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7] KFRFIL, KBERBESLKEBBSOSITAERIND K22, WIAWVEKICHFEL, fO%
EALRCAL ARSI B W CHEREE 2 H > T D, TIAER AT R BBWR A2 RS20
R B H OFRF OB TR/ ERTE R, S DITKERFICBWTE, TORNE TS 5 EHK
RIRF L OEEIN 2 5 REWZD, BERFEMAEDRENBIR SN D, 1EROBGRHEFIET
=N Born-Oppenheimer NS S LB OEMZ T 5720, BFEEFORTFIRES
BT H720I2iE, ERARFHE A ML EET 5, ZHUCK L, IEFFRA 130 FiuEoaz 7
0hoRTa— a0 EBOBOKFICE TIE L, 200 FiiEMC_MO)E[]
B L. C-H O BUKFEFEA 12T 2 8P RN RS, KEBESUGIZI T 5 B iR FL
W@%@%ﬁmkmﬁbfw 2D MC_MOEIZEBWT, FhGtl @z CEEEZm LS
HH72DITIE, EkoE %W%@ﬁ&%# BB L O — B & W o I T R 2R R
ﬁﬁb@ihi@%ﬁwoﬁEiT_MQMO%i\mw?@a%«&%%ménfwé%@
D, ZHHOBARNNIMEOPRMECFH R 2 2 MaICB W THEZ X T\ 5, & Z TARIFFE T
X U R A M AT RE 72 DFT &% AW TR F % 314l L 72 2 55 Mﬁﬂ%ﬁ@
(MC_DFT)DBH% 21T - 72[3].
[#3] MC DFT &8V Tik, MC_MO #EHF L -UL)D Fock (B T-12x LT, ZZHAHBE R T
Vv NV EMZ T, IROTED Kohn-Sham i E % 5

f HF+DFT) h +ZJ ZJ +VX£[1;+§FT +V(€-[F+)DFT) (1)

f HF+DFT) A +ZJ ZJ +VXZIFP+?UFT +V(€-[F+)DFT) )

22T, (DAHELENIHIT, PEROEF — B BB W CRHEAFRETH D8, €
DO AZHARBE F L OMBITICBI L Tid, RFAfl AT aE 720 B ERYZRILBEEUT M DAL T e, 1%
DIRAEMEN S, B—HBHBAOFEITER LELIELELIRNW I ENRTRINI DD, K-
FBIICOWTIFEEN T D 2 LITHR T, SO 72D OB EHBET 2B E R H D,

[%5%] B L7 MC_DFT &2 W T, EFMHEZRHE L72AR L7 4 BB RORLT 0 12k
T AN RO~ LA L7, TORE, BEFHEZZETL I LIk, FRIICHS
NTWNDH I bDs %@mwﬁﬁ%ﬂﬁﬁéﬂtoitﬁbk%®%¥%%%\¢b@m$%é
MG ID DRI B HREEICETRET L L, kio$mmzo@mﬁ®5%ﬁﬁwﬁ%é
KRBT D 2 & T, ﬂﬁ@ki@ﬁﬁ%%ﬂ%%@bt IRV E— A &
HELDZERHLMNE ST, FEIIZOWTIZY A ?&%ﬁ‘éo

References: [1] M. Tachikawa, et al., Chem. Phys. Lett., 290, 437 (1998), M. Tachikawa, et al., Int. J. Quantum Chem., 70,
491 (1998). [2] M. Tachikawa, Chem. Phys. Lett., 360, 494 (2002), M. Tachikawa, et al., J. Chem. Phys., 101, 5925 (1994).
[3] T. Udagawa, et al., J. Chem. Phys., 125, 244105 (2006).
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BAEEL TS, 4, TRMREE|B,) & |B,) OREABIRIC & 5 ik % BN RICHI 2 7228 5 4]
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[1]
H=T,+H"(r,R) T, He (r,R) r R
®,(r;R)
Y(r,R)=> % (Rt)® (rR) (1)
|
% (R.1)
Born-Oppenheimer
BO [2]
HY(r,R)®, (r;R) V7 (R)®, (r;R) Ehrenfest
.. d ol
A—d(r,t;R(t))=H (R(T))D(r,t;R(t 2
i 0(r6R (1) = H (3R (0)0(r6R (1) @
R(t) coherent
R, = —<CD(t; R (t))‘[akH “o(tR (t))> ©)
) 2
R(t)
BO
¥(r,R,t)=5(R-R(t))@(r,tR(t)) (3)
(@B entanglement
entangle
(A) 2
(B) © 3
coherent limit (D)
entangle
[1] Hiroshi Ushiyama and Kazuo Takatsuka, Angew. Chem. Intl. Ed . 46, 587-590 (2007).

[2] Satoshi Takahashi and Kazuo Takatsuka, J. Chem. Phys. 124, 144101 (2006).
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FEFNIRN L — P — I L B O AEAEIEH L WSO R A S 2§ £ TIZE
S>TWND, BIZIE, K800nm DFZ BT 7 AT L—W—% Cq I[ZHRIT D55 13RFEN 2
OFTONNTZT T T A BB END Z ENRMBNTWA[L], —J7. Ceo Doy TR/ A
£ r=70fs, & 1=1800nm, B —ZHME |= £ 10"° Wiem? OmEErR L ——
EAHAEAERT D56, ZEAEMBET 52 L7e<+12 fliE COMSANBLA T4 Co & AERK
T&5Z &M Bharadwa] HIZE > THESNTWD[2], Z DX 5 ZRBIEMN Cq DI BT
D77 —1L > (Cxp. Cro ) ITBNTHRELNDNE D ITHRZEN,

ARFFETIE L —H — 5 & R RMK W BIRAE & LTI A A T2 5 — Ry 18 ) 21k %
WHZ LK VBEM T T — L T4 TR S LD IR D NI DV TR T2,

IW" T=-25fs lw“ T=0fs lM”l T=50fs
:,- ’. - .T 2 :;:' = nl; = -:.n’ ‘of;-.\: n
e NE .u‘ : |‘ ‘4o A y

X L—P—sULZ (7= 70 fs, A= 1800 nm, 7 = 0.7x10" W/em®) 12 L 5 Cyp D IEEH D HER]
IRAFWT IR BT 2 U JA AU TE 3 — R T B ) EIC KV RO A F v 7y a » B,

Ceo TIEL—H—EHIT LV EL ORI NG ML E D hy(1)FT— FORENDFHE S 41,
REIE— NICEA LN XLF—1320 eV LLEIZRDICH 20D 5 T EHZETIEES
o To, B S5 hy(1)T— FUEWITK 120 f5)i1X 7 ~ UAEEDO FAKIREE— R ThH 0 | 1F
VLV ARE[Of)D 2 {5 & —E LT\ 5, Lo THEE Raman @R IC L > TIRENEE S E Z - T
WHEBZOND, ETeVAK I ICERTE 2 A, hy(1)T— ROBhERIHIESND & &
EBHIT, a()E— FORIEBRIFHCEZ o TWAH Z &b ALz, —FH, HICIX L EMNE
B C'?' % Coo DRI L - THRK L7284, 300fs FEE T Ci™ & 4CH ~DfRHEN 4
BiLTo, ARER TIIM ORI T DFIEMIR & & b ICIRE) - AEHESIC W TR E 1T 0.
[1] E. E. B. Campbell, K. Hoffmann, H. Rottke, and I. V. Hertel, J. Chem. Phys. 114 (2001) 1716.

[2] V. R. Bhardwaj, P. B. Corkum, and D.M. Rayner, Phys. Rev. Lett. 93 (2004) 043001.
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[1] R. E. Wyatt, Quantum Dynamics with Trajectories: Introduction to Quantum Hydrodynamics (Springer, New
York, 2005).
[2] C. L. Lopreore and R. E. Wyatt, Phys. Rev. Lett. 82, 5190 (1999).
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Born-Oppenheimer(BO)
(PES)
(
) Prezhdo Quantized Hamilton Dynamics (QHD)[1,2]
QHD
QHD Heisenberg

Shift Operator

Quantal Cumulant Dynamics(QCD)[3]

Gauss
QCD
A)
B)
C)
D) QHD
E)
[2-4]

1) Prezhdo O. V. Theor. Chem. Acc. 2006, 116, 206. 2) H. Miyachi, Y. Shigeta, K. Hirao
Chem. Phys. Lett. 2006, 432, 585. 3) Y. Shigeta, H. Miyachi, K. Hirao J. Chem. Phys. 2006, 125, 244102.
4) 87 3G8-08
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[(F] UMM HGELIC L 2 0 A - AL PROGZ A 7 X 7 ZCBET 2 WE A T2 -
T&, BUHETOZ A —1T01eVH5H 100eVIRETHY, (LFREATRLF—&
FRRENF L ETHh D, F, THEFIIRICR A EMAEERT 22, BT & OBEENA
AR TR, R, PPECIIMO B L i LT e b EMAEER LT GRGEL
Wi FE IR 100 fn® FRPE) . - C, HPETRELIE T = b o SRS AEER 3 2 SUc B0
THREFHELE TR 2T L S 25, BARTITIGRERS FINEE (J-PARC) DOHGH
M CED, @RI B — 2% 7= EBR DA A IGE 5

AWFFETIL, IREMEIE R X A F X 7 AGE AT H 2 LI Ko TR IBELNT I fE 4 R o 2
FiEERE L, 2 FART 3 v L HELWIEIC 5 2 2 50 ofiptr 2 B . AMhE+
THRNF— ERG T ORI ¥F—he LR L TEWE X, a2 L TR
(o b)) ZABKFELTEZDLZENTES (KM la). —F, EXha &HEL TR
&, IRENER A MHE LT REAEIRE LTEXLZENTES (M 1b). LrL, ER
ha LRBEOEAT (¥ 1), HFORMEZEZB LR VR LETHS.
(#ERELER] K 5lO7 FAF—EH-AR & LTETLL, H-A OMEEH=

TN —ITMRT v LV

mol

(r) =§(szer +aw,’r’ +a)22r22) L. 22T, g7 e bk
v EMIRADBEERE CThH D, K218, IR AT I 7 ZAFHEIC LY KD b 7o LW i i
D AF PP 2 2oL X — (KA E A2 R, ®1a & Kbl st d 2 miiRRR ¢ i,  #ohLrmm f i3
PERCELIT I X D & — BT 5. [X2b 10 I3 DI B IREVECE 7 L OfE R sk O -1

BLofRE2E< BB L.
\N ) =90 amu

53 FIREN 2 25 58 U 7 Fh MR- HGEL B i A A R
—— (a)

/
=

Cross section ¢ (102 nf )
n o
(=) =]
@
ey j

THREERL, KoTDI T AX—FET )V
W U7z, oS RE, KoL
WF T D =0 L (KA A P E BRI B L -
7.

N
[=]

@FE >hae OE<he ©F=he
np np WHETn Tablrp 0 0.01 0.1 1

m g% mp Incident neutron energy £ (eV)
2 : HUELWTERE 0 O S PPE T R —E
Bl {AA Bl {AA BIAA | HEm, IKEE (1) o, =0, =0, =4000cm™

(2) o, =, =, =2000cm™

B 1 AR R VX —E 12 & 5 H-A R0
BAHED. (@ BHT 0 b & T O ML
) AIRA LIRSFEE LTS R ERETOBIE (b)) 4 — @ —20000m™, @, = 1000cm™

WL (o) HFHPERLEL. X KO T RS (GEBRE)

(3) o, =w, =®, =1000cm ™"

(@) o, =w, =2000cm™", @, = 4000cm "
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(7] BB REE O &1 T ¥ 2 il © X AU @RI - @R O SUGHIE D) b &1 il
HE T, 1EREINOIER ETIIAFRETH HFHEINNERTE 5. LrL, EEZO T
FBRIEEP O ORBIZLOVRLGITENTLEY (Tab—LrR), BTHENEZBEEOLD &
THD, T:E—V/XW%iﬁw%(" BEmmn o) eI, FlIXE A
/A/%@(@%Tﬁ/7)/7&) BWTIE, (HY7R) =8 U 25 E2 RITHRD
WMz 52 &T, RER FW@%@WE%%%%%% THY BR< . AWFFETIE, BT L < BE
LI FNT 4 7 —OKEHIEY I 2L —va itV TFae—L 22T 5 L—
POV A HERET L, OFERSND L —PF—RAXy 7 2 BEWITRT & &I, Ol
RIS A B 5T 5.

