY ZORSME R LT
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3 IR

LIERRECOEFBELET— 74/ VHEEER (KFE, T4

In, Pb, Bi #%%& Cu(111)REIZX L, Fermi M THORAT 4 7R M2 E—FREEENERZL, WIh
DEHEETUERARAT A VI BREIDZLEPO TORTIENTE, LML, REREBOEFHEELZEHE—
R0, Bi OFE DA 2/ AEBHEEIL In, P HER L IZRR D EBbhoTz, EbIT, FEE— NI
oo HEMTOMITIZL Y, Cu RTO/SS TV RES TIE, W(001) RE A =V REB O L 5 RS,
FEY72 Jahn-Teller IR TIZA2 <, BHEATZR, BM72 Jahn-Teller ZIR TNV F¥y v FABE BN
ZoTWDIEEHFEICIVRTIERTE L, —FH, HTFEKEEL LT, 24812 D, M FHEE TO BT 4
FEBY, 20 IETS 2HE LER. EREERIZED 2SR B T, IR XY % Raman 5 ¥E0iE
FRANZHENE NI LISRENT,

3-2. Nb F=7BEIOW N L7 &—BRELF ¥ OEREEH Gk, ik, WT)
FEORER, D Nb & Vo 2 BB ENMC, ZRXVF—MICEZER OB RO -7, LLERS
BEZ b OBRMEVRRBEDO XN X —REMERT 2, #iE L o XV F LB BRI RN
72/ o T, Bader BBATORER G, Nb HFOMEBIIEN L-BEE THRE-TEBY bRV —&FE
{LICH R 2 BT T A2 o7, Nbn & Vo OBEAMRARIT. 15 DRME R ENRE & BT
LTWSDTiE L, MEEEN b MBI bFREAEDELEEGTRESL LEZONS, —FH., W F—T%
T WERF & Vo iTHWEERAR LN, ZO/BEITEROW & Vo PBELAEZAICHIEL TR, &
BTERINTWDEITAFY VITOIFELEZD,

3-3. NY—MERICOEMEL B LB - FEFEOBR (BAE. ZRE. Manzhos, 4l)

T/ — PEGBERMEICEL TR, ERFELZHFETOIETNVEBETDIIENTE R, K@mTHOTrR)
—AVOBAKRKBRIZELTIEZ, BYA9 220094 MRT VLU ATy NOBRTERLEERIZZ-TEY,
BEIIKROBENEZ D, S #ELZ L 2R L, T, KBIAT =7 ACEL T, BEFL%s
BHERWTRISHEEE R Lz, BEETRAXF—RBRE, ERTHELNTVET — ¥ ZIZIEHEHTIZ
Ens, BEUCKICEBEBORAEZ RELEEZ TV S,

4 FER, HREEETZEITE
4.1 HR (0 5EE)
% [1] H. Nakamura ef al. Phys. Rev. B., 78, 235420 (2008)
%*[2] A. Nojima, K. Yamashita, and B. Hellsing, Phys. Rev: B, 78, 035417 (2008)
*[3] A. Nojima, K. Yamashita, and B. Hellsing, Appl Sur. Sci., 254, 7938 (2008).
% [4] T. Hitosugi et al., Appl Phys. Express, 1, 111203 (2008)
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Molecular dynamics simulation of the photocycle of bacteriorhdopsin
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Chemical and Physical Properties of Nanotubes, Fullerenes, and
Nanostructured Carbon Materials
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Theoretical studies on excited states and their relaxation processes
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BT 7200 2 @D 2p-cGTO % FRHIEHE(LT 2 Z & TRV
Fo RV — RS CIERRBEREZ 5,
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ZETHRTIEH, AT AMBELIY bEV XV —ERIZ, &
BOBTFHIE LI-LETRHERENFEET S, EFHEDRIC
EoT, INOLDRE~D I HTRHELFARETHD, £/, 2E
FiphfdIREE & FRRE O R L X — 2R OEGIRIE L OMICIX, &
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(a) HF=RNLF—40-65 eV

