4P051
2T FHE & O BEVR SR NS B 1T S BLS D Rt HI Bl g2

CREERPE - #e 5 bs) OFARZM, KB, EHf—K

[FF] A el LTV d 2 L 2R E T2 T TR TEFICX T VT 4 — 2 H L7
WD TORFEEMER L CTH Y UV, KEFEEZ RT O LMONTND 272, kittfkoT 2
TUAMELE LTHERZED TN D, AT FREIZ OV TIEIRFFEMEO T R LR & 3 kot
HIEIZET 2 MEITZ < RS TV DA, BEHR-IRIAFEIZE T 5 2 IRTTELSNIZ DUV T O RFERI R
WEIXZFE R SN TR,

AWFZETIIRBEHE 2 2 ST T (Fig.l) 28 L. €Oz HOPG (&fdmi:
BORT 77 7 A N) R EICHE T L OIS B OESG R FIROME A STM GE&ER ko

FOVERREE) AW CTHEIZ L, Hscgo OJEEIfCH3
WAz B3 2 FR AR % " QM N, Q "
U RY/R N P Rl YNNI \@(o OYQ _
n=7,8,9,10,11

SRS C L 7 IREDBIES b o @ o
= Y I s
;;:ii’;;i*%i& R Fig.1 Wi7eci% & 5 id ot

[5Bk] STM Ml (21% Digital Instrument £1:#¢ Nanoscope Il /E % V>, E&EiE— K=&, K
SIETCEEY1To77. RBHIS MM D o-P 7 mua P UEike L, Fi-I2BEEE L= ZYB 7
L— RF®D HOPG FAR I T Lic, BREHTIZKIE A V O LK CEIIE LT 2 v 7 AT R
Z HW Tz,
TR CBEMEE I E TITH T ARIFERE 10 pm O & /L ORENIE AR E DB 2 LAHT TEA L, =
W76 200°COHFIPH CIRE 2 2t S THRlEZT- T2,

[ 2 2 5] V

- STM i

BHRBUE 8 DA TIco T HOPG kI

SN HEAMS TIHEBRTE . HAHL

BRI E SN A (Fig2) 2

Mo, TTFOBERENE L5 < R

B 5 STM ORtE% S5 &, B

TP OBE AR LES . R R

4T 5 L %2 b5, /
A B U RIS O 2% W E T 7

A7 HOPG H 2 HE+5 - Ltk Fig2 RFHEE 8 OeLy T HOPG LTS
hot, TOTD, BROEEELEZ TS (760mV, 360pA)



RETIEHRL, BRSO THMITZT o 7ofE R, B OB &R ORITEILT5:4 TH Y,
B U5y TN O ULER Sy & REHEE S DL 5:3.8 720 IRIE BT, 2D LD,
—AROHEENTIZIE S TR F A% HZTEICWATND Z LB HERITE 5,

- RCTBE G it s 4
FRNORAIIRELZ FIF T &, 153CH ety ¢

I CHE R DR 2 46D 153.6°C TILFERITIK
mkRE (Fig.3) &leo7, R 7 7 L fRD
MEN R ONDT-D, AAXATTF v I EEFEMKL
TV EBZ NS, KinlX 160CE TRE L
AL LRI ST,

R AIRAEC 30V BREE O ZFIIN4 2% & | fafk
WIZEE L ENAEL, FNEEIRT 5 &, BERFC
RO E Y, FIAT (). % (b) THLHE
DE A TIZETR BN o T,

YR IO RFHHE ¢ 9, 10, 11, 12 12OV T
AR N RVBMEE, WYCEMEEIE ORE R A
wET 5,

Fig.3 &/ ~OELERN(2) AT & (b))% D
(i AR B I £

1) T. Niori, T. Sekine, J. Watanabe, T. Furukawa, and H. Takezoe J. Mater. Chem, 1996, 6,
1231

2) D. R. Link, G. Natale, R. Shao, J. E. Maclennan, N. A. Clark, E. Korblova, and D. M.
Walba, Conference in Proceedings of FLC 97, Brest France, 1997



4P52
ZHMEEEDOEIBRKRICEITH1EE E H AWEFRE L DHEES
(RURBET L. JST/ERATO?, FUK iCeMS?)
OfgEEZE . BB PHEFERER % b 23

[(#65] @RA A4 ROEEENL DB CERIT A
£ o THEE SN D AL RIS A MALIE S
W ERERE DS T Sdv, TR A ITHFIEAM T AL T
WOMERETH D, —BEOSER TIIAT ARG B L
IZBWTHD LEWENTETHZ LT, 20
WA I L S, RIS 2 BtG T 5 Bi5:
(=77 = BB RmLRTEY (K1), Z
NWEFIR LIz 2550 - o —72 E~DIEHR
IR ST B, A BIAAIE S L ORI 1. A=T 7= MR
FRSBIR LTV D L7edIZ, ZORERIENIIEFICEERREL 2> TWn D,
AREETIH2RILY — MEEDSEET 2 2 LIl TR SN A v &7 —F VT — MMlGkK
BT, B72 DB T 2 AT OFIG CHlE AT RE 7 VA ARTUEE R 2 AR L. W BlARIE 3 K OWE
TEZMOE ORI A2 BB 21TV, BB OREE & U AW AERE & OMBICE L TR 21T o 12
DTHET D,

[F2Br] REER AR SN SAKFI)., b-=hua A YV 7 X )LEE HNO,-ip). 5-A F¥F A Y 7 X )LEE
(HMeO-ip) . 4,4" - B U /L (bpy) % DMF & MeOH DIRAIREEF . 70°C TMENVT 2 Z L1c L v b
& [Zn (NO,~ip) ,_,(MeO-ip) ,(bpy) 1, oDMF-MeOH (1x06) Ak L7-, HiEdL. ¥R X Bric kv &
FRIE% 35 L OV 1 AMRRE T OMEEIRE 21TV, A ABRAERE Z1T > 72,

[ - Z42] $BK 1xoG OB (x = 0, 1) IZZSRIBE, FEhR. BONCERBE, HEEHEGE L UFM
LN RO 2 AT D85 TH 0 | EVERTEER 1306 (x= 0. 52) [IZ 2T b B 5 X S
fERTIC LV REOEEZ L >T0DH D
L EMER LT, F£72 MeO-ip(x) DEIE
ERRA LS E T, MALNIZ S A R

ST EAT DK 106 Ak Lz,
ZNENOALAW DR R X BRIEHTHE
B e — 2 T S AVEL S, <
LeBail fi#ATIC XV SEIKDREFEL  ©

Amount Adsorbed

Gas Pressure

. . M o
HEHANCEL L TVD ZERH LML . 0~ ?i

y - ; — e 022 o] 980+ A
3 EEERSE R O TR 2 R LT § T R—u2 | s ]
(R2), FWIHETHE 1x O 5 N 2 e
ZARIZ DT X G e I AT 22 ;rj fh-&: g:i ;u 960 g 1

_ ~ T Nam B |

ML= L 2 A, x = 0 OSEKTIEA i A ..
ALNHBICIR Y AE TV BV T e 0 Ty
BOBRS 2 SI2 &0 ISR 1 2 . (a)81K 1xoG(x = 0.52) 0 vk it

RlLaT 2O, x = 1 OFEET (DY X AT & O TR D24



SRS TR B S LRSS g0 otot
AR L RE CORMBEZ(ENBII S 80 99700 99 Guest PR

72 (9 3) 7%@@%@3 $ %%ﬁ%ﬁga
- (53), 3 /5
E R O T T A b i AN
B, T L SNNE R T T &§%3€§” g Aﬁbwﬁé{
ZORER, ¥ POTHOMETLEEKR DR Sl R0
T MEE LI, ZNERORMTFIC 0 R %

0
. T XX LR K

Wt LRSS O AL R T 5 2 b8 s 8h Guest g;wéﬁ
BNV AWl ek o SIOR3LE 295 (AN ’ggf%ﬁng/ _L, /ﬁﬁ/@@/

Ha < M M 2 oK X REIHTIE 12 & <%”)§%L ZAMBEE -

- = | fo RS L &0 r_/dl‘j/__/
D4Fo7=. 0< x< 0.18 TiF x = 0 & Rk ﬁf(ﬂ? et LA ?ﬁ—n&
OREEZA L TNDDICH L 0.18 < x < 1 )
Tl x =1 LFAEOHEEZLE->TEBY, & X 3. S5 1x OAESZRiM:

5 LEWEZBEICRBEHRFZDEE D 2 LRSS, ZhbOssRICB T DEZE LD
BRRDENTA Y 7 ZOVIEEF RO BRI X 2B TR - b5 & W o 2B HRHEDE W T
TIERL, BEHEOTIRIC L0 ZEM 2D 5 K2R E KM LT b D EEZR bND, 127
A Ny F ORI 6 T R HY 2 A& oM 23 VA (AR IZ B W T H IR T N D 2 &
Z XRD JIEIC LV #ERE S vz,

WG FFPEIC DUV TR &AT O T2 ORI+ D
WAERE 21T -7 (K 1), ARSI ALK
Thb x=0TIL2.7 kPa &\ LI &
W) T ERMEEZ R T DIk L, x=0. 06
D& EFITIX 2.4 kPa & 72 0 WEBHLAIE DD
NRONTZ, SBICxEREXLTHIETH
ERGEORD BB S . ZIETH D x=
1 TIEIEREN WA ZRBL Tz, (M
4), ZOBIRITKRDFIZRETAZ DL D gt :
TR RBPE DAR N FAZ DWW T H B S 4L, WA Pressure (kPa)

WIRIE& R IR 5 = S RTRE S Moo g it 1x 0 208 K IS0 2 KA S5
F 2T O EREIK LR 21T o728 2 A,
WA FRIZ 51T DM AEE DERIREDOEVARESHEAELTWD Z LRSI NI,

W A BR AAE O AN L BB IRA 22 T A G BE~ OISR S 2 HERIRECTH H, bR
T ABRETAFNLOHEER - WETO ZBILIRFEDEEZRRTIZE ZAH, ZNENOEKD
Bz L, x=0.132H\WA2LTx=0, 1 X0 10EULELONBEELZEHR L, 4 H
TS R E AT O W T H A b TG 5,

Amount Adsorbed

(molecules/unit cell)

2 Lk

[1] a) S. Kitagawa, R. Kitaura, and S. Noro, Angew. Chem Int. Ed 2004, 43, 2334; b) S.
Horike, S. Shimomura, S. Kitagawa, Nat. Chem. 2009, 1, 695.

[2]T. Fukushima, S. Horike, S. Kitagawa et al., Angew. Chem. Int. Ed. 2010, 49, 4820



4P053
BIRFEICE L. 7 = F L= Vs RS0 ESILE STM HIE

(FRRBESEME T 1, RTORBEEL T 2, BoRBeEL 3) OFHRE fi ), BiH &z, H #H 2,
VR s, AR L, fEiE B

U]

7 =T L= WETMRILKET P TH Y |
5 F DU E LTIe R EF#UE 2 FFo, ZDFE
TAEIE & BMTERIREE L, 1 ISR TR 9
VI TEWVWEFREEEL2ESV T 72 TI3974 T30z L=
> D zigzag edge L [RIHETH Y, EHHHEmWK
JISPEER LTS D, BRALFOSETIE, 77
7 7 A FEMRO edge ifilE basal HIZHANEBEABENEES SN ERMBLNATWS 2, LarL, 7
MR EPFITA L Lo TEH T, FRCHMENRBLEN D OBLIIRE L TWD, BRI
U TIRBY e iite 245 5 2 LI, RRROEMERFHI T 72BN S8 2 D 572012, 4% £ T F
THBEIIRDLZENHGIND, AIETIEZ 7774 by PVHODF %%@%i%i (ZJRAET
HEFIREOBANLGHLNICT 720, HFOIREENENTH S 7 = F L = )LiFEKRSFO
KEETPIC BT HZEEEBETLFRETE (A7 Vv IRV E AN —) LERETT—TH
WEEO—FETH Y, BWMEREEZ T/ A7 — /L CEEARERBRLFER N o VRS (BX
{£5% STM) ZHWTHHT L2 L LT,

[528%]

72 V= VHEERSFO 1T TH HIK 2123 Ph2-BPLE 43

T % T & AL, FAR L AR 2 HOPG SR T O OO
Ph

1797yl 7= 0.

HlE9 5 Z & T Ph2-BPLE i 2 REIET, HA 27V v 7R
Z A N —E R OVESALS: STM #1228 Tl g H# i %2 KR O
BT & L7 0.1 MUKl E v, ZIERICIEZhCh, 8 g 9 pho-BPLE 47
{LEREM, Pt Mo Wiz, BT STM B2k oL

(NanoScope Ila, Veeco) % M\, 77 77 —&i&a Ml T 57012, = v/ TUWr L TER L
T-B4/A ) 27 LRE % Apiezon wax T —7 o« > 7 L CRIEIZHWZ,
[R5 LB £]

BICWERMBR DY A7) v 7 RN 2ET T H(CV)ERT, -0.2V vs. Ag/AgCl fFiTic bh
LEGIRTTE R T E— 2 T 5 & BT R ICR LT e — 7 BN A L THnT 5 =
EMbhot, ZOBEBRFHICEITIRAERDO CV OB THSH Z L b, Ph2-BPLE 43 71
HOPG |25 L C, BMLIB T2 Z L TV A ENRDLND, ZIVE TIZZ O T AEIEEE I
W EETTIEETH D Z <E75§%D%;hfb\é7ﬁ§ BIRFE KR OBMEF THIB(LE AR T
ZENGhol, ZOMRIT, SCRE LTS TO T a T 0 TEEN KRR T CE R
DoTWHHFEEZRELTEY, 77774 by UREORWETFBENEES 7774 M2 H
W RRREVE AR D RO IR 2 B 2 e R L e DA etE D b D, £72 CV O G,



— 7 O & OB R L RO T, BALETCWER OMEIERORBR < 1 EFiRiE
TN AIHITHEE 2 2 &0 9 BRI 2R 5 CUE, HEIR IR 90 mV & 72 5 2 & N EERAVICH H v &
2o TN, SRIOEBRRICEBNTILD /NS 80 mV & WO ENRSEF LN, CV O —7 mfE
P 1EFBEETCE LT TOWERELFHET S L, 26x 1010 molem? L7220 | & EIC
WEFEOTEZTLLED 2 EBREOWERL IpoT=, MEBRTIIH DI, 7= F L=/LERLIC

B -k AEMEM 72 . Ph2-BPLE 4 F-[7  OF A AR 23 B IR 0O M58 LT 5 A REE
N b,

B 4 125 F & WA ST EROBRET: STM 84 77, 0 liD 51 2 BT 2 72 DI HAR D FE
% 0.52Vvs. Ag/AgCLIZRRE LTz, WAaED B LA BIl S, Y X1 0.8 nm x
1L5nm BRETH Y | BEEFESEIZEHIT 2 X BRI O RISIVMEEZ R Lz, 202 b, #l
MENFHATES T TOBRLTERELTVDI T THDHEEZTND, LnL, CV 53R
THWBRIZHEARGFEEBEZXONOIWANE L DN &b, BRI LU T RRET D
LWV I i TIE72 <. Ph2-BPLE /\%Himﬁb\ﬁtﬁﬂ’ﬁﬁ%ﬁﬁfﬁﬂbf SRR LT B Al e
Wb, BRI STM TIEEMRBM ZHE L T T oRREEZE 2, ThEhOn+0E
WHEZ Wit L35 Z LN HRETH DT, HL/\%%éﬂeﬂswﬁﬁ6%)&%44%/7“1%@5_2:%
A TND, BRULTFEREE TICE LT R & BIRH ORI R 3SR AE 53 DR TEVEIC B 2 5%
BEBERALTFHENGRO OGN OIBWERICL > THRFLTEBY, YHIFINALONEICONTY
WETHTETHD,

——20mV/s
12 - — 50 mV/s
—— 100 mV/s

be —— 20mv/e Ph2-BPLE | | Substrate

—— 1000 mV/s

Current / 10° A

_1 0 -

_1 2 T T T T 1

-0.4 -0.3 -0.2 -0.1 0.0 0.1
Potential vs. Ag/AgCl / V

. y: = fpnn
5 3 Ph2-BPLE 4}F %035 S 47 BAED X 4 HOPG _k® Ph2-BPLE 73 F+DERILF
CV STM #:. #R&+EN 0.62 V vs. Ag/AgCl,
. EARENL 0.52 V vs. Ag/AgCl,
kU RVER 1nA.

HER 2.6 x 101 mol cm2,
MMENE 80 mV.

EZ &N

1) T. Enoki, Y. Kobayashi, K. Fukui, Int. Rev. Phys. Chem., 26, 609 (2007).

2) C. E. Banks, T. J. Davies, G. G. Wildgoose, R. G. Compton, Chem. Commun., 829 (2005).

3) T. Kubo, Y. Goto, M. Uruichi, K. Yakushi, M. Nakano, A. Fuyuhiro, Y. Morita, K. Nakasuji, Chem. Asian J., 2,
1370 (2007).



4P054
2HFREFHIEICL DE8-FA4— VB MBI LES FIROE IRE

(BERHT 1, JSTERATO?) FHiE.Z 12, OB:HEL 12, BEFHiE] 1, RMIEFE 1, Fifg 12

[F] dE, AP CAER LT ) 7 7 A X —DORE SO EHIE L, Frar 2otk
WEHT DT /)T, AT VA T HREDPEANATON TN D, ZILE TIIANIEE TIE
H AR LY FESAM) 2 itk & LT, T/ 7 T A X — % FERERI %ﬁ_ﬁﬁéﬁé/7b
T T 4 U TEORREEIT, SAM FOF ) 7 T A F —OELEE, BRI ENE e &R GG L
T&7=[l, UL, 2o X9 RBREICEINIZT ) 7 T A X —OBEENE 2 B T IRIE DL ) BFTE
i 2I21E SAM ZD b ODOEBEFIRIEZAMEIZ L TR T ENHEETH S, F1Z SAM L& BFE T
F I & OFEITIERR S5 IE S AN, FA DD OFE AR A LT H HE /R8T A —
ZTHDLN, RETDREBRPELNL T RVORTIRTH 5, TELS ANSho2oH 5 234
%t B (2PPE)EIETIE, 1 HONTHAMEMOEFZIEHFEMIIHEL, 5 1204
LRV NEBFHHEED LT, 7 o VI MEN(ERDITEO A - IS A UEN &[RRI m 0 iREE T
MET% EMNTE D, ABFZETIE 2PPE 23 EiEIC L - T Au(l1D)E i i cER L= 7
LB FF—)L SAM OEFIREEZH 52N LT,

[528R] JEIRIZIE TisSa L —— D5 3 ma (e 0 3K LA %L 76 MHz, ~3/L A0 100 fs, &
3.97~4.89 eV) % H\, ﬂm/\lﬂfﬂ(<2x10 10 Torr) DFREHI L A THEL LT, L—HF—IC
SAM DREZRE 7= A%t@AUwHWMWWMeuT_mxtoﬁﬂﬁ%mméht%
*ﬁmﬁ%izw% 7 F 74 ¥ —(VG:AlphallO) TR L7z, ZEEREO TR LF—55
ﬁ?ﬁ% 330 meV LN THD, HEFOBHAITHEIAR N F =2 NGRS E 5 2 & THlE L
7o Au(111) HAE LA I B R EZEh C Art A8y # ) > 7(0.7 keV, 2 pA) & 7 =—/1(450 °C, 30
min)LEE & 0 I3 2 & TIEEE L, 2PPE A2 hUIZ K » T OB 2 iR L=, SAM I,
Au(11D) R EER Z © T A (cone. H2SO4 : 30%H202=3 : DIZIRIE L O Al 2 B Y
PR 72t 7T v o F A — v (C12(CieHesSH), MMM T
hv= 443 eV, 90K
C18(C1sH37SH) & 8 C22(Co2HusSH)) D=4 ) — )L normal emission
Wﬁ@zmMraoﬁﬁﬁﬁ*kTWQL EbHiZ

~_ Au derived

occupied states
EHEZEHISEA LT, 2PPE WEROT 7 ViR 2

E LWL 90 K TIT- 7=, 5 B o*

W \ E,

& Lﬁf—l*

[#5F L 522] Fig. 1ICRBHEE 90 K THIE L7z o /CA12(1S1,:\;\/I
u
A EBRE EZH(F)E O RKT B v F 4 — 1 Shockley state
(C12)SAM/AUI) % (1) 2PPE 247 b | S
Clean Au(111)

(hv=4.43 eV)Z "7, W& & bl a2med & T ;wmg ----- ; --------- é --------- 5
2 WEFDOEBEBNNSL o=, REHEEIZ L S qmmﬂnﬁmmmgﬂan
ARG NVEE OGN S oo Tn, 1R =5.49 eV

Tl Au(l1DFEFA O 5F Shockley Y L Aff Fig. 1. 2PPE %<2 kb, (F)Au(111)i4 £ .

BT HOKUBEN Br 0¥ < FI@llSnz, & (1)C12-SAM/Au(11)



7oy K= X —MfoD 2 5DJF A KB H Au
WZHRT 2 EAHENTH D,

SAM fECi% Shockley #{i7, UBE [XiH% L.
Pl =76 MHB LTz, F72. SAM 23K
SNDZEICE-T, HHEEEFED 5.49
eVinb 4.36 eVIZIK T L7z, BoNm AT K
I DIRIEZAT O 729012, 2O SAM 22U T
S F —(hv) A2 Z{b S CTHIE L7z 2PPE
AT fVE Fig. 2 1277, o'ld, DT R LF
— DL LR CEALIW)ZZ T E— I LEN Y 7
FLTWDZ ED, Ert3.69 eV IThriET DI
SAENICHKT 2 Z ERbooTz, T DIEEKS
RSO FIX, Zhu 5 2ME L-BEZERKE T
DRIFZORERREZHFHR L WD 2], R T
ERL L7z SAM 28, B IREEDTLE ) b HZE785
TORREFI L2 13 BT N1 A& K
BT L& %%26L?E%ﬁ%éo

o'lE. Au BROEEEEF & WE LT A —
NVORRE A & O AERIC L > TAEL
G EYERLEICHRT A b o TH H (2], ok
RN — & AR S CTHESE 2PPE A2 |
NERE L&A o FHED AT ML Fig.
3DEHThoTz, EOE— I AEITEE LN
AR T *HG T 2B RAEUIE % D Au-S
FEEICREL TR Y KEPATHMOER D 1Tk
WZ EZRL TS,

%72, 2PPE A7 h DY L X — IR FME
IZBWTC, BE—= 7 fLED DT R —2{bdD 2
FA2hv)> 7 b A E—27 %, SEMEMERTH
%o, 1€- T Fig. 2 P OWE A, B IXIEH£ i TR
LAz AulkDO EHYEMICHY T 5L EZ 2 bR
Do HEERETIXAOLN2VEE A LV K=
LR — MO X 122V TIE Au _Ed SAM

CRIFERDEA - HEEFELBTER STV D ATEE

C12 SAM/Au(111)
90 K, normal emission

\ A
A2hv

~_ | |hv (eV)
4.48

4.43
4.38
433
4.28
4.23
4.18
- 4.13

2PPE Intensity

®(C12-SAM)

Final Ener eV
=4.36 eV 9y (eV)

Fig. 2. C12-SAM/Au(111)#E & & 2PPE 27 kL
N F R X — A

C12-SAM/ Au(111)

* !
O%M.  hv=443eV, RT

Emission
Angle (deg)
6"

3
0’(normal)

Normarized 2PPE Intnsity

.I....I....I....I.15°

7.5 8.0 8.5 9.0
Final Energy (eV)

Fig. 3. C12-SAM/Au(111)% i ® 2PPE
AT bV SEEA BN AR A

PRH Y EERBIALETHD, FELT

!i”j“"/7°-7°1:1~77£ K B fiE 2PPE OFER E G DOETELT D, I HIZ, TAH UHED
WD EIRRED ML, SAM OZEM K OFH O FAHE DFEVMNZOWT bikim 3 D,
[1] S. Nagaoka, T. Matsumoto, K. Tkemoto, M. Mitsui, and A. Nakajima, J. Am. Chem. Soc.