(Bl fER] T a2 — L U ARKOIEv LT T AX — HRA TR INAEEEE 25,
%G(r,O)z—%[HS —uE(t),G(t,O)]—.:[ dt'T(t-t\G(',0) (1)
ZZTGE(,0)1FY U T o VZEM T ORI REE - (8 A 2 2 e g8 R A 1)
Thod. £, A5 - Tabt—LVUARFELZ2VWSEEOAHRRFHEREER %
Gy(t)=exp(—-iLgt) 27 . a2l —rarTEGE0)=Gy(t) 725 K )Tkl L —W
— VA ZRGETT D BARIICITE 2 SRR T G (4,0) & Gy () DITHIER DED
TR/ D Ko E#E (LT D, (BET VT U X AESCER ]2 )
T2 R EB X, TRF—EL 30, BBE—A
ME Lo, MFEREREREE 0.5 LTy al—Yvark
1To7=. 2D 3 b — L v AR E SN BN
FFENDZ L2 HMIZ VA ZEFR L. BAEAE 2K
A (Liouville ZEfijFR/x) TPl 4 5.

Cit—t)=(12><12|+|21>< 21|)ﬁexp( L |) (2)
T

@L,%ﬁ%ﬁ®k%é%%¢ﬁﬁ,r@ﬂm:t%V/
A DR AR T N T A—Z TV, TZihy,=03,
r=1.1&£ L7 MOENPBIEICT 2k — 1 v 2L
2, SRS T COBET W, =1><1|-|2><2],
Wy =[1><2|+|2><1| DB DOFRFHFE 2 7R

time

[<W (&) >=tr{W exp(—iLO)W } 72 ] . 7235, MR CR I NIHIEIRHEIN CTIEALHE S —E
EERESEZ I ITHIE S TWD. KL e[0,31 128\ TIE, B 2 2L RFNT LV 54003
LSIEBEILTEBY, Tab—L U ABRGRGIZHIMFI SN TND Bk FRIC i?fl]ﬁ?”/\/l/x VARVAS

Gt OB EFEAE T OIFAEFRORMBRE LR L TH D). 7L AREMIEOARRIC , /N
Jb Z RIS 35 R DAL &2 — B ISR TR0, %@f:@?ﬁﬂfﬁﬂ%ﬁﬁ'ﬁ?ﬂ“@/\c’/vx6ifﬁﬂf£b N
[1] Y. Ohtsuki et al., Phys. Rev. A in press.
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(DR)
DR
Rydberg indirect

DR

storage ring DR

DR HCNH' + e
HNC/HCN 12) HsO" + ¢ HD,O" + ¢
Rydberg
3,4)
DR CHs + e
initio
MOLPRO
CHs* DR
CH+H,, CH+H+H, C+H,+H
0.30 4
RS2C TZP
CH5*
CHs*
CHs' CH, 7
CH, + H

REFERENCES
1) T. Taketsugu, A. Tajima, K. Ishii, and T. Hirano, Astrophys. J., 608, 323-329 (2004).

0.40 :

2) K. Ishii, A. Tajima, T. Taketsugu, and K. Yamashita, Astrophys. J., 636, 927-931 (2006).

3) M. Kayanuma, T. Taketsugu, and K. Ishii, Chem. Phys. Lett, 418, 511-518 (2006).
4) M. Kayanuma, T. Taketsugu, and K. Ishii, Theor. Chem. Acc., in press.
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UG ARBHN THAR DA L0, DBOBETEF ) A — )V OIRRGTZERICHR T 5 2
EWAREE ol 2D X IRV AT MIE, ROV A XOFRMEIC &Y 7 HR D R 22 = 1L
Xz fb, 72 FOBAEMEZTZ D TATHT) & bIEEh, a2tz rd 05
2B LE L THERESRERZED TS, ALFFICBW L, BEFHHEEEROREN RO
YA RTIECTREL B ZT D200, TR LX—HENEGEL, HUADORSOEEKE LT
BHEZEAL 2T D 2 EDRMBILTOD [1]. AHFFETIE, Z DOZER N TH T O T %)L X — N 4§
WA ANCERT 52 LA HE LT, $ 1 RO U ABRT v v VIR SV - EECE
FROBEACFFREZITV, EEBEROHRE IS 217 o 72.

AKIFFETHN ANV b =T U H UL FICRT

N

H= Z[—%Vz]jtz a)xy(x +yl)— Dexp[ ;)D 2H+Z: ! ) (1)

i=1 i>j|ri_rj|

AITBNT oy >0, OEGEIZIE, BT xy FAIZHEFITR TSN L7201, [ KzmRrx
—HEIRIZHB T 2B OEINX z FHORIREIND. T7200 ZOEAICE, ()13 1 ko
HIART Y VRICHERENTZBEFONIN =T v a2525. ZOETIVERANT, TU
ART ¥ VOIERFED /NS WGEB L OREWGEIZONT, ALIADOBRIZERT 0. %
AL ST, TRAF =AY bLds LONEEIRER A Bl & A AAEEIC X - TR L 72,
BONIEHETRILF—YERIZHONWT, SIEEEIRIR O D%
R TERINDRY Yy FEFE v, [2] Zil~T2. £ OR
B, 0. WR~FFREDOEA (0. >1.0)121%, T F /X —YEN (TR
TR NVOIFHIEORE SITFEDLLT, v, ZBVETHE
THN REEEZFFOZ ENRENTZ. —H, 0. DINSWGE
(0. ~0.1)1T1%, =R —HENIL, (i) FEFFOMEN /NS WAL
TR S NIZRY ¥y FEFE v, 12X > THEM T 5h 58
v REEE RO Z L, 2 LT, () FERERKEWEAICIER
KA 2 FrD 2 L AVR ST (3] T ORI EG AR & A
KT ELOEIRELZ I SNITT D201, BB O FifkiE
AT 2O—PEK 1 IR T. X1 O EN B O Hi AR TR T T ——
(nordal coordinate)[4] % T AER, T OWREEAEIIEFOESR) @ - Gtz znoh, B 1650
WENCIER O L RERBZ X T 2 LA Bk fpoge, 2O ERERT

[1]1N. F. Johnson, J. Phys.: Condens. Matter 7 965 (1995).
[2] T. Sako, P. A. Hervieux, and GH.F. Diercksen, Phys. Rev. B 74 045329 (2006).
[3] T. Sako and G. H. F. Diercksen, Phys. Rev. B 75 115413 (2007).

]
]
]
[4] N. De Leon and E. J. Heller, Phys. Rev. A 30 5 (1984).
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DFEHERGEICEHT S ERMHTAR

EE{RHH - BT EH# %, JST-CREST OBREE. XH=EE
t-shimazaki@aist.go.jp

DFREBNSFOESEGCEICEZRSEEN, 5B - HGOmm@
NoXBZEOTLDS, SHEIK, B - EHERBRICTT SEMIE
EEAMDODEEEZAR LI, EEDHRZMY AND-HIC. EFEH
5 1) — > B # (NEGF) & Hartree-Fock(HF) 2 88 & & b ¥ 1=
NEGF-based HF i&Z ALY [1]. 2 FRRIRE) (X self-consistent Born &
BUZ K> TEHELE[2]. B1ICEF - 7 FRIREIES )\ OBEK
FHOHEHRZEZRTIBl. EEERFHOZ S FRBEEELL S <
5, L L, ENAT7REEHTIIFEFEGEERICHT I IEENRDE
BIIXRELHEWL (B2), BNAMTRAEHETOFHES LI UERER
[TDOWTIEHEBMRET 5,

0.0085

-
N

0.0080 1 [ 1
0.0075 -
0.0070 -
0.0065 -
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0.0050 -
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2

-
o

2nd derivative [d*I/d\/?]

o N A O o

INEPN.Y | WNAA{L‘HJ ‘ JIV\MJWM
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Bias Voltage [V] Bias voltage V]

[1] T. Shimazaki, Y. Xue, M.A. Ratner, and K. Yamashita, J. Chem. Phys., 123,
p114708, 2006.

[2] Y. Asai, Phys. Rev. Lett., 93, p246102, 2004; Phys. Rev. Lett., 94, p099901,
2005.

[3] N. Sergueev, D. Roubtsov, and H. Guo, Phys. Rev. Lett., 95, p146803, 2005.
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BRI ANBE M TONFEEEFFE): Modified Sakata—Hashimoto—Hiramoto Model
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ENEGRBRAGENOREDCAICFERRATOAFTEEFRIMIBOERNZHE THL, K
NEFICABRNAE LS EREROGEES . FERFECRRARMICLYELD TTOEFrFITEM
(Virtual Phase Space of Trap State (VPSTS)ZEFiF A D 2 AL HZEfE(Acceptor Phase Space (APS))&L
TERIANEENRADERNNELYREENT=, HEED Sakata—Hashimoto—Hiramoto £7 /L (SHH) [2]
TEEL T HIEE R (Conduction Band(CB)IZANZ VPSTS % APS [ -HIETIILEEELEFTHHER
EXZEHLBl, HIREXFERERKGEMCHSTIAETOAFTEEFRIREICRXNENFR
F BHZEH, Incident Photon-to—Current Conversion Efficiency 58X RIS THREZRLAAZHAT S,

(a) ketSHHZC(A E_/Zd)l/Z

(b) ketMSHH—VSPTserXp(_B( A E_ /Z d+Ec )2)

State Density of Dye
Semiconductor

Virtual Phase Space of Trap States (VPSTS)
BCB E LUMO
BCB -

IAL QFL

AE- A4 e HOMO
AE- A4
h v
IFL

—0—*—HOMO

TVB TVB
Occupied Phase Space of Trap States (OPSTS)

Sakata-Hashimoto-Hiramoto (1990) Modified Sakata-Hashimoto-Hiramoto

Fig.1 (a) SHH: Density Of State (DOS) of Conduction Band (CB), p(E) , and Distribution function of an excited dye,
D_(E) whose peak is located at Lowest Unoccupied Molecular Orbital (LUMO) which is (AE —ﬂd) above the
Bottom of CB (BCB). AE is the energy change related to an ET process, and ﬂ'd is the reorganization energy
around dye related to the ET system, which is intrinsic in ET. The SHH has an electron distribution extending to the Top of
Valence Band (TVB). (b) MSHH: DOS of CB, p(E) , and Virtual Phase Space of Trap States (VPSTS) and Distribution
function of an excited dye, D _(E) , whose peak is located at the Quasi Fermi Level (QFL) which is (AE — ﬂ“d ) above
the Intrinsic Acceptor Level (IAL). MSHH has an electron distribution in Occupied Phase Space of Trap States (OPSTS)

until the Intrinsic Fermi Level (IFL).

(&E#])
[1] K. Schwanitz, U. Weiler, R. Hunger, T. Mayer, and W. Jaegermann, J. Phys. Chem. C, 111, 849 (2007).

