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Theoretical study on complexes of cyclodextrins with bile acids
and bile salts

(Ochanomizu Univ.) Lan Yao, Yukie Mori, Keiko Takano

Introduction

Cyclodextrins (a-CD, B-CD, and y-CD) are cyclic oligosaccharides consisting of six,
seven and eight a-(1,4)-linked Dp-glucose units, and they are good host molecules to
accommodate hydrophobic guest molecules inside their cavity. According to the previous
calculation in the gas phase, the lowest energy conformation is the closed conformation (Fig.
1a), while another energy minimum is the open conformation, which resembles the structures
observed in the solid state (Fig. 1b)." It is reported that CDs form 1:1 inclusion complexes
with bile salts such as cholate (CA") and deoxycholate (DCA") in aqueous solution. In this
study, the intermolecular interactions have been investigated for 1:1 complexes of CDs with
cholic acid (CA, Fig. 2a), deoxycholic acid (DCA, Fig. 2b) and their anions (CA", DCA) in
the gas phase and in aqueous solution by means of the DFT calculations.
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Fig. 1. Top and side views of a-CD in the open Fig. 2. The structural formulas of cholic acid
(a) and closed (b) conformations. (CA) and deoxycholic acid (DCA)

Computational methods

The geometries of the CD/CA inclusion complexes were optimized by the DFT-D
(B97-D) and DFT (M06-2X) methods with the standard 6-31G(d) basis set. The strengths of
interactions were quantified by the basis set superposition error (BSSE)-corrected binding
energies (Epinging) DOth in the gas phase and in aqueous solution. The polarizable continuum
model (PCM) was applied for the aqueous solution. The strain energy (Estain) Was also
evaluated. The intermolecular hydrogen bonds and van der Waals interactions between CA
and CD were investigated by inspection of the optimized geometries



Results and Discussion

According to the results of the calculations by the B97-D and MO06-2X methods, the
open/topl and the open/mid2 are energetically favored configurations for the B-CD/CA
complex in the gas phase, while open/bottom1 and open/topl are favorable for the y-CD/CA
complex. The structures are schematically shown in Fig.3, in which the arrow indicates the
direction from the carboxylic group toward the A-ring of CA (defined as direction 1,
otherwise is direction 2). The diameter of a-CD (dyp =7.13A, dgown = 6.71 A in the open
conformation) prohibits the steroid skeleton of the bile acid or bile salt (width = 6.20 A for
CA) from entering into the cavity of a-CD, and only the side chain can enter into it. Such
geometrical features are in good agreement with those suggested by the experimental study.?
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Fig. 3. Schematic drawings of the stable configurations of the CD/CA complexes.
(Top, mid, and bottom are defined by the complexed position of the main part of guest molecule.)

Three hydrogen bonds are seen between 3-CD and CA, suggesting that the H-bonds and
van der Waals interactions play a decisive role in the complexation in the gas phase.

The BSSE-corrected binding enthalpies were calculated by the M06-2X/6-31G(d) method
for the B-CD complexes in aqueous solution (Table 1). The present calculations overestimate
the absolute values of Hpinging, but the difference between CA and DCA' is quite small, which
agrees with the experimental observation. Such small difference between CA™ and DCA
suggests that the hydroxyl group at C7 only slightly affects the complexation with 3-CD.

Table 1. BSSE-corrected binding energies and binding enthalpies /kcal mol™ in aqueous solution

Guest Ebinding Hoinging  Experimental Hyinging”
CA -22.5 -198 eeee-

CA -25.0 -22.9 -55

DCA -22.9 e N

DCA -25.0 -22.5 -6.2

1. Karpfen et al. Monatsh. Chem. 2008, 139, 363.
2. LiuYetal. J. Org. Chem. 2007, 72, 8227.
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Interaction Analyses on S adrenergic receptor—|ligand complexes
with Fragment Density Functional Theory

(Yasuda Women’ s University, Faculty of Pharmacy)
Yasuyo Shimodo, Akira Shibata

[F] HE, NRKIZERETDHCR2ONVBEHEZEARGPCRIELT, ¥1HT
B27 LTV URBARD=ZRaEELALNICTHE>[1].GPCRIZFEMIEM 2
DNV BETHAHA D, CORFBBICIYVHE - -ABERKFODEEINHFS
nd. WEMNGEYWERAICEVTE, EHNFUONVEOILIKRBERRETTH
K, UAVFILEYMEDHEEFRERIZIODLWTERI S LEELEFARTHD.
AMETEH, FEMENLBGFEZRAVC, B7FLTIUZRE-UAFES
KICETHHEMBUSLVERARNKLOFEHRZBEELTLS.

(SHFE A ] BZREIZCIEBI, B2, BIDYTAALATHHDIN, B1HELV
BIZBAKD=ZRABEEITHLATHWVWEZD, B2ZTRAKDOKERBEZ L LITK
EOD—FTYUIDIIZCEKYFBRILE CAoD&EYTE2A TEEERBEES
Z (noradrenaline, adrenaline, isoproterenol) & &K UHEHZE (propranolol,
pin, pindolol) ¢DEEEXRZET) VYL, 3I0KTOns DO FHHEL I 2
L—>3 v %ok, ChAbDYIalb—2a3aryTORFTYy T3y bEHE
L, 23 AV IEENBRERICLIETFTREHENS, 73542 FHEHE
BEERIRXILE—AE ,ZKRDT-.