129, 1528 (2007)

[2] M. Muntwiler, C. D. Lindstrom, and X. -Y.Zhu, J. Chem. Phys. 124, 081104 (2006)



4P055
DFYISRE—EMIZEET B in situ XAFS %

(B RBEEL "« 537 2 - 44 KEE )
OFNgse '« F1E - b '« BRI 2 - BRgE R

(T ] o4, HERHE CoOBREENE C s /Carbop o ) Libattery
RENBH LT R E—E OB '

BNROB LN TWD, HlziEX. ER o _ _

B B 0 5 kL 3« 7 TR AT OS] Tdls E ol
REMIIEAEESNSOH DM, & | ‘ .
BB L OFERRIC OV TS b2 e N2 Y /| YL
5%‘@%&%#@@ F}lﬁ%\éz})%iméo Molecular clusters electron storage

T i Fx 1L, mAEPOTHESR 1. 7 9 AF—HE MO K

EARE R BB ORI AL HIZ, 14

FTEEME 2 E A DOIRLETEZ T 5 Mnl2 7 7 A X —(Mn;;012(RCO0)4(H,0),, R = CH3,
CeHs etc) & IRk EL & LTy 17 7 A X —&Eilbz®E L T&E72(X 1), [1] 2@ Mnl2 7
T AL —BHIIHERD Y F 7 LA A 8l (R 180 Ah/kg) KV & EmWAE R (K 200 Ah/kg)
ERTZENDL, SBROERNPIEFICHFIND, €2 T, 7 7 AF —EilowE
ZHE L, 2 E TICEMIERMELD ex situ RAEIZIS 1T 5 X AR IUHGHAS & (XAFS) A~
7 MVERE L, RSS2 A 2155 2 L 2R A TE 72, L LR B ex situ
WRETIXZERUT L 2 EMMEI OB b7 ER3FE 2 b, FEEHO Mnl2 OZE(LICEET 5
IERERERMATSGD 2 EMTE o de, [2] AWFFETIL, Mnl2 7 7 A% —FE MO T HE
B D TEARFSEFD in situ Mn K-edge XAFS HIEZ B 2729 Z L2 X - T, BHHEH D Mn A
7 v OASZEALRS Mn12 OREEZAE 2 55 RE L7 D THRET 2,

[RBR] insitu XAFS HIEZ B2 9 72O HIICER 2mm O 7 N7 4 IV A6 D
XBmE A R T A7 » L AR Rk /v (B 150 mm) #BHIEL7Z, 2O
HYEE L& AW T, EMMEIDY 10wt% Mnl2 7 7 2% —(X 1 ££) & REMEIOIREY . A
RS Li 4@ 0 70 D s 2 ERk U7z, WERERV A SEET B YR ik BL-12C
IZBWT, Zo&EME 2.0—4.0V OFFHT :

FHEE L7 HIEBIET Mn Kedge in 4o o b
stiu Quick XAFS HliEZ 5 272> 72, A _ 5 |

TR T il e
[(SREEE] =5, XAFS WiEho Mn12 g, | © S :“T
BHOFBEmREN 2 17T, 1442 | | [T 2nddchaning
LHOKEBRICBNTIHIEL A EHRE © 257 ]
RS0 T, —H T, EOMEBRETIE el : | ~
#1210 Ah/kg D FER EHBIR S, 2 A o | __mw
&jvaa:%b\f%%i&iﬁ L/T[E:%i_\‘ L/f:o Z 0 50 100 150 200
DOAEIX., kDY T A F U BMCA Capacity / Ah kg

= > l/'zﬂém‘ S e
7IANBLYRENETEHY ~ivx 12, Mnl2 S0 SRR



TIZHE L CT& 7= Mnl2 EHOHE & I1X
ERCTHoTZe LIRS, 25 A
JNVBRIZBWTHLZDOMEREITD X
DI L THE BT, insitu XAFS D&
e LEHWD Z & TEOEMRMEE
WETHENTE, 202V A7
JVH OfCER £ T in situ XAFS €%
BIlpol,

X 3122 %A 27 /VHOKEIZHED in
situ Mn K-edge XANES A~7 KL% 7R
T, HE L & B IR A RN 2R R
5. WU AME = R F— Iy 7 b
T5, ZOXIIRAT SAEITFE
BB RR TR T o 72, Mn DOFR{ %L
& MR I i = R L — (IR L BIEAR N &
HIZ NG, REBRRICET 5 EM
D Mn OV E RAESL 72, &
OFER, 4 1R T X 9T, fERE
TO Mn A 7> OMEEIL, 4.0—
28V ORI Z Y, Mnl2 5 1HT-
DHIS-1I0FETOEILHPEZT TNDH T &
Wamole, ZOEXVFHREINDLIE
#1349 100Ah/kg TH Y | EEEOBEME
BEOR S EHIATE S, 28—-2.0VIC
BT 55V D 100 Ahkg 1%, EX 2 ®H
B EORORKICLA LD EEZD
iz, 4, XANES A7 R LY HEES bz FTehigE+
F7-. EXAFS A7 XV FHE O -] Mn filiF A,
BREIZB VT Mn—0 B X O Mn—Mn BREEICHERT 2 B —27 O#i2ZERN A 5i. 7
FCEEIERFE T Mnl2 7 7 AZ —DERFKIIMRTZNTHNDEZ ENRALMNEoTe, 7B,
EXAFS A7 FVOFEMNT L0 RO G T-BNE S, BERRIZB VT Mnl2 7 7 A%
—HZEEND § HD Mn* 'S Mn* ' ~EBILENT VWD Z E RS-l ZD X I,
Mnl2 7 5 A2 Z —@El Tld, HERIEIZB WV T[MnI2] & W o BEITCIRIEN AR L TV 5
ZEENDTORLE, 20X D RiBETTIREE DL I LI F O O ESALF Tl
HIEMTEXRNWLEDOTHY, ZOFHaFwENHfTsNnND, ok, oo r 7 2%
— (RUAXFIAZL— L) CHLTLRBOEREZBZ/>TEBY, 17T A
2 —EMTIXT T AL =T OLETORRET (BETREDAER) DEWEED 1
SOBHETHDLZ NS oT- ZDOZLIINF7 T AZ—NAELRRREREMOIEY
BETbhbZ ErERT,
[1] H. Yoshikawa et al. Chem. Commun., 2007, 3169
[2] H. Yoshikawa et al. Inorg. Chem., 2009, 48, 9057

3.2 %A Z7VEHET O in situ XANES 227 kL
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n+1>11
(~1x10®Pa)
V +1V -1V
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d// dv
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0.05 nm
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Wi
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n +1<10
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.
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|
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STM x (a) x (b) Wi,

Wi, ov

(Ee)
(@) m

W12+1 W8+1
Wy, ~0.4 eV W,,  ~0.5 eV
W8+1 5d

(a) graphite

dl /dVv

0
sample bias/ V

(b) Wip4

dl /dv

STM  x 1 0 1
sample bias/ V
0.4 | ]
(C) W8+1
3
< 0.2
o
0 | 4
-1 0 1
samplebias/V
(@) (b)W12.4
(C)Wg,1

[1] T. Hayakawa, H. Yasumatsu, and T. Kondow, Euro. Phys. J. D 52, 95 (2009).
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Simulated Annealing IT&BHh—ARUF/HSRE—
DIBFERR

(&RKXEE - BR', ZSHEH OFWLFL' TEHEXA' ‘ILE'
RESFE' MEERW?
1. ¥

7T — L DI RLIOR, Kk & 7o B RED B S NVFEBRHELE L To Ceo =X Cro DAERK
FBG LleoTe, LInLRR D, ZALAERMBINIM EL72b DD, Coo 7 7 A X —EpGERE
XL R - BRSO RIZBH SN ST R o TV, 2B 7 T — L DA RGEFEERARIL,
MBI LF B OB LT FEESBFICBWCHLEERETH Y . o 181771% (MD)ZEOHHi%
VIalb—va DRGNS E E N TV D,

EBEDT T — L U E MD ¥ 2 L—3 g STIT O I, 22y « FERIBOHIR AN E ©
LU, Fhebt, ERICHIST 2R TITRLFEEN NI WD, +5372 7 7 A7 —BkIZiX
R E I A NN D, £2, ARENTZI TAZ =T T— L o — UREE~ER
THEEICENTEH, 7 7AZ—[HORMER, 77 AZ—NTORTHEEOFEEIZIBVTIE
WICRIFH O MD FHENNE L 25, o> T, BLEMNARMDHREICLDZ 77—V U BROT
DIZIX, ZNHEMEE~ LV F A —VIEE R ZE L, 77— L UEERREED - D
BFHEHET LT XLAOEAPRMETHLHEBZZLND,

INETHELAIT. ZhbyIalb—valilk s 79—V U BEEROT-OIC, 55FEi
gl han MC) EE D7) T EEEFHET NI ALEREL, ZOT LA
UXLDOAMMEZRGEL CTE 2B, ZORRICHG L T57 T A7 —H 4 XL B2 DIRESM
X0y TV T HBOREE NS EREE R open-cap HiE & W o TRk iiE A L D2 LR
SyInote, T TABIETIR, W—RrF /7T AF =6 L TR R FTr=—1
JaHid 2 LT, S UMERRICE Lo - TRIEEDOREEZITI, by Ialb—
Va URERING, 77— L — ORISR R BT 2R - BRI OV T DOEBER LT
Do

2. #HBEFE

BRI~ 7V 7 kIE, MD BHEEZEMNICIED, RRICH D52 DT T A X —|Z%f
L. RN MCEEAEZFATT D E Vo FiEL L > TS, ZOXIICTHIET, +41C
Wit S N/e s F A2 —[RLORENREE 700 | ZBMEE - 77 7 7 A4 MG A
B LoD, 7r—y 7 7 AX—EE~ORNFIREL 725, - T, EMHINC IO T-BRICHE
2D D& IR IREE 2 %82, Ci~Ce0 £ TOFK A DV A XD Y T AN —ZfIikEE L L,
MD (2 L 5 aiks %,

3. R
il LT RFBIFEA 60 [HORICK L~ /LF A r— LT )2 X L&A L, ZDOHE,



Potential Energy [eV/atom]

N/ T R O
‘f.." ." .-‘. 2
a -3\ H H
b ‘
s T=3000K
S | |
JammmmN

0 50 00 150 200 250 300 350 00 450 500
Ostep 500step ! *

Time [ps]
X 1. BEEZRR (01=60) ® MD (snapshot & RT3 ¥ /LT FILF—)

WSR2 BGE U7z, BHEIIE., R FRBIAALERA & LT Brenner 324 L 7= Tersoff 7R
TV NV EAE L CRWSBA, FHETIEL, mBE L D5% (40A X40A X40A | JHH
BES) (2T X NITELE ST BRIk L, IR 3000K O MD #HHE #5479 5 2 & TR
BlAIZ: Coo —RTTEZ TR S E D (1), RICT ==V > 7ife L L THRE 0K, 50ps O
MD FEZETTDH L THEDERZERIMEL, 0% S HIZARIEE 3000K TO
MD #3772 (K2), TORER, 7T=—U 7%+ LT, RT UYL F—0D
AR =N I =~ baflzx, KORERRE~LES L ERTARILL, FioiEic
BT, SRR E @) H> HAMTBAV /- open-cage #iE(b), £ DB ERIZEH U= —
UHEE~EEB L, ZOBBRERT UV AT RLF BV THIEFIEL EORE
VIERFETH Y, 7 T AZ —NTORE DOFHBLENT2ITAThI TV D EWR D, A&,
Zo TV TRy REIFIEME L, Bt Eniz7 7 — L Alr— SN ER S LD
ZENfER SN, iy T A X =BT HRER LRI OV TIERER I TG T 5,

(1] #1 et al, # 3 o/ FFRF7lam=25 (2009)

(2] #l etal, 23 A7 < = L—2 3 Citimaidig Z 5% (2009), 108
[3] Donald W. Brenner, Phys. Rev. B., 42(1990), 9458

[4] Y. Yamaguchi et al., Chem. Phys. Lett., 286(1998), 336

(a)0ps (b)50ps = Open Cage
LS N e Saq

)
rotential Energy [eV/atom)

‘ i i i i i i i i i
\ e e .’ . & 7 0 50 100 150 200 250 300 350 400 450 500
‘k:,\: . 40 Time [ps]
a } 2. 7=—Y v 7H%OEEREM MD (K7
e v V¥ VTR )VX— L snapshot)

(d)50(j£)s (c)250ps = Closed Cage
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( ! ?)
o 1 1 1 1 2 2 2
2 1
SC3C2@C80
—Ce @C
(UPS) 2580
=
2
Sc,C,0C, UPS T
X (XPS) =
Sc
UPS
UVSOR 8B2(hw =20
60eV) XPS (MgKar )
10 8 6 4 2 0
SCIENTA SES 100 ST
Binding Energy/eV
HF(Hatree-Fock) Figd | o
UPS
(6 31g)
Fig. 1 30eV ScsC2@Cs0 UPS
Sc3C2@Cso In
La2@Cso Ce2@Cso
La:@Ce  UPS T T T®T T T1-"0
Ce2@Cso
UPS o
Ce2@Cso A e il = P~
. e o . . .:.-.. b J . b K ] .-
Sc3C2@Cso Ce2@Cso
1

Fig. 2



Fig. 2 Fig. 3
Fig. 2 DFT
Sc3C2@Ceso
UPS 1 2
UPS
1 2

Fig. 4 ScsC2@Cso Sc 2p  XPS
Sc  Sc20s XPS

[2] Ceo
In
Laz  ScsCz
Cso 6

[3.4]
Sc3C2@Cso (Sc34)3(C2)3 ™
@s0®™

Sc3C2@Cso0 Sc2p

3 Sc203 1.8 eV

Sc +

[1]T.R.Cunmins et al., Chem. Phys. Lett.
261, 228 (1996)

[2]L. Alvarez et al., Physical Review B 66,
035107 (2002)

[3]K. Tan and Xin Lu et al.,, J. Phys. Chem.
A 2006, 110, 1171-1176

[4] K. Kobayashi et al., Chem. Phys. Lett,
1995, 245, 230-236
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OATERRMNIVERWELT /R A U ERIEEMDER

GERRRBE-EB)OF I BER, HH K

[IZTDIZ] RY A 51 H-(C=C) ~H (n=2) 1T sp IR CHERL S 72 IRFBEH O MK E % FF
DEMDFTHY ., RY A UHFHOF AR T EE2FHFOLDONRYT ) R A 45+ H-
(C=C),—C=N Th b, AWETIE, TEI=NIAVPFTIT I T 74 MUX—DL—HF =TT L
—a BTV, ERLERY A R FROST IR A 55 F oA RGEIHEELT%, v
7% A2 MYy (CD) ICEET 2ERETo72, ZOFRRLT /R Y A HCN %51 a-CD #i&

Fa NS S T2 D THAET 5,

[(RY A EDAERK] 72 b=1FVU /1003 L FIC
75774 b E—0016 g & AKX —T—THHk
RN SOV A L—H =3 (Nd:YAG 532 nm, 0.4
J/Pulse, 10 Hz) % #)2 RIS L7z, 77 L — 3
VDRI ITREA A RDORY A R T
JHRVAUREENTEY | BIAEBD BRI > TV
%, & Z T, HPLC &\ CTor 1A X 58k -
AT o772, BN kO 55, HCN (2o
Ta-v7 a7 XA N O AT,

[HCN KIFE] it LToT7® b= F U L&k
ICEHT D 2 L B ATRED B 7o, HCN AR (1
BT h=RUL) ZAREKEIREG LR, =
WU —& —Z FHOTRRME LR EKEEIR O IRREIC
LT UV IR A~Z hLVZJIE LT (Figl),
HCN [3UKITIE 40 3D 1 FRE LAVFE S RN T &
Niho Tz,

[a-> 7 BF %2 b U o~ HCN 1A (14
M7 F= R ) & -7 B FF 2 Y UK
R EIREG Uiz, Figure 2 (ZH 2 OEEETO HCN
DUV IR AT MV TH D, AT MUTER
LZOWER-TZFEFREEM~T 7 LTV
HoFET-o-v 7T A RN KIEIRT O HCoN
O UV BINARY SUE 7 b=k U K
WFID HCN O UV IR AT h L& g EHg -
TV, ZOZ EMnD, HCN NaE ST
HAREMENE N EEZ BN D,

[ i O FRAMR ] HCN W& GRIEE T2 b= R U L)
Z O[S AFED A~V Tt L a2 &4 L 7=,

1.44
1.2 — in water

......... TN L — 2 —RIR A
1.01

Absorbance

0.0

280 320 360 400

Wavelength(nm)
Fig.l /8K L — & — R & BN OVER O

UV BULA RS LD s

200 240

— in acetonitril
" - - -in water
e in a-CDaq

240 260 280 300
Wavelength(nm)
Fig.2 Hx OB HCoN @ UV WEIT A~

220

200

7 v



RILE R OERPICIZE T2 F= MU MRS
FNTWAHDT, HPLC #HWTHREZIT-7,
FEH L 72 HCoN ¥R (BRI~ ) ZJRfE L. a-
Vra TR RN UKEIRATE T LTc, 8 HIFE:
B L7z, R Lol 2 Wn] A1 k- THY
H L7z, Figure 3 13fF b 7oftimz 7 b= MU b,
~FH U KR L T—BREE LR ER TN
D UV WU AT M)V Th D, Bl 1E (nm) .

eSS E Td 5, HCoN O UV UL A~ L
MHBHND Z LMD, FEidHMNIZ HCGN 2MEET 2

ZEnboroi,

[HCoN ZafE L7 a-CD fdh] 1 mm ADOKRKE ST
R LR Z28 0 5728 2 A, b ok
BB 2SN HAG bl IRA L 72 HCoN,
AEH L a-CD OENPLHEW LT, ~FH o 2a
B L72a-CD W fdh 2 MR 2 B3R O K7 & H
HEBEZBND, 127120, fEUIOERE /21X
HCoN 2ME & A Enenz L& o
HCoN ST 2 Z &6, HON DIF & A EN
DOEEIZIVIAEFN TS EEZONDS, ZDZ L
EBENRGET D720, 156 FU7o il b & fE Al i
FRCHER L C 02 mm FEEDMI L L, ORI AT
WU A2 RV aEBIE LTz, Figure 4 OKBRIZRT
HCyN % % T¢ a-CD/hexane EAD I IZIE, HCN D
FRER (S!S 2% 220-280 nm OFEEIC BARRIC
BHTx5, L0 EKREMD 300-350 nm OFEIEIZ I
4 &b LA Th o 72 HON OWRIE ('A'Sh) 23
ZDOFRE A L CBIl S 417z, 380-420 nm D7 1 —

R 72 A7 1 2 e iz D P QU RV g Wik TV bAS

90x10”
80 —— in acetonitrile
S in hexane

701 . - - -in water

607;

50-
a4 1 \

Absorbance
2

301 L, \

209, -

101

0 T -..---l-.-.'-"-';.- T

200 220 240 260 280 300
Wavelength(nm)

Fig.3 fifi k& FAff S =i o UV ORI A~

7 v

r-_
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Wavelength / nm

Fig. 4. 7 /KU A > HCN Z & EER (a-
YIaTHRAN) AT ) ORI ATHIE
LA R CR#R) B8 E OV HCN O~FH
R L O IR . BEIIAS Ly MRICIE
T HRIOKER (as grown). O TFNICHEEE ET
% 2 .

BICHXTIHIHLOLEEZXTWD, 5%, BREICHERREREORFZED D & &b,
FERNTOYT 2R A T ORLm 7e 8B 5023 5 ZERICE Y fHiTe,
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*HNMR (ZLD AR —F ALY A MCM-41 HFUZIDIA ENTZAK Gy - DS AFIV A
(GRKBE- AR, FILEREE D) Ot |, WEILRIsE |, JHRARS |, KB Ch |, s

(%]

AIR—=F AV T1 MCM-41 138D BRI O EZ R, FEiE A ORI 28R E S vz
ZHEHTATHD, MCM-41 1385 L7020 FmETEER O T VX VR 22 LS 52 & TRl ALAR A 2L
nm T CELSE LT ENTED, MIFLED 2 nm LT D MCM-41 TIIAIFLFIZEDIA EN 7= K513
IR THERE T, 2o VEERmREOEMER R EH COKDET VELTEASNTVWD, ZILET
MCM-41 H DK FATDUNT, BGAE[, 2 ROFEEERIREE DS, WM HGEL[3 1075 BaAR A (4] D &
ICEVEB ORI RO TS, LL, Koy T OEEBNE—ROFEMRE R mb 2\, 22T,
ARBFZE T *H NMR Z IV, MCM-41 flFLH D 7Kk 2y F O3B B & — RO S IOV TR T,

[525¢r]

TR EDZIE I 12 & 10 DS EIEMEAZ AV TE RSz 2 FEOGEHIOWTRIE AT
7, L%, ZNZE1 MCM-41(C12), MCM-41(C10)EFEFRT 5, MCM-41(C12)3 LT MCM-41(C10)
ORIFLEIZZNEI 2.4 nm, 2.0 nm ThD, EHIHIFLFICE K EZ 2RI LIboE FV e, *H
NMR OHIEITJEOL ECA 300 & HV >, AR JE 1 $45.282 MHz TfTo72, A7 ML ORIEIZIX DU
Ta—{Ek, A A& RR IR (T) ORI E I ZIE SRR 8 s T O R al 8 k422 e VRV,

[ 52 108 —— 230 200 T
1 {2 MCM-41(C12)HIZEWA FIT-K 53+ D 10° - Loon®0 7

H NMR Ty OiREZ{E RS, MEIZEIRHO 10' L 5% """ [ Cooling Long sy

RIS 180 K MOOFIRIBRTIT>72, 260 K 2,01 - : E;Zggﬂﬁ Eﬁﬁij?ﬁiﬁ

BUFTHT, (3 Long £ Short ® 2 lesylcyifomie, | 2 Heating Shon 457
Short A EAIFLINICEDIA TR S TS H K ol e, o0 T

THEEZHIND, Short B4y O Ty 1% 225 K A5 THl *Cege app

MR, BPP O, L TS S MEE 0 T 00/ T

1 TR T, JE TELZ Ty OR/ME T, BPP O 5 1 MCM-41(C12)? 2H NMR
FRSNAMIMERV K ED o7, ZHUIAS FOEBOmS|csy N OEEL

T (K
HAFEL COBIb L& 2 5, E MR e~ 51 250 200 10O

RCIE T, oBME KRR AT, cussmbRc 10T Y o
SHRBR TR AR Z e RLTOB, B g7 [nmoa0 /007 ]
12 Cole-Cole LD 7534 # AR EL, Short Xy dD Ty LORDT-K = .
5y F-OIBOFABIN 1ec 2B 2 |27, DSC CIALADASy <107 .
F-OURABLRSI 200 K AHECHBRMORLZ LofiE o] * ool
b3 LT, FRIRIEFED 200 - 230 K IR EEfEE Tl - -
BHIF R DOIREEZE{kIE Arrhenius 2 Ch 72723, 230 K PLETiX 10 4 ' 5 '
Arrhenius 275341, RO Vogel-Fulcher-Tamman 2UZ/E~72, 1000/ 7 (K™

DT, 2 Short {453 D T, Lk i-

T=71, exp( T, ] SEB OB 1o



@

Cooling Heating  (b) Cooling
l 233 K J 233 K‘//\/A—J\\\“
k 213 K k 213K
k=14x10°(s" k=1.2x10° (" €90 5 it
208K 183K 0 f \ so10
k=10 10°(s") k=1.0x10°6" 200 100 o -100 -200
205.5K
k=6.5x10"(s") k=17.0x10"(s") Heating
203K 233K
MW% K 213K
¢ qQ =210kHz ¢ qQ =210kHz 90 _ 5 oy
n= 010 183K n= 010 183K qzho,lo

200 100 100 200 200 100 100 -200 200 100 (kI(-)I -100 -200

z)

X 3 MCM- 41(c12)0> 2H NMR A7 ML DR EZEAL,
@ FEFNART MUIZED Short iRT DAL (b)ZEANTMUIZLD Long il DA IV

T (K)
ZZ°C D I3 Arrhenius PEDEEAERT TG A—ZTHY, T, 03— 2857 250 2222 200
I ZEAR T T AR RIRE CH D, FIHETHUGELIEB] ThZ D BN A I
BRI DAS — A — R STRY, BREEKLEE R
HOADROWE A O FIHEEA RIS N T, 2T [ L Cooling * ]

% 3 (2 *H NMR A7 ML DR EZAb 2=, X 3(a)l 3 o Heating ‘3%

FEEIEIC LRI DI Long f%4y % B R = Short f%, °
IS DRI ML TI%, Short AL 210 K BTl r—7 1035 b (K‘lsﬁs 5
RE—IDIHTHoTZD, IREAK T RN T m—R7225 5 D 4 MCM-41(C12)D AT LD
IS ABA, #9200 K Ty —7 72— 7R b7/ o X — TR ORI LR D 7=
=, ZOMEEFIIT DSC THIFLND K FOEHEDE —2 HNMR Ty*Oif 2k

DRSS IR E R e — B LTz, BATLEUEAR AN Y T EHARE LT 2l — 2 a AT NV
3@)TUTHRHFE TR T, P2l —a KVEBOMSIT MR L F 13D o1, 53 A DTTRHOE
oL, SAmEIRREZELV (0= 1L.O)ERE LT, fFOI7EBOMES k O H.OEE ] 3(a) 1T
RT T, X 3(b)ETEEARFNEIR 3 FRFN D ZEART MUVIZ LD Long il 53 D AT MLV ThhD, 230 K LL T Tl
Long 53 DAY MU EENZ LA B E 72 P 2T o7 oTe,

Short i£4y D — 72— DFE LY, AL - A AR T*% sk 7=, 2D *H NMR Ty*Dik.
FEEAREK 4 1R T, DXNIRESGO R —MICH R T D& KIEE R LT, ZOMEEKPITHHE CRT,
FiRIEFED DSC T 230 - 240 K CMCM-41 £ HFH O /KOFHE DSBS TS, FRIEERD To*13 240
K KOG TR L TIY, MFLAN DK FOIEE LR H O KDOHFEFERL THDHEE BN,

MCM-41(C10)DRERE FE DA G W, FEMIIR ALY —IZTRE T 5,

(&% 3R]
[1] S. Kittaka, S. Ishimaru, M. Kuranishi, T. Matsuda, and T. Yamaguchi, Phys. Chem. Chem. Phys. 8, 3223(2006).
2] S. Kittaka, K. Sou, T. Yamaguchi, and K. Tozaki, Phys. Chem. Chem. Phys. 11, 8538(2009).