[2] T. Sakata, K. Hashimoto, and M. Hiramoto, J.Phys.Chem. 94, 3040 (1990).
[3] O. Kitao, M. Yanagida, N. Onozawa—Komatsuzaki, and H. Sugihara, submitted for publication.
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[FF] SAC/SAC-CI ki35 - D REJRIRRE L O, hEDIRAE, 1 A1k, 7T =F bl Ekx IpdE 7R E
EREICRE TE 2B FHBEHER THY . L OMRICHH SN ZDORKE L AREI RS TS
[1-3], SAC/SAC-CI D7 1 7' F A% Gaussian03[4]OF T T2 Z LN T, ZTOMERAGTIESY
7 7 L2 A7 813 SAC/ISAC-CIL O — A= VIZAB ST B (2], i, Fx iy HiEmo L 5 7
FHOE R 1RO L OFERREICER L, ZhboiEEZ S L7z Giant SAC/SAC-CI (5]
ZBH% L7, Giant SAC/SAC-CI Btk D (standard) SAC/SAC-CI ¥ & [RIFEE DR E 2 £ b, /o
FH A NS L HIETHHT-D, SRR 72 RERROFEZAS I LI, 20 Giant
SAC/SAC-CI % oy FYERE RIS Lo RICHOWTHE T 5,

[# %] TTF-TCNE(tetrathiafulvalen-tetracyanoethylene) [ 1] & Pyrazine #%& [\
1£(2,5-Bis(N,N-dialkylamino)-3,6-dicyanopyrazine) [[X 2] 4y 5 o KL & SIS NN
OahELIRAE A Giant SAC/SAC-CI #:% W TS L7z, TTF-TCNE X TTF-CA

(clorani) ®EF /L & L THW=, TTF-CA [TEMBEEVASEATHD, Hick-T \—/

REENEALT 2 Z E RS TWB[6], Pyrazine iiEikixy 7 /5L 7 2 7 FEn 1 TTF-TCNE

NC CN

AL xR T HIET, MOIOEERET DDA EL FF~OISHR IS

ncTunalil, :[ I
R2N

# 1 \Z(TTF-TCNE). OFEFE RO % ~7, Giant SAC/SAC-CI LI

x| 2 Pyrazme

(TTF-TCNE)10 D& BT B ARBI L IREED Oscillator strength 7358 < Z 2T b4
5 ENgnDH, 7 Giant SAC/SAC-CI 12 Xk % (TTF-TCNE)wo @ &t % f[#] 1% Standard
SAC/SAC-CI{£IZ £ A(TTF-TCNE): O FHHFFMH XV i# < | Giant SAC/SAC-CLIEDNHEHATHL Z &
R LT3,

1 Excited states of (TTF-TCNE),

Standard SAC/SAC-CI Giant SAC/SAC-CI
State (TTF-TCNE), (TTF-TCNE), (TTF-TCNE)y,
EE (eV)  Osc. EE (eV)  Osc. EE (eV)  Osc.
1.86  0.0003 2.06  0.0808
TTF—>TCNE 179 0.0003 191  0.0002 | |
211 0.0002 2.36  0.0000
Cpu time 7h49m42s 11d21h57m54s 2d6h49m41s

[1] H. Nakatsuji, Chem. Phys. Lett. 59, 362 (1978); 67, 329, 334 (1979); Bull. Chem. Soc. Jap. 78,
1705 (2005).

[2] http://www.sbchem.kyoto-u.ac.jp/nakatsuji-lab/sacci.html

[3] M. Ehara, J. Hasegawa, and H. Nakatsuji, Theory and Applications of Computational
Chemistry, The First 40 Years, Ed. by C. E. Dykstra, G. Frenking, K. S. Kim, and G. E. Scuseria,
Elsevior Science (2005).

[4] M. J. Frisch, et al. GAUSSIANO3, Gaussian, Inc., Pittsburgh PA, 2003.

[5] H. Nakatsuji, T. Miyahara, R Fukuda, J. Chem. Phys. 126, 084104 (2007)

[6] E. Collet, et al. Science, 300, 612 (2003)

[7] K. Shirai et al. Dyes and Pigments 39, 49 (1998)
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MP2 post-HF van der Waals
DFT
N O(N®) O(N)
HF
O(N) Yang [1] divide-and-conquer (DC)
HF [2] post-HF
MP2 DC DC-DM MP2 [3] DC-MP2
[4] DC-MP2
DC-MP2
local correlation Local
correlation
DC HF
I
a,b fijab
occ vir
Ecorr = Z zb<lj | ab>|:2t~ijab _fijba:| (1)
L] a
MP2 B
. (ablij)
bjp =——————— (2)
E,tE —E &
(EDA)[5] A
occ vir
et =S5 T (il T8 [ 5] ®
) a, HE ve
Woce Whir
DC-MP2 (3)
Woee  Wyir (24
DC-MP2
0
Wose = 1 0.002
_ 0.000
MP2 £ -0.002
local £ -0.004
= -0.006
[1] W. Yang, Phys. Rev. Lett. 66, 1438 (1991); W. Yang and & _0.008
T.-S. Lee, J. Chem. Phys. 103, 5674 (1995). 3 0010
[2] T. Akama, M. Kobayashi, and H. Nakai, J. Comput. Chem., g;} 0012
in press. £ / o
[3] M. Kobayashi, T. Akama, and H. Nakai, J. Chem. Phys. -0.014 - V/ TV Voo 70w, 7
125, 204106 (2006). -0.016 *
[4] M. Kobayashi, Y. Imamura, and H. Nakai, J. Chem. Phys., Fig. Buffer-size dependence of DC-MP2

submitted.
[5] H. Nakai, Chem. Phys. Lett. 363, 73 (2002).

correlation energy deviations (in Hartree) of
a-helix glycine peptides (gly):o (6-31G).
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[ﬁE] & %%Eﬁﬁﬁi HLER &R BN ME D A E RS SRR TRk
CERRINI ffét&b ARG R O RIS, 75870 LRk HRE
/Tﬁ"li'%t\/“b\rﬁ’fé?)%)o N OMWEIZIZEFDBHIZEEG L TWbH ), EREEEEIRD
RN O - OIZIX B LFRENPVETH D, LrL, —RIGEBSBEEKRIX. &6
U‘%Tﬁ%@ﬁﬂﬁ?%%iﬁﬁbfi’ow\ D MER X F@i%j(%?:K 7o, EkEEEFHA
DREEL 7p o TS, KIFZETIE, AR T vy a2 HWD Z & TRAL O RET
JALZEATV, RERFELEBSRIEERO®E LTt R LR AT,
[HixE$ER]  Quantum Capping Potential (QCP)iE ' D& 2 FFITH3&, CJHEFD Is B %
Xz D AN *jf%‘/‘/)vw(l T, BMORT v VB )2z 52 & T,
Me ZEDOE T IMHE aﬁ%“(ﬁfﬁﬁ“éﬁﬂ]TT//%ﬂ/%ﬂ?ﬁt YRR L7,

U =UL(r)+Z Z{U,(r)—UL(r)Hl,m><z,m| [1]
U, (=" expl-¢") 2]

T ¢ 75§HE§L1K§2’L5’\°%/\°’77‘ X2 THD, AWFETIL PMe; BifiZ 1~ lone pair orbital
Iz\/vﬂe EHBTHEOC CERELE, fERR LTI/ NT A —% 2T, M(Me),(PMes),
(M = Ni, Pd, PO)/» 5 DO =& > 45 D iE st B9 B BE SO O BOSE & JE b = R L ¥ — %
DFT(B3PW91), MP4(SDQ). CCSD(T)£ Taffi L 7=,

Table IZ7”T L 912, M=Pt DA, PH;SERDOFERIX, PMe; 85D EN L IXR2 508, F
BT v V& O T SAPCH)IE, MP4(SDQ)E, DFT(B3PWI)ED WKW T HiE
ML= R — ROSEL, LI PMe; DFEREZ L<HE LTS, £72. M = Ni DBEITIE

MP JEDMRE L& L < o .
Table. Activation energy (E,) and reaction energy (AE) (kcal/mol) of

REHRREZ R T T ) o :
% . CCSD(T)i: O3 Al 7% reductive elimination of ethane from M(Me),(PR;), (M = Pt, Ni)
L 7 6 AR = Me calculated by the CCSD(T), MP4(SDQ), and DFT(B3PW91) methods.
DA, ST A CCSD(T) MP4(SDQ) B3PW91
2N K E R E, AE E, AE E, AE
cespmEz My s M2
S LRTE A, AW Me N/A N/A 533 -5.0 516 -11.7
VERE LT BT v o H 52.0 -2.0 49.6 -4.9 48.1 -9.0
YLEFND T LT c’ 560 -12 522 -56 519 96
cesD()iE o i ps e MM
BE L 7p ) 2 Ap R A Me N/A N/A -83.6 -109.6 204 -14.0
BA LR, H 18.7 -6.5 —86.2 -—110.8 17.7  —13.8
DR 12 B3 2 fE c’ 21.7 -52 835 -114.7 202 —13.5

B BFHHEEOBEBMEICOWTIIY EREZITI,
[>Z#K] (1). DiLabio, G. A.; Hurley, M. M.; Christiansen, P. A. J. Chem. Phys. 2002, 116, 9578.
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HIBFER I FRE G & A A R L ARG OEAG DA & U THME T 2155
REFwmTHY ., b A UfEE, 4 ﬁf*/—\miﬂi‘ﬂ\ifﬁﬁ@ﬂ:% IRWVWTHIERICHER

REZR-LTCWE, —FT, fﬁfﬁ@ IR AE WCBW T FHLEEN R E 7o T
Wb, LB E & SRS iﬁ‘é?ﬂﬂ%ﬁ‘jﬁ%<;@f£5f: . O FELE R E)

BA% & LG PR @ﬁﬁl’i?ﬁ)?)fﬂiﬁfﬁ”é% i@%’( [ERASAR

53 - EE R B BRI A L P IBE S CRENT 2 72D D 51k & LT, Mulliken -1~ FE fi# AT,
Mayer #&GREBMENT72 ENFAR SN TE T, 2O OMBITEIBROEHEFEHEICB N
TRHEE RS> TS, L LD, Zhb Ok & B & OBfRIZ AT,

% 2T, AWFFETIE Mulliken &-F8 FEFREMT . #5 G IRESRIT YLk & LT, LIRS OE

oy FEER B B b R D HIEABRSE LTz,

Kﬁﬁﬁ{i IEsinglet-couplingd % & 1D H B {LRBUZESNTE Y | KA, BEIZK

AL LTc#E 2T, A3 UfE. ARG OEAIUT TERIND, !