(b) JeF=x

JUF¥F—59-65 eV FEER{EIZ Samson 5 [2]

2p-cGTO % 1 A7, BEFIREEIT SDCI FHEIC L VR, 2p-cGTO DERHIEIEE | HOLKE L LT,
ZOFER, M4ITRLE L 512 60eV 3T TO Rydberg RINZHIGE L7 B —27 2B 252 &N TE, R<AbLHI

72 EXIFR7R ' — 2 (Fano profile) b 5 Z L BN TE T,
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RO EEE T E TR, bhoton Energs (oY)

H Dt EE DO W BT R 70 DEEN - SIS £ TR - 6. H : SEBHERTER
THFHL, BEFHEHRICE - THA 5 UTHEREREL 725 T5, DEVIRREOE THE%Z EfEIC
B>, Z\Eﬂ%ét&b He, Be O & [FIBRI _§’7< DERIEEREEE AV, ZHICERIREER STl
T A7 1D 2p-cGTO M4 T, SDCILIZ LV EFREZFHE L, ERuEHEREEE(L L, E
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EREFBRUVERBEES FOWIE - RIG - BB REICET 3 HRMNOHE

Theoretical Studies on Geometries, Reactions, and Excited States of
Metal Complexes
OEEFRF. rERE, MER. THRT. BAEE. RIUEETF, REfH BEX)

1 MEE®. AE

AT = T, 2 RAIOESEEEEE - MiE - ETEBOE L., AKRICETS 2 »OF—
<, AV T T —<IZBMVBEATND, (1) TAT7 =20 AREMFET5 6 REBRSBEKDETE
EERIGHEE, QYT /= ound A I ABROEOE&RHEEROBELETES, Q)7 T=VRUIT ) AF
NT T = OREIRBIZEE T 2 BRI, @ESEIREEOERINERH. b5, KHETIZ. )DIFE
TVl MIOWTIRRD,

AT 2= LERIZV TV RCHDERARAT 2= U ARV Y LR AR L EETHEERFD, & o

VUIALBIE L LTHONDL VY VIUSEREFRRIZ, TAT URTAF UV OSEMRAICERT ML LT
OMENEIFIND, RAT7 2= LKA ERIZ \
BOT, BLFRRLEROENIC L) FEEKIIRR Zk - / - Z‘
50D, BARMPBREINTND, LrL, £ ¥
{EO¥HE L BREIIFAL TR, —F, VA7 4 0dH w0 w | ) . .
BWNEVERT 7 A PEEMALFIZLOEESERIIBNT © °\ T P,M°\ - P, N~ P, °\\
LRBEOBEAPBE SN TRBY , BRI X 5 ZME(K@) F
EHEMBRBHOGD 2 2ORMEBRBRBRIATND

V.
//,,,'l i, | P Yy, | P

(Scheme 1), RAFFETIL, VFERT 4 VEORVEHERAT 7 -co p/'Nio\ TN TR AN
P co
L. bt J b3 7}3 el . . o .
A PEERMT ET OEEORERBEEZBHICLT Scheme 1. Two isomerization pathways (a) and (b)
DFTHEICE o TR AT == 7 LEEARDO BEREE2 /R of phosphine complexes
L7,

2 HREEAIE, HEFE
AT = =7 LEER[Mo(CO), {PPh,OMe} {P(NMeCH,),} ' ( 9 NiLEIR T cis (K45 trans ~EMHEAT 523,
trans {572 5 cis R~DEMEITBIHI S N2

cO
V. Scheme 1 DIEEE BEIT, BENBIK o, | <o, rit. &N [0 |
EB3LYP/SBKIC(A)Z AW TSR 9 D E Ph, /“’i°\ ,N) ’ P\——;'Vfo P\/N J
o P —X PH® oc
MR EZBE L, ER7 27T A ,ﬁmmm N OMe & /
PH