[
[3] K. Yoshida, T. Yamaguchi, S. Kittaka, M.-C. Bellissent-Funel, and P. Fouquet, J. Chem. Phys. 129, 054702(2008).
[

]
]
]
4] J. Hedstrom, J. Swenson, R. Bergman, H. Jansson, and S. Kittaka, Eur. Phys. J. Special Topics 141, 53(2007).
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T/ HFEMFERNLELERZFICHITLREMBEE/ER®D
BB REAA—D T 2 &BHHE
Oy THF L, RS HEPR T 2 JST SXF 3, AL KRBT 4. o— 2R a4 )
OJH P Hkr ZF23 A wmE L e =04 B J54AS =3 5L 4
W foh 5, kpg kS

[F)&)E ) /R DR E 7T RE MG (SPR) 2 L7z, 8K B HAE T~ D)k
(LDFRTLDS | RN IR S TETND, FEERIZ, FERZ I E L& T /b1
® SPR IZ& > CORBEMNRE 0 LS EDHENTEIET2HEHIL Abnd, L, Z
NHIXT7 77— 74— VR HBRE T CTOERIZES>TEY, FONIMERITZE O T /R 112
K RE LTz DT, ZZMBNZRFTHID DR DRI KR EUKFT 2G4 TH
% SPR DY HEELLILZ TODETE W EE Y, SPR IZLD G B RO B iRisE 1L,
RIZARAIR TN NENIDREIRTHD,

ZDXHR B A DINEBEWAL RO T ) A r— )V TONBRIFEABIZRTEE, JHATH
IO BALEHZ T OF /G L BT 528 T, SPR DB AHURTEIZ 5 2 5%)
FAZHONWT, BERERPBONDITT THD, I THA L, BWERSREEZH T 5
WHES I F M EE A Z O RICHE A 35225 2 7=, RS TIX, Z M ELTHID AR
# (GaAs) e 7 4 M AF — RO N E R EI ST IR0 LI R A& el I
BB E AV OEEBIRA A= 7 %17V, SPR ESETEABH R EOMBIZ DU
T T IRLF DY AR JERIRAE R BRI I RPN DI SN T 222 B E LT,

[ 56k o — 24 EICTRAIEL T2 GaAs 74+ M AF —R (U r7 3 a RS 50 nm) D32 i
MZ4T SR FOaaA REREZ RL ., S22 % R OB E DT RIE =17 L
a—)L (PVA) ZAE L a—hL7eb O RE LT (K1) . BRIR AT 880k 12 DWW Tk ik
DY D% LMD T /KL DWTIBERO HIE TR RN A L T2b D& Ve,

ol ser 4 Probe tip h
3 Near-field probe (aperture ~ 100 nm)
) U Nanoparticle
Waveplate :uf4 1 Au electrode
W2 PZT xyz stage p* GaAs
n GaAs
Fiber couplei Optical fiber L Au-Ni )

1 IEBCERAA—T 7 FEERAEE ORI,



ABFFE \fcﬁﬁ%i’éiﬁﬁ?&ﬁﬁ&iﬁﬁ A7 7 A= m—7 (B A £ 100 nm AiZ)

ZERLIZb DT, 2RI RREIE 7 v —7 OB AL ThHD, 7 n—7 LalE R DR
%’E $ 77— AE J:o“Cﬂ%'JﬁI]L ZDOHIENE S L O R EI R 21572, BRE)R
JIFMARIEE = 27— D% VTV D, SRR IR RL — % — (L = 532, 633, 785

nm) W, u—7 B AR DZE MR IR RS L ZORF T 4 M A A —F
(WD IR A R E L2 MO 2 A D2 8T, ETEA A=V 25T,

[FEFREELIXIC, BRR AT 750k (E£E 100 nm) 253 8 L7- GaAs 74+ "M A4 —R&
HH OIS EBIRAA—T %R T, R BB RO EbE T ) A — VT
R TETWDHIE, F 2O R ITKFEL TWDHZ e R TS, EAE 100 nm
DERIRAT 0B DEA . 530 nm UL IR KA FFO T TREL NURBIFIET D0, &
DOITED 532 nm THRELZ5HE . BRE T 3k 7 OALE TIOEE R OWD 23 LIS
- (M2(a) , AR 633 nm OGA THIRRRIZEEIROHEAD 23 bz (M2(b) .
AT, AT SR ORI - BELIZED . GaAs 2t 2 F] %a‘éi‘é%’—%xz}w@wu&f:&)k%
265, *UT, AR 785 nm T NEROEMAERIS = (K 2(c) . 2
Pels 7 m— 7 B NIRRT 5 #5603, SPR Z it Sz & ) ki O B iz k-
THtEshaMzLicER T 54E 2505,

B2 DIARD AT IR A, OV T TR OEBRIZ OV TH RO EEBREZIT->TE
D, FFY BIXZNOOERFERE R L2NG, SPR ENELE LR LEOMENZOWT, §F

HZaim T 5 T E ThHD,

(a) -~ ’

% / GEUEL]O Jualindojoyd

X2 ERIRAT K1 (B 100 nm) 2531 L 7= GaAs 7 4 b A4 —RZ S O #3568
A A=, BRI - ; (@) 532 nm, (b) 633 nm, (c) 785 nm,

[1] K. Imura, T. Nagahara, H. Okamoto, Chem. Phys. Lett. 400, 500-505 (2004); H. Okamoto, K.
Imura, Prog. Surf. Sci. 84, 199-229 (2009).
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FHNL—F— IR/ IWRABERE—LDAF U LEEEST T~ DERH
(BXEI) #IL BHEF BE.RE BT H8 &

[FlZoROBHEIFLHETIEREDFDYINAULEEL T, REEEHIE =B RICHL
THRNL—F—ZBEIL, AEOMEB - BREENLTCIALAA VIEEZRBANEATEIFENERS
NTWB[1-3], BARKEDOHBIEEISERE —LAFEAINEA, /ILAE—LGE#E) ZAL=
MBS RTLEEBETLHEICKY, ERAAE—LELRBLTHRESE 1000 5D 1L T (~100
nL/min) ITIER T 52 EMNTE . BMELERS D FRAREREPRADEMNICEAIELHIENT
BELli D, Tl YA X OB ED FHA B ESN-E RSN FOEFIRGE - LS EMHIAT S
I M AR FROMBEENZERTIIATHBOTCEETHY. SEEBDERE N FE8
AT BE-ONENREE-BENMBORENROONTIND, AAETIX., BHME-£EHREHF
HHEOVIMMMA UV IELELVIZRBMIRTOL—F —D A EAR T H-HHEEERS AT LDH
BERAHTHEY . [FRANL—F—CKBEEDAA LI ETE R REEEEN L IO, 115
RIZTEERTEADAAUIEOEAME I OBRRKICOVTHRET S,

[RER]FENL—F—MBICKDERENSDAAVEHE . RIRTFRO—ETHDIITSOF=
(Bradykinin) D ¥ E&KA® (94 uM, pH =2.7) ZFREL. ETVERBI R DOIA VO T AR Y —%
FALNT~90 pm ¢ MK (250 pL, 10 Hz) ZE MK ESE =, Nd* . YAG L—F—DEK K THELT-
IR-OPO-OPA L AT LMD H A (B8 20 m/pulse, 2.9 um)ZE KK ICTREIZE S, - Bt
LTEMBELE=05, EE 500 um QMM EIEHSRAFYES—ZNLTEZEBALEAL
f=o HHL—H—EHRIKE —LEDO RS VISR EMAIZDERIZIE CCD WAV RTLE
FAL. SHICEEZRICHRELAAVATEEBEAL., EERICEASINzATUEOREEET
AlLT=,

FrESY—
BAfERE-HESTEOMSE  RITEM
BB E SR (TOF-MS) DE N AL %
FRIRIT D=, (AU MZFED L ERREE
BoUIZYILoOVEEZ#EASES
ZEITkY . RITAA U DERBUNEK[4])E &
VIRILF—NEK[EERK -, BEN R
BEIIL—Y—R&FEEICKYAERLI- O
VOSREA—FEAFTVDEEARINILE
BETHEICKYREL -, FH 1
TLEEZEHR VA TLEEBEL, K&AH
[CTHERMLIAF U BEETRZEZNLT

1742 BIEBE.
IEEE

BENHBA~NEAL. EAAMAFDEE MBP
EEA -, 07;3 TL/s
. orr

[(EREER]|E 2 2RI —F—BEZ B 1@ oDAA UM - EAZEEDOHE
KYMBEINDKED CCD WATEGRE TR, &R IEH 10-20 us #1249 500 um FRE D LS
[CERELTHY . FICL—F—DXEARANDRENZLAOND, CDI=&., BEILHFHBELT-
AFBOEHELLTIE, L—F—HEARDARIRLESDPRELGEZEEZONS, T Z
L—H—hEA(AEADICKHLTREBICAFTIHILETREE L. OFELTIX 500 pm ¢
ULOMHEAHINEFYES)—ZRANTREITIEN, EEEADHENLGAFEAEE
HEEH L TRELGERTHAHEHERMAT =,
IS50F 0 - FBKBRDBEEI L THRANAL—F —ZHBEL., HEELI=/ A ZEEENIC

BELE-EREMNESBCTRHELIZECA, EAOELTH500 um DA ENLI-EEIZ~1



NA. AZRAFYES)— (500 um)
#NLI=BE(Z~05 nA DAAUE
RENEONT, REShI-EiRE
NIRRT L EDTSOF=UIEAL
VIZHETDHERET HE. ¢ 500
um DT (1 nA)EAW=IEE
[CRHEFANBEASINT-AF#(T 6
x 10° ions/droplet &3V, i&i# 1 D
[ZE&FEND 2.2x10° HFDS56D
#3% DA A EL T RICEBS
ni=C&l2h3,

312, LEEBEMZE (B BR) o
[CZEYIJL kO EBHLE
TOF-MS [2&YS)avh5RE—D
BEAXRIML(MNZE:2.2 kv, /8L
AME:20 ps) &Ry, BHMRITIER
(L = 1700 mm) 2B\ TEE S fEHE
(m/Am = 2200) N Eoh ., ZED!)
TLOMAUBBEBATEHILITKY,
BENBEENELLMLEL .

RSP TERLIzAFUENDEERX
RIMLDBIEZEREL,. B 1 ITRL
FEBHEIENLTCATUES
TOF-MS EINEBEALBEEARINLD
BITE (A0SE:1.0 kV, 78JLANE:50 us)
ATz AAUEED LB TR
Au 3—H5YrDTSXIER(L—
—RE)EAAVRELTHERALIZAN.
1A VRICHXTHESIEFELNT .
ZDREEL T, TOF-MS EIZE 5B
EBTONIILRE—LOTO—F{tGE
HBE—LE) B UNITAA U MEE
DIETHEZOND, TZT. A4k
EMRICALTCERMBEAEESEH
WTHREIL-#ER. ASRFYES)—

lon Intensity (a.u.)

B 2: RO L—HF—(Z &S B

295j 286j+H
28¢;j l3°Si, 286i42H
n v
.M l M ll | ST ST
0 400 600 800

Mass Number(m/z)

3:)AVYSABR—EAX 2V DEEARIML
£ 1:ULorO L EESRRE

oLy bRy RITERE  BENMHEE
/mm (m/Am)
7L 200 120
1& 1200 1100
2B 1700 2200

BE#TOAFUERIE0.6 nA)DEEHREDATT—E A TIL0.03-0.05 nA &5Y , 174 iR
ENELIEDLTWV . CRIEHSRAXIYES) —EXXT—HOEBHKTOEZEE(L~0.3
Torr LHEMERBETH A=, (A VE—LDIEBRAE (REXI—ARANDEFHERD) HNkbHhi-
R THAHETRBEEINDS, IRFE, TOF-MS EADA AU #kiEEDE LER51=0 . HRIZBEREL
-EH - BRKEAA S5V T (3.4 MHz, <600 W) ZHLEERICIEHL . KK FICTERLEAA4Y
D TOF-MS BHAMIT A7 #E S AT LDEEZHEDHTINS,

CL Py

1. N. Morgner, H.-D. Barth, and B. Brutschy, Aust. J. Chem. 59, 109 (2006).

2. J. Kohno, N. Toyama, and T. Kondow, Chem. Phys. Lett. 420, 146 (2006).

3. A. Charvat, and B. Abel, Phys. Chem. Chem. Phys. 9, 3335 (2007).

4. W.C. Wiley, and I.H. McLaren, Rev. Sci. Instrum. 26, 1150 (1955).

5. M.J. Besnard-Ramage, P. Morin, T. Lebrun, I. Nenner, M.J. Hubin-Franskin, J. Delwiche,
P. Lablanquie, and J.H.D. Eland, Rev. Sci. Instrum. 60, 2182 (1989).
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E;ﬁ%ﬂﬁkO%xg—Augg(SR)24 ? Pd Em1$ szAu36(SR)24 )
E A R

(REXREBEIEE, 2FH)OR+EM, EERE" BREH—

[F]

FAT—F R IZL > TRES NI BRI TAY —1L, NI R LT R DR RO iEZ R 2 8
M5, FUWKEREMEM E ORERR AL E L TSN TS, 2T BV 28 AL NS W EME 2R
ITAL—IIMEE L TRERFTREMEZ R D TWVD, B DT NV —T IR DTN ETOMRIZEY, &7 T A% —
{2V T, Aups(SR) 150 Ausg(SR)oan Aujpa(SR)ass Aujag/ias(SR)so0 72 E D)1 AL F I S W2 EME L
IR EIERLR 7 T AL —THDHZEMALNIZEN[1-3], ZNHD I TAF — IO T BIHEE L EL D
EEPRIZ DD THIRW IS5 TE TN D, Bl 21T, Auss(SR)is. Auss(SR)aay Auoa(SR)ag (2 DUWNTIE, KFFR
PHEOENEIT DFEVEEEOETF HT— )T~ — DN BT E THHI L, ZHLTR RN EL, Ve
IS 2 AT 52 TRRMICZEILL TOWAZENHSLNIIEN TV, BT, [Auas(SR)is]". [Ausg(SR)4]’.
[Au102(SR)44]’ DEFFIREEBICIE WV TIZ LT MR E FREL R -3 720, 79 AF— 3L b L E
{35, —FH., Fxlx, INOOBIEMR I FASZ — I CRIAF 2N —TFTHZL T, ITARY—5 VR BRI TA
H—~LIERLT | B DIRINOIRD I TA— LI B DY R BLS G T 7 TAY — ~ B AT LI
FLATUVD[4,5], BT, Auas(SR) 5 (2 P JR T2 R —7"F 5L, VAKX —Z 0B ELSELNDHIEE RNEL
72[4]. AHFFETIEL, — AR EREIEMAR T AZ —THD Ausg(SR)oy (ZX L TRIEERN — 7 EBRE1T-72,
Ausg(SR)o4 12 2 D Pd JiLF-Z N — 7 L7z PdyAusg(SR)os ZHE R T A R L . £ DL E ML E T OV THRETLTZ
DTHET D,

[EBrEEH]

FA—NMZIT T == VX F A — )V (PhC.HSH) & VW=, £9°., H k48 (HAuCl) ¥ b/ NT 00 A
(PACL,) 2T FIER 7 T RSHE | £ 212 PhCH,SH 20N % | &R Z TR S T2, ZhaKE LR FE T b
U7 2\ (NaBHy) TIL TR T T ALV T 2oV 2B o FF T — MR T N ]y 7T AR —D
RAEWERRLUT-, ARLIZEASYWNS, Pd,Auss.,(SCH Ph) s (n = 0, 1) ZIRfEE OEWZF]H L TERVER
7% FRE AT E DR/ MY (Pd,Auss.o(SCoHAPh)4 (n = 1, 2)) A ZXHEFR I~ b7 F7 4 =12 X0 5y
BiEL 7=, Ausg.,Pd,(SCoH4Ph)yy & 60°COMLV TR 1 BEMEE#R5ZLT. ZEmy (1) #1457, 1
T~ N 7 AL — Y — il A A4 (b (MALDD) & &5 47, =L ZhaRx7 L — A4 Ak (BSI) B & 5747, X
MRG0 )6 (XPS) | SRAN ATy e 7e B2 k> CREMI L 7=, £72, T4 —/v% SCH; I[ZfiR{b L7
PdrAuse(SCH3)os (256 L TR EEIRLBA%LTE (DFT) ICH S W TE DR b i s 2 3 B LT,

[t ZEHE AR & BB AT IR B oD A ]

1@UZ1 DAAA L E—RDMALDIE &
ANRTRINVERT , ATV
Pd,Aus(SC,H4Ph)oy (2R IBINDE — 7 D H
MBS, K11 DAL ET—RD
ESIE ®&ANIMLE RS, AT MVHIZIE,
[PdAuse(SC,H Ph) ] IR B S LA — 27 D
HNBRES T, TNOOREERIZT 1 12X
Pd,Ause(SCoHPh)oy DN E N TNDIEE
RLTWD, FEEE 1 DRI AT IR A~ B
WX, BDBDGIRD Ausg(SCoH P,y BIT K
ELBIBIRE TR LXK 1), F7201 D

XPS ANZPUATHN T, Audf(~84.0 eV) 1. 1 D(@HAAF MALDI B #&AXI ML, (b)AAA L ESIH
BLD Audd(~3352 eV) IZIFBSNDE —T  BEASIFL, (0)XPS AT FL | (A)4ESR AT AT L



EEHIZ,PA3d IWIRESNDE — 7
szAU36(SC2H4Ph)24 < E§) 5 & A 5 ‘JT—?—]’ E k 7‘[7" )E ti fcf % Ny
AU33(SC2H4Ph)24

UEonkoiz

NHE— 7D BRERESNZ 205 (H 1(b)) «
AU33(SC2H4ph)24 2DV

(~335.8 eV) BBLHISNZ (KM 1), 2NHOFRERIFT. 1 B
EEOGEEEERE T HZL T,

(2 2 D Pd JR 13K —7" &7 PdyAuss(SCoHPh)yy & K251
ZOLTHEESHZ 1 OFBMIREEIZ OV T, EST E BRI MUZEWT [PdyAusg(SCoH,Ph)4

E}Z‘é‘é\— \—Ekjjj I/f;o

UFBE

2 MTHHEEZLND, BB DEY, &DHNHRD
L0 A b 22 E THY | [Auss(SCoHsPh)y]’ 23 EAEMME L TAR T HZ A TS

IZENTWD, ZOFEHIZ DOV TIL, [Ausg(SCoHPh)s]" Db D IESRIETE T3 (14) SIEERIR 73 71255

%i&%?%z;%{%tb“@ T2 THDH MRS T D (B 7 B

&), Pd JR FOEBTFEEIL 44" THY,

Au JFF (5d"0%6s") LB EFERIEBT-HN — 2D 720, FHd 2, PdryAusg(SCoHPh)sy (ZDOWTIE-2 i

[pdzAU36(SC2H4Ph)24]
LT LIRS D,

[REMLEMIEE]

KREBRGEMETIZED NS5 Ausg(SCaH Ph)oy 1T A RSN 5
o ZDTEMND, Auzg(SCoHgPh)oy IZDWTH Pd JRF AR —7 3528
TESIERREMEDR M ELTWAEE ZOND, AT PdDOR—T7%)
BizconwTEhlicmit+2d2H.Pd 21 DF—7L1%
Pd;Aus;(SC,H4Ph)yy & 2 DR —7"L72 PdyAuse(SCoH4Ph),y (1) DEL )52
M2 EMEZ B L C ATz, ZOEBRTIE PdjAus(SC,HPh)yy & 1 %
60°C MV = ARIE I TR LT 72, X 2 1IZIR G MALDI & &
ATV ERT, FE ORI EESHIZ PdAus(SCoH4Ph) IR RS
HE—OMRBENE AL, 6 HEBEDOAXTILIZIE
Pd,Auss(SC,H4Ph)yy (IR ESNDE — 27 DB DERIES N, 2D &iE

1 1% Pd;Aus7(SCoHPh)yy JOB EWE ) PRI EME A AL TWD e
RLTCWD, T7ebbh, K—7"92 Pd R -5 DHENMNLEN, 7T AR —
DENS ) F 2 EVED R A EL TWAZEARL TV,

T, Ausg(SC,H4Ph),y DEATAEIEIZ DWW T, 2O IE .+ Hiik
Aup DHEFELT Auy BRI T OEVEEBOST 4T — )T~ —
NEST-HEETHHIENEAE S X BREPr LIS cE 6] (K
3(a) . Fiz, Fex OAFFELY | PdiAugy(SR) g 123V TiE, Pd 1 XIE -+
R Aup 27 OHLO AuJR T EEEXD DS TWDIENILNC -
TWD[4], ZNHORREZFICTHE 1 IX Z2DOIE - HiK Aui D
FLDOEFEAN Pd JFAIZEE Do PdyAuy 27 DfENZHE D
EFFT— VT~ —DNEofiiEr o TV AETHENS (K
3(b)) o FEBE. PdrAuse(SCH;)p (2B 2 DFT RHE LY, X 3(b)D A&
TRAF ML TE THDOLIEN LN o7, IE .+ miE Aui @
HLO&ER % Pd TEIBAHZET, HLRTFEEDVD Aup, 7r—
CEOBOMAAEH =RV X =B KL[7]. E - E A EESELY
WRE 72> Tz, R—7"92 PdJE - HDENNLLN, 7TAZ —
OB WL E D E R E LT SRS D,

TP TR IE AT 723 2810725720 PdyAusg(SCoH Ph)y, (3-2 Al TLEICAE

X 2.1 & Pd;Aus7(SC,H4Ph),s DIRA W
@ MALDI & &AMV ORI 2.
% |3 Pd; Auss(SCoH4Ph),, DFEEY.

s Au Pd

3. (a)Ausg(SC,H4Ph),, DHEIE[6]E
(b)PdyAus6(SCHsPh)oy (IZDWVVTTARE
NG Au b S & Pd DAHRIH T
5.

Y. Negishi, N. K. Chaki, Y. Shichibu, R. L. Whetten, T. Tsukuda, J. Am. Chem. Soc., 2007, 129, 11322.
N. K. Chaki,Y. Negishi, H. Tsunoyama, Y. Shichibu, T. Tsukuda, J. Am. Chem. Soc., 2008, 130, 8608.
P. D. jadzinsky, G. Calero, C. J. Ackerson, D. A. Brushnell, R. D. Kornberg, Science 2007, 318, 430.