A-B(GLERES): Table 1: The percentages of resonance structures
of H,0. 6-31G** basis sets are used.
2;;( 2T o |4) ) e
0.
AB (1 F 555 vacuo aqueous
O,
> z< FAAr S ¢i> 1 o N 21.2 19.1
ueAveA
o
DT RO R e, vick W e 89.9 4.6
Y HER, MR T Ch S, EATR 3 e 11.2 8.1
Mo, Rk, IEIRBEEL T OR TR Shiz i
713, Mayer fEEREOH LN T-5£ 4 R 18.8 22.8
BlE o> TEY, £ OWFRHEITEEITS O
0~
HCREND, RRTEELEZET, ROK b e 106 05
FOKFFITIEM S D &, Table 1 DX 6 - s o
(A I O B4R E B, Table 12 o
5. W RNA A AR RR T many-body -3.2 -2.7
WHRTE 5,
total 100.0 100.0

[1] (a)lkeda, A.; Nakao, Y.; Sato, H.; Sakaki, S. J. Phys. Chem. A 2006, 110, 9028. (b)Ikeda, A.;
Yokogawa, D.; Sato, H.; Sakaki, S. Chem. Phys. Lett. 2006, 424, 499.
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7] REOMHTRRIAZ KD D Z LIXEAF)FH) 8 OFEDEEL 3 E > TLLR D AR
fIEE L TG TS, 2 E TORAE LT Barnett-Coulson @ zeta BA%AE H\ 7=
AR[1]. Filter-Steinborn @ B B%#k % 7= /A=[2]. Shavitt-Karplus @ Gauss ZH#1EA
KBl BREBIMONTNDLN, TRTEEMAINESTLEETHD, FLREOHEDEHK
ERFE T M50 & L TREM S D& UL Safouhi (2 X 2 5B 12 X 5 J7ikl4],
Fernandez-Rico (2 X 52 STO-NG ERELE HWFHEBI 72 E3 b 5, AWFETIX
FIA DM TR OE NS LR ORI E & f i L2 O THET 5,

Mgt R NDE
A2 Tl Shavitt-Karplus @ Gauss ZH#EARN G HHET 5, D=9 1s-STO (2D
WTOREG AR EZRD S, F9 Shavitt-Karplus AXUTKD E H O TH 5,

-1 1
<r12 >E = Ij(rlz) expl-a i, —a, g —ashe —a,hpldrdr,

0 O F, (9z) exp[—fz - (9/7)]
<r12 >E —?ala2a3a4.([du£dv.([dw!;dz U V) WL W) 27

f =ul—u)wAB” +v(L—Vv)(L-w)CD’, q = w(l—w)p?,

gzia_lz_i_ a; 4 a3 N a; p2=p?+pl+pd
4luw  (1-u)w v@d-w) (1-v)A-w) oy

p, =u(A, -B,)-v(C,-D,)+B, -D,
ERA IR L LT E B I W RR U2 3K 5 23 O BIFR THEMNIT Y B IS S
T B R L LT B AN R AU ES A Bessel MK (2) DF1E LTHZ b,
T S DICHEMREIRR L THE b D LA OBEBMBIEA — RO+ 2 Z EMNFEH T
oD TROTZRRRDENTBEE CTH D Z & B EFMICEEATE 2 LT b,

HUE R IZ DV T
SRR DB AT B OBUEFH I 2 TH EE & A LAFZED STV 722V iREL
ThDHIDEBEDOWFTICENRLN D, BURF R TOR b BLER 2 J7141% Fernandez-Rico d K
912 STO-NG ER%Z1T> T GTO 22\ T 4 H.LFES 134 B O R LE AR R B A (ACE
Bl MNTHATLIONRINEEZ HNLD,
[1] Barnett, M. P. (1963) Methods in Comput. Phys. 2, 95 [2] Grotendorst, J & Steinborn, E. O. (1988)

Phys. Rev. A38, 3857 [3] Shavitt, I & Karplus, M. (1965) J. Chem. Phys. 43, 398 [4] Bouferguene, A
& Safouhi, H. (2006) Int. J. Quantum Chem. 106, 2398 [5] Fernandez-Rico, J. et al., (1998) J. Comput.
Chem. 19, 1284 [6] Ishida, K. (1998) J. Chem. Phys. 109, 881
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%2 IEE R CEIE B OINUR 20 HFI2IEIEZ1T 5, —IROWEREIILL T TF
sNho,

‘\P(l)> = (Q(l) + fzX)|(I)CAS>
Zow, OO EEE O RIEERURIC L A REEE T (CAS-SCFZ R O34 Semi-internal &

External) . Q [X# 4B L 7= External B 7 Cdb 5.,

. 1 A
Qy :_z<“ﬂ|ﬁ2|’]>EaiEﬂj
2%

Oy ... 1554 e F B BORIR C O External il T 5, f,, 12502 & p-3E 0>y 2 7 Gl I

Wl THEERE - CH Y, ZTOITHERNNIA L —F =AY = I F/1[2,3]

n

-
fro=—Zexp(——*
2 r

c

ZHWTLUTTEAbND,

(p 7o}ty =5 B fli)+ (B 1))

%%éﬂt&mwm%#@mnﬁw\%ﬁni»%:?yeéxmﬁmﬁﬁéﬁﬁbﬁw%

A5 L BB OMIR CTMP2-F12/A*(SPYEBICH I L= 2B BFIIEIEN G55,
Z OFIMEIEEDFEM & BEAE RITM BT 5,

BE 3R

[1] S. Ten-no, J. Chem. Phys. 121, 117 (2004).
[2] S. Ten-no, Chem. Phys. Lett., 398, 56 (2004).
[3]S. Ten-no, J. Chem. Phys. 126 014108 (2007).
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RO 1 — T e & ORI TR G T T O /)L 7 R IR &
HIE AT ADBR D Z D TE 72, L, ITF, BEEFO 1s $ul OB 25w
WIS R OB EZ T D Z L NEBRTHN- TE, S5, BT OREHEFHBEOMEN &
FTHOEOLZFIZER L TWD ZERHLNTWD, T ORMREZTIT 5 7= OITIT0EK
DIEFARTRA ST ETITEE L < . EXFRIDIREBET 2L ERH D, £, 0 FRIOF
BRTET DIOITIE, 7Y YRR BIEZRAZ SOV TERE L 722 < TN T 720,

Foxix, MR RGO BRIl D Wo FFEEND ORI R - 0 F ORISR
% Atomic Schwinger-Dyson(ASD)Method % % L 7=, ASD JiiEDHHEITHE kD
Hartree /771£<° Hartree-Fock /77%, Random Phase Approximation % P#BIZ8 & L T
BY, INLDOHEABZ TEHICY U7 RERMELZ IR AL TS, ASD HiED
HAERITHAMTH Y | HERI QED 7277 V7 L OREME—OHFRE LTS,
ZDTTTVT X0 ESFEHEAWT, BoGERANEH S, £ OREZEHIHE L
52 LIk, BIgADEH 5 Dirac FIEEAREMSG O LG ORXNENDL, S HIT, Z
DIFEPZIZR LT, BT BET. A=, TLTT7 4 bra2HWcEZOfFEE B
TARAX=DEHREND, ZNHDO—HEOW DL EE, & - THEEHRE 24 U 5 1RIE & 72
ST 5, AT Z OMERERICE L TREMT 5,

235 3K

H.Matsuura, T.Nemoto, N.Noda, K.Koide and M.Nakano:Relativistic Quantum
Electrodynamics for Matters-(I) under the existence of external fields,INFORMATION,
Vol.9, No.5,pp.697-706,2006

H.Matsuura, T.Nemoto, N.Noda, K.Koide and M.Nakano:Relativistic Quantum
Electrodynamics for Matters-(I) Decomposition of Field Operators,INFORMATION,
Vol.9, No.6,pp.813-820,2006
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(D) (velocity form)
o(@) = -(4z/co)imlim<d;|u(E +o-Hg+ige)tulo, > Q).
E—>
1) He Hamiltonian ®@; E;
2
aly. 'l = —(u®i, 0)- (' 1u®i )+ (1", (Eg +w—H) x) 2
[
1y + 1 1y -+ =
Hg( 1.4 a.U.) 2g My, 12 4 g ii . nEp ||
-1y ( L 5 — This study (CIS)
52
109 7s]5p, 5s 5 10 &
2p <§ 8 x&
S 6
Samson (2 8 .
g "o,
g8 2 ———eeeen,
E 0 L
05 Photlon Energy (1é_5u. ) 2
1. H:
AQ( ) 5 002 m
é o]
= L :
£0.015 — — 1s2p2d
H,*( 2.0 % AN .
a.u) 1og-kou ( 5 oot *,4 O\\
5 AN
2.) 754p:20z2 T | \
£0.005 <
Pz 'g ~Q
1s2p:2d:2 ( £ o ‘ ‘ =
11 31 5.1 7.1 9.1
S=8.0,p=l.0,0.5, d=10,05) Photon Energy (a.u.)
2. Hz

[1] T. N. Rescigno, C. W. McCurdy, Phys. Rev A 31 624 (1985) [2] J. A. R. Samson et. al., J. Opt. Soc. Am. B 11, 277 (1994)
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FELEFEMEICRT 27 74T IV TORBELAEEOLNTE WD, BEHEFEHREICBW T
T A0 FE L N TEERIERTH DA U VT VIRERE L T OFIS TR, TEE
FALELD Sy B CRMIC TR L C W A B EMMGEMITIC L DV AT =T v 7 ZRfE i~
7 u MG IR T EAEFEEL—RKNRESHROMNT, LEIZAEZITHY | KEIREEK
EVV)ERIGEAE T EFORIUCHE L TWDIET TH D, FxITEMERBEIICA 7 —
NREIL TR LN HEE ZHEROELRTEMT2Z2E Y2 —7 Ly NERICK D075
JEETIRECZDIREEZHEL, ZTOFAIESHEICBNTH Y T VERICES DD b
DThHDHILaEFRELTE1,2,8], RUBERESY A1 v R EEFREOIERTE
PES K0 BT D X9 RICHIZEBWTCIE, AR o FEdtigett o MBS S e N 2 4
o3 Z xR L, RUFETIXE O LI REEITRLT 5 72 D I E E Moy rTREME D R
B3 d> H A7 T A B W T &R ORFRIFERIC OV CHER R L IS 21T > 72D T
WwET 5,

[#E]
AT T A VBT O X O ICHUS A LB EA R TTHER D LB TH Y | K
WET L LTRBENDEA L Z LD RMESEREOLEIZANTN D,

3m-2

p"(X) = qucom(ZX—k)

q = (_l)k S [m Zm(k+1_|)

YRR .:: .. :-___‘/' 2m—l = I

ZHOLIATIA VBEICEY Eo LI
Vx—7b—y BT 508, 55 DMAM
WX LTAETHD LW BEEEE R T0, Fox T OERLEMRGERT Y =—7 L
v NEEZE AW, fERREE ORI RIZOWTOREFICBLZE I THERT D,
BEE AMFIEIEER A JST-CREST O AR — M k> THEBILT,

BHEUV=—T Ly MIOWTELSEAE, FREHREOEELRIE 2 W2V,
[1] BI%F % PACHEM 2005 (Hawaii), ) 11 A7 (2006 4, #i)
[2] B3 1CQC (2006, Kyoto)
[3] H. Sekino, Y. Maeda, T. Yanai and R.J. Harisson,, to be published.
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(TDSE)
TDSE
TDSE
TDSE Cayley
i
. i . i arl i
U (t) = exp(=i(T +V)t) = exp(—=Vt) exp(—iTt) exp(—=Vt) = exp(—=Vt) —&—exp(—=Vt)
2 2 I 2
1+—-Tt
2
Cayley
Cayley ( ) Cayley Convolution
TDSE TDHF/TDDFT
Coulomb Exchange Convolution
truncate(
)
3 H, H TDRHF = )

/’/lh

Hz

[ ]

B.Alpert, G.Beylkin, D.Gines, and L.Vozovoi J. Comput. Phys. 182 149(2002)
Naoki Watanabe and Masaru Tsukada Phys.Rev.E 62 2914(2000)

T.Yanai, G.l.Fan , Z.Gan, R.J.Harrison ,G.Beylkin J.Chem.Phys. 121(7),2866(2004)
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The field theoretical study of chemical interaction in terms of the Rigged QED:
new reactivity indices.

(Kyoto Univ., Dep. of Microengineering) oPawet Szarek and Akitomo Tachibana

pawel.szarek@lab.mbox.media.kyoto-u.ac.jp, akitomo@scl kyoto-u.ac.jp

How the mode of bonding affects stability and reactivity of molecule on the frame of nonrelativistic
limit of Rigged Quantum Electrodynamics using new indices for description of bond properties related
to bond orders have been characterized here. These indices are in close relation with tensorial
interpretation of bond that among others allows discriminating covalent bonds using spindle structure
concept. The real three-dimensional space representation of new interaction energy density utilized in
this study contribute to better understanding of interaction phenomena between atoms and molecules.
The differences in reactivity and stabilities of molecules have their root in the redistribution of
interaction energy density.