Gaussian03 TH 5,
3 BFZERLE

RAT == AER(O)DEEEERMRE@IZIZ. VY FOMAELER 2 BOFEET D, 2 20K
DTS IEEET R A —3 30 kcal/mol ZBZ 5ENHD L2 | REZBER THHZ &BbhoTe, U
v ROEERCEE S EEEE LTI, BBREESICBVTY T FESBOHMIEL RIRTFHPED

cis-9 trans-9
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o, REALREE ORMEREEOICRO T, EORMTABBET 50 X > TREEOBEIRE Y, &
AT 2= B Y RHEBBE LT & & DX rans RORIERA L 2 5 Z LASTE LT, BELOEE{L FLE
—1 20.27 kcal/mol & 6 Be{Z DEEREMARERE(@IZIEAED SN RRA T == A ) H v ROBBEC SHER
T ARILF—iT 39.00 keal/mol & BV, BHEFICEEND OTF 2 REREL LTHRRA T 2= OHLEEN D
DB ERE ZRABTD, BT RLF—1130.77 kealmol & 720 | HETHETTI20EIEETHL LELL
N5, ZORMEREOIL, BERESKT CREAERER L, ZORBOBEBBRENENN TS Syl Kb icEL
UT-BBEER S ThH D, BIOBBEBEBRISE LT, S22 RIGICEB LI-EER S . ZRINASBN S
ITEHBERBRSERICERTRETIZ 2V L Exl, THETIZ, AVR=AEY T Fe LT 7 BUiEE
DEY T T USEEROBRER S H 5, AFETHWEE CIIBEIC ISETFRZHE LTS 7 RAEEE
TEMEEL LTIMDZ EIEBXICC WD, TSHEEE LTTRMUEETRVED LELX, 22T, S2 b
BRI O REEEREEEEL, OTf. CO ZREAIL L TR LEROBIZITo7-, ZO/BRE.
CO TIIIEMEIL T KL ¥ —23 30kcal/mol X BV H D L 7257228, OTf Tid 20kcal/mol LATF & B b HF]
TR L Ip o7 (Fig. 1) ZOEHITLT, $EOITEBNT, OTF 2 REH & L7z S\2 METCORMILA R
LEFITHDZ EEHALMNILE,

cis—9 + OTf cis—OTF TS trans—9 + OTF
AE = 0 kcal/mol AE! = 18.14 kcal/mol AE = ~0.59 kcal/mol AE? = 15.33kcal/mol AE= —4.44 kcal/mol

Fig. 1 Sy2-type isomerization pathway of complex 9
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Singlet and triplet states for electrons confined in 2D square QDs

ORHBEREZ= (EX#EI)
1 BZEERI. AR

PEEET Ny b (QD) T/ A—F—DREIZETHANERBEYHTHY . TORFICHALZDH LN
BFIIESMEAZBEAEIEE D), THICI2HF2E 0BRTHRENBH SN TH D, TORRBHLI®
BN ETRTIIETHEORESBO CEBELRLIN, 7/ VA XTORALZDHICBIT 2B FHEEOE
RHYRERAE L OMEHIHERY D 22\, ARFFETIE Schrodinger RO BFXT AL (EDM) R4 FR DS R
fRL L, &5ITELFELFIM L3R Hartree-Fock (UHF) % & BETLEBEEE (DFT) RIS 2 BEMR
EOHENS, QDREFH U ZOETROMBEELZER L.