Y. Negishi, T. Iwai, M. Ide, Chem. Commun., 2010, 46, 4713.

H. Qian, W. T. Eckenhoff, Y. Zhu, T. Pintauer, R. Jin, J. Am. Chem. Soc., 2010, 132, 8280.

[1]
[2]
[3]
[4] Y. Negishi, W. Kurashige. Y. Nihori. T. Iwasa. K. Nobusada, Phys. Chem. Chem. Phys. 2010, 12, 6219.
[5]
[6]
[7]

D.-e. Jiang, S. Dai, Inorg. Chem., 2009, 48, 2720.
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R D RO R Z AV EERRBEPTO L—Y —FRER O LBEDHE
MEMKREE, KRBT, CREST)
OFHEAM - Al T3 2° - GHbfe s 2 - =i 120

[/F]

FxliX77T KIZBWCE LV EERELE LIZATF ALY T anthr — o VR X R
BRMAEIRIC L —F— 2 B35 &, BTS2 E L oo BaBEER3HT T 5 Bl
R U, ZoOBGE, WRORE, BE L—V—tmE, RENEKFELT, v
Ly xov—awtMEOE{E LTEN NS, SEREICL 2 LT 0EE
biL, v = — L ZANTOE L U RIEIRRBICI T D48 0 IR LR IZ & § 70 5 B8 HL
R X O UCHE < MR ORENBEE R ZEE 2RI L T0WDH EEX NS, Z
D Z ENZDOUWTHEF iR YA~ b v, o fifR 3 L ORI 2~ 7~ Ll
TR E ORGSO BLE G, MIRRE 2T 5 v L o 1O BEIR LT EhERE
DHEAF 7 AZHOWTHRF LT,

[F=85r]

LT, AFHUERREE LY DIV ERW AT A v N T T T 4 —IC
XKLL\, ATF 7 anth B0 YU Z 3l = H
oL BRI R AR R vid T 2 B YAG L—¥— (Quanta Ray, DCR3) % Jihitt
PR E LT, Hamamatsu PMA-50 THllIE L7=. d0tlEE=iijiL, o YAG L—
—ZEYEIR E LT, MCP-PMT o DIE 54T U F VAT m A a—7CTilgk LTz,
E B ERIN AT S VITBER & [FRED VAT LA Tz,

[FE R & =52

JEEE 77 K, JEFE 8.0x10° moldm2 DB LU/ AF L7 gty —f IR X
(4:1) IRBTAIRICB T DAY FLVTE, L2 OE /) ~—HKDHE 0 B
ENs. ZOREHIHE 355 nm O L—H — W& B L2 RICE AT RV ERIE
T5HE, T w—HEOHEITMA T, 420 nm & 450 nm O B —7 ¥ XL 11480 nm (2
BRI SN, 250 TEFNEN, ELrOSAEnrb5o®mttyrrox
Fov—mNITIRBEND. ZOWNEARY MBI, WIROMERE, B —9—
JEHREE, WO IRAET S, RS E LT 2-4x10° mol-dm™ X 0 &g 0%
Bl OH L= =B LT T 5. £, WO T T AERBIEE MRV O
TRIE C RTINS HEITT 5. L — =R mifem? FRIE Dbk — %L ¥
—MERITH DT DICLETHDH Z ERbhro Tz,

L— Y —F R EAR L HERR D X A F 3 7 R TOWTEHEMICHETT 72012, B
IR AR BV, d R AR L O a R IEWR N A2 s VIE 1T o 7.
R 2.2x10° mol-dmB B L U AF LT 7 a ko — A VR x L (4:1) BRETEIED
298 K & 77 KIZR T 28 o 2 JE L7, 298 KIZBW\W T, £/ ~v—®tid,
JhREZ B H B3 Y, FH 3.0 & 60.3 ns O e BEKEEE R L. —,



TR U~ —dm IR ER 11.7 ns T H EAR Y, 155 & 64.3 ns O e E
BaRLTz. B/ v —®EORVKRS E X~ —H8EDON D BN OFRFES L OXtIG
XU, BEREDE ) v—hbX v —RENER SN Z EZEKRL TS, F
7o, B/ =L X~ —OWMFEDOWEDORFERITIZE-H L TNHZ b, 77K
IZBWTE /) v——F vy —lOYMHRHN L TWDZ b bnd. —F, TTKIZ
BIFbTX o ~—8iE, 071 ns TH ENV, #6300 & 260 ns D=L R L,
298 K TOZNELITHERe > 7. KV FRFE RO N E I PRI A~ F L O R
MO LBREEDHE A F I 7 AL TS, —RICEKT TOZX~—DFIT,
EBEERTHD. BEOKEBIONL AL T v~ — B DO E K

(Ukaig[Py]) &, 125ns Tho7-. 298 K THIHI SN/ =F T ~—IF, JEHaEfEZ R
TR EINDGEDTHDHZ 2R LTEY, —H 77 K TOZF U~ — [ IAREMIC R
Db EERLTVND,

LEDORER LY, L—F—FRER(EBGICB W T, IWE ORI X DR O
JE LR To Bkl & O EB M OB RS AT I EE A E A B o
EDURIBEND. LLARRS, L—Y—0OHENAELE L OEROBEENHIEE
AERBS DL 060 KERETHD. A%

AR O IE, 90-110 K Sn y ==y

BT ), W AR L — I — I .

BHZ X DI > T —BEfgIc - & Eassom = 21100 N _Heat
WAbT DL 1EE 2. £ CRLIC Cyclic process N
RLIEXI 7, WETHLHE L DZFR S, ~ Lol A
2RI & B [E L 7= R T ROIRE B 5

EELFaEa2—HF— I 21—

N 1 p 8 €356 nm = 30

avuEiTolm T, FOREE, L—Y—

7L AN TC O LA O TN — ENEE S D v

YR LIC L - TR 20 KI1EEDIRE - So

B R B R A R ST O
_ . - . N 17 355 < c L C;\S@EOI/‘/@
SRR R DT E Lo L B 355 nm T L7CBR

MRS O L A2 0, BREEI e 1 PORRAL

JEHE 53 nm DAY C U ES) TEAS AR OIIC H 5 AT (ES 7 = &
SRS, b b, (1) RITHIAR ST L~ DI FRLIC £ BB OHIX,
2) FES T-RHCRIES T MOMI (I & 5 = RAER, (3) WIEEFIC LS =
D RIHEORE, @) KORRIC £ D AHABROMET, Lo R
IO TS5 £ B2 SR,

[5% 3Cik]
[1] H. Miyasaka, H. Masuhara and N. Mataga, Laser Chem. 1 (1983) 357.
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T V=N T VR FHERINNIBIT BT T e LR R
(RRELT ', JST &x20F 2 7Y OmimBR ", HAFEE 2 MARE

[IF] &F /2y RICEhiZESns 79 Xe ok, &R 0y RTEICRTE
L UYeES & BT 5, HEHEME OB A L & ISR RIS L7 D720,
RGP RREOREICA A TH 5, T U —= T UEERE (K 1 4) 1,
IR fe (Ot b)) (2 X 0 EEMEB LBBRIE (1 742) ~& B (kT 5, ¥
TUV—ATF ot/ may REOIFETTIE, vy RICEBREESND 7T XE
SROGEESC RO SERMACSOS DR B a2 T HAlietEn o 5, AWFETIE, &7
V— 7 v N HRE AL 57 T Xe IR FIZ OV TR L7,

X 1. 7 V=T URBRE () LRI Ch) O

[32Br] 47 7 v v Rk, HmistERl CTAB (cetyltrimethylammonium bromide)
oK CRGRES®ES 2 LI AR L[], T O CTAB % BrE44 .
J/ mav KFiH % MPS ((3-mercaptopropyDtrimethoxysilane) . #i\> T ODS

(octadecyltrimethoxysilane) TE#L L, T/ 7 v REGHIRAN 2 TR 72 aleh &
L72[2] BEREHZ, 7/ ay REPTV— LT U E2RA LR LT,

TV =T IR DR -FBRMIGIE, E— Ry 2 F A YT AT L —
H— (& 800 nm, ~LAHE 100 fs LUF) IC K VFF# L7z, HRUGINEIE, YRS RT
BOWIA 7 S AEAL X D EEH L7z, FAROWEZE TV —Lx=TF BROZEHT
DNTHATV, “OORBIOHIN S 7+ F 7 v v 7 URCET 277 X% 3L
R AE G LT,

[#55 - &22] o7V —nx 7 VHBRRIE, TRV SV Ao gl L 0 B
BRAEA~FNMEALT 2, K21E, U7 V=T UHBRIKROSEIREETHE OWILARY R L
R, W 560 nm AT DO B — 2% U7V — LT CABRIKEIA OWINE TH D,
—Ji. By RMRAAELTHDRE (1X3) TiE, #%E 560nm O Y7 V) —/Lx7 B
ROWIUZINZ T, &K 800 nm IZ 7 v NEHE— ROWNAEIN S D, Kok,
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[1] B. Nikoobakht, M. A. El-Sayed, Chem. Mater. 15, 1957 (2003).
[2] K. Mitamura, T. Imae, N. Saito, and O. Takai, J. Phys. Chem. B 111, 8891 (2007).
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fEA RO A X b RT, L E b6 b, 2R FHEEICTT 5 DNA B OEIG 2R LT
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LRIz, T 2RI 2 DNA L, HEPH G EICHEL TRV, $HEDNEW TR T/
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Introduction

Piano-stool Ru(Il) complexes are interesting for their promising anti-cancer
activity against some type of tumours. In medical practice is up to the present
days abundantly used a successful chemotherapeutic drug cisplatin (cis-
diammine-dichloroplatinum(II)) but unfortunately this drug has also many side
effects and cancer cells can get resistance to it. Reaction mechanism of
cisplatin was studied intensively and is quite well known now. The drug enters cancer cell by
passing through cell membrane, activation reaction proceeds when one or both chlorine is
interchanged by water molecule and after that the complex interacts with DNA. Position N7 on
guanine is especially preferred. Crucial is creation of bridge between two adjacent guanines and
consequent deformation of DNA which is mortal for the cell.

Cisplatin

After success of cisplatin research of anti-cancer drugs concerned mainly on

@ transition metal complexes. Besides titanium and rhodium complexes are
__Ru. ruthenium compounds intensively studied both experimentally and
Pl \ R theoretically in these days. Several Ru(Ill) and Ru(Il) complexes exhibit
- N2 antitumoral and/or antimetastatic activity. This computational study is
Ru(HC)(I;IEEE 'XStOOI concern on complex [(n°-benzene)Ru"(en)Cl]” and its interaction with

DNA. Experimentally is known that this complex form strong
monofunctional adduct with DNA and similarly to cisplatin the N7 position on guanine is
preferred as binding site. We have shown that also computationally from energy point of view in
our previous QM study [1].

Purpose of our study is to describe interaction of [(n°-benzene)Ru"(en)Cl]" complex with
DNA and compare it with interaction of cisplatin. Because of similarities in behaviour of these
two complexes we would like to find out if also Ru(Il) complex causes deformation of DNA and
if so how does it do it. Is binding to one guanine only sufficient enough for blocking transcription
of DNA? Is there any possibility of creation of intrastrand cross-link like cisplatin does? How
does an arene ligand interact with DNA and why complexes with bigger arene ligand (biphenyl,
dihydro- and tetrahydroantracene) have stronger biological activity? We will try to answer these
questions by QM/MM computational simulations and present some up-to-date results here.

Theory

QM/MM methodology can be used for studying large molecular system which
can be divided into two region: small core which is described by QM level of
theory and the rest that can be parametrized by MM force field. There is
several ways how to calculate total energy of such divided system and how to

treat mutual interaction of these two regions. We use subtractive scheme for
total energy: Fig. 1:QM/MM parts

s



Electrostatic interaction between QM and MM region is calculated by electronic embedding
approach, i.e. atomic point-charges from MM part are included in QM Hamiltonian and wave
function is polarized as a result. If there is a chemical bond between QM and MM part dangling
atoms are saturated by hydrogens. Position of these hydrogens (link atoms) is forced to be on cut
bond in specified distance in order to remove artificially added degrees of freedom.

We use our own implementation . smuetue ko it
which is based on U. Ryde's code ComQum = eerdne=s Fosfomy s cacldplerali

[2]. It is an interface for standard QM and o R e

MM software packages used for energy and | .
(SD, CG, L-BFGS) and molecular dynamics | Q¥ Mare <% 0Qstep ¥ Wil sovare | |
(Velocity Verlet) are part of this code. Fig. 2: ComQum modules diagram

Computational details

As we want to study deformation changes on DNA helix our model has to include at least several
nucleic base pairs. For the beginning we built model consisting of 10 base-pair DNA
oligonucleotide with sequence 5-AATGGGACCT-3' (standard B-DNA structure parameters,
Watson-Crick base-pairing) and [(n°-benzene)Ru"(en)H,O]" complex. All system is electrically
neutralized by 18 Na' cations and surrounded by explicit water molecules.

The computational model is divided into two regions which are described at different
level of molecular theory as is usual for QM/MM approach. Central part of the model including
Ru(Il) complex and two nearest guanines connected by deoxyribose and phosphate group is the
most important part of the model and is described by DFT(B3LYP)/6-31G(d)/6-31++G(2df,2pd)
implemented in Gamess. Rest of the system is parametrized by Amber FF96.

Results

Structure of reactant and product of reaction when Ru(II) complex is bound to guanine N7 in
DNA were fully optimized and compared with geometries from previously done QM study [1].
Phosphate groups interact electrostaticaly with charged Ru(Il) complex and that leads to structure
distortion and stabilization. Stabilization effect has also hydrogen bond between oxygen O6 on
guanine and hydrogen on ethylendiammine. Distance

between central Ru cation and N7 nitrogen on guanine is

shorten from 2.35 A in QM calculation to 2.26 A

calculated by QM/MM. Also reaction energy is lowered

from -7.53 kcal/mol [1] by several kcal/mol. From these

first results it seems that interaction of Ru(Il) complex with

guanine is underestimated in QM calculations as result of

lacking electrostatic interaction with phosphate groups.

Also steric effects of molecular surrounding has influence

on the structure. Detailed analysis of bonding energies,

molecular orbitals and charge densities will be presented. Fig. 3: QM core of the product structure
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[F] FMO EiX. EXRZREH#ELCHE X & TIF 28Tk {D&C, MFCC, MTA,
Elongation, Incremental scheme:--} O TiEEFEEETH 523, ALREIC X DO E[,2]10 5
10FA2 KT, TA LNV ERBX L R ERESOICHFE M TN Lok TEBY, b
TR0t K BEPEIZ Ao 72 & S 2 5[3,4], BHCEEOS W EELD % 78 D FMO-MP2 315 1%,
INRBED PC 75 AX —TRPICEITTELZ ELH Y, KEOHERE T Tha fEAETO
FIAHbBHEATWD, —FH T, MP2 CIFHAMER =L XF =B KFHi s s Z &b K <ambhT
B0 FMO ERRIG &5 ERBRERD IR LTHE X0 AVER % & tem ik OB A
[5,6] DUEMENEEN>OH D, —F, HBEFENEE(LT LT BSSE-CP #iE[7] & #5 R 0 & &
MO EDOTEOIZIIATREE /0D, ZOEFETIE, BHETH Ry 7 2B STz,

[MP3 = Y] MP2 2B A -BEORD AT v 77 MP3 T v, FHE N6 =2 2 h T3
W 2EAFIEOEREZ R L THOWWZ EIEEIT EORE 2 AT v b TH D, £72.2009
|2 Hobza & Grimme HIZ K > TIEINT- MP2.5 27— U » ZEEISNT AR R CEHEER
KEFEA Lt AX X TOMEERT R —ZOWT, K N6+FERKE N7 &) Ea R
k72 CCSD(D)FHE & Atk R FEM A 52 5 & Sh, FEICHFEOBLEN I TH 5, Eit,
J1—% /L% DGEMM TE\ 72 MP3 = > 2> OBI% 1% 2008 4E 412 MPIL 681 TidF A TV 72D 72
2, MP2IZH LT AE Y ERDBKE < 22 B 72 ISR R D /8 FHNE 2 TR 72235 = &
M 8105 72> TLE > T, £ 2T, 2009 4EFKIZ OpenMP THFFIUL L, HiBkS 2 = L
—% (ES2) TAVINZLUHF DT 4NADREY VNI EOR T ~—7 ik iz[9], mKDOFF
Bix, ~~7nrF=> (HA) © 3 BE7LET VXL TT, MEOY A X372 36,160,
FeHH 2,351 (777 A2 452,325), 6-31G HEDOHREL 201,276 Th D, K777 A (&
J)~w—, A4 ~—) ZES2D 1 /—FK (8VPU T OpenMP %)) (ZEY YT, 7T 7 A FH
Z MPLFAI &+ B ETIITLIZE 25,64 /— FTFMO-MP2 & FMO-MP3 ® ¥ 3 7 i i%
9.4 FE L 11.9 BFf, F7-2 128 / — R ClI%K ~ 4.3 B & 5.8 Bl & 72 o 7=, ES2 237 hILFF
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¥ —iHfi (IFIE) Tix, MP2 & MP3 THEIZENH TR Y | #ABIHLR S FRThH->TH MP2
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VD 1/ —RTRTHI~KTY (CooHzo) 53 FHAKZE 6-31G*EETT A MHEAE LGS Q&ET
Jib LR E DR %L 92,947,500 : X FRAEME L) . CCD 1% 8.7 ], QCISD 1% 27.3 §f#l, CCSD 1% 41.2
e TR, (DREIR 7 B TKb5, 2oz rnEETIE, CCSD ICH LT CCD ik
RO 728 DIRERFIA 1/4 FRIE L BT 7O T fuBE fei b o K AE % £ 5 BDI1016 +43 70 32 A
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T4 27 (24710 3.33GHz, Dual-core XeonX2) ® PC 7 7 A X —T 16 / — R&fio =54
HIV-1 Va7 7—¥+u ' e/Lo FMO-CCD/6-31G ¥ g 7 (3,225 Jiif-, 203 77 7 A b,
17,423 #iE) 238 149.9 I TR T 2D T, EX 7 EHITHT 2@EAMEBBEICRAZ T\nD,
[FEEXETN] MP3HAT. YL CTEE L FMO ORESHERT v v/L (ESP) HNS
T BSSE-CP ffi iIE#§RE 2 fii o 7= i Fe %t £ 7 /L O AAEH =1L ¥ —3Hl O 5l & 7~ 9,
IFIE (6-31G%(0.25)) in kcal/mol

Thymine (1'T)

) PairType HF  (CP) MP2  (CP) MP3  (CP) MP25 (CP)  CGSD(T)
Adenine (1A) o H
N 2A-1A  -1.85 (235) -16.85 (-7.77) -11.89 (-344) 1437 (-560)  -1470
H—N_ Ho 2T1A  -096 (-081) -1.60 (-1.37) 146 (-1.27) -153 (-1.32) 158
N/
/ 2T-2A -17.79 (-1325)  -24.88 (-16.22)  -23.82 (-1568)  -2435 (-1595)  -2458
H—N N\ / -0 CH,
N-p H-Bonding  1T-1A 1670 (-1250) 2352 (-1565) 2244 (-1503) 2298 (-1534) 2323
— \
H H 0 N/H 1T-2A  -0.64 (155) 630 (-2.12) -5.15 (-1.27) 572 (-1.69) -6.06
Stacking I H H—N>//2/H 1T-2T 091 (464) -11.02 (-3.40) -8.12 (-0.92) -9.57 (-2.16) -9.95
N=N
A § on
H— - '
N o ‘ [FIE (6-31G%) in kcal/mol
N N 4 Thymine (2'T) ParType HF  (CP) MP2 (CP) MP3  (CP) MP25 (CP)  GCSD(T)
. 2A-1A 170 (416 ~7.96 (-3.68 -4.12 (-0.26 -6.04 (-197 -5.88
Adenine (2A) @16) (-368) (-026) 197
R BRI . 631G b dE | 2T-1A 083 (-0.74) -1.14 (-1.02) -1.06 (-0.95) -1.10 (-0.99) 111
K . 6-31 3Lz
2 R 2T-2A -1357 (-11.05)  -2045 (-1500)  -18.96 (-14.08)  -19.71 (-1454)  -2003
N = St -~ JH
Hobza 578 DNA OFFRIAITICHR 1714 1244 (10200 1871 (1381)  ~17.35 (-1299)  ~1803 (-1340)  ~18.33
ZLTWA6-31G%(0.25)[11]D  1T-2a 061 (191) ~2.93 (-0.65) -2.04 (0.03) -2.48 (-0.31) -2.62
FEHANTRER, Bofge 1T2T 230 @0 -455 (-0.59) -2.62 (1.00) -359 (0.21) 362

EET RNV —DENREN LIZHDTEIrEND, £72, MP2.5 % CCSD(D) & b3 % & |
ERIBIDIRE LBV D THRSY ) PR TE, LV KBERR~DIEHEEZEZ D LiFE LW,
BSSE-CP ffilEOFERZ L TH D &, MP2 & MP3/MP2.5 L DN n A X v ¥ v 7 TIXHEIC
b0 RSB E MP2 L)L TOREN2]TIEH4 Tl WalBEEI RS T 5,

(#EE]  AWFIEIE, AR CISS 7 ryx” b, 2B UNINIERY: SFR 0 b DX E 22T
TWb, Fiz, HEDIEHRAH - #aa 7272 < BdakitsesdE, D.G.Fedorov f LIZEGHTT 5.

[>c#k] (1] ki &, Chem.Phys.Lett. 312 (1999) 319. [2] ki &, Chem. Phys.Lett. 313 (1999)
701. [3] Fedorov&dti#i, J.Phys.Chem. A111 (2007) 6904. [4] Fedorov&dti# #wmE, “The
Fragment Molecular Orbital Method”, CRC press (2009). [5] Bartlett ©>, Rev.Mod.Phys. 79
(2007) 291. [6] Shavitt&Bartlet, “Many-Body Methods in Chemistry and Physics”, Cambridge
press (2009). [7] Boys&Bernardi, Mol.Phys. 19 (1970) 533. [8] Pitonak &, Chem.Phys.Chem. 10
(2009) 282. [9] L H &, Chem.Phys.Lett. 493 (2010) 346. [10] Handy %, Chem.Phys.Lett. 185 (1989)
185. [11] Jurecka&Hobza, Chem.Phys.Lett. 365 (2002) 89. [12] &) &ZH, J.Comp.Chem. 30
(2009) 25%4.
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7T 7 A Moy FHNEEIC K% DNA M EAR AR O BERHIRFSE
(DFIRIE AR 1, HORAERMF 2, M RETS AN 8, STHOKPR 4, PERRAT 5, ESZHHF 6)
Ot 12, ZERLUAS 3, il 2, (HEIK 4, SIS A 5, Pl 26, B #i 24,
T P it 3

(]

777 A My THuEFEMO)EIL, KD T OB TALFRHEZ1T 5 72D D ENED 1 T,
NFETTITA NMIBEILTC, 777 A NDOE ) ~v—, A ~—T2 DLy 2E0E IR
BAHET D, Sl OEEEIC KBS FOBHRENEOND L L BIC, 7T 7 A M
AAVEAxT 3L —AFIE) O EAERAMITICE L T\ D, Fx DI A—TTIEZhETlz, ¥
RO B EACFE O EAER ., BNZEERO ) T REi#k EEGHE, ATV A LR
B R T ONE ERE A R EMECHURHUA RS, DNA S 2 o 87 B OBRSIGES ik AR
7 ORPERE S FRRERICE D D FMO AR AZ1T-> T & 72,

DNA (T4 OB RSP WA TS TN FRTHLN, VU BENEmEZALTEY,
KNRA 7 o B—A A O e\ e & i fRHREICBIT52E S 2V, DNA OEFIKEFHE
B LTI, I E TILEERET NV E AW OFT SRR ENTEHEY . CCSD(T)
ICRFEEND ERE T X LF—OFMEN THhATWS, ZZTE, VTR 24K48 DNA 128
7% FMO FHEDRBERGES, KA FLnFET Y v 7 OEBZOWTIHME 21T 2,

[REFHE]

12 #HEExt o 2 K DNA(-CGCGAATTCGCG-3)IZ%F L(PDBID: 355D), Amber94 i L
TIP3P /135 % A= 4r T 8 )F(MD)FHE ATV A > 7'y a y MEEE Rk L LTy =b
KEBEOI T o Z—A A &G0 H UIEEEER LT (=¥ X 0-18R), EHbFEHA
(213 MP2 %, FMO-MP2 435 L O'FMO-MP3 4 % v JEIEBI# T 6-31G* 46 L 18 6-31G*(0.25),
F£7- CP £l X% BSSE fliiE%#1T->72, MD F&E1Z1% PEACH ver7.5.crest, FMO FH&IZI%
ABINIT-MPX, #5H o a[#i{ki2iZ BioStation Viewer ¥ 7 k7 = 7 & ZNE L H W=,

[ 2 ExET V]