Lagrange point is the characteristic point of bond line that may represent bond properties using energy
density data. The total energy density (calculated as the trace of stress tensor) is in close association
with electronic and chemical properties of molecules. It is possible to characterize interactions and to
evaluate their strengths and energy based bond orders using the energy density related indices. The
correspondence of b,, b, and by, indices describing reactivity with standard bond energies was found
and only small basis set and immaterial method dependency of these indices have been inferred.
However single point is not enough for full characterization of bonding interactions. The three-
dimensional insight is much more informative. The differences in the redistribution of interaction
energy densities are in close relation with activity of given molecule. The new indices, although reflect
traditional bond orders, are carrying different information about interactions on the interfaces of
quantum chemical subsystems. Our indices satisfy the earlier definition of bond order (by IUPAC) as
“index of the degree of bonding between two atoms relative to that of a single bond”. The bond order
is provided by energy density associated with localized electron density, as the combined effect of all
occupied molecular orbitals (which in some part corresponds also to molecular-orbital bond order
definition). Since electronic energy density includes the electronic spin angular momentum in the
underling physics, so does the energy density based bond order. However depending on the specific
information one may use either one or all new indices to characterize molecules and chemical
interactions. Since energy density is in close association with electron density the b, index
express bonding in terms of electronic energy at chemical systems boundaries. The b, index
defines new energy-weighted bond order, sometimes different from commonly used one,
however very useful for evaluation of interaction strength. The b, index is associated with local
chemical potential of bonded atoms that is the potential of electrons to undergo physical or chemical
change in the system. The competition between stabilization energy (reflected by b, index) and
chemical potential explains reactivity and spontaneous tendency of atoms to disperse in hunt for
maximum entropy.

The energy densities [au/bohr’] at Lagrange point for MO N, CoH, & P,

five highest occupied Molecular Orbitals of three n (HOMO) -03174 | -0.1440 | -0.0320
“triple” bonded molecules. The core means sum of | 7z (HOMO) | -03174 | -0.1440 | -0.0320
energy densities at Lagrange point of core MO's. The o 05567 | 02632 | -0.0955
valance electron’s orbitals: ¢ - is sigma bonding MO,

. > ; ’ c* -0.0022 | -0.0013 | -0.006l1
o* - sigma antibonding MO, nm — degenerated pi o 08912 | -03849 | -00929
bonding MO. core -0.0050 | -0.0038 | -0.0017

o Comment: particular @ bond is weaker (with higher energy) then ¢ (with lower energy), however in total effect the two degenerated n

bonds taken together are stronger (have lower energy) then o; the P, molecule is an exception case.
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4 Dirac
(
) Dirac ( )
[ ] BaryszSadlg 2
(IOFW) |IOFW
4 Dirac 2 2 Je (c?
2 Breit-Pauli  gcgp 2 2 free-particle
Foldy-Wouthuysen(2e-fpFW)  Grrw Oc Yomr OipFw
9c(i,]) =1/r; (1)
Oeep (. )) =11y + %aep.zri”fr—p. 2P —x pig
ij i ij (%]
16 & 1 0 & 1 o0 @
T o2 QESIER X RIS Rk X Py Y
2c @g E i g E "> |
[ ] SCF IOFW dc Jcap
( IOFW-C  |OFW-BP ) 2 Douglas-Kroll  gc (DK2-C) 4
Dirac-Coulomb(DC) Jcep (He Ar) dc
E118 DK2-C
2e-fpFW
12 (IOFW-C) 2 Breit-Pauli  (IOFW-BP) 2 IOFW 2
Douglas-Kroll (DK 2-C) 4 Dirac-Coulomb(DC) SCF (au)*
DK2-C IOFW-C IOFW-BP DC
He 2 -2.8618 -2.8618 ( 0.001) -2.8618 ( 0.000) -2.8618
Ne 10 -128.6847 -128.6848 ( 0.006) -128.6920 ( 0.000) -128.69195
Ar 18 -528.6291 -528.6336 ( 0.010) -528.6859 ( 0.000) -528.6844
Kr 36 -2788.1433 -2788.3767 ( 0.018) -2788.9323 (-0.002) -2788.8715
Xe 4 -7442.9568 -7445.2087 ( 0.026) -7447.5904 (-0.006) -7447.1282
Rn 86 -23567.2027 -23599.3078 ( 0.042) -23618.2327 (-0.0398) -23609.2937
E118 118 -54774.9896 -55037.4278 ( 0.071) -55344.9479 (-0.488) -55076.4167
*()  IOFW DC (%) (Epc - Eromw ) Ene 100
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/dxﬂrsh(ﬁ) = /dxh(:c) ( prist(@)  prisy(x) )

prlsT(:U) prlsl(l')
= o"hf, (1)
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O00000DQOdoff-diagonal elements 1 0000000000000
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HEHEIERIE L — Y — koI K D | BT O 01 B8 A 0 FE 2 SEERRY
IR T EDSHRBIC e > T E Fo, FHISIEE, COSY * NOESY %4 £ D Xyt NMR D
ST B 1T 2 XY T d 5 ZRouARN kDS, BRI b HEBICOIEHZHE O T
W5,

TRICHRIMTHEERRIC BT 2 mTEIIE. R0 NMR FEBRICE 1T 5 A E VBRI
HR2 L I3EMETH Y, Tk smonT w3 RS~ RA Y —ARAopHATIZETF VL -
b g EETER YL, KAV SN TS Redfield5 X%, Markov iz ftlz H 72
BERCH D70, BiRE— FOMEE L D E OB %250l 32 2 L IFABENICATETH
5, 7. FFNIRED X 9 B FEFEL RICBWLTIEZ 2L X — MO HHEHERD
BICRD B2 L VIBMIRZ O ELTVE, ZOLkIRBURZEEZ 2 L. kDR
Az T, BFHEE LW RORE) - BoR - AL 2 @Y Glh T F 2 Min 2 T
5 EIFEELHETH S,

WA TR, PR R 5% @ U 728 L W FHORBER ORISR L 72 [1, 2]

J . . P S Al a.
a—P(J§l) =— [lé“r Y Jkvk + a} p(jit)
t k=0
K

- f DpGik+it) — Y kv Okpix—;1). 1)
k=0 k=0

22T, L IEEATHS%0 Liowille HET, 6,0, B XA X 2BANEETCH
%, vl =15 BEAE—FORMATZ—VEEL, v = 27k/Bh (k > 1) ZRY ¥
WMIFIREI B TH 5, jld K+ 1 HOIFAERD»SKEXT7 PV j = (o, j1,---»jk) T
HY jrx = (oo Jexl,..., jrK) TH 2, =L, WHINICEWRD H 5 HEEHE T3
p(0;7) = pphys(t) DATH D ZOMMIFHBEE T TH 2 T L ITERI L,

dnE k., AER (1) oFflic oW TR S, F, A ORIIHL TR (1) 2@ 2 L
ISk D ERILTNES 7V EGHE L, BHEHER T E OB S Koua sy 7L &
LCEDL I ICHRTE 2% EmT %,

Reference
[1] A.Ishizaki and Y. Tanimura, J. Phys. Soc. Jgd, 3131 (2005).
[2] A.Ishizaki and Y. Tanimura, J. Chem. Phyi5 084501 (2006).
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LH1 Reaction Center

Forster

100fs-200fs
LH2
LH2
B850

LH2

exciton
exciton

exciton

exciton coherent
matrix  off-diagonal part

fs
EECT

B850 ring
100-200 fs

density matrix — p,, = P,
exciton-exciton coherent transfer EECT

EECT fs decoherence
coherence ps

ultrafast memory loss

Kim Hyeon-Deuk, Y oshitaka Tanimura and M. Cho, submitted.
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Y AAF AN THEEIREE TR D C=C £ bV 2R LN, 1 Eafh Ty A— 7 2B bz
9, OB HEEEHNZIBN T, B RITE ) EEERRIECE N2 R D D iR EE AR T v
¥ LOIARITHFGRIIC b BEHE, L L, 2R CThHDLVARTF ARV ORGNIZ < ODEHEL
b7, TO ROSHEE 1IEMETH D, FEEEZNE TIZ, WIHOREZE ) C=C b o lthnl
MIZEE Z 2 &0 9 | C=C-Ph HN.OZE A O EENM 2 R~ 28 &GN & 0 | ILBEOHEARICITE > T
WV, ZD7e, BV LA A T 7 RXEMER, RS RART vy MERE D DWW GERSILD 2
ENE M olz, O E LD EENRDO~ETEIED LN Z OMBEEKSOBEMRITITR )T e
WV, DROIIZZ DX D 72BN G Kt E & bICHET ey OREIEZE L & IRE ) T F RN IB IR 5 5l A
EITH TN\ 5, Ialtbivoiud, WE VA & AWTZRREOfREA vy 7 - F< 05303 (TR-ISRS) (12
F 0 VAR AF R SUIRBEDIREN O I A AL & R REI GBI 2 Z L ITaEh L7z, g CHIE
NREETH 72200 7 = b MO A7 — L CTOREIN N T —Z 2 b L1, BT S M2 b2
AF T A kiEimd D,

BRI REIAIREN 5D FEBRIT 3 D UL A B N T To72 (K1), 551 OZEHE(267 nm) THF %
JibE U Sy IREBZ AR LTo, Zns DIEIERFHIAT O%IZ S,—S, WIIZ IEG 3~ 2 ML/ /L A (620 nm, 11 f5)
Z R LT S IRBBICREI SR 2 AR LT, 353 02UV A(620 nm, 11 f)IC KV . Z OB AGES % S,
WIREAIZ G D B — Mty & LTI L 72, X 212 YT 0 R TR S Lz 3 D DI AERER]
(ST BT — 5 vt BISNIZE— MRGIOT7— U fHTIZ LY SPURIEO AR 03, 1.2, 2 ps
TOWRENANRY MV EGD Z ENTED FAR), A7 MUTIE SPIRIEIZRHEAO 723> K (240 em™
T—F) PRSBSOS, ZOT7T—4 ThbERTRE AT, 240 cm™ 2 ROEMEEEL)S 239
em” (03ps) — 224cm’ (1.2ps) — 215em™ Qps)D L 912, 24 em™ b DIREE S 7 FA2RTZ & Th D,
Z OFEBHEFRIL, R R r— L TG L & OFEFFEAIC L VW, 240 em B— FOHOE
HREEE & L IS DI 2R LTS, V2L, Z0F— RHROD S, RT3y Lo
BRFFOEEEILE L BIONSK DT EEEWT 5, S DIZEMEE DR 5 CER AT
STAER, IREES 7 OB & BV CEE ROV AR Le, 202 iE, Bl S IRE S 7
R ASEVEAVITRE 9 25 T OREEZAVICERESSNT D D TH D Z L A< Rt 5, 215 O FEERE: B,
VAAT NSRBI OIS XA T I AEHLNNITH E E BT, ZTORA =X LOERDT
DITIIRIENE SPIRFEAR T > o v L DUk & FEFFIMENEE CThH H Z L 2R LT D,

P1 E
Sh 1
time-domain i
t vibrational
A : spectroscopy
S1 ‘\‘ i 104
o - AT =2ps
Jisomerization - o
g 20 '
hv 2 AT=03ps
< 24cm_,._.§ 1.2 ps
== ;Lf 30, N %
: > 40 /* o\ - .
cis twisting angle AT=03ps ° B s =
o e . ; 7 ; 3 2
X 1. Cls—stllbeneﬂ 03*%5%[{9*7‘/ vy :1: TR/ — Delay Time (ps)
ERHRIDRA NS T T D FRA T — L, 2. VRARAFANY (ANFHFH W) O@IBERIUE
5 & (b) 3 DDIEILWRFHEN et 2 W1 SR = 407 — &, B —
MRy D 7 — V) ZIE ST — Ay BV EFRARNCRT,
S50