2 BREESGIE. RIETTE

AT, RLEAPCIOEETHSL KT (2D) EFEFFy b (SQD) 28EL., ZOWNERIC
TETEHALCIODTHRERE Lz, BEMAL (EDM) % AU T Schrodinger FREAZ BUEMICHEE . D
EEREBSBME Uiz, —FESFEIC L 53EHIIR Hartree-Fock (UHTF) k& BENBELE (DFT) k%
FIALT, piFice UOIEBERMEEER CD., FCEL T G ) MERT Uy VEZEAL,
EDM EJEfE L T2 LIV BETFH UADRTOETFHHEZ KT L7, Schrodinger FEZR., UHF F1&
., Kohn-Sham FREXOEMEMIEIC Y /2> T ZFOEBEREOD, F—OKEHRTEEL AV KEE
BEOTR ST Aa— REEEZITV, »OFETLE, REBAVVEZEECEL UI—EEHL ZEERELS
B L., TEHENEICEIT 5 EFEMRIT Gads-QD 218E L2 ABE TR E W,

3 BFSERKE

B AARIC & D EFHEE

EDM ZEMIZE S 2D-SQD A—EBEE_BFOEENMZ, ALIHORLZALSETH 17T, L=8
BEMNEFHEEICESD
< FHBITLAY QD R
HE 324, EDM EEME
FETFEEORICKT S EDM
HHEMEEZ RSBAREFELTND
L, ZhiZxt L., UHF £
EfRIZ, B U 29 (L<4)
[T EDM RJEME &

L=2[a.u.] L=4 {a.u] L=8[a.u] L=16 [a.u]

DEN—ERBD LD
2. BWEALID (L>8) T
IZARRALATED HRARVITNY

UHF

1. EDM EJEMEI N UHF REMEIZ L 2 QD N 2 BETHEE DR
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%, ZHIIUHF ERAREICITETHEZZE L T 2RWVWEDTH S,

UHF f# & CI (a) (b)
7 T T 1 T T T 1 T T T
] - 7201 ® UHFCI
. smgie ater g 5 .
UHF EJE# T T {atomic-fike state) .
BETREEF, & — —_ ]
= g =
BRI AFREIE ® os0k u 5, 716 . -
HMTHILICE B ‘ 5 | |
@ ) .
D BFRELER G g,
L, &R LF— g 0.75+ v - g ' apcl
pREEFR->T —u CISD = " EDM \\.\i—\':
— Viem ke .- ,,,,,,, ’i‘j‘!’i“:ﬁ—f -
WARZ ETH D, UHFCI | 08+ —
LRI D I ! L 1 L | ] | | | | | i
B . 1 9 16 36 64 0 2 4 6
xF 8 75 1R D S BE TS Number of UHF states Number of excitation Levels in QDCI

T EE 72— DELEE

IZIBE 9, 2@ UHF fE TITROEER
BEZ R TE R, FHxid QD OEFRIHMICE SRR D UHF 22 BEICERVIATLH 2722 CLIEZRE
L (UHFCD ., AROBEFHEZHET L7z, UHF EEMIT 5 REREZEEEEICRY ANLDHEED CI
VRICHA, AR UHFCI #: IRl 5 BEFOSBBIC D22\ (1,7 TRE) 0bhnb b3, +5RKE (2%)
T FAE—HHELEHTE (M2@). SHICEUHFRBICHT HRREL b EEREICRY AR
CI{E (QDCI) Tid. EDMEIZ X ARERD 0.01% DM E T L XF—8FELZEH T Z LiIcR Lz,

X2 UHFCIf (a) & QDCIfE (b) DE&TFRNLIF—ZEAL

DFT & Side Length [a.u.] 2 4 16 40

HO=X VX —#IE (SIC) L7 DFT &
WL BEERRZMA T, EDM, UHF,
UHFCI, QDCI #1ENDHIEIZLDE
BFEEOHLIOE L T 5%8{%E UHF
X 3R, MEALZD (L<4) TII—E
FRBPXERIE R D720, WTNDOFE YHEC
HEENICE S RETHEEL S LTV
Do LMALAROHALID (L>8) K
FETIX, ETHENREE IRV UHF ##