2 ARG DNA #3& 75400 H L7z 2 5 5t 5 L (AA, AG, AT, CG) % Fiv T, MP2/6-31G* L--X
LTS FHREICE A= RLX—BE) & IFIE D% T-7-, Watson-Crick /KFEFEH &
Stacking & OMIF DV TS & KBRS TlE 20-30%. Stacking #&55 TlE~10%F2E IFIE
DIBRFHIE L TWD Z &R bhoTe, FRIKER/EHIMOBENL, EMBEHEFERICLL2 L0
LEZbND, £7- BSSE fiE#5ET 5L, BE, IFIE & HIZKE/BA ML 60-80%FEE D
fEL7ev . BE £V b IFIE @i BSSE 221300/ S, FERICA X v %2 77\ BSSE
AT 80-50%F2E & 720 . BSSE BNHHE TH 5,

[7/kFn DNA & HEREEER]
2 &$4 DNA O IFIE BT, #lE T R/ X —~DKFDOZNEIZ DN T FMO-MP2/6-31G*1:(



X DR FH AT 72, K112 18ADKFIT =V &
DNA & OMHAENERZ RS, SEEERF AR 3K 0 528
EZITTWDZEITALNTH D, KE-EEBIOAY ¥
X% 7@ IFIE TlE, Kfy =L DA X% 0-13A 1221k
SHDHE, 6SARETIORIZMMNY Z ERanie (K
2. [¥3), DNA &Eff(Mulliken 3 X O NBO)IZHBW\Th
[FEEDAKFIY A XA TIHL TWD Z &3 o7,

BifE, Hobza & ® MP2.5%(Chem. Phys. Chem. 10, 282
(2009)) <° BSSE #li (£ D R#EH 70 FAMIC X 0 HEEEHIFA B A
M= F—OEREEAEZTT> TN D,

1t k- 2—A %L DNA &K
24 e S L : g7 & OB, IFIE #(0~-100kcal/mol) T

[BIEE] A7, SCERFFE A IT SBEE 07D T LY . IR E A ST

DOIFZERRTE T4 ) R— g U HMES I 2L —v g3V 7 k

T T OMFERRRE Ty MR BWNNINHAKRFESFR Va2 LD EEZIT TS,

| TS #5 W46 #7 #8| oy B #3 #4
H—g9 @410 —H#11  ——#12

~19.0 | ' ' -44.0 '

$\\\ /iv4\ 10 ( 5 10
-46.0
-19.5 o —o—t—o—o \‘
N -48.0 223;\;
-50.0

-520 ——— % ——t

IFIE [kcal/mol]
|
N
=)
o

-205 | .
-54.0
-21.0 -56.0
JKFNERRE [A] JKFNEERE [A]

2 JKFNEEREIC X D KFER A IFIE 021k« (78) AT <7 (F) GC <7, BEIIEKFE/EEELKT,

o #1

)

#3

#4

—_ —¥— 45
E —®— 46
_§ %
w —

#9
#10

#11

JKFnEERE [A]

X3  AKFIEEEEC LA A v %22 IFIE 24l
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FMO #3871 25 4 ABINIT-MP(X) OB &
BRI F~DILHETE

(RRAZENE L, A3 WA 2, NEC ¥V 7 b 3, SZEOREL A ESIA AR 5, thF Kbes A1 ©)
Opfily AR, fse 52 (r 5582, | M 4, iy B b5 2 #ha& DY, Hvp i ©

U] Ao ic ko TIRIBI N 7 7 7 A2 ¥ Moyl (FMO) i [1] &, ChE Ty 78
P EIEC O LT L DEERETTRLTT 7 7 A —IEH I NI T3 2], RIS
IC ko CRFE e FMO §H8 71 7 4 ABINIT-MP[3] 1. ®H 512 X > TE MBI
AR S 172 ABINIT-MPX[4] £ LT, PC 7 7 A% —0HiEk> S a L —% LRI ey
> 2R U 7 MR AR D AR 73 RIS 2 SRS EEG TR 2 FTREIC L TWw 5 [4,5],

KA FMO GHEICAF 72 ABINIT-MP(X) OBFEEBEO—2 & LT, REEEELIEDEA
2k % FMO FIROE#ELDSH 5, EFE, RIEZIZL O ETIRFOMRECL S 2 B FHETD
EE LD THONE D [6). FA I Lindh &0 a L 2 ¥ =43k [7] 123572 CDAM (Cholesky
decomposition with adaptive metric) DB A 21T > 72 [8], MP2 HEI L 7 )L ¥ —FH5H D E
2 bz L, BIE S & 72 3 FEALICg PAs»frhch 5, £k, Bink7 772
¥ R R7ICR L S EER (CMM) 2 i 4 < —EErz 8 AL, fEkHws T
K7z Mulliken JERUZ EER TERGE D O EH 2B Z TI[HEIC L T 5,

—7iC, FHRABRE I O b, H 5 W IERIRI RSB L R L ¥ — DB 9] I & o THEH
SRR 2B ROYAIREIC 2 D . Z UG L 72 SRS T b WIS e o T %, £9, 777
A v MEMAEHA 2L — (IFIE) & 0 2 BB ERQ GO (BSSE) 2 HEb 2 7%
&1z, Counterpoise i [10] ICFEDW/HHIEE Y 2 — NV ZEA L, IFIE IZ X %5l OB o & &k
ZiE® T, F7:. Weinhold & IC & > TIRIB I N7 HARBEMHT (NPA)[11,12] 70 77 L DB
Fe2 T\, HERD Mulliken #EMMT & AT, X DALEMERICIR > 2B IMOHBED D 2
AJREIC L 72 [13], S 5ic, BEESEADOX)E, 8 X O correlation consistent FEERHE DI %
AEEIC T 270, B2 EOETHE (TR VX —Hoz2al) ORR2T-o7%,

AFELETIE, INSDFARBIINT 2REDEER T2y Fv— 73R L Z DT
HlzHEd%, ZITRIAMRTSUYRZEREZDYN Y R THD 1T-ZA P74 — LD
HiR%Z AT, IFIE & 2 ® BSSE filEIC X 256X 2L X —DFHiIc >V TREMNT 5,
(5] #id& ik = 2 b a7 v 284 (PDB ID:1ERE) @ 50 %3 57V [14] %2\, MP2/6-31G*
LALTRIRVF—ELOIFIE, &6 ICBEHELOMEL2ZE L 72 (IFIE ICN§ %) BSSE
D EI T2, 22T REREZDY TV FOMORELGZ 2L X —13Hg FEHHEIC Xk > T,

BE
AE = EComplex - EReceptor - ELigand

ELTERING, ¥ 1,J 777 AV IRTEOIFIE %Z AEEE L3275 72 112

9 % IFIE fliZ
AE}FIE-sum _ Z AE}I}IE
JAT



LEREL B ENTE S,
(iR EZE] 22 by v REERE 170-2 A F 72 F — it d 3 IFIE OfE R 2 NEITRT,
IFIE I 5% % BSSE O#4rhs 3~5 HBE  #9 2 [16] — /4T, &k & U TR 2 37l i3k

| . SE P B l L

OJJ|‘ Eq!"= "|""JJ"| -Ju—l-u « Y FI
| ) ~
5m§§mr§§%’r‘5 §§§§§§§§Mv§§§§§§§§§m§§§
E 3 28338 3MEFI3FE8IECEFILEITEEFTITEI{NSGE
3
ElS r
=
gzo
w B HF
w25 |
- HF (CP corr.)
_30 |
E; = MP2
= i' MP2 (CP corr.)
-40

B1: 17-TARSIA—IETIAMNAT VY ZEHDEREELE LUK FHED IFIE (kcal/mol)

HF MP2 MP2 (241 %) [15]
No corr.  CP corr. No corr.  CP corr. No corr.
IFIE Al AB[{IEsm
charged/polarized -42.0 -34.9 -59.9 -43.6 -63.31
hydrophobic 0.7 8.6 -42.3 -22.5 -37.77
total -41.3 -26.4 -102.2 -66.1 -101.07
ez sy — AEBE -23.7 N/A -85.4 N/A

® 1 HFEIRIF—& IFIE Ml (kcal/mol)

ECHBE 252 Co I ERRANNSG, 7727 5rHIciZ, BSSE ikl X > THlM» 6
%&% SZEEL TR BR5ASH 50T, il i Ic RIERPSETH S, £/, BSSE MIEDH
WZBb & TE FHBIMIR O BEME LD RS 1L 5,
Eﬁlﬂ IMHDORRAY —FRICTHRET %,

(HFE] ARFFRIZHA RISS 70 =7 FOIED D & Tiibhi T 5,

(X#k] [1] K. Kitaura et al., Chem. Phys. Lett. 312 (1999) 319. [2] D. G. Fedorov, K.
Kitaura, J. Phys. Chem. A 111 (2007) 6904. [3] T. Nakano et al., Chem. Phys. Lett. 351
(2002) 475. [4] Y. Mochizuki et al., Chem. Phys. Lett. 457 (2008) 396. [5] Y. Mochizuki
et al., Chem. Phys. Lett. 493 (2010) 346. [6] T. Ishikawa, et al., Chem. Phys. Lett. 474
(2009) 195. [7] T. B. Pedersen et al., Theo. Chem. Acc. 124 (2009) 1. [8] Y. Okiyama
et al., Chem. Phys. Lett. 490 (2010) 84. [9] M. Pitondk et al., Chem. Phys. Chem. 10
(2009) 282. [10] S. F. Boys et al., Mol. Phys. 19 (1970) 553. [11] A. E. Reed et al., J.
Chem. Phys. 78 (1983) 4066. [12] A. E. Reed et al., J. Chem. Phys. 83 (1985) 735. [13]
T. Fujiwara et al., Chem. Phys. Lett. 490 (2010) 41. [14] K. Fukuzawa et al., J. Comp.
Chem. 26 (2005) 1. [15] K. Fukuzawa et al., J. Phys. Chem. B 110 (2006) 16102. [16] T.
Ishikawa et al., J. Comp. Chem. 30 (2009) 2594.



4P073

Surface Enhanced Raman Scattering, SERS

SERS
SERS
SERS
i I !
i
Figure 1 A Schematic representation of the preparation of the
SERS-BHRP.
Figurel
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Raman Shift (cm ™)
Figure 2 Baseline signal of fiber Raman probe. (a) The
result obtained by using a normal fiber probe (b) The

result obtained by using a SERS fiber probe.
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Figure 3 Raman spectra of 5 % gelatin solution.
Figure 3 €))] (a) The result obtained by using a normal fiber probe
(b) The result obtained by using a SERS fiber probe.
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|
Figure 2(b)
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Figure 4 Raman spectrum of the surface of the rat

stomach measured by using the SERS probe.



4P074
EREHLIZNITIAIOOT4IL DT LML

AR ARSI 1, CREST/IST?, MAPK I RIL¥X—IBTHZ0AT °
KBRTK -1 & S im 7o isss ¢
INBEREE LY ISR S LER Y MARIIT Y EHETF Y BB Y mRse

BASH

(Fiw] \oTVA-oBa74)L a BFIF HEEOAEGRICEVWTEEG TR
T.F5T . AERTUOTHFEAERIZEWNT. AUTVA /00 T4)L a R FITAFEFTIE
BEFIC. BRDFRIOBNELGIRILY—(REEITIODHEEEHEZA TND, £, X
BREREFDLTIEH, 7oTFHFEERIZKVER SN EZAIRILE—F/\UT)A 00T 4
IWad2ER RRIUPILRT)NZITRY ., ABERBRICVNEL—EDERABERIEEIT
DTS, COLSIZ. MEHEOAESHBEICENNT. NITYAHOQT4)L a D FHHEEEIE
ZHRTHHIENHMONTLSED, R FELTOREFMEICEAT AR L+ 5 TIEAEL,
NITFI)AIOOT4)L a DOEIFRIREX. 4 DD-r*BEDEREHEIZEY.2 DD Q
band (Qy, Qx) & UK. 2 DM Soret band (B, By) TRl 5, Q band XA R M 53E TR} FE 1
[Z. Soret band (LT LSV EIICIRINEE D, BEKIZEITH/\0T)Ao8874)La ®
QKRBT ARERIREBLIBEMNG 2 £EMNREZEY. MBHEEOLEKEFE TIE. NI TV
A980O74)L a BFN U TKREERERKT HILITXY., Q  REIXMEFHILIRDS
BUWETRT, ZDH. N\ITIAIOOT(ILad QFAFIHVRICET EMEIL. EFIC
FEREICITHOATVS, — A UITDOWTIF AERITE T AEMELGIRILF—REICS
(152 BHELTOREEZRIZLTVSIZENDDLT . TR A FIHURICEAT MR
ZLL, FEE, HTMICHE THo=/\OTI)A/ORT4)L a IZEIFH5FILEREDE
AL SN, FIDERE/NNITVAI/OO0T4)L a OXFHEDOBELEEIFEFEINT
W31, RBFRTIE. A\STUFoO0T4)L a 2515 QIERREDE 1 FIUREHES
MMIFTBHIEEBMELT= HFIT. N\ oTVA BT/ aDHhIDEREE QuIREDTAF=
HADEEEIZDWNTEBLE=,

[EER] KPR TIE. RARUVEREBRLI-N Wavelength (nm)
JTUAIRBAT4)L a DI LMNLER S ER 800700 600 500 400
WRIEZIT o= /A TIA/O0T4)L @ DE  ggf ----Bchl a in acetone

. = . ,— 1 ——Zn-Bchlainacetone /9
BEMRIT. XBERKRDFETIToR: . B i AN
KEFE-HITFATL—F—DEKERV, 5060 | /| By
HRS AN VIR SDEAKERN N £ | “
HFUAHAOTAL ad Q RU QADRIBRE) S04 | i 5
BERIU - REAICKEFHBRRER ) | oo j
L\ DB THHRLIZRIC 1024 FroRILDT | | A\ @
AR LA —R7LA(PDA)TRE LT, BEEX o S
(FL—F—D /LAY R (1kHz) ERIEAL 7= Photon Energy (eV)

FAVNTC 00z DRFEEBEN TS, S5 gy 5p s smmsmicsi (kM) o707
PDA_O)EEJ%JAHtl/_?-_O)aI:I“Ja%ﬁ];ﬁ«ﬂé 7|:| EI74)LaZ’LUZn IZQEE@LTU\??')
ﬁéh&—és WJE/;FWJET&@@%%?ﬁEE 1mS j—al:l I:lj/r)l/ a @Eﬁ'u&”ﬂx&of‘)bo m*ﬁ
BIZFHRARAI JAXLRNILD 10 LTFOERE mig/ \o5y4+50074)L a OIE24EE
EiREERELE



[(BREEE] R1IE. XRARV. FLERE
Mg % Zn [ZEH#LI=/\oT)A - 00740 a
DEERRARIEILETRT , Qy R QIS
EBTHE. EREBRICHLT Q HDIRIL
F—FXIFEAEEZELTLELDIZHL., Q
HERECIRILF—TTRLTLNVD,

212, 7EboRIZBITE/39T) A 00
T4 a® QR Qe e L =& DA EF#E
RIRZEAL AR M ILETRY , HFLERIRRARY
MILIZIE. AR B 2EKITEDIEIE L EER
IEFE QuRY Qy RINFICRIET HREIE
ENEAISNT, BLELVEERIVES(E. Q
RENSEVERIRE~DBBIZHLTS 3,
SIFEER (0.1 ps)TIE. Qu RV Q, MfEIZ &k
BIFRBUIRARINVIZKELLEVSRS
Nt BIZHBELEVABBISA DA, Q
BEEDDESTHL. QIIEDNDZEIZDH
BOWBADESHIHENTNSIENS, ZDIES
DIERIE QL DFEMEHTHLIZENER
bhd, Fl-. COFERBESIL. KRER
1ps CTlIXHELTWWSZEMS, QD FMITIE
BIZEWENHERINS,

B 312, Qy BERIVESTRU. QBRI
BREESORHEIKEFEEZRT, Q itk
(21X, @BERIVES HBEEFIZIIS EA DT
BDIZHL. Qx MEDIZEIZIE Qy B@IERIN
ESHMIEHBEHMNIIILEASTINVS, F-.
Qi MIEEDIZEIZDH. FEREIZKDHEBER
[SEDNFEETHIENHMNDS, Qc BIEEE DB
ERIEERU., QICLPZEEREBES DR
RS, QUIREED F (X 50 fs THAHZ &
Nhh-ot=,

0.02

Absorbance/Absorbance Change

-0.041 ---Qexc.at2.17 eV
‘ . ‘—‘Qy gxc.‘at 1‘.59 ‘eV
15 2 25

-0.02

Wavelength (nm)
800 700

600

Photon Energy (eV)

2 7rbrosmoANyT)AoO074)L a
H115 QU RV Q, MR DI FLEWRIRARI

Lo

0.01

Absorbance Change

-0.01

PLPC{TT T It

Q, Bleachi

Q, Stimulated Emission

Qy Transient Absorption

610nm, Qy exc. |
©  610nm, Qy exc.
580nm, Q exc.
o 580nm, Qy exc.

9

05 1
Delay Time (ps)

0

1.5

3 FrbrdoN\vT)AsOOIq)Lal
BT Q RV Q, ik M @ERIVES DI
Fﬁﬁ’;ﬁu_‘%‘:o

[(FED) KBNS, A TIVAIOOT4)L a [2EITH QuRREEDBERERSF 1 FIVAMN
B oTf=, FILDEREBRMREMERES A FIVADEEITDONTIE, 7 FHE

HREORBREGHETHRET D,

! G. Hartwich, L. Fiedor, I. Simonin, E. Cmiel, W. Schafer, D. Noy, A. Scherz, and H. Scheer, J. Am.

Chem. Soc. 120, 3675 (1998).
2

Phys. 373, 33 (2010).
3

Phys. Chem. B 102, 8336 (1998).

D. Kosumi, K. Abe, H. Karasawa, M. Fujiwara, R. J. Cogdell, H. Hashimoto, and M. Yoshizawa, Chem.

C. Musewald, G. Hartwich, F. Pollinger-Dammer, H. Lossau, H. Scheer, and M. E. Michel-Beyerle, J.
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= EE CW/ LA EPR WA O b F% 1
(2T DA E AR Sy Bl R OO g BH

(ALK Z T !, Argonne National Laboratory®, Univ. of Freiburg®) OA[ F A !, Lisa
Utschig 2OKEE W, 1IN TERE Oleg Poluektov®, Marion Thurnauer ?, Gerd Kothe®

[Fi&] bR HIIEAEL ~UUIB W T G ATV EZ S, ZHET G s
TRBRSTONTE OOBARERE OIS, F FLEFRRAVRNESITE T, L)
Ui, Z D0l )5 ORRIEICE - OMBET DV HED Hh TRY, EFR IOYHE
i oy B AR (Z DWW T BE THLZL DB DRI TND, TUINAT L RT Prgg Ay~
DET - THEEZHLNITHEEBIT, HEFRIBUCH DB ITOE B EhRE
BHGNZ T H7280, B CW// LA EPR W22 44T 572,

[3=8k] FEAKFE (EIKD 99.7%) LT=IFEWES T /32777 synechococcus lividus %,
e PR A T DB K FE TV B —/L (KRR 50%) & E/KFE LR A - SRR A (pH =
75 IZEVKFNEE L ETHREZMER L7, W-band (94GHz) EPR #|7E!% Bruker %4
ELEXSYS E600 43 ftasa W CiTo7-, £, @l EE AL T 5728, v (/1
W HERDHED T VT 7 EL T, Bruker tEDO 7V 7 7 (48 6 MHz, B EZL 150 ns 72
FE) Kb JRHHE (140 MHz) 72 NF #87U7 7% Az, W-band VAL AT AT,
E600 53 Kasio~ A7 ml /L A7 Y (94.9GHz) Z A A Te Z & TREZEL T2,

[FERLELE] K 1T BT Pre-A; 126 LT 100K CTHEUHI L 72 B4 7
W-band /X)L A EPR A7 MV &ERT, ZHNETOWRMEIZLDETIINRT

Poo -Ay IR FEIR (2 35\ T 200us FEFE DREEI CIET 2 IS Z T, $~1 7
D REREET A DFENREREN TS, L, KIbITRLZEBD . 100K

(@

(b)

3.380 3.385
Magnetic Field / T

1 b 100 ns RIS L7= T 2 3T Prgg A DIRTER
W-band EPR A7 kL (100 K, 532 nm JihiZ) . (a)FEH], (b)¥ 2 =
Lr—3 .



THM S U7 EPR A7 bV 1 BRGT O 1

i s = b g (@)
— —o 2

L2sL—5 T, ¥ 2b 27 X 912, EPR
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TODX 97 Zn %5 Porphyrin & BenzoQuinone % Linker TR\ 72 N T YAy T
ZnP-BQ 125\ C B3LYP/6-31G(d) L~L THEERAML 21T o 7= RWT, ZOMHEEICRIT B
EIRAEZ 6-31G(d)JLJE % VT CIS 5 & O BSLYP, LC-BOP, LC-oPBE, CAM-B3LYP % i
BA%% i\ 7= TDDFT #3 %247~ 7-. i1, Hartree-Fock 52K 250 FHUE &, AHFZETHW I
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TRICENENONEEZ Hz & & TDDFT IZ K D RERIE & = v F— 2R L7z,

E /ev E / eV
A A

5.50 HOMO-1-> LUMO HOMO-1/-> LUMO+1
3.01 HOMO -> LUMO+2

5.28 HOMO -> LUMO

HOMO-1-> LUMO+2
HOMO-1-> LUMO+2 2.99 HOMO -> LUMO+1
3.46 HOMO -> LUMO+1 CThiEE (ZnP->BQ)
1.48 HOMO-1-> LUMO+1 ZnP->ZnP*fjiE

HOMO-1-> LUMO+1
3.44 HOMO -> LUMO+2 1.22 HOMO -> LUMO+1

[  c1s/6-31G(d) | [ B3LYP/6-31G(d) |
E [/ eV E |/ eV E [/ eV
A N A
4.63 |HOMO-1-> LUMO 4.91 |HOMO-1-> LUMO 3.29 |HOMO-1-> LUMO
4.43 |HOMO -> LUMO 4.69 |HOMO -> LUMO 3.18 |HOMO-1-> LUMO+1
HOMO -> LUMO+2
HOMO-1-> LUMO+1 HOMO-1/-> LUMO+1

3.27 HOMO -> LUMO+2 3.28 HOMO -> LUMO+2 3.17 HOMO-1-> LUMO+2
HOMO -> LUMO+1

HOMO-1-> LUMO+2 HOMO-1-> LUMO+2
3.27 HOMO -> LUMO+1 3.27 HOMO -> LUMO+1 3.06 HOMO '-> LUMO

[ Lc-BOP/6-31G(d) | | LC-oPBE/6-31G(d) | [CAM-B3LYP/6-31G(d)|

FEERMIE I T2, FEIERE T AW L7z N ARy 713 1. porphyrin @ S1 IRHE
InP*-BQ ~hitd L, W\ T 2. BAOHEIRGE ZnP+BQ ~EB L1-#%, 3. BREHS LAKRK
BEARD Z &N aho TS, ZORR 1. O CEM /BTl 25625 500 nm ¥ &
V570 nm (VT ICEH &4, 8. OIEFET 460 nm B LT 650 nm UL CHOEDERI ST .

Z DO LD R AE D YEAL XL IR FED & B /0 BEIRAE, porphyrin @ S1 IKFE ZnP*-BQ, &

TEEREEDIEICME L TS EEXLND.

CIS Ti¥ HF Z#E % 1E L < LD AL TV A B AR OFEIR A3 KT T B 72 FEECIRAE S &

OB BEREDO T OFEBR BRI >TnD EEZBND. —J5T B3LYP W=t &
TR BN TWD XS ICEMOBEREZBRICEEICAED > T EEZHNDI[3].
LC-BOP & LC-0oPBE |Zr — o0 THF QT@IE%:IE L <HLY AFUTW 2 BEBR CH B 258 A 7= L
TV, it 26 OB & e CAM-B3LYP |2 L 2 B HEREN RI-CC2 #HH & —F L7z
L OHED Plotner HIZ X o Tl Eiuiz[4ln’, AL TG RIIRIEDNEFR N ER & —B L7z DX
CAM-B3LYP DA Toh o7z, Y HITAEEZLIC L D REOZIIC O W T LG T 5.