[1]A. B. Myers and R. A. Mathies, J. Chem. Phys. 81, 1552 (1984). [2] H. Petek et al., J. Phys. Chem. 94, 7539 (1990).
[3] 7P, Ruhman, HJR, 2 FHESERETERE. 4C10 (2006).
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Building Molecular Modeling Strategy: Charge Response Kernel Comprising Density
Functional Theory and the Treatment of Conformational Effect on it

ishida@ims.ac.jp

For constructing molecular modeling strategy considering polarization effects, we have proposed an
extended treatment of the charge response kernel (CRK), which describes the response of partial
charges on atomic sites to external electrostatic potential, K, =0Q,/dV,, where Q, represents the
partial charge at the site a and V, stands for the electrostatic potential at the site b, on the basis of the
density functional theory (DFT) via the coupled perturbed Kohn-Sham equations. The present CRK
theory incorporates charge regulation procedures with a reliable warranty in the definition of partial
charges to avoid unphysical large fluctuation of the CRK on “buried” sites. Also, it was shown that the
improvement of the performance from the calculation results of polarizabilities with the CRKs for
methanol, ethanol, propanol, butanol, dimethylsulfoxide (DMSO) and tetrahydrofuran (THF) was
achieved, comparing with experimental results.[1] The present CRK model is now extended to
investigate optimal partial charges and CRKs available for the systems which conformational changes
can be expected by introducing a fitting method in least-square sense to estimate partial charges and
CRKSs with the data collected from conformational space sampling. We will show our fitting scheme is
available for building molecular modeling considering polarization effect explicitly even in the case
that target systems include a lot of conformers. [2]

[1] T. Ishida and A. Morita, J. Chem. Phys., 125, 074112 (2006)
[2] T. Ishida and A. Morita, in preparation
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<> IR CHEIT T DAL RS D A T3 = X 5 % BRE b FHIC A O 00T 5 7o ik, B ERY T
EHECTH D, AWFZETITREERS)STH D RX+X (R=alkyl, X=halogen) % #tHixlg s L, &ML
LT 100 fHDOKDYFE2BET Do BISOEATIC ) B2 LF =22 RO D Z LIZL > T, Wik
DRI 5 2 5 B E R 5,
<§HREFE> B X =2 B3 X —EBEEEL OGRS 2,
A4y =—kT 1n[<exp (~(E; - El.)/kT}>(i)]
WSy L 100 fH DK 59T ab initio MO 1% W5 Z LI FEIFMICRNEE CTH 5, = 2 TR
DFEFEFEE WD,
OQM/MM-MC #:(QM:HF/6-31G*, MM:TIP3P)
1. WD i DIRBEIZEBVT, 20 000 000 DIRMED 27 ¢ 7 L—3 2 % MM/MM-MC #£I12 k - T
FAESE, NVT 7oV 7V EERT D,
2. RERTZT UYL TANS 1 ODEEEO a7 4 7 L—va i T X NIEIRL, QM/MM 1
(QMIFE MMREIE) 2 - CIRE D | OIRBEL j OIRRED = VX — 55 R T 5,
3. FlE 2 % 2000 [F#E 0 K U2 RS,
@QM/MM’-MC #:(QM:HF/6-31G*, MM:TIP3P)

FHRT SR Tl 5 REZEMSUS, RX + X, CIIEEOBEMIL—1 Th D72, WHE—EIEM O BERE )
DEENRRENVWEEZ NS, LrL, QM/MM-MC & TIZT X TORES 42 MM THEL T\ 5
Te DI D E WS T OBRBEIZ B EICVWND Z LIXTERY, £2C, ERROTIE 2 10k
WA T OE—IKFIENDOKS %2 QM TEOV 5, ENLS DK 1T MM THO 9,

<FHEAREES WL LCT100fH DK D 2 BB L7 Cl + CHClOBERKGEOH B TR LF —~ v 7%
OLOTEHELLKRA Fig. 1 & Fig. 2 1Z737, #iffh, BEL2 >0 Cl--C Ml L7z, ~ v 7O
EEAIRAH T OBEBREOMEICH T 5 BR= XL X —OMMETH D, KIHF O IRC BKEEE TR
AR TR, QM/MM-MC {E DRSS TIRKEIR O RS ILZMEF O IRC S1FIEF—FH L=, FH—K
TN DK 1% QM IZiE X #2 % 72 QM/MM’-MC {4 TIE/KEEIR H O KOS IS F 0 IRC & 1327
V. £V C--ClEEEDOHEWRGRIEZ L D Z &Mool
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[Introduction] ¥EEEFNIC 1T RN HFER DOV E S Th 5 RISM i, B LFRHE EMAED
INDZET, WRN TOLFEOG TR ERRk % 72 RICHEH ST E 72(RISM-SCF ), L L., ek
ETIE, WEHOBENEHERLGE S, RDOR L2206 03H 5, EHIT, RISM X 1 koD
R A BB M A S LTV D72, 3 ROTOEERIEE & B O 2 2 LS HEETH
Do AMFRTIEINODREEIRT D7D, EBFDILNY ZFZIZH Y IA AT RISM-SCF i &
3 WRITIA IR 2 Zh RN 5 2 DR TR OB 21T - 1=,

[Method]
(I) EFDIENRY ZBITEY IAATE RISM-SCF
7€k RISM-SCF £ Tld, RISMIETHWAERERT > v v /W(ESP)Z L EM CTHEZEE L T\, A
WFFETIE, LY 258 L= MiBhB%k 2RI L C ESP 2@ CHELT A Z Lick ., LER
RISM-SCF {£ 4 B%E L7z,

(I1) 3 RIcE iS22 5 2 DS X

3 ot B CRES ST A B BI%L H(r)i3. Real solid harmonics (Syn) TR 2 Z & T8 1 (him)
EAELRICBEST D Z ENAIRETH D, Frex i, hin % 5 % 5 Omstein-Zemike (0Z)-type 2=
& Hypernetted-chain (HNC)-type S Fe=UZ 5 H L 7=,

[Results and discussions] &1 D/L3 0D ZEZET 5 Z & -
T. {30 RISM-SCF I TR L7 RITH L Th, “OT"= NewRISM-SCF
RELCHAT L NAMEE A>T, Fig. L1z g™
para-nitroaniline (PNA) 23\ T, = b o B35S L7z R S -1 )'
F OB % RISM-SCF {£D 4 Tteration (21 » TRT, it -1.5 Original RISM-SCF
KIETIH, BT THEBL TWDOIZR L, AEOFIET 20 |
IR LTV B 2 L 87 B, ' etonesle v

RIS 22 3 IROTAICID 5 Z L2 k0 | HEH Fig. 1. Charge change along RISM-SCF
IRV IR S MR D 7172 &3 FEREZRIBEEAE =L iteration.
X —DBEHNATRE L 72> 72, Fig. 2 IC%o0 D5 FDKH BT R/L¥ —% RISM i& & 4RO
ETHRES o TR T, WG L 3 otk D> 2 & T, A FBRREWGFORIRE
RESHWETHZ LN TEL,
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Fig.2. Hydration free energy obtained by experiment (A ), RISM (), and the present method (o).
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BREZEOHRIT, HENMICELIFNICLEETHS. KEEXFEHETR
LECHFETHSARTHY, EOFTEBHERO—DOTHS. XEDH I B
KETHEEEIIATHEY, BPEFOESIENBICLIIEVEIDLS, REBOD
KFREFEBELTWSLELEZDODND. Tz, ERBIEICKIBHEFOEEMN,
AEOERGHBAGKON 1200 5)0RELELTEAZLOATINS.

ITZ2MABETE RFAREICET e REREFOANEH®ELT, 7
LWHAYEZERRILENTHIEEZAONAT LS. TOREH, TOERDEDR
MBELUVT7ILAVERBICKIEEOHRIEEBBEBOBRHAISHETHS.

BREBRZE—REBNIZHRSI-ODOETILELTIX, EF EE(FERLIEA
TUIDLOBRA_EAEBERGNENTHY, EE, E—REDPFBHAFEL
BEFEVTHILOEZEEFAVTHEZIATLS. LAMALERS, ChoDE—R
BFZEHBEaRXRINEBERTHE-H, #HEABRICTASIDITTIEEL.

BERlZ, BAREZEDPOBFLEZRAKBICHSIENARLEF-KEER
ODEEALBHEROFDNIOBEBEZTV, EFOXBRMEERT YO v ILICH
TE5ERBAEBEERRXOE F EE L (Effective density approximation:
EDA)ZRELE. COFEIE, KX MITIE weighted density
approximation(WDA)IZx G L, BFRFEEEL(LDAICE T S2EMEZE:SH
DEEICEZTRAFESLEXZE Y. BRECEHEDEEZEERBAO—X
THEHULTWVLS.

ETHRIZTENVT, FFEZARAERNBORRICEVEENT A —4
r=0SOEEZERAKKRICEAL, RABERLIJUVESRGEREOBMTEZIT-
. EREEICHEESINT Ziman Z2XZHAVT, EKREREZHELL-ER,
BET=10KIZTS LT, £07uQcméE WS EEFK -z, Sk, ZEROTILAY
EREERTHLMESVETHY, BEERAKKREIERELTWSEEZRS.
Tt, r=050%FERICHR--BEELRICEY, BEMNIOCKME TEE
5TSXIABRAT—N—FTBHENAL M LK - =[2].

ABETEH, BET=-10'KOEBBRIIB - FEFERVICHESISETEREKK
ROEILZE, EDA ZITESCEF-HRESRO DFT 2RAVTHRAR. BEAH
BE, BROHEE, BLIUEBESRGCERMEOERMIL, TERLCERE-EERER
OAEEHICOVWTHERT 5.

[1] J. Chihara, Prog. Theo. Phys. 72, 940 (1984).
[2] T. Sumi and H. Sekino, J. Chem Phys. 125, 194526 (2006).
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LT BT b 2 VER. B LS WREMRAE, TRUREN R L OB FRIRSEE & 70 5 3208
£, Fl—HTREHR OIS TIRAREN TR E 2L KIEL Tnb, 20 kD RERFRICBT 2
EFERZRE T 2 FiEe LT HHT B0 BHE L2 BT/ 1Mk Z oo B H1E 2 0T PIL
T AN BT HBRETNNS 5,

WATZEFHNCIRENEE & 2 2% 1] BLOETIRENEETRWRO 2 B oHEICHL T, &
HHESITINC BT 2 B FR0EEABENEHEL -, ZoBFROEEIHENE. —EHFKRT
Y VIS BT BT L AT, 2L TENS OIRENIRAE. & v o I RS0 fEZic S W - Bk
REZEFRL Th b ORRE L LR T 5. ETHFCRENSEE RS T 2 EE AR TlE. BRETIR
REZ O TRIEYTIRRE & AR RITIRAEZ EF L. W HUSEEMES R T oy MGOFET TR T Zh
DRT > ¥ VHFORICB HIRENMRE O BB 20k T 5. T /B FIRCRENER TV
L Cid, ETCREZ R L /- —EHFRRT » v » Vo CES L 12 EYHRE & AR EDIRE
REEH DB % 3Lk 5,