IIEFE L E7-DFT##H L3 10 Zik 9~ & | LSDA
ZOBEOEHEEIEENICLETLT +8IC
(AP

L ZH&LEFHE

DFT & CIZFEEER T ¥ v /L & LT, Tanater&Ceperely (TC) MBEFE R (QD WEFHEEEHIZB N TY)
BEGICAVDONTWS, LALEND TC MHERT V¥ v MIZREBENITER 2D BTV RZKT5EK

EDM

QDCI

3 EDM, UHF, UHFCL QDCI, DFT EEE DL EFERE
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THY EBEROLEEET @) ®)
HLZOPHEREZEREEL T
720, AHFFE T QD WETH
CZ®EEBEL-TCHERT
YU NLDOBRESG D 2RA
7oo X 41212 EDM BEfE%2 5
FRfE L U7z L & ® UHF EEfE
POEMLHEBET R X —
DL ZOE LIEEEEZTRT, 02 N
%%Eﬁu:&)%%‘%bfﬁb\ TC 1IG 2[0 3[0 4'0 e '150 2‘0 i — ‘1(1)0
FEEIZES L HIcBWTED Density Parameter r_[a.u.] Side Length [a.u.}
B AICEAFMLTWS, = M4 QDAOETFHEL UHFCI 3 & U QDCIIZ & HHEE =R/ —
D= HBEFH CIADBIC TCHEE
BHERAW-LSDA HEEZEAT S L RO R NVF— 2 RABICRELITTLEIENAL N E ko T,
FAVIRO AT RN F—% Pade DR THFR L, I RHEERT ¥ v VERR/SNT A ZOREITHY L
77

& 52 UHFCI EJEMRI ONT QDCI EREfETOETHHE % EDM EEM 2 AW THEE L7 (K4 (b)), UHF
2 & DOFFIREEE TR ANz QDCI f# TIE2 LIk (L<100) 2BV TIZIE 100%DEFHBEEZ TR 5 Z
EWRHA LM E I o7, —JF UHF fEQEED A %R 5 UHFCI i CTH L<40 FREE TIX 80% L BT HET
EFHEZAELI LR TEDRZ LN ER ST,

1.0 g B B £

QDCl {level 5)

0.9 1

=
I

¢ 2D gquantum dot
— 2DEG (Tanater & Ceperley)

Correlation Energy [a.u.]

—3= Wigner molecule-fike state

Correlation by Cl / Exact Correlation

SN AR
Al /gé({k% (a) 0.85928 (b)
e a t ! i ] | I
. e o . & j
A EERETOMAL J J— ¢ 0.00 - =
IOBNETOMMEEER W P EeDMEUHF (Fiplet
To, ARREREEZ R = 83449 Pyl a& T 008 -
EYSEBEICH LTEGFL & 5
% (M5), SEERETIE 8 | § om0
o singlet E
UHF EEfRZ Iz LTHEE ! B
B .
CARRIEZEESNLTNG | 8 os EcomrEupr (shglet) |
7z 8. UHFCI f#72 & ONT §§
QCI fE T T RN F—HHIE ﬂ‘,m; - 3 090 i i | I
. 4 & 8 w12
E—EIEICH AR LT 0.708851 2 .
UHF ground state UHFCH EDM Side Length [2.u]

Bo ThiE, R#f—FHEE=
X —EICH T HITHIE &
MEEOEE2ELXDRBRETES, FIZIEL-8SODEFEF Fy P COZEHBERE_EFRHBTRNLX—
{E1%-0.197455 au TH YD . ZOMHET R/ F—{H- 0.00496 a0 THHZ L 2EETH &, RFE—ME= XL
X —{H-0.199715 a.n.? 98%% I CIZRBELADH TV D,
SBIInBEFNSARICHEL, BEFHEL ZOBNEFOMEBEZRHEEICHER L2,

5 —EREIVTCZHEHEEFRELETEELETHERLF—0DOHE
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