1] Imahori, et al. Chem. Phys. Lett., (1996) 263 545
2] T. Asahi, et al. JAm.Chem. Soc., (1993) 115 5665
3] A. Dreuw and M. Head-Gordon, J Am. Chem. Soc., (2004) 126 4007

[
[
[
[4] J. Plétner, D.J. Tozer, and A. Dreuw, J. Chem. Theory Comput. in press
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H,C H,C
° \HI\NH H\ NH (Left)  6-aza-2-thiothymine (ATT)

/K N. N /§ o (Middle) 2-thiothymine (2TT)
H (Right) 6-azauracil (6AU)

(52ER) 2 POEFEWIGHIE 12 BIFREIR 12 XeCl (308 nm), KrF (248 nm) ¥ > <w—L —HF—F 7213
Nd3*:YAG L — — D =53k (355 nm) 2 v, MHPDERE LTXe7 7 v a7y 7% T
fTofe. WERIFERAR Z 7 0 — 3¢, RV OFE LI Rz, 7 = 4 F Hpump-probelGH]
1213 TOPAS D /1% pumpyt (355 £721% 280 nm) & LT, ¥ 7 74 PR THRES Y AR
probeXt & LT 72, R fEEE 1349 150 fsT&H o 7z. TCSPCIZIZNA3:YAG L — 5 — D 5 VU i 3%
(266 nm) Z i )E E LTHw . 2 s ollE IR TEIRTIT - 7.

[fEH & £%] 7+ b= b VIVARTICZE T BATT, 2TTO 308 nmlififtic X 2 F ./ @z 2 <
7 PV EKNRT. Ar SR T ¢ 430 nmE L O 700 nmic ¥— 27 ZFio 8~ 4 7 u b FHa
Ffo 7B IC X 2 WINHT S # C TRUIl S L7z, 2 s oIS LA IS, —EHIEEAITEMPO
(2,2,6,6-tetramethyl-1-piperidinyloxyl) f#7E FIZ &\ TR DB EELTE L SN L 72, F 72K
T A I N2 Lo, TS DiEJEREZ ATT, 2TTO Al = HIHREE (T (nn*)) TH
% LilE U7z, JEIESOE & ZIPE & O HBIC K ) 2O Ti(ues) IRED BT IEEDsclZATT, 2TT E b
121.00 & BAED 54, BHEIREED 5 DRERBERLIC B\ COEFISIEIE & 13 %7 ) TR £ KR T



HBIEBWHSLER S, 725 ) pump-probe 37612 & D 700 nmIZ B 1) BWRIGH DAL EAS
D ZEH L 2 AES, ATTOIEMIAR 2 DR E BRI 370 s &8 £ - 72(IX12). 2 O\ TEMIAE 7 136 855
FE A X 2 EFE R E ATTOIEF /N S 7 nps3n+fif] Denergy-gapll BRI § % LB Z 6 b, 7«
Ti(we*) IREEDATT, 2TTIC X 2 il — B IR R (AR S B S 1172, [ 3 ICATTD 266 nmjifidic
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DFRHEN 22 F NN v P ONVAGFIERAE TICB O TBIMI S 91, 1A 2D B IR da IZATTT 0.69 &
D s, ZORRIZATTOUVATIR TOWING & HbE T, FEDDNAY—F v 7@l
RN 72 B 7 EA OIS O TREME 2 /R LT 2. 2 H B R ERIEIL & IER 2 Fi b 72
D35 i\ Discz £ 7 FREHSIRIE A D — D> TH 2 6AUD LD A 71 = X LD T b Sl ik
IR
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s 12
8 s
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Q 4
o]
<
)
Delay Time / ps
0.0l | 1 1 1 1 1 . .
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X[1. 308 nm7+/ L ——JifiER IS o 10F
ATT, 2TTOTue T1 EFERIN A L7 L. - ATT
> 081" 2TT
172)
§ 0.6
£
04+ 1 1 ]
¥ JHMAS S L BRIEBEL RO B TR, .é 1200 1250 1300 1350
g 02+ Wavelength / nm
Disc (O W 0.0 pomrtpast----o-oo-oo-o oo pooceer et TR h 1
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E=P N

(1) Kobayashi, T.; Kuramochi, H.; Harada, Y.; Suzuki, T.; Ichimura, T. J. Phys. Chem. A 2009, 113, 12088.
(2) Kobayashi, T.; Kuramochi, H.; Suzuki, T.; Ichimura, T. Phys. Chem. Chem. Phys. 2010, 12, 5140.
(3) Kuramochi, H.; Kobayashi, T.; Suzuki, T.; Ichimura, T. J. Phys. Chem. B 2010, 114, 8782.
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Fig.1

CD and absorption spectra in the extreme and
vacuum ultraviolet regions of L-alanine film. CD
spectrum (black line) was measured with a
conventional CD spectrophotometer.
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(a) Absorption and (b) CD spectra in the vacuum ultraviolet
region of L-alanine. L-valine, L-leucine films.

FETTIXEEM R L oLk, oMo 7T I BB O R Sl onThiEm T2 TETH

%) o
(FEE]

IEZSF O TERAS OIEGRIZEE LT, BJI5L 2 EERITE X OVERRAF Linac 7 /L — 7 D%
BeD ZHINCEBI N2 U E T, AR O —EIESCRME R BRI e . SCRHME R SR R i B

BEHENDOXEEZT UTOIE LT,
(51 H3CHR]

[1] K. Yagi-Watanabe, et al., Rev. Sci. Instrum. 78, 123106 (2007). [2] M. Tanaka, et al., J. Synchrotron
Rad., 16, 455 (2009). [3] M. Tanaka, et al., J. Electron Spectrosc. Relat. Phenom., (2010) in press. [4] M.
Tanaka, et al., Rev. Sci. Instrum. 79, 083102 (2008). [5] M. Kamohara, et al., Rad. Phys. Chem., 77,

1153-1155 (2008).
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Introduction

There has been considerable interest in both the experimental and theoretical
investigation of the low-frequency motion associated with molecules and molecular
aggregates in condensed phases. Vibrational motions with resonance frequencies in the
terahertz (THz; 1 THz = 10 Hz) frequency range are characterized by weaker potential
forces and/or larger reduced masses, which are in sharp contrast to vibrations localized within
a molecule with resonance frequencies in the mid infrared region.>® In this work we report
our recent activities on the application of THz time-domain spectroscopy (TDS) to condensed
phases on biologically important small molecules such as adenosine triphosphate (ATP) and
its related compounds to investigate low-frequency dynamics and inter- and intramolecular
interactions. We especially focused our attention to temperature dependence and hydration
effect on the THz spectra of these compounds.

We have measured the low-frequency spectra of ATP and its related compounds such
as adenine and adenosine. In the metabolic processes ATP is used as an energy source to
convert it back into its precursors. Therefore, ATP is continuously recycled in organisms.
Two phosphoanhydride bonds in an ATP molecule are responsible for the high energy content
of this molecule. Structural fluctuation of these bonds can be investigated by THz-TDS.
Results and Discussion

In the series of our THz studies we display the experimental results as the reduced
absorption cross section (RACS) defined as,

~ cv ~
aR<v>z(%)n<v>a<v>
27%cNp

~ 3gN

B[, e 2= (M(OM(1)

where () is the absorption cross section, n(v) is the refractive index, # = 1/ksT, N is the
number of molecules, M(t) is the total dipole moment of the system, and the other symbols
have usual meanings.® RACS is a physical quantity defined per mole of molecule. At high



temperatures, og(V)=n(V)o(V).

We measured THz spectra of adenine, adenosine, adenosine monophosphate (AMP)
sodium salt, ATP magnesium salt, and ATP disodium salt at room temperature as shown in
Figure 1. The samples are dried in a vacuum desiccator for one hour. Adenine and adenosine
have a band at 55 cm™ and 37 cm™, respectively. The RACS intensities below 35 cm™ for the
two molecules, where there is no resonant band observed, are typical for other organic
molecules in the non-resonant THz frequency region.

Interestingly, the three phosphate compounds have a large intensity of the RACS in
the THz frequency region compared to those of adenine and adenosine. As can be seen in
the figure, it is found that addition of one phosphate group to adenosine makes the RACS
intensity significantly large. However, the difference between AMP and ATP is rather small.
Furthermore, we can see a clear difference between the ATP disodium salt and ATP
magnesium salt. We, therefore, suggest that the large increase in the RACS intensity by
addition of the phosphate group results from the presence of both anionic phosphate group
and counter cation. This pair makes a large dipole moment in the molecule, and, consequently,
the RACS intensity becomes significantly large.

10 5 5 5 Figure 1. Reduced absorption cross

o AT e et 294K W/ | section (RACS) of adenine, adenosine,
—~ AMP soplium salt \) [\ A B
5 e Adenosine % [Vp ) AMP sodium salt, ATP magnesium salt,
E 6 —— Adenine
f \ and ATP disodium salt at room
Q
< -
= temperature. All the samples are dried.

»
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(HFH) OXEZ B K# &

[FF] ileer T hnnihk(Fay =28 T IV a(PMOELLIEIENDS) 1T, EksE L
O FUEBIRICE > T, IR, EHZED QS EFIREEHRIETHD, ZDOHIETIE.
BRI Lo TR T2 | REL TEAE B R RONDLWVOR R R H LN, %
B ORFREDH ST R U ORERIREDELNTLEI LV ERH S (721
IHURE) . ZORBEZ BT 7012, —AIZIE, BATIREN RSO 2 AL CET
DREENE IR T HENIZEIMTOITNDH (HiE EUTLL) | FERAEL T, FBENERAL
T AT BB REURAFL TLED LW LW REDAE LD, Fex 1E, PMCIEIZB W
THEFE2AL—&—175X $ L<IL Configuration State Function & W CTE 328128~ T
B2 723 LD T HEE R R U [1), 2O ETIE, BE AL —2—178| e %
FTI2DIZAWV DI LR RIS AR AT 35301272503, AT BRI/ B Cld7ed, var
— T — (P 7 0) B B INES A Z L IZH > THESR I 2 BT A2 TE5, 7ur/Jh
L. GAMESS[2) % FEICBAZ 1TV, U — 1 — L TAL — 2 —178 % iz, &l Tl
DI EENRIEIZHIEIRL TV 5, [3]

[ERRLTNTYR 2]
(D) D FE R D& 17D Schrodinger 72 XD ARz T,

¥ (z+Ar)=exp(-ArH ) ¥(7) @)

REIRFRIHERE 55 1 exp(-ATH ) & H DA <7 ML i) LA E, 2k~ CRBAT 5L,

LIFoRQ)DIHNT725,

;|i><i|exp(—Arl—Al )| j><j|:;|i>UTU <i|exp(—ArI:I )| HU'U(j|
:Z|i’>exp(—ArE,)<i'

ZIT U2 H OBEA ST IV ICE BT 5 =) — 178 ThD (DED,

Uliy=[i"), H|iN=Ei"). HOREAEOH T, FERIEOTHLE — B, 2/ Med T,

K@D exp(-ArE, ) DHTIL, HECKIEDH exp(-ATE, ) 73, KB)D I TR L2,
exp(-A7Ey) > exp(-A7E,) > exp(-ArE,) >--- > exp(-ArE,) (3

L7230 T, R(A) D LD R 1 exp(—Arﬁ )M)Jﬁ;ﬁfﬁibééiﬁc:%iﬁ@@ﬁﬁé

HoHe, AEIREOEEREENELND,

=exp(—ArH )xexp(-ArH )xexp(-A7H ) x---xexp(-A7H ) ¥ a4 4

(2)

b4

Ground



ABIDFFIETH, IREIBEILE Rl E (AL —2—17580) oAk TSN, T
e al—aAldh, EFEE OV oM N AL Thx, KRR Full-Cl fi# %
FTOMAEICUNET S, K1 1 AT 7D 1O 4+—h— (B EE) OEEOT /LY

K2R, WHIREIL, Z0AF 7B TE TR | 1) 125y 4+ — B — DR N, %

AW, B)pIoicEkzRsnsg,
1
‘PPMC=W(NO|O>+N1|1>+N2|2>+---+NN|N>) (5)

FEAT T TOTRLF—L, L FOIHNCH B HRE A2 W CEFE L TA,

c _(HF[H[¥pyc)
PMC <HF|\PPMC>

(6)

OB INBEFL R L T ZOFEOR RIL, BEEREREAE T a2l
—a _ioTEEfJE’\J TR TTERAZ L WHULDR L v r Ll AR b T E
VIO ZETHD, F 112,

— 12797 /\—/w
Start EBOBE xD IKGT T DT ANGHEA
+| |15 |—=—|) aki )| —22 1y (22 R, R
! 1-(1|(1-AcH)|) (ip-aem)r) )
N1 1 (1| Arm) ) cc-pVTZ Z v, active
e #LE 1% 553, Full-Cl
WITITHI 5X 107 THD,

FIORT IO, AEO

RO J51% (PMC) 1%, Full-Cl

L < (N -)x{I|(1-AcH)|T) _— —|**

=" WIELDB D7

J1—¥(5%X 107, 1X 108)

N: OCHI|(1-ArH)| T} O (exp(-ArH) =1-AcH ) Bl CCSD(T)?ﬁ&

B1. 1 RFyTDFILTYRL R A e
BELNT,

A T, T AR AEHEOF, ORI AR T5 TIE T,

®1. KHOFOEIRILFX—(au)

PMC(5 x 107) PMC(1 x 10°) CCSD CCSD(T)

-76.341(1) -76.3428(7) -76.335960 -76.343825

[1] Y. Ohtsukaand S. Nagase, Chem. Phys. Lett., 463, 431, 2008.
[2] M.W. Schmidt et al., J. Comput. Chem., 14, 1347, 1993.
[3] Y.Ontsukaand S. Nagase, Chem. Phys. Lett., 485, 367, 2010.
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A CHIE AEA 25 8 L IR kAT DFT

(BMLA#BFZERT !, JST-CREST?) OHm F- 2 Wl &K, TR N

(#E] oF, EMET TRIEFAE U BH#ET LAY =2 25O RN K AIZR
STETWD, BFAEMENIIRSNTIE, AV CHUEHEAERIZA B U aEERR A v i
HRETHEBERERTH D720, £ OHGRNFIICIIA & - #uEME AEN 25 L mh R4
EELUT-HRAMNETH D, EEPLBEEHEROFTIC IS < MR IT, D72 WEtRE a2 N TH
Wimh R & EAHEON S 2 BT HENTELHENRFIEO—DLEE 25, LnL, fEkKD
DFT I[ZIX R M AE ORI & v ) ERAMERH - 7o, Frexld, ZoOMEEFERT L7
B, RIEEHEAIE(LC)EA[L2 L L CE 7z, LCIETIL., ZHtH AAER % KRR & B FEEER oy
o EIL, REEEEF A/ER % Hartree-Fock (HF)ZZ#2C, MHERBER AVEA 2 R #UABISCE£ T, =
DHEZEY PUETRLF =T 7 T AT — L ZFEE 7R L, fEkD DFT TIIHE TE 2ho
=MD E BRI BBICRIIT 572 £, £ < OMEEZfiER LT & 7=, R{&f: DFT (TDDFT) &5
IZBWT, LCIEITEMBENE 22 EEMOMEIMDOREWEOFREELZ RE S SET D, 5
2. AV UHUEFBERZI L7 A B 25 HER T, ERoMmAKE < B2 2 H0E R OB )
FEThDH7, TDDFT A TR VU ENES 2 HELT 51001% LC IEBKHETH D, AT,
LC iE& MW oM fmat i, SR AV B AEN 2 B8 LR 2170, BEOHIEEZ1T 9,

[Aix]  AWFZETIE, xR e BB 572012 2 k5 zeroth-order regular approximation
(ZORA)EZ W=, LC ¥E%& V2 ZORA FHE TIX, BIECIRREDOE F=f L F—IZLLTFTD X H i
RS %, LRIZEM#EE, SRIFMIHEECH Y 2R L TV D,

Eronn = Tooma Ve +J — K +EXN + E, 1)
A CZ

TZORA:a'pZCZ—_VO-'p (2)

ZONX T, HEIH= R /LF—0D Pauli AV ATHIH(0)Z I L TAE VHUEHB/ERNZE I T

W5, ZHUT kY, FHEEHF REEE ISR O L 9 IZa-fEOFBEER N IND 5,

paa paﬁ
Aty [ p = 3
4 > (pﬂa pﬂﬂJ ©

ZORA %1% Dirac 52D 2 i3t TH D B HlE = R VX —%2 RO X 9 \ZHIET 5 Z & T Dirac
FREXOFIZIT S 5 2 & BT H(scaled ZORA %),

erf (ar,)

K/.I;S = Z p/(,l <¢;1¢K
KA

12

scaled __ 1 ZORA

i _1+<(oi cJ'-p(C/(ZC2 —V))Za-p g0i>gi “

TDDFT #5H CTiZ@)XTAr — /L LEZBET R VX —%2 5, & 5Hi2, TDDFT #tiTAE Vi
ERAEERNZBET 2551003, o fMOHEFEMRZEY 5 722 HEIEHE DFT ZZHuHD A v
RS BE T D2LERH D, LLEDTj1E%4 GAMESS ver. 2009 (2323 L CE R 21T~ 72,




[(#2] LDA, BLYP, B3LYP, LC-BLYP {LB#4%iZ & % DFT HHE O#E = %L X —% F T Ar i
+ 3p BB KON Kr JLFD dp BuBEN D DA F b X —% B o 7ok R AR 11TRT, IE
FIRIFRERL(NR), A B BB AR 2 245 L 7- scaled ZORA FH5(SR)., A &' LB AA/EM %
& L7 scaled ZORA FHE(SO)D 3FEFHDRKE R 2R L Th 5, FLIERIET aug-cc-pVTZ % H 7z,
F9°. NR, SR, KTNSO FHH OfERZ R & LT 2 & v 7 AR DR FREEAS 200 88 e
LRSIV RTHLHIZE 2D LT, EOLAETH LC-BLYP 2Mgd L<A A b= ¥ —%FH
HLLU72, WRIZ Pue & P D535dE % bl 32 & pure ILE9% (LDA & BLYP) (Ztbx, HF #c#t
Z oty BSLYP OFFIZ LCIEE AW E TIIRHERRELS R D N5, £z, K 21TR
SNTIEER pLEOHHEZ LD & IFEEAHIEIZEA L T LCEEZ AW 5 L3 RIED /& <
RN SH D Z EN Dot ZNHDEWL, EEND HF ZHROEIEITE U TafE RO
FHERORESINEDLDDIEEEZ NS, LC EZ AW CGHEYNC HF Z#iad 505 2 LIk
V. AEUCHLUEMRAERIC X DEIRIED SR ZMUNFR TE 2 Z ERWIfF SN D, AL
EFHEAE 2 B0 5A A 72 LC-TDDFT ZHE O 534 AR,

F 1. ArEFROKrF O p#ENS DA A b= R ¥— [eV]

LDA BLYP B3LYP  LC-BLYP  Expil.
A NR 3P 10.406  10.158  11.581 14.403
SR 3P 10.389  10.144  11.565 14.384

SO 3Py, 10.324  10.080  11.500 14319  15.759

3P 10511  10.266  11.694 14516  15.937

Splitting 0.187 0.186 0.194 0.197  0.178
Kr  NR 4P 9.426 9.127  10.387 13.157
SR 4P — 9.105  10.368 13.129

SO 4Py, 7.816 9.213  10.178 12.933  14.000

4Py 8.340 9.779  10.757 13534  14.665

Splitting 0.524 0.565 0.579 0.601  0.665

# 2. ArEFKONKr FEFOIEER p #HLEDO T R/LF— [eV]
LDA BLYP B3LYP  LC-BLYP

A SO 4pa, 1.867 1.633 1.958 3.001
4p 1) 1.852 1.619 1.945 2.990
Splitting 0.015 0.014 0.013 0.011
K SO 5pap» 1.651 1.204 1.526 2.471
5p 12 1.606 1.161 1.488 2.439
Splitting 0.045 0.043 0.039 0.032

[1] H. likura, T. Tsuneda, T. Yanai, and K. Hirao, J. Chem. Phys., 115, 3540 (2001).
[2] Y. Tawada, T. Tsuneda, S. Yanagisawa, T. Yanai, and K. Hirao, J. Chem. Phys., 120, 8425 (2004).
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BEAREZBNSIV =T OBEET(FEYIR~DER
(FUKiCeMS' FTURRBEH?) OFTHEIR', IWARK? MNEEER’

[FF] 7= P o BERRIXERANRIS, AENKEOF THERHNOEETHY, £< D
FEERRHEIRIC L o THIEOXI R & SN TE T, RBFZEITZE O R T b FRICBMEEEE R CoH i
DTANT e NCBEIRIGOX AT v 7 AZHONTERYE I,

RPN e b UOBEIRS IR &

AH-B& A -H'B

DXz, WO THRELRKSERVED, 22 CHEERBMII. 7a b OBENHE-> TK
IS CHBEREG M Th - o BE D ERY CIXBEM A OR - T4 A o O E~ELT 5 R
T, 2078 N BEKIEPEITT 2121314 A U EEE 2 ZRENT D L0 REROBREN L
EHCTHY, [T TIIEZLARVERMLN TS, iE-> T, WRNOFHESFANT 1 b
BENSE 2B 0 IR S OB D H 72 5T, A A MEE DR E(IC R AR 72 HE
FEERICED 2 EMNBEEEEOZLC, BERNDO TR N OBETHRE VTR Y
EEETHLENDHY . TORIEOERIIIK L CHEGRN BN D LT OBERH 5,
VL b0 U CVE B R O R A A & 123t T D IR E OFFBE RIS DWW o B IREERH R I
Lo 0Re 5T, FEMEHESET CO7 e N AN RT VU Y VEEFET D
VERHY | 16RO QMIMM FHEITFEEICEER TE D200, ZOMEHEIICE T Ha X
MIREWOREEL 0D, £72 QMMM FHE LR DT 7'm—F & LT RISM-SCF £
PCM iEE WS T FERH LM, ZNDITFEREZMHE FICL > CEHEHBR = RV — 2 HAR
WHELTL7-0, METEHIULETH T E R M &2 KIEICHIET 2 ENATREL 72 5,
L L7 SEROERTIIMNLR2ABAEBRENRERZRTHLH-DOIC, —ERBEEE T TO
7'a N EEREBICED AR T Uy VEEEDHENTET, EMAMBEHEHEL 2 b
VVERE A B E B R E DR TS B ERICE S W HIERORBERLEL 2D,

[FiE)] WEN 70 BB A2 D 72010, AR CITEMEEE HE & L TAERY
DEEMICEE Y E, ILEEICEHNDFHERT v /b V 2@, 2 O EREEE
V LIREEIE X (L > CRONDEDZEM ETONIN =T V2 EETLIETEA T Iy
7 A0, WEBHEIZEL TRUGREENIV =7 L[> TERTL7'e b
JEEAZE & donor-acceptor [FEBELIAN O B B E 2 FRFiiREY 1 & L -CGREEL L, VI B B E 2 5 BRI
JERE A~ L HEK LT BR 5 28 T DR T ¥ ¥ LT Cartesian JEAZ CE £ 2 2R T o o v LRI
BT, RISV TOREEEI LA BB F =B > TRIAT 5ETIT I,
ZHUT E VGBI F5 % RFFEIC T DERDZEMIAR T v IV A BRI, B D
FE R P OBIROAIC, HEBRBEEO S V, £ 0 T RERT 2 FIC X - TR

'%q(veq) = Esolute(\Teq)+Aﬂ
AA=(V -V (K, +470,") (V- V)



AT I ER O B B R —Ag (R Ly B (TR AR B D T 5 F(C
ROEERBEEH D H X DOFEHEOME LTHEXBILD, T2 TEy [ TEET= ¥ —,
Ap PR = L% — K, IZ Charge Response Kernel, o, 1% Covariance Matrix T& ¥ |
Sy BE I LT i A E PRI SV TE O TC B ZE AR T > v b A L LT RISM-SCF %
AWTAHRIFETITEDHE LT D,

NIV R ET COBFEITIB W THEREEIEICBE T D EEIE L B E B A L E
THEUEBBRER D 50, THHIZOWTHEHM MD ICKSEHRNHLERT HFICL - T,
BRI LT 2O ZEMCORIELA T v 7 AD 2 REE Lz, RIFFEOEAT L5
RN D 7 A T X v 7 ZAORHTIE, & < BIEERNRIGERE N~ IV b =7 [21i2#Y |
FHEET T CBOTOEEG B D 2 BB A IR ISR SE O ORBT T /L E BT 5 &
AWFFE T O ZERM AT > o v VTR RSO R CEAMR H D L EZ BN D,

[ A ] AWF7E CIEEBRIIAER L7~V =7 > % 2,3,5,6-tetrachlorophenol -trimethylamine
(2,3,5,6-tetrachloroPh-TMA) #Efk (K1) Z¥%EIZ. methyl chloride (CH3Cl) ZAHIZIETY,
7u hOBEBRISIZOWTH A Ty 7 AN THhz, WRTLIEEHHEL LTO-HMH
& N-H FOHEREDZEE 7 7 b 2 FEEE r,, N-O fil#EHE R % donor-acceptor fHIFEEED X 9 (ZE