S HICTKA T Z BT/ IFNEE G ERB L OHMAD Newton AREANZ AW B TFHBEGARY I 2
V= arvBRLEz, Zoff, BTRoRENTae — L Y 2B OHBRINNT 512 LD k) I
WY 200 CH S0, RFFETIEEHBEM & L GEYTFae— L > 2ARBRTHPICH % Surface Hopping
TNEEHAT 2. ZOEAEORAY v NI, BTICHE L 2 AR ofig 2 52 5 2 21z,
(LI E DK & B 2 UBYPIRIE L AEITIREDICc o e — L U ZAkbh b L O BLg 2 3HHEIC
Y ANBZENTELILTH D,

1 BLUH 2i1cF

b BBREREMLE 2 L

TS VRIHT BHEH Pl

ORRETT, ZhbIHE - T
THRREL WAL 75 . e ﬁ%%ﬁvﬁ
HTho, M1ixbrx % E mjV%Avm
MR Ta ks é% ‘Li o
BORT ¥y VREER 1 t: b
0o CERIHICEY, | ) . e
ERINEERShER | g ek kcgg/
Ry, Mouwmem | W =
Bk O RIS P e e e

Y VRS EF o, £ L TRGEIRC K D RTINS VY v VREER Y A B2 R
[1] A. Yamada and S. Okazaki, J. Chem. Phys. 124, 094110 (2006)
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a=1

000000000000N, =(2m6a(t) 104a(t) = i +458 000000
0oo0o0ooooo H = %Elﬂ£%+V@hnw%jﬂjDDDDDDDDDDDQn
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52
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a=1 a=1
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[1] K. Ando, Chem. Phys. Lett. 376, 532 (2003)
[2] K. Ando, J. Chem. Phys. 121, 7136 (2004)
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KIBRFICBIT BT T FEHOEE - A FI 7 RACHET I MR E2ELZ 2B E LIZIEES
W T T —F 11T, BEL L QBRI TS, B2, 73 R IR RiE, 2%k
ECRBMRIRE LD 2 RNMbNTEY, X7 E0 2 kEEEREDTERZ EICHWLNT
W5, 2 REEE IR RN A & DEIEE, T F R Y S Lo - BCEICIRE LT REN D v
TV T H D, ZDOL D RFEAEE T RO AT MLVENIEICHET 5 7-0121%, Q) B > 7
Uo7, (2) 1% OIREF (R7F KL OIEEHET 7 b, 3) Za&KD (RT7F FEE S Lo -
BmzEZ{b3Ed) ¥4 FI7 A, O3BEREZWD ANDIVLERNDH D, AFIRETIE, b EFKE
WD AN HiEEZRWT, KLz (Ala)L Y (Ala)y & %212 (1RTT) R - Rk T~ AL
7 MV 2IRICHRIN AR MV OFEEITV, T ORIRICBET 2t &1T - 72,

FHRIE, MD/TDC/WFPEZH8RE U 7= RefHISEISGEH LV [1] %, AER& S THMD > v 77 2 Amber 8
[2] EHABDLETHECLVIToT2, £3, KT F REOHEE ORI 2L % Amber 8 % H T
MDIEIZLVEEREL, Thiab L, FHEMEERDIEHT—F (RIFETIET I FTE—F) OIE
AL h =T UHOM) KOHXR(Y) 2T 5, BT T NEROESE D » 7Y > 71%, ab initio
MOLEZHWTRD T~y (I 7V 7 ofEE (0 V) OXIGER) [3] 2 EICED, Fhl
SDORTF REMOIEEY D 7V U TIBB BT H v TV T A= AN L VREDL LD E L
oo F12, TIRITE—RBPRELIB M2 L O E2BE L, FEMELIERC X DR
7 REOHES E R ATz, A7 UL, 29 LTEE LEZHRM) KROHX(t) % H TR S
J& (~32.8 ps) SW7-IRENhEIEEIRI A b Lo, MBS AE T — U BT 5 LI Ko THET
%o BT, t=008%MDFE ORI EIZBWTH D RE ORI (~2 ps) T4k (3000 LA
k) £BZLICLY, AT FLOREIER R ELND,

BRI DR EIEZ WD Z & O EEME 2 MR 5720 10-
|2, mode identity (FE/RTEE— N OREN & — a5l —1E [4])
EREVEE © X ORFMMBERE AR Lz, K 1ITRT &

Halfway to complete mode
mixing in ~60 fs

2 0.9
21T, B &b 100 fs LLTF DR AR & — U TR L 2
TRY, REIY - ORI EZRY AiLd Z LN EE §
ThHDHENRDID, HEOHBIERIZIE, ~43fs HH O 1 ofa recmode sysom (0.701)
BRAONDD, ZHUENTF RERICKFRES LTk 07 . . .

O libration [IZHETH D EEZ BN D,

A7 MVOFEOFER, (1) & L Tpolyproline 11}
B-typetitz & 5 (Ala),l2 >\ CiE, 1WRICIHRI « T~ A
X7 MVOIRBEALEDZE () v adf oo T U AR »
AFHETRENVENVIRFEN A O, 2 RITRI AR

Oscillatory behavior
300 / due to water libration

Frequency correlation / cm

0 T T 1

7 MVOTZIRITITRIS LR EA R o2 &, (2) —77, 00 o o o
T L LT a-helixt&idiz &5 (Ala)plZ oW TliE, /o 7~ Time / ps

VIO ) vad T A RIIRE WV, 2 IRIEHR
AT M AOTRIZIE, REE— ROIEREMEICHEKT
LEFEMN R ONDZ L, BNyhoiz,

X 1: kL7 (Ala)yZ *fBICEHE
L 7zmode identity & IREHHHE H X D
IiF R AR B B 2K

[1] H. Torii, J. Phys. Chem. A 110, 4822 (2006). [2] D. A. Case et al., Amber 8 (2004). [3] H. Torii and M. Tasumi, J.
Raman Spectrosc. 29, 81 (1998). [4] H. Torii, J. Phys. Chem. A 106, 3281 (2002).
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Absorption ---&--
Reflection ----&---
Penetration &
[1,2] 1.0 e
0.9 ‘,\‘ " “ ...'_
[3] | AR
[
S
8
&
sp2 sp3
Incident energy E, [eV]
1
sp3
C-C
C-C
C-C

[11A. lto and H. Nakamura, J. Plasma Phys. 72 (2006) 805.
[2] A. Ito, H, Nakamura, and A, Takayama, cond-mat/0703377.
[3] H. Nakamura and A. Ito, Mol. Sim. 33 (2007) 121



Quasi-classical direct ab initio MD {£% v 7=

3B2b 25+ IR B L X Raman AX7 kL
(RERPEEL, JRERK QuliS) Ol  JA%E, fHH  Ew1
tomonori-y@hiroshima-u.ac.jp
hx izl

IR ®° Raman A7 hZ & LFEEND TRIT 2 2 &S IHEE L 72 LUV TRIBEIZR o 72,
BBV DI D FETH D57 1 2 HFIRE) 7 Tt el 3~ 2 FYER BT 720F T/ < . FEFRFME 2
DAEHEFELRE SN TS, Ll ERIMEZEZO L OFREFIETIE, A7y y
VRV F — O FEMEEREIC BT A mIRI Oy &R H Z & CIHFFMEE ZDTE Y, ZOFHEICIX
% < OWFEDRNND, K0 DRWEHRE a2 M TR L IEFHMMEL 5 5 FIEOBRBE I IR S
TN D, Fox 1L, FERFEZ 5 O T IR AT VIR A 3R Do Fik & LT, Molecular
DynamicsMD)D T ¥ =7 U —inb A7 MLVEHRET S HEZREL WD,
71k & R

AWF5ECTH 5 Quasi-classical direct ab initio MD TiZ, MD ®4% A7 » 7C ab initio MO
EPDEFTINF =% ET D, DEVKAT vy T TRT Uy v VTR F— 2RO RN B
B R LM OT, ERAEOBZNFHRTE S, MD OOESR) 3 7o @S F A
FEONTND, o TERHOIEREE A RO HITIL, H# 17 & &7 OxSRE%REZ ZE L CiE
Y72 MD 5HREZ1THO 7 TE R b, #EROALEZRT L FEHO i FHOERE ZRKDDHITIT
m=0,...n=1/2,...0x=0 DX D2, T— K i OFEAFET U2 ITHYT IR =RV —% 5272
MD ## %175, Quasi-classical direct ab initio MD T, kD KL 9 72 HiE TR OIEE %+ 5 2
52 LT AREDIREEFE nyyeeoiy [ITHYE TRV F—TCORBHZ I 2L — FTE D, *
T O OREME CHERERIMT 21TV, T X TOREE— N & 2N ZNORE)ET— OGN
IV am(=1,.. . N ZRD D, KIZ, BEMEITBNT, 8E LB E 3L ny,...om0 1S3 LT

W (n+1/2)=07 /2 ZT &SI, RTOREE— FOFMICHEE Q,(=1,... N & 52 %,

2O MD & HWWeFEZK - FIEH L CRRZT > 12R IR
Bk L A~y MVORERER & IR R B A o Tk (T MDMP2/aug-ce-pVTZ)
wiEENE: (PT). Vibrational Self-Consistent Field(VSCF)) @
REVEGHR O R 2R3, MD #HEIZE V| thoFik & Rk n

FEHMEICITWVIEBI NSO (F#R), £/ IR &£ Raman A 4000 so‘oo 20‘00 1000

. . N Mode 1 (cm™)
XY MBREEZRD D Z ENTE (G, ;* Raman
(MP2/aug-cc-pVTZ) f © MD (MP2/aug-cc-pVTZ)
Harmonic frequency =~ Fundamental frequency Mode 2

(em™)

Calc. Exp.1 PT VSCF2 MD Exp.l [ ‘\

Mode 1 3946 3936 3758 3738 3751 3756  Mode 3
‘ 4000 3000 2000 11000

Mode 2 3821 3825 3646 3652 3641 3657 ;
P (cm™)
Mode 3 1629 1654 1578 1561 1578 1595

1) G. Herzberg, Molecular Spectra and Molecular Structure Volume I, Volume II, Krieger Publishing Company, 1950.
2) G. M. Chaban, J. Chem. Phys., 111, 1823 (1999).
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[1] P. H.Yancey, M. E. Clark, S. C. Hand, R. D. Bowlus, G. N. Somero, Science, 217, 1214-1222 (1982).
[2] I. Yu, M. Nagaoka, Chemical Physics Letters, 388(4-6), 316-321, (2004).