CED! SREROT7I/BEELEVACFOBEEERAIRILYF—ICHET S
AE,ZBHLI-ECH, B1, 82 BIZEHRDENTH ASP138, ASP113, ASP117
CEVWT,. WFThoYAUFELBVSIAMBBEERASNAONT-. F1, B 1,
B2, BIZHEAERDENFH SER232, SER207, SER212 IZ2H W TIE, EHE L 5]
TG HEERAAOA-DICH L, ERELOMEEREIAONG N -1,
THIT, CNSDSEREY AU EFDAEJIZCIEEC, EDRIEAAHNT=. LIzH
DT BRZBKRDELREEMMEERABTELIE. TN ENREHMD ASP & SERH Y,

INLCEEERBELLEEMTHE I LZHLMNITL .

[1] V. Cherezov, et al/., Science 318 (2007) 1258.
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Nuclear quantum effect on the hydrogen-bonded structure of nucleobase pairs
under the surrounding environment with path integral method
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Fig.1 Structure and atomic labeling

of Watson-Crick type base pairs
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Fig.2 One-dimensional distribution of (a) SH1, (b) JdH2 and (c) JH3 on G-C pair at 300 K, respectively
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[1]J. Sutor, Nature 195, 68-69 (1962) [2]J. Watson and H. C. Crick, Nature 171, 737-738 (1953) [3]S. Urashima, et al. J.
Phys. Chem. A. 114, 11231-11237 (2010) [4]J. Sponer, et al. J. Am. Chem. Soc. 126, 10142-10151 (2004) [5]K. Yagi, et al.
Chem. Phys. Chem. 10, 1442-1444 (2009) [6]K. Suzuki, et al. J. Chem. Phys. 132, 114108 (2010) [7]M. Daido, et al. Theor.
Chem. Acc. 130, 385-391 (2012) [8]M. Korth, J. Chem. Theory Comput. 6, 3808-3816 (2010) [9]J. P. Ceron-Carrasco, et al. J.
Phys. Chem. A. 118, 10549-10556 (2009) [10]A. R. Srinivasan, et al. Biophys. Rev. 1, 13-20 (2009)
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FMO calculations with ABINIT-MP(X) on the K computer
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A¥ETIR, HoORBEAABEO N7 4 7P (192 7 —F 71536 a7, 1KH) Tfr> 77
A P EORERICOWTHRE 21T,
(R e %) 2 2 TiraZMv FMO4 S OEITRERZ N T 2, 7 & FEFEICIZERE 15A
THAE S Y7 droplet HIEDK 7 7 2% (378 418) Z w7z (K1), 72 MP2 L XL OEE
% HEEBIEL 6-31G & 6-31GFFIZD VATV, 77 v F MPLIC X 5%, 77 7 X F LI
BMOMCarHr 1L L, 22T, 2NZNHEEEBOED 5434 BL K 10450 THH . 7
MBI DB X 282 A ME2FR L T, MEOHED 2 f5oRicx LT, FHER
b 25 E, ZIFMIBICA T =L LT0B 25 (£1), £, WK T SCF O Jh
MP2 kDb aRXAMBEVIEDBRTENS, ZDMDIEHEF R NA 7V v I & % FZfT
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3 1: FMO4-MP2 1R OEHAIFERE Y A7V A MK

6-31G 6-31G** Task list (NFCrmers)
Monomer SCF 60.5 85.1 418 (418)
Monomer MP2 3.3 3.3
Dimer SCF 13.4 19.3 5219 (87153)
Dimer MP2 11.5 114
Trimer SCF 65.1 123.3 21180 (12085216)
Trimer MP2 30.2 64.8
Tetramer SCF 216.4 463.1 40811  (1253841160)
Tetramer MP2 117.3 340.9
FMO (Total) 600.9 1301.0

(&) AFRITEREFEW RISS 7uy 227 FPoXEOD E TN TW S,

(%3] [1] K. Kitaura, et al., Chem.
Phys. Lett., 312 (1999) 319. [2] T.
Nakano, et al., Chem. Phys. Lett. 351
(2002) 475. [3] Y. Mochizuki, et al.,
Chem. Phys. Lett. 457 (2008) 396.
[4] Y. Mochizuki, et al., Chem. Phys.
Lett. 493 (2010) 346. [5] T. Nakano, et
al., Chem. Phys. Lett. 523 (2012) 128.
[6] Y. Komeiji, et al., InTech Open Ac-
cess Review Journal (http://bit.ly/
HkefpI).
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CH/r interaction analysis
for binding affinity between Grb2 SH2 domain and inhibitor
based on FMO4 method and new fragmentation scheme
(Univ. Tokay IIS!, Mizuho-IR2, NIHS3, Rikkyo Univ.4, IMC5, CHPI Institute®)

Chiduru Watanabe!, Kaori Fukuzawa?® 2, Tatsuya Nakano®3, Yuji Mochizuki?l ¢4,

Yoji Umezawa®, Motohiro Nishio ¢

[E] Growth receptor binding protein 2 (Grb2)® Src Homology 2 (SH2) K 4 4 U ld. BE
RFZBEROFOL ) VBAL SNBSS T2 NIV ETHDH. TOREFITHS
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Theoretical study of the mechanism of NO reduction

in bacterial nitric oxide reductase cNOR and gNOR

(Fukui Institute for Fundamental Chemistry Kyoto University®, Emory University?)

Miho Hatanaka®, Erika Abe', Keiji Morokuma®?
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Evaluation of acceleration method of interaction
calculation in molecular dynamics calculation

(Kanazawa Univ.) Tsuhito Yoshida, Hiroaki Saito, Kazutomo Kawaguchi, Hidemi Nagao
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Quantum chemical study