THET, TTEEHBE-RLF—H%Z RISM-RHF/MP2 IC LV EHE L (K2),

7a b DEFIROLEENG T 1 b BRI E IS,

N F TV SO S . AFSEI 2 SR 72 % HERR O
BT ERZEE Lo state specific 72 i SABLES) 2 T+ 5

o “ 4 | MD with quantum transition (MDQT) (3] V5 %T, 71 k
} o L OBBRERI T~ trajectory Syl A A4 U X A E BRI
oHs | (k2 BB LA B L, L, AT TIHEE DA Lo

1 : 2,35,6-tetraPh-TMA

HIB O 7=, ZOEEHIZE Y K& < EdL7- N-O HiEEE R
IZOWTHIERAVE S L, 7' e b U FERE I B 5 — ki %

J&ﬁ%%%%ﬁ\lﬁ %Wﬁ%%%F?@@%%ﬁ?owfﬁﬂyw%kégui@
ﬁx&&_ﬁ%?le? RISEEER R & OHAEIT> T,
Eﬁhﬁﬁgf“wmzﬁ BRSO 1 | MR B I SIS 0 2 2.,
" A HHH /1 .."'” ” TN & % IEMTEER T O-L ERLNC 72 5 78, TRRISIC
ﬂﬁxJ'Uﬂﬁﬁ S WmE B BONES, T 0 b BEBRICH T EE
s e gfﬂzﬁ 72 B VS ERB O B0, 70 b LB B AL LIC R
e [A] WTELLMREITE Z D DI DN TN,

2 FHTHHT R X —

(&% 30ik]
[1] T. Carrington, Jr. and W. H. Miller, J. Chem. Phys. 84, 4364, (1986)
[2] S. Leeand J. T. Hynes, J. Chem. Phys. 88, 6853, (1988)

[3] J. C. Tully, J. Chem. Phys. 93, 1061, (1990)

KFFEDLA T v 7 ZENIC I VBN TRERITHONT
AT B ICHEET D,
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v 7 VIR DREEZAVIZ BT 5 @?’*\E"Jﬁ%‘ﬁ
(RN KA mE) Ot =, =l F

[F] SPARFBAALHEM L2V 2 221X DNA ° RNA DL THOWONLF I vy 7
NI EREENTHT, EPLFENCEELME TH D, VT VIVDRE 5 MOBEREEKITELED
FTHERBICFENMORELZITOT <, MRE LTS MOFEREIIHKLY RFIZEZ, M1 0L
IR D, K1 HOERE X OBEFWSIMELEFHGMEICL > T, ZROEBKD A I 7
7 R (X1 O N3IZHEET D HIRF)OMBEEE R (pK)E 6 225 10 ETRE AT D51,
SNEBEEI LY 7 2 VEH T CHICHW O S EIER R E~DIEH b SN TW5, £
MZTHEE T, RO pH K25 Z L0575 LIV OBEBUASRA 4 225 2 & BH
HENTWT2], &B-DNA S$EERDOH LWEE LTHEREZBRYTWD, L LARRL, BA1 4
EWAZDADZALRRA A L EZNEA LT T TNV I A<y FOREEITE L TIXELH L NI
STV, ZTHNETOFHLDOMEICELYD, BAF L E2EL VT INIAYy T OHEEICZIL 3
FELEENAFAE L, £ OIS D FBE $ 5-7 keal/mol F2fE TH 2 - OEIR TIE—E0HIE& THfiT 5
ZEEBHLMITLTWS[3], ABFETIRRA AL 2RZ DA D= AL EZ B E LT, #iC
() U7 UNEBUED I A~ v FAT BT D KERE A HECLEEOE N 2) 77 VLA
DB BOEMNINZ L D pK, DEALDBH 3) RA AL 2 FLI Ay FXT OERLIEAF—L0D
EE D3 RICHLTEREITo 72, ABERICBWTUIOAZHE L, 2), Q)DFEMIC OV T
AR —REKYHITHET D,

F1:5SAAERE LT= 7 T 2L DA & BEAREE TR D EBRAE

X Es Al () [2] Pk,
H U (753 L) - 9.19[1]
CH, T (F3V) 49 9.68 [1]
Br Br 48 8.4 2]
X 1:5 fifEffiLizcy 71 F F 47 77 12]
dR [F/3y 7 K= X ILHHE CN CN 44 6.5 2]

HERLTWA,

[FHAETFIE] ARIOFHEITAET Gaussian03 TITV, BEPLEIEIEZ VTV 2, Conductor-like
Poralizable Continuum Model (CPCM)IZ & W KH TOKIGEZIRE L, 2 ¥ 0 E T Vit
PBEIPBE/6-31G(d) THii ki L TV % UAKS ZHH L7c, JLEBIEUS B3LYP &, JLIKBIEUT Br, Ag
|21 aug-cc-pVDZ+ pseudo potential (PP), % O D JF1121F aug-cc-pVDZ W\ 7=, F72, U7
JVEALUAR D — 8K T O KFERE A = K /L X — X Boys-Bernardi @ counterpoise 5% F|H L7,



[R5 - B52]

VIINEPED IRy FRT BT HAKE/BEEHECKEE XL E—DFEN
U7V Ay F LTI N3...04 & 02..N3 D 2 KDKFE
FEICE 2T 2 DXL EMLTND, 1L, b
D3y 7 R— O (N1a-N1b)XENL FI2BIfR72< 73 A
FRJE & f s O DNA (25 F 415 Watson-Crick B O Fexf To N
v 7 R— IO (8.5-90 ARE) LV BRI, Lo T,
ZOENEEDELNTETCWTEREBA A OB REEZ T
RTVWHILR>TWD EERZDBND, K 2ICNN ZEED
e E A IE (2 31T D KB B BRBEC /N > 7 AR — R O BREE
ERLTHD, BANRKEL FR-72 CN IZHOWTITAKRER S IERENR D Uo7 28 CH AN
BETHESTWDLIENDNoT, £, KFEMEZRLF—IZNTHLOHEICTENTH-11
kcal/mol Fijf% & 720 | @7 @ Watson-Crick ! D /K E /A (A.. . T: -14 kcal/mol, G...C: -28 kcal/mol [4])
LD EHF VRS oV, o, AL FICE DEWIT CN DA TIERE REWTA LT, A
NF- DI K> TOKFER G IR EOMERLICHBEL 52N TH A EFZE2bND,

B 31X N-N “EmEROREIAEEICB T AHERT vy L E R LT D, T, F, Br TIXENL 56
HIFEFENEI > TN D722, AEMIL 02 & 04 FBIZ LAER L TW I &30
STz, =T, BN E2 BT RBIMEDEN CNIZEZ D & C5 OB E0 12 £ TABMBILN -
TWT, ZAUTEDY C5 DENFH D THIRA AU ZILA OND Z LRI oT,

2:5SNLEERF LT-7 T L L(N) D
TEROREE & AR D4R

X=CH, X=Br
# 2:N-N ZERM OKFEREEERE L /Ny 7 AR — 2 (N1-N1) a_\,f X ) _
RO BEBER). & & OVKEREA T % L% — AE (keal/mol) 4 e
b - 8
%
N3a-O4b  N3b-O2a  Nla-NIb AE e g™,
T 2.87 2.88 7.28 -11.08 )
Br 287 2.88 729 1103w avry )
F 2 88 287 729 1110 R .
CN 2.88 2.88 732 -1073 B3NN ZEEOHERT vy
e BRWVIZERIZEEBEL TS
(&% 3CHR)

[1] Knobloch, B.; Linert, W. and Sogel, H. Proc. Natl. Acad. Sci. USA 102,2005, 7459.

[2] Okamoto, I. et al. Angew. Chem. Int. Ed. 48,2009, 1648.

[3] Miyachi, H.; Matsui, T.; Shigeta, Y.; Yamashita, K. and Hirao, K. Chem. Phys. Lett. 495, 2010, 125.
[4] Jurecka, P.; gponer, J.; Cerny, J. and Hobza, P. Phys. Chem. Chem. Phys. 8, 2006, 1985.
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Electronic Properties of My(C,)@Cs, (M=Sc, Ti, Fe)
Endohedral Metallofullerenes
(4 Rl - B!, A REENZEE ) ofiA fEK ', Irle Stephan’?

The electronic structures of di-scandium, di-titanium and
di-iron (carbide) endohedral metallofullerenes (EMFs), M,(C,)@Cs:
(M=Sc, Ti, Fe) (Figure 1), were investigated using density functional
theory (DFT) and the self-consistent charge density functional
tight-binding (SCC-DFTB, in the following abbreviated “DFTB”)

method. The latter method is computationally considerably more

Figure 1 Sc2C2@C82

economical than first principles DFT, yet shows comparable accuracy.

Before we perform calculations for metal containing fullerenes, we first checked the
optimized parameters of the selected empty cage isomer: the Cg,-Cs, (8) fullerene cage. This
fullerene cage is known as the cage isomer with the largest (LUMO+2) — (LUMO+1) gap and
thus is found as the most abundant metal carbide EMFs [1]. Its large (LUMO+2) —
(LUMO+1) gap, more than 1 eV, is well reproduced by DFTB.

First, for di-scandium and di-titanium (carbide) EMFs, we performed geometry
optimizations for the six isomers proposed by Valencia ef al. [1] using the DFTB and DFT
(B3LYP/def-SV(P) [2] level of theory) methods and we found in the results that DFTB
calculations could reproduce the tendency of the relative isomer energies predicted by the
DFT method. Reproduction is not perfect, however, if we consider that the DFTB methods
take us much cheaper computational cost, these results are not unacceptable. Actually, we
chose relatively smaller basis set for our DFT calculations, nevertheless geometry
optimizations using DFT calculations needed about one month. On the other hand, using
DFTB method, geometry optimizations finished within two hours, that is, in this case the
economical DFTB method is about 360 times faster than the DFT method. Optimized
geometries of clusters in some isomers are different from the bent model which was thought

to be the most stable, and these distorted clusters are more stable than the proper cluster
(Figure 2).

Figure 2 proper (left) and distorted (right) Sc2C2 inner cluster



With these results, we then analyzed the molecular orbital (MO) diagrams of the
most stable isomer of di-scandium and di-titanium (carbide) EMFs. The di-scandium
(carbide) EMFs were confirmed that they were formally seen as (Sc,)* @(Cs,)* and
(Sc,C2)"@(Cs2)* by DFT calculations[1, 3], therefore the MO diagram of di-scandium
(carbide) EMFs were drawn based on our DFTB results here and they showed the same
formal charges as DFT calculations. For di-titanium (carbide) EMFs, because we could not
find any theoretical data about them, we draw two MO diagrams with our DFT
(B3LYP/def-SV(P)) and DFTB results. From the DFT results, di-titanium (carbide) EMFs are
seen as (Tiy)" " @(Csy)* and (Ti,C,)" @(Cs2)", on the other hand DFTB results indicate the
different formal charge state: (Tiz)®* @(Cs2)® and (Ti,C,)* @(Cs2)® (Figure 3).
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¥ -3.26 38
S o - EleV R
3.68 5
-3.70 3 A S Crad
s_::. d'_‘h.?
. o 432
4.45 " ™ 3é
by - o882
i -"Q' i __4:2 5.03 % » 520
b el A iy AL
-5.52 o / Avist QY Tl
J av & 535 AT ia
e Alsa % w2/ 4] i
P e “-s ) 5,62 J g 5
o -5. L e
L ; 5.61 Tl
¥ ;" i s e
575 B
Xp ' é-ﬂ 1‘_ 0 _—
. Frar iR
e, B
s i )
b . ..t-?*.; * 855 CSZ Ti,@Cq,
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Ti,C,@Css Figure 3 MO diagrams of DFT (left) and DFTB (right) results

Finally, we investigated di-iron (carbide) EMFs, which has not been synthesized yet,
likely because iron tends to form larger clusters before individual atoms can be encapsulated
in fullerene cages. We considered all possible spin states (from singlet to undectet); in general,
binding energies of iron inside the EMFs are much smaller compared to the more
electropositive Sc and Ti metals. Details will be discussed in the poster session on the

designated day.

[1] R. Valencia, A. Rodriguez-Fortea, J. M. Poblet, J. Phys. Chem. A 2008, 112, 4550.
[2] A. Schéfer, H. Horn and R. Ahlrichs, J. Chem. Phys. 1992, 97, 2571.
[3] C.-R. Wang, M, Inakuma, H. Shinohara, Chem. Phys. Lett. 1999, 300, 379.
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DOEFWE DB ALE S DR EN 720 T 5 2 L 78 Boyd 12 & - T < 2
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MELJERRAEIZ BV TR TRV XL ¥ — i (Z=2 DA Ey=8[au]) R 272 d ThH 5.
2 RIC He JRF DOIENRIE DM & 7 0 FOE—HAI L OBMRIZY H#Ei#RT 5
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Molecular Spectra and Molecular Structure (Van Nostrand, New York, 1950), 2nd ed., Vol. 1, p. 335.
[2] J.C. Slater, Phys. Rev. 34, 1293 (1929).
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[5] R. J. Boyd, Nature (London) 310, 480 (1984).

[6] Y. Sajeev, M. Sindelka, and N. Moiseyev, J. Chem. Phys. 128, 061101 (2008).
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~ Table 1. Relative Aromaticity of C¢H, and anthracene

1,30 NICS Ofiz R ChanbdIolz, A Compound Sym. Ring IDA HOMA
A 1.995 -1.432
HE BN 2O DI b BT CHe Do qow 0865 0546
B 1.801 0.619

b 7R RERADEZRLTND, Ci4Hyo Doy C 0.787 0.691
_ Total 1.377 0.703
BIZ, T 7R DR AIZE W TONICS

DI, 4 TR E I DOBRELE Compound Sym.  Point NICS(D)
DEFHEE R L TOBON KR TX ‘e o cn e 2 om
R, FEERELT, 2RO 3 DOFED L i
CIE DA HEDFRUCKLTHIZHEMED aa‘ CHo Du 3 e

4 -13.85

OOEPFONDLZERHBI LIRS,

[1] Sakai, S. J. Phys. Chem. A. 2003, 107, 9422-9427
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Hindered cis-trans isomerization in 9-cis retinal: a two-state model dynamics simulation
(s RAE I, BB KRB AMPET ?) OChung Wilfredo Credo', F#F 222, HH B!

Rhodopsin is the photosensitive chemical found on the outer segment of rod-like cells in
the retina, the light-sensing structure of the eye. The 11-cis retinal chromophore in rhodopsin
is changed to all-trans retinal upon exposure of rhodopsin to light. Isomerization of retinal to
the all-trans form is essentially completed in 200 fs with a 0.67 quantum yield.' Isorhodopsin
is an analogue of rhodopsin that contains a 9-cis retinal chromophore instead of 11-cis retinal
embedded in the same opsin environment. Light-induced isomerization of the 9-cis retinal
chromophore to the all-trans form is known to occur at a longer timescale (600 fs)* and at a
reduced quantum yield (0.22) resulting in a weaker visual response.

The dynamics of the photoisomerization of a model protonated Schiff base of 9-cis retinal
in isorhodopsin is investigated using nonadiabatic molecular dynamics simulation combined
with ab initio quantum chemical calculations on-the-fly. The classical time-evolution of the
trajectories employ the velocity Verlet algorithm while the quantum chemical part is treated at
the complete-active space self-consistent field level for six electrons in six active 7 orbitals
with the 6-31G basis set (CASSCF(6,6)/6-31G). Seventy-one trajectories were calculated in
total with a 0.5 fs time step. The probabilities of nonadiabatic transitions between the S
(‘nn*) and S, states are estimated in light of the Zhu-Nakamura theory.

) Figure 1 shows the populatlon of the 9- (a) Time evolution of trajectories (9-Cis)
cis, all-trans and 11-cis photoproducts as 10 :

well as the still-unreacted residual of the 09 |
starting material. Thirteen percent of the 08
trajectories yield the all-trans isomer in this il
simulation: the quantum yield of the all-
trans photoproduct is 0.13. If the 9-trans
(11-cis) products are counted as a trans osl
product, the ratio is 0.18, which is in sl
excellent agreement with the 6l
experimentally measured quantum yield of 00 = S
022 Th}S is Slgnlﬁcantly lower than the 0 100 200 300 400 5-{I)_:)m6;)0(f;())0 800 900 100011001200
one obtained by Ishida et al. for 11-cis PSB

retinal of 0.27 (or 0.49 if the 11-trans (9- Figure 1. Population change calculated for all the
cis) form are counted as a trans form).4 trajectories in the isorhodopsin (9-cis) model
Experimentally, the all-trans quantum yield System.

for thodopsin is 0.67,' around three times

more than that for isorhodopsin. The rhodopsin/isorhodopsin quantum yield ratio for the two
simulations is 2.1 to 2.7, in good agreement with the experimental ratio.

06
05

04 | Residual

Population

On the average, it takes 441 fs to form the all-trans isomer from the 9-cis form; the time
scale of isomerization is shorter than, but in reasonable agreement with the experimental
reaction time of 600 fs.?

Formation of the all-trans product begins about 280 fs and peaks around 660 fs after
photoexcitation in the case of the 9-cis model trajectory calculation. If the 11-cis (9-trans)
form is counted as a trans photoproduct, formation of the said product starts around 200 fs in



this simulation. This is consistent with Schoenlein et al.'s observation that “measurements on
isorhodopsin show an initial photoproduct absorption by 200 fs, which continues to grow-in
until 600 fs? reinforcing the validity of our model simulation.

Our simulation confirms the experimental observation that the photoisomerization to the
all-trans chromophore is slower than that of rhodopsin and at a lower quantum yield. We point
out the existence of an energetic barrier to the Co—C,o twist coordinate in the excited state as
the main reason for the delay and reduction in the generation of the all-trans isomer from
isorhodopsin. Since these features are captured in a gas-phase simulation, it appears that these
are intrinsic properties of the chromophore that may be altered, but not necessarily triggered
by the surrounding environment of the retinal chromophore in the process of vision.

The energetics shown in
Figure 2 suggests that once
the barrier in the excited
state is surmounted, the
molecule has access to the
conical intersection region
that presumably controls
the branching ratio
between the 9-cis and all-
trans photoproducts. At the
conical intersection, the 11-cis
reactive do torsion
coordinate  is  twisted
further to ~90° from ~0° at
the S} minimum and ~26° at the S, saddle point.

9-cis All-trans
Figure 2. Energy diagram for the cis-trans isomerization of retinal.
Energy is in kcal mol™.

The processes that occur from photoexcitation to ground-state relaxation of the PSB of
isorhodopsin in the gas phase are summarized as follows:

1. The Cy=C,o bond Ry is stretched to a single bond and the torsion coordinate ¢y is
twisted to as far as +£30° after photoexcitation.

2. The bond oscillates between single- and double-bond character while ¢, also oscillates
within +30° while being trapped in the S; well.

3. The barrier is surmounted and crank shaft motion of the two angles of @ and @
occurs toward the transition point to the ground state. The Ro¢ bond is predominantly
single bond in character during transition. When |¢o| is greater than about 70° at the
transition point, an all-trans photoproduct is likely to result.

4. The molecule relaxes in the ground state as Ry shrinks back to a double bond and |¢|
approaches 0° and 180° depending on the resulting photoproduct.
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(CEANRRTHD. ENPZ.
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ERENDDBHIHZZRANDZ ECUTZ, BIREANDZEICIDTNETTOE
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site
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Q=P B log
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oV,  oV,0vV,
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BERITCED,
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A ~ gas Elec Mol site QPA NucMol site QPA Lennard—Jones
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LIRDERBRDOFTEICE QM DETE & CRK (CHITDEBD ERZRD
DU ZEREN(CHEDBENDD.
FE ERANSTBSNDFEFMDEZEH L. CNZEREUI.

(#REE%) SEl. KEAAOEAEEEUATFONFHERT oy
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FHR(SIFE(CEMMER THINDX, SEIFREFIRRESTE(C

Th (ZWes L7z N2Os 55 F
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N:05+H20
N:05+H20 N:205+2H20 ki
(in Ice)
Reactant 0.0 0.0 0.0 0.0
TS 20.4 14.3 20.0 15.3
Product -18.2 -24.1 -18.6 -47.8
N205+2H20—2HNO3+H20

(kcal/mol)

(BiEE] AR EEM I DICYe>T. JO—/VULCOE OIS L [MEBRIZDH
HBEE SRR EBEBFRIL S-S SNIEERIZF (Integrated MaterialsO Science)- |

D ZEZ T TUND,
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B—7 3/ BRT 2 v ILA135 (SAAP 1138) DRAFE & 51l : BRFED S Fhik L DR
CRiER - #) OHISL He—, TH 5, & &5k, S Ek

(s L BHM]

TaT A= LR ) DAIFKICRESNDRA N ARG TIE, & 2RO OSLIRREE R
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HEICRIET D & THETE D, £ 2T SAAP 150 BRN B s LTUToORXEBLR LT,

ETOTAL — ESAAP+ EES+ELJ+ EOTHERS (l)

XD TIRE AV BEORRT oy g x— (B0 287 I VBICESSRT vy
L (ESMY L TR MO SER T 7 T AT — A ZHEER (B, EY) | ROV OO
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WATH 5,

ESM = E(@1,y1) + Ex(92,92) T+ En(@n,¥) (2)
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B 2O THERTIEI—EL LTEAL WD, AILINE T, 20 FEEO X 37 ERER T
I WD SAAP M1, £1-. FhEHWEEC T L aE MC E) IS X AEIRR S0 7T A
ZP%E L C & 72[3]. A 1ElE SAAP 35 DOREERGE & BEF D 185 & OB 2T - -k R 2 W5 5,

[BtEFE]

AWFFEORIREIIRE LT, HEKT X B0 D72 < 7> fold #i&E % D chignolin [PDBID:
1UAO] ZJER L7z, Chignolin @ unfold #§i&Z FIHIH#IE & L, AMBERIO Z H\\N 753 T8 )15
(MD %) & SAAP JJ85% F\\ 72 MC VEIC L D &R A2 F41T L7, MD R TlE, chignolin ®J&
FH 20 A 12K T2 ERIRICELE U 72 RBIAIE L | GB VA2 W o g (R UT Ll o 2 R O PRI & #is
L7oe F1355735 A—41% Amber99 & TIP3P % iV 72, SAAP 2 X5 MC FHE Tk, K Ccofd
BREFAT LT, BONT-FEREZMIT L. SAAP N OKEE 23t L=, W5 OFHE THWZIE
L 300K TH D, AW THEH LIZFHEEOMERIL CPU: Intel Xeon W3550 3.06 GHz, Memory:
12GB, OS: LedhatELWS4 T %,
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. . . Figure 1. Change in RMSDs of the structures of chignolin obtained
NVAN - - 2oy
Mooz, Fig 2 12X ORE & by AMBER or SAAP calculations from that determined by NMR

NMR # &2 EHRGHE7-X%7~7, [IUAO] along the MD or MC trajectories, respectively.

Fe%12 SAAP FHE DR E A AT chignolin W47 3/ ED PN
oA BT R —HE %2R 7= (Fig. 3), 21 LV, NMR &1L
SAAP FHEMN LR OLNIART v V2R EORENEIC X < &
L TWD Z e b,

LLEDOFER IV . SAAP Ji¥% v iz MC FHRIC L D . BEfFO
18 K0 Hi@EIZE R chignolin @ fold #2155 Z & A3 H , .

Figure 2. Superimposed structures

Kz, of chignolin obtained by NMR
(green) and SAAP (orange).
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Figure 3. Free-energy potentials (kcal/mol) for Y2 to W9 of chignolin obtained by SAAP calculation along
with the plot of the NMR structures.

[1] M. Iwaoka, et al., J. Mol. Struct. THEOCHEM, 2002, 586, 111-124.
[2] M. Iwaoka, et al., J. Phys. Chem. B, 2006, 110, 14475-14482.
[3] M. Iwaoka, et al., J. Compt. Chem., 2009, 30, 2039-2055.



4P095
ZHIHT T VA OCRREROG O T M) ) R

CiRBes) O/ s, Ik s

[F17 725 F1E 350nm fHED TR ILF—4E1 T CH,CO — *CH, + CO DEBERISEREIL .
ZTORIGREIFFEERKIRIILF—IREFEEZRTENRRMICBEA SN TS, COFEERIKIE
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F 72, Fig. 1(b)& 1(c)IZMIERER) & WEEE O G 42 /RT. KOET
JUIZ SPC/IE T 5. FRA/ L ALY @3~ 700 em™ O [Al#5E S 0 E
o RLF =06, ~ 0 THINT 5. TDH%, o3~ 700 cm™ O [A]HLEE)
DEB) T RV F — (3D GELSHE L, D —F To3~ 400 cm™ D]
B O XL —BINT 5. TR ALF—ZZ 0B EIHIC
200 cm™ LT O HESETNIC BB T 5.