[3] I. Yu, M. Nagaoka, in Y. Kaneda, et al. Eds. Frontiers of Computational Science, (Springer, Berlin,
2007) 277-281.
[4] L. Yu, Y. Jindo, M. Nagaoka, Journal of Physical Chemistry B (in revision).
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RRT = LSBKRED ) LUBRORBEICEYT 28 FILFHBIR

(BEKRBREABXIE'. BRTARE) OLTHHF'. FRE. EHRT
g0670606@edu.cc.ocha.ac. jp

[FlARARAT7 2= MF 2 ROMEFREE ZFFO U VI B2 OISLE 5t o O ZE Dp#iliE %
L, —HEIAR RV LU LEBEHEEEZ D, ZOTORAT = =0 LRI A
ROV LU R & L OBV TREBIREN, GBS S TS ) L ghRiTER
WHEETHDOICK L, RAT = =0 LA TIE, FERIMEEOANRE SR TS, PV HET
M2 I 220 G ARG DIEOWRBNDL DIZED L D 2WEICHKRT 501245 5 0, HA
7 == U APER L) L USRI T 2 B RN R ATV W OMHIEICOWTEE LT,

[ 5] & 2 7 = = v & & (K cis[Mo(CO),{P(NMeCH,),(OMe) } {P (NMeCH,),} ]
CpMo (CO) {P (NMeCH,) , (OMe) } {P (N\MeCH,) ,} & TN U L L #ARCpMo (CO) , { (SiMe,) , (OMe) } IZ DWW T, A
BNFRRT v V% W T B BEPLRA%E  (BSLYP/SBKIC(d)) 12 & ARE R LA R 21T~ 72,

[F5R] AR T = =0 AEEARTITFEERIRMGE CTRFTL ERIE (M) 2, BRRIEE TERIREE (TS) &
£ D, AHRETHLNZIRIEEOMIE T A — 2 [ TRRE L L < —B L7z, BRREENTSTH
5 liE, BIREBENERNICRE SN TV RN EEFFE LR, —H U LUK TIIIER
A« BRIRARIEILITIME 72 o 7o, BRIRAEIE IZIEBRIRIEE 1T~ T, 21,1 keal/molLETH 2,
AT = =0 LPEIROBRIR « FEBRIRMEIERIC B 1T 2HE T A —F O bIT T U L U8RI~
TREV, FFIZ, Si-0-SifADZAKIE-6.8" Th HDITxt L, P-Mo-PADE(IT-22.6",-16.9" & 72
STV, MERADEFHEAFig 1 IR L, U LA TIESI - Mo-SiDIED = AT DONES
TEFEENGS2>TEBY ., Si-SIFICbETBEOEMN R OND (Fig. 1), —FH, KAV =
=7 LK cis[Mo (CO) 4 {P (NMeCH,) , (OMe) } {P (\MeCH,) ,} ] T, P-MoHihlZ 7y > T T i < P-P
BOEFHEEILEZ DD TR, P-NoPOMEE/NS < LTHZOMMAICE L/ < | P-PRIZIZY
\ - U LR DSi-Si T
Roid ko REFRE

ERHOKFIXA R
(Fig. 1b), U L gk
(2) P(10)-Mo(1)-P(11)= 98.2° | | (b) P10} Mo(1)-P(11)= 71.6° | (© Si(2) Mo()-Si(®)= 71.6° | D5y - % AT L7z,
Fig. 1 Contour maps of electron density of phosphenium (a,b) and silylene (c) complexes }E%%*ﬁiﬂaﬂ: BT

Si-SifNCFEAMEDIEN Y Z R TEEN W OFE LT, Si-0-SifgZ2 2 hsg/-L 2 A,
Si-0-Siff DD & HITSi-SiNCBET AHEOILEA Y N L, 2 OE = X L X —ME T+ 5
HE AR 5T,

1) H. Nakazawa, Y. Miyoshi, T. Katayama, T. Mizuta, K. Miyoshi, N. Tsuchida, A. Ono and K. Takano, Organometallics, 25, 5921
(2006)
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ProteinDF S R TFLIZEK B2 /Ny BEFHEERIT
CHRIEEE, 2B, PANHEM) O cm’?, FRsE=s, HEER?, 181 E A2
VERFBL S, PEATEESE?, SEEFEUT, EEEMRS MR

E-mail: satofumi@iis.u-tokyo.ac.jp

BT N—TTEH NI EONEEEE T LV~NLVTHRETHZ EEZEMIL, ¥ o0 BERETFEIC
HEAL VI 2=y a VAT AERELTWS., 2O P b7a/Z A ProteinDF T
v, FEIZIE resolution of identity (RI)EICEES < H 7 ABE$ & FLCRE% & U 7= 5 LB EE(DFT)IC &
LHFEEBER LM Z o7 EHO X5 B KREES OB IREMT 2 23T 5 72 DI, FRZRD
TOANEEL LD, —OIXE K SCF HEAIGRSE 572012, FHEWITKED LWHIHIEZ/ER T2 =
L2, b O —DITEFHEN KIS D720, HROB VNI EZITH Z & ThHDH., KEETIIEHRED
WHUCIZOWTIE L, 41 AV 6 &FROFHREICEH LRI W TERT 5.

RIVECRIEMA & 7o 5 V—F %, o RO THEE, ZHAHEBEE ORIy, = L TTAIEETH .
DT RESEEL, KEO AT HEKREET 5T X COTHIEHZ L CPU ICOBIRTESE S, MBDT
LT Y XRATHFUE Ui, RFEICET 20 TGRSz RR Eogkix, ol y M4 7 ThEX
PeolcA VT v A%z VA A THIZHHETEM B S G5 Z L Th 5H[3]. RHMHBEHEICBE LT
IE— DA L CHEAET D120, WINHKITIES TH 5. 1TEF T Ak, 175088, W15 Thy,
WHIRITHIER Z A4 7 Z U ScaLAPACK (#1715 & AWz, KT A 77 U LTI B % iR Fi T 5
720, ETOEBIZICPURBITBERATVZMNEL LW ar T aEEL /o7

A LAY > 6 &EIR(306 7%, R T4k 4,716, FE 1% 18,552, FLIERI%L 26,766, #HHh ALK % 48,600)
DEFEFIRIEF 21T - 72(1K 1)[4). 1 L7353 64 {Hdltanium2 7 1t » H 23NUMAlink™
(3.2 GB/s) T &r S 117-SGI Altix3700 T, v — 7 MEfEIE 333 GFLOPSTHh 5. & FrtFId#E s / =
TV IRTEALEE S X D IHMEVERRIE2] & 7 v & — Y  DOINFINEREIZ L 0, 17 [AlOSCFEHR CTHEHE (I
IR L7=(1X 2). 2FHHEEFRIL 65 FEf ¢, SCF—[alfis H Tl 86% DI FbEh=R 115 S iz, 133 F&kk
DA v H—uA X% HNT, Altix3700 & Gbitf — 4 THEsi L72PCY 7 A% TRIEOFHEAERMEH %
ITolfE R, Fy hT—27 A — RRNBWGEAPCY 7 AX), 1THIHENKE S EBEZ T TR
RN TN DM, RPIERICK D0 Ty, ZEMABEWHIFFEICEL Cdxy hT—27 A — RO E
DI ENRBH SN2 o7, AEFZEIC LY, 100CPUY T A THENZ WAL S 7=RI-DFTH / =
BNy FEEE T T 7T ANTER LT (EBIC 512CPUTHRI TH D Z L BHEND BTV D).

AR 6 BIEROBEBTHEENMAERERD GO L il Ui 58, #0072 8T O Tldd 5054
VAUV 6 BIKELTENEETWDAREM N DD T I ) BEEA T2 e TE. b
DT X BFRIEICEBRT D LK, HERNZERA VAV UBREEITE 5008 LvRu.

l l - - -

G0 | g m S eEeEEEEeEEEEEE .
== = EESEEEE=E=E=2E=2EE=E=
T 4.0
&
&
Sl | S s s e e
el EE SR =S=SE=S=S=E=E==E===-=
= - N EE B mE IS EE BT EE Er I ER I3
£
o

-6.0
=10
-80

0

E S
|III|IIIII||I|||
5 10 15

Iteration nurrb er
B1: AR v 6 BIRHEME X 2: 4226 E8LeETiH SCF JEE
WIS FIE MM & LTl 7. THEdh T KS #E = /L —, Rl X SCF B4,

[11 J.Andzelm, E. Wimmer, J. Chem. Phys., 96, 1280 (1992).

[2] H. Kashiwagi, et al., Molecular Physics, 101, 81 (2003); T. Inaba, et al., J. Comput. Chem., 26, 987 (2005).
[3] T.Inaba, F. Sato, J. Comput. Chem., 28, 984 (2007).

[4] T.Inaba, et al., Chem. Phys. Lett., 434, 331 (2007).
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® Introduction
Toa
Toa

Toa Toa 10fs 2 3
[1,2] Toa

® Theory and Method
Rhodobacter sphaeroides bacteriopheophytin

300K
1fs 7oA
non-Condon Toa
Franck-Condon [3] 7pa
[3] 7pa
® Results
Toa
60fs [3]
Condon
(Marcus )
7oA
Reference

[1] Kawatsu, Kakitani, Yamato (2002) J. Phys. Chem. B, 106, 11356

Franck-Condon

Condon

qguinone

515ps

(3]

[2] Nishioka, Kimura, Yamato, Kawatsu, Kakitani (2005) J. Phys. Chem. B, 109, 1978
[3] Nishioka, Kimura, Yamato, Kawatsu, Kakitani (2005) J. Phys. Chem. B, 109, 15621
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Modeling of M-DNA Using Dispersion-Augmented Density Functional Tight Binding:
Benchmarks with RI-MP2 and CCSD(T) as Reference

Stephan Irle
!Institute for Advanced Research and Department of Chemistry, Nagoya University, Nagoya 464-8602,
Japan
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We present quantum chemical studies in the attempt to use biological systems as building blocks
for a new breed of “biochemistry-inspired” molecular computer components, such as the case of
M-DNA recently presented by Tanaka et al." Here, the electronic structure associated with the
chain of Cu®" ions inside the double helix is dependent on the type of nucleobase pairs they are
attached to, and therefore one has to explicitly take into account all base pairs at the quantum
chemical level, while possibly leaving the phosphate and sugar backbone for a low-level MM
treatment in a hybrid approach such as ONIOM. The problem with a quantum chemically
modeling the DNA bases is, however, that conventional single-determinant wavefunction-based
methods such as density functional theory is not capable to account for the effects of m—stacking
due to the lack of dispersion interaction in their formalisms. As a first step towards quantum
chemically modeling conductance through DNA-based computer devices we have performed
benchmark calculations at the density functional tight binding plus dispersion (DFTB-D),
resolution-of-identity MP2 (RI-MP2), and CCSD(T) levels of theory on dimers, trimers, and
higher oligomers of Zn-metalized DNA base pairs with explicit consideration of the DNA
backbone.

'K. Tanaka et al. Nature Nanotechnol. 1, 190 (2006)
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Redox-active metal enzymes play a critical part in many fundamental biochemical reactions, e.g.
photosynthesis (photosystem II) and cell respiration (cytochrome ¢ oxidase). An improved understanding
of these enzymes not only gives an insight into nature’s most fascinating molecular machines, but could
also help to develop efficient biomimetic catalysts, e.g. for solar energy collection.

The function of a metal enzyme primarily depends on the nature of the metal center. Density
functional theory (DFT) can treat transition-metal systems with reasonable accuracy and has become a
widely used tool in the modeling of enzymatic reactions. However, very little is known about the function
of the surrounding protein matrix. Does it mainly increase the stability of the active site and protect it from
unwanted side reactions, or does it directly affect the catalytic reaction?

To increase the understanding of metal enzymes, and how to properly model their catalytic
activity, the non-heme iron enzyme isopenicillin N synthase (IPNS) has been investigated using both
active-site (B3LYP) and ONIOM QM/MM (B3LYP/Amber) models. IPNS is an oxygen-activated
enzyme that uses dioxygen to catalyze a key step in the biosynthesis of the f-lactam antibiotics penicillin
and cephalosporin.

The ONIOM QM/MM modeling has been performed using novel optimization algorithms. The
increased stability of the optimization scheme leads to fewer problems with artificial geometry changes in
the large protein part and therefore more reliable relative energies. Further, full optimizations of QM/MM
transition states are possible with the use of a novel coupled Hessian algorithm.

In the present system, the reaction mechanism is mainly determined by the electronic structure of
the active site. The long-range effects of the surrounding protein are relatively small. However, the use of
a QM/MM model significantly improves geometries and relative energies, and largely removes problems
from truncations of the computational model. This feature becomes more and more important as the size
of the active-site model increases.

It is further shown that the active-site model fails to describe O, binding and product release.
There are two important reasons for this failure. First, the active-site model does not accurately describe
coordinatively unsaturated iron centers, e.g. five-coordinate sites. Second, non-bonded interactions, e.g.
van der Waals interactions, are important in binding processes but are neglected when using active-site
models. In total, the binding energy of O, increases by 8 kcal/mol when the surrounding protein is
included.
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Figure 1. ONIOM QM/MM model of isopenicillin N synthase.
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