Fig. 1 D5 % E&INTIENTT D720, KD 5y 1 MIHES) & miREh 4L
O [alfiE(HR), EIREIE O EHE(LR), @B O HEMHT), KRS O
HEE(LT)O 4 FICHE L. ThENOEE) OEH) = %L ¥ —
24t % Fig. 2 \ZR9. HRIZZSLVAIZED 6~ 0 THINL, TDOH%E
PMNIIET D, LRIZHR DD RLF—BENCL Y 1, < 0.2 ps
THML, ZO®%ITEEET~D T KX —BEO-DICHDT 5.

t; (ps)

Fig. 1. IRBEM S i
FEB L2 — DRI L.

HT X LT IR B30 H BB Y 33V, 23T HT OIE ) NEEREE & OB v 7 ) IR KE N
ZEL,HT B LT ~O TR X —BEORFMNER TE 51T E/NELITRVW I 2R LTV 5.

n

Energy (kcal/mol)

(=]

Fig. 2. 4 FRIZ /3 S V7= idH B O TEE) —

8 HERNRETVERBE LN DD R —EET 1
T4 TTDHIETEMOKRIEDOREM A — V&2 RO, &K
VWIEFRIZ HR 22 5 LR ~ORIESEEB E O =1L X —B#) Th
0, ZORRIA 7 —/1130.063 ps THDH. D%, LR HT ~
DT NX—BEN0475ps TR Z 5. HT~BE) L= R LF
—1%0.070 ps THMNIZ LT ~B#1T 5. LT IZHHEI N HEE)

D H B, 0 cm’ (T OIRBYEL ORI B LK KR A DR
Z 72 EDRBHEEDOEICEABR LTS, ZoEBBE S

FU¥—Z8{k. HR (open square), LR

(solid diamond), HT (solid triangle), LT
H 2 & TR OENZLL,

(open circle).

HRDRT Y X LT RILF—R

BN 5. ZO&%EOBEORE R 7 —/11%0.575ps ThH 5.
[FIREDREMT 2 260 K, 240 K, 220 K TIT 272, WTHALDIREDFE RS 300 K DEE L F U< 4 BRSO
BAARELILET LV CTRSEXTZENTE D, 4 HOBREOREH A 7 —/ /WL X TREK T fEn
BN 27, ZOREREEZZENENTRES B> TS, IREKRFHEDEVORRZ: &, KR

D IR DFZFERE DFEAZ DOV T HR T

(1) T. Yagasaki and S. Saito, J. Chem. Phys. 128, 154521 (2008).
(2) T. Yagasaki and S. Saito, Acc. Chem. Res. 42, 1250 (2009).

(3) T. Yagasaki, J. Ono, and S. Saito, J. Chem. Phys. 131, 164511 (2009).
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< IVTF T ) =T Bl LD
mW HR K DHRIK - ERFHIRR

(PRK - [HER#ERE) ORNFETHE

[FF] —5EDS & TIIKIZOCTHD, 2 FEIIFERRIC L 2 KO ED 7 =

TARALIC LV MESH TS L L, TIPAP KT oy L P 2l z~ LT
71/ =7 (MUCA) £ 7 Hkm (MC) HE TR, KOHRMICEVIFLATZO
TENT 7 AKTHY, FERKESRD LT TE R o7 3 AN A T-HELH
=9 BN RS TR ERT % Molinero 0 mW BUETKET /L 4 &2 VLT,
IKDIRD AT = AL Z Tk R 2 WiET 5,

[FHE TR EIRBE RS & fR L7 ST R L ICE Y 0.985 glem® & 72 % L 9 i,
64 ff 3 L8 216 A DK & Adu, FIHIEEE 250 K T MUCA MC 315 ° 217> 7=, T4
BOT v 77— MM Berg DJ1E S 2 W2 AKOMEAE/EFIZ MW RT3 v L%

iz,
E= zz%(lﬂj)"‘ ZZZ%(’C‘/"’%’%/{)’

i >l

¢2(':,~)—A8[B(E] —(EJ exp[ ¥ J
Ty Ty Iy —do

9 (rij T O ) = ’1‘9(005 0, —C€os, )2 exp Al ]eXp[ 2 ] )

r, —ao Ty —ac

Z ZC. A=7.049556277, B=0.6022245584, p=4, ¢=0, y=1.2, a=1.8, 6,=109.47°, 6=2.3925
A, £=6.189 kcal/mol, 1=23.15 T %,

15 O FUT= G B 2 Lelge 4 % 7= 9012 5 0.985 glem® TR 100, 150, 200, 250, 300, 350,
400K TD MC FHEZ1T- 72,

3
(R EBLE] T NT 790 7AT ¢l .
O MCRFIC LY GEAREEP B 50K 5 2 [ Lo, ooz
FROBEZFTF TV ok XDREICE & | .
BROTFAX—OEE Kl DR s e
BB 0K FORDEEE BiIF Tt H T .
LEOREICEAFOTIAXE—DLL B[, x
TRz, RO TR L F— LR E DR -50 -160 T S
R 1IRT, WTFROAKRTS 400 K EEE(K)

TITEAIRIE D Z G S, £ DOOIRSEE B1 FHIRILF-—DZEIE



T, RO mT L —RRE L | BFRRORT 2 F—IRER GO,

WIZ . FIHIIERE 250 K TK lc Dff ik R o e e L . ——
TEILITF7RK 7

ReM B 64 fH KR D MUCAMC FHEZ1T\),
LT OV TN TEZRLE—D LR
Z A &8 T, 300 K DKD TR F—LL
TOERARTEZRD =, S5, FIHHERE
300 K DK IR RE A f IS & 9% MUCA
MC 8 %247 > CTEHEAR 2 KDz, BE
BEoNTWD —oDERK T2 LITK
WK, FEEAK, TEILT 7 ZAKD~IL L T00 750 200 ZTE% ')360 350 400
RV ERLF — LR ORISR A K 210R BEK
oKD R 2% a0 K (i 22 VALY IRILF ORI
FCIREN EF L721%., 220 K £ £ TRDOIEENZ(L L CTKOEEIZZ(L L TV 5,
Z LT OKEKDAIVLARNLVY TRIVF =N D 213K FHERESTHD Z b
Mh, F1-. TELT 7 ZKDNIV ARV TR LF— L, KOWEEEA A2 =3 i
DR EICHFEEL TWD Z ERNbnd,

K 2T 64 fE7K R D MUCA MC 3R TII/K OREEN DGOk 35 D V7= 28, 216
EARZTIHEFELN TR, MUCA AR F42 I HITHR L, RiE L7 MUCA B4
K% FH TR production run 2970, GO 2fERICHEREELEH L TEE DR
JE &) T OMIFHIE 2 3R D 7o k5 s L OREEMAT OFERICOVW T, B ARET L TE
Tbh b,

-54

|
[
[=>]

K

ANV LRIV IR ILF—(kJ/mol)

|
[$))
[oe)

[Z% i)

1. M. Matsumoto, S. Saito, and I. Ohmine, Nature 416, 409-413 (2002).

2. W. L. Jorgensen, L. Chandrasekhar, J. D. Madura, R. W. Impey, and M. L. Klein, J.
Chem. Phys. 79, 926-935(1983).

3. C. Muguruma, Y. Okamoto, and M. Mikami, Internet Electron. J. Mol. Des. 1, 583-592
(2002).

4. V. Molinero and E. B. Moore, J. Phys. Chem. B 113, 4008-4016(2009).

5. B. A.Bergand T. Neuhaus, Phys. Lett. B267,249-253(1991): B. A. Berg and T. Neuhaus,
Phys. Rev. Lett. 68, 9-12(1992).

6. B.A. Berg, Nuclear Physics B (Proc. Suppl.) 63A-C 982 (1998).
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A T ARETICRT DA A F AT 27 AT D BEEmAIAE

Gy TREBFIRT OFE TR
(5]

A F WG A A LRaA A DT TR S, A 3 ORT B2 TiE D FEO A
FUWERE BT D Z ERRG 2T, MR RIS Ul A A U RIKD “BE” MAlHe T
HYH, INFETIZEZHEIZOTE D FHEZL VRN ITONTETND, ZIb A KD
BRI E A BT 2 L WO BN D, A A VMO EERZHRT 5 2 L i3A 4 U RIROH
PEDa L ba— LW REBRAT T ERDIETHLNTHAH, M T, A AR
FTOMWA A Lt F o OMELERIZH SNSRI L DO ENEETH D =
EMHIRES L, FOMITINEEN S,

ez 130T LUV TOHEBIIBIR AT 5 2D B AT ANZTETOET L& U,
A FRETTOA AU BEAER X A T2 7 2B DM B0 52 L+ OR RIS
WTHFENF I ab—a VXV A ED TE o, BERMICITA A R/iERIicEsT
L5 - A A BOMAMBEE S FEINFY I 2 —3 a3 LK VRO TA 4 B TOIES
BB EOBEOA A MFA AT I AEBY LT, S OISR ETD ARTHGE L%
I TRWGA L DA U T, A A U HHEAERIZE T 2 5 RIZOWTOFRE AT,
SR FICONTOEIEMNICONWTDOERZITo72, LLT, RIFFRIZOWVWTIER S,

(A AVEFTAFT I RZETHBHRIZET 5 HRmIFRE]

A A AR EAET ORMEZ A A FIEEREDO BRI CTH D BN AR T & 2 v L OJIR DN TR
BEZEBWTE « BBA A DY A XIZE D EDLDLHRE, A AV HOBEMREEREDNT
ADETRELBDEZEZLNTETND, FRCA A VKPP TOX AT I v 7 ZZEHLT
XN OZKBR LT RR DA A R OMBEENR FRNEHEDORRPEE I CRND Z &
BHIREEN D, EBRFERNOIZZDO XS R RITOWTEESF LIV TOIRZ AR DI
FRERGELHY ., 20X RGERITIE, arta—% - I alb—Ta LT DHHERN
A ThHD, FTFC, A A RIEFIZBT D051 4 LA A OMAEAERIZI &S
FROGNENBEE TH D Z EDRIFFEND 12D, i RAT Y AN TOET VERNT
A F KT TOAF R AAERZ A T2 v 7 AZBT DR OB L & ORI
ODNWTHTENFEY I 2 b —2a VIR VIR EIT oo, BRI R E T 514 4 iRk
DFHE LT, [BMIM][PR]DOFRZIED, HFEN)FI Ialb—ra 28Tl ¥YIal—
VasRERED . A A URIKTICRIT A A LA A O EICET 5 B AR Rk
(VACF) oAl HARBIRE$ 2 KD T A AV R COEEEBE L T DOBEDOA 4 WE A7 A



ZIEH LT, SDICOMIREIRY ANTZGE L% ) TRWEA LD ZBR L TA 4 M
MAAERIZEBT 20 RIZOWNTOMIEEITV., ZERIENA 4RI b b3 EE
PEIZHOWNWTDEZ AT T,

[RER & BE]

%%@Jﬁ?“/ Rab—varilLd §+ (a) Nonpolarizable Model

FRER LY BRI VR EOR el o
fif 4 MCOEBRBBORREKIL T . i
O LEIGIE - BRRMEA AU TOLR 2 0ed = - Vacr
FHARTEDD TS, Ayl 2270 0 N\ |
COA A BB AR R A A e A e
L2500 h, BICEEA A HTO T
HLDOIZEALENHI T NI —T g (b) Polarizable Model

YIbbRENT, ZHDORERIT, A o AN e
ARFIEBS 57 —n  AOREE 5 ] e
FHEEVIBLELELIEL T, & gg:h =

BIC. B A AV BOMERRIZER  F ol L S N
M (~ 1 ps) CHIGEEBORESS o e
R E\NT & A AR B B O T 7> 0 ] O

LMl oTe, Fo, FHEMRDI G R
MREVNIESEAIZII I DELENE
BIZKRELS D Z Ebbrotz, AfEA A MOMAEERICEE L T, SRz o nizGse
(IR AR COEB & OMEAN K EL Db Z ENP LN (Figl 137 =42 D
HIAABREZRT ), TNOHOFRRITHISL T, Whwd [22T2ER) 3Rz L v R+
HEMMPRE S, A A FOX A F I 7 AT FRICKEEKFLTNDZ E LD
TH BN o T2,

[Z2%53C]

Fig.1: P(t) (ZiESEh &AHRIE 5 & =3

(1) “Molecular Dynamics Study of the Dynamical Behavior in lonic Liquids through Interionic

Interactions™, T. Ishida. J. Non-Cryst. Solids. in press.



4P099

WERNIZRBIT DS F ORlEs= > b v B —OFH

CRURPBE « T, UK - iCeMs?) Ol Bz !, W 755 ', Yok B!, i st

(=]

BUE, B - SHEATFOFEE WAL ROS OB L ORI, B - EBIOT OB
HEIZL > TURLATONTEY . ALFERIEOARER 2 BARIZ & > THERL TR 72 FIEITAR A
RTHDHENSTHIEE TRV, Flix DILFRISIZIBW T, IR KU B R 722 &3
EERKEERETHEANE 2 RONS, LLARRL, 20X ReR & imatHEic X
DR DA, AT UV VTR A X=X DRI TIEA S TH Y IWES DS
P OBy THRMICBET A R L7e, BT XX —IZEDWIZEGm A ETh 5,

B EFEIRICBWTHR =XV —2 BT 2856, & ICB7 % Schrodinger 2
ERENTIRONDRT VY VX —IZ A, 0+ O « k) - [BIERIZLE D 4y 1 ES)
@ Schrédinger XA LERNH D, KFAF OIS FIZB VT, WE—EEA AAE
RANGFHE LW, INLDFBRREMS L3RS THD, LnL, 20X 5 eHAE
M %EZE LR OB E REICH Z SIXREETH Y, BIEORTLFHEICBWT
AT TOIWE B AR 2 BE L, KPR T 20 FiE#E) O Schrodinger
FBRXZZOEEAWLIHEENR L AbND, LL, KfAF EEETPOT b e —|ZK
TRBVWPEHET DI EIEHLNTH Y WRTOEHBZRLF =26 LT O b D%
FIAT A LFE LS EESEEZKY ZEEFHATH S,

WEI, BRSO EEFICIB VTl Whitesides 512 KV i STV 5 (1],
Whitesides & (%, IWERNIZEB W TIRE 5y DI HEESR) T X 2 {(AfE(free volume) & £ 2395 2
2R Y EREIGEVIET S hr =255 2 LN TE R, W Tl < [ElERES)
IZBWTHIRIEORBIIRE VLD L THEND N, KEOHREBE LT 5 05 ik% AL
EENCZOFEFHEATH LT TET, HFEROIBERLETH S,

[Fi£]

ARG TR, BEHEFHECIVERP O FORBHZR VX — 2 ERMICER T2 &
ZAME L, WE—BERT v v VE G T EIERD Schrodinger HRERARE L, EafE
LVl FoEfET Yy b e —z iR 5 FEE2H L B%E Lz, WHE—wEAR
TV X VOFHIIZ BV TIE, Friedman 512 X > THE % S 117z Image Charge 5% V72 [2],
Image Charge {EIZHBWTIR, WE D TORF BICENNTZEAR & ST 2 AR 72 BB
& @ Coulomb FHAMEMIZ L0 WE—EEMAER AR T 5, £/, 2O XL TRDZ
WRT ¥ V% 1B cosine BIEUZ 7 ¢ v M35 Z &12 &V [ [El#A Schrodinger HFEA(1)
I% Mathieu 512 (2) ITIRE I D,



A=-1"C iy (p) M

2u 067
2 2
dA:[i+ Ei+4éd/2;)cos n9 M, =0 (2)
dx n'h 2

ZoHEAT, HOEOTIEE AV CERR CTHEIEMICHL R TE S, X (2) 2By
T, E M, SEHEEO =L F—EAfE, EEEEcEnznxis LT, X (2) 2M#<
ZEICEVEHRO =R AN EEHT AN TS, £, INHOTZRAX—[EHRH
B G, FHEOSERE, = e —2ZNENRO L HICEHTHZ ENTE S,

ul E
9,0 (T) = Zexp(_k_]l,J (3)
i=1
Srot = RT2 [alg;{mt :l (4)

[ R]

ABFRIC L VIRESINT-TEZHOCCTKFO HBr 43 0 B BT %L X —Z 55l L7255 5%
% Table I 12779, FERICK DM b B — 27.7 cal/mol/K (2%} L., Whiteside (Z X 5
WiEry ha B—fIEIZMZ, AFRIC X AEERO T o B —fIEZ25E L2 HEE
20.05 cal/mol/K & 720 | WD A% B [E L7-E(12.02 cal/mol/K) & K & < 4 B kR & 72
ST, IHIT, RPETENRLFE o LTChEMArETH Y . ZORRIZONT
ITE AHRET D,

Table 1. Calculated entropy (in cal/mol/K) of HBr molecule in water.

Gas phase In solution A = (gas — solution)
Sirans 36.56 24.54 12.02
Srot 13.29 5.26 8.03
Stotal 49.85 29.80 20.05
Experimental 27.7

Sk
[1] Mammen, M.; Shakhnovich, E. I.; Deutch, J. M.; Whitesides, G. M., J. Org. Chem, 1998, 63, 3821
[2] Friedman, H. L.; Mol. Phys, 1975, 29, 1533
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HERT VB TOETE R LT =L A A bR ¥ —DHEE
QZBCR Y, WORAERENE D) Ok MEw] L, R B, HA wiE, 2 & 12

i ]

M, ENLRCRICE D5 ALMA GHEICRE SN D K 918, FHEMTOT I BOFEIZE L
DEESTWD, FHZEMIGFET D011, TOAXT MVEHHT S Z & CHEENHER T
L. 7 BRITAERSE R EOR =y N ThH Y, FHZEM T OLFE R S ALIUT AT
EORFEZRDIZDODRER 1 HBLRDHTHAH. £ T, KR TEHELET I /B
(Phenylalanine, Tyrosine, Tryptophan) (Zxf L C, B2 7 7' v —F Thlk = % L ¥ —
(Excitation Energy; EE) & A 4 {b= %/ ¥ — (Ionization Energy; IE) OFHliZ1T->7-. IE %
HFRAZ R D DB, BLFFHHE O Tlk Koopmans OEHICIESENERE L OF 1 T
PLE LTI 5TV %, Koopmans OER &%, E#E HF H5AE =LV —DEZZ
DFEE IE HET LI ENHKRD L VD HOER, FEEHELEICELE DFERZ B E L TWh7an
ki, BFHEZEY AN TWRWAICE &RHm 21T 2 [ZIE 2 TiEw. LeRn-> T, IE @
FEI2lE, Koopmans DEFUCHES % Green B[ L5 kO BHEZRLF—2 7 Ml
THIIEL, A A ARIC X 2B O & EFMAEZIY AN D HiEEHM LT-. £72, EE IToW
T, feb i RIS 1 E AL E FAHEAER (Configuration Interaction Singles; CIS) 4
WD, T bEFE & hEIC L 2B OEMORAZELR L T\, CIS 0 EE fEITX
L CHEFE MO REZ T AA T HIEC, CISDIERING Y, Z O FIEICEhHIZ &k
BIZH VA ATS PR-CIS(D)E[3], & 512, “ kOB CETRVF— 7 METHIIE L7-8LE = %L
¥—% Mz PR-CISD)ss L4132, EE X216 O iEE AW TEHME L7z, AFEETIE, Tyr
DFERZ R, FRY D 2 55 FORERIT OV TITY HFEMZ2 =7

[FH5]

#HIZ, Gaussian03 (2 X W, MP2(FC)/6-31G* C Tyrosine D& i bt B 217 - 7-. LI#%, IE,
EE SHAETIIATIoEL AV, Tx DMBICHRE L TWDH 717 Z A, ABINIT-MPX % fifi H
L CaFli L 7. IE 35 CI3 LR BT 6-31G*, 6-31+(C)G* (C Jii 7 17217 I Diffuse B% %800 ,
6-31+G* % HW\ T, Z—A A b= ¥ — (Ist [E) ZRK7z. BoLmxLF— 7 MEIZ LD
MIEZ L7 FIE TR R T A —2 28 AL TE Y, GF2, pGF2, pGW2 @ 3 fi[5] &, HHfFeEs
CHZ L7 pGF2 % i 7=, EE 3FE13, CIS, CIS(D), PR-CIS(D), PR-CIS(D)ss 1% /] L7-.
PR-CISD)ss {£IFA =R F—2 7 MEZEALZHIETH Y, 1st IE FHH & FERIC, GF2,
pGF2, pGW2, pGF2’ ™ 4 ffi & W CEHE Q d
ZiT-o7z. “

[RER - B

¥, HF/6-31G* DA RFER N A H AL
7= Tyr ® HOMO & LUMO % Figure 1 (Z
AT OIS, HOMO (&« fEAtEo
il T, LUMO X = *Kfs &0 4 18l

032
Ui

:;

Figure 1: Tyr ® HOMO (%) & LUMO (£)



ThbHEDLND. 5617z 1st IE fiix Table 1 (2779, Table 1 ®fE )5, Koopmans @ 1st IE
EEYVbHAT=RAF— 7 METHIE L7 HFIEORRIE, FAO6CEREISEVVELZ R L.
L72i3> T, 2D OMIE L2 FED Tyr 1233 5 HEmOAIMEPN RENTZLEFERDH. SHIT,
Figure 1 60005 X912, A A ALIT afEEMERUEN G Z 5 &) Z &R hoTz.

Table 1: H T /VF— 7 MEIZ X 2HEZ V72 1st IE OFHRE & R {E

Tonization Energies (eV)

Koopmans GF2 pGF2 pGW2 pGF2' Expt.'
6-31G* 8.540 7.890 7.994 8.206 8.135 8.00
6-31+(C)G* 8.707 8.015 8.121 8.343 8.272
6-31+G* 8.725 8.031 8.138 8.360 8.289

T S.Campbell et al., Int. J. Mass Spectrom. Ion Processes, 117 (1992) 83.

—J7, EE OFHRRA Table  muple 9: (IS, CIS(D), PR-CISD): T EE DAHSifE
2, 31T T. 1st IE MEORR & [k (FEINA DX Oscillator Strength)
2, EFHEEE L MO R Z IR

Excitation Energies (eV)

AT HEDIFE D PN FEBREIZ TV CIS CISD) PR-CIS(D)

BE7poTWDHZENRTHRND. 631G* 6.02 (0.045) 5.11 5.00
PR-CIS(D)ss =T, Table 2 O 6-31+(C)G*  5.84 (0.049) 4.99 4.88
BE0H 52, EE S F23 0 EB  6-31+G* 5.84 (0.045) 4.98 4.88

EICIVME L 2> TEWD R, ERMUTH D EETIIFSOEE. L LAans, LES N iox L
TaA RN NOTHY, REHFEZMLEL TS EOM-CCSD EDOMERITEVEE 72> TWHD T,
N5z Z FTh5 CISOZDOHAEMET RSN LEERD. £, ZTh b OREEIZ HOMO-LUMO
BENIEHITH Y, Figure 1 O DF ¥ 77 X —dn-n*ThDd EbnroT-.

Table 3: PR-CIS(D)ss £ C? EE OFHEME & EErE, GAMESS T» EOM-CCSD &t

B & O bk
Excitation Energies (eV)
GF2 pGW2 pGF2 pGF2' EOM-CCSD Expt.f
6-31G* 4.91 4.95 4.92 4.94 5.04 4.512
6-31+(C)G* 4.79 4.82 4.80 4.82
6-31+G* 4.78 4.82 4.79 4.82

T G. D. Fasman et al., Handbook of Biochemistry and Molecular Biology Proteins
3rd edition Vol.1, CRC Press, 1976.
(B3]
AHFFEE R R 1 AN BAY - 55400 NS AT KRS SFR 005 OB 252 1 T 5.
(%7 3R]
[1] A. Szabo et al., Modern Quantum Chemistry, MacMillan, New York, 1982. [2] M.
Head-Gordon et al., Chem. Phys. Lett. 291 (1994) 21. [3] Y. Mochizuki et al., Chem. Phys. Lett.
443 (2007) 389. [4] Y. Mochizuki, Chem. Phys. Lett. 472 (2009) 143. [5] C. Hu et al., J. Elec.
Spec. Rel. Phen. 85 (1997) 39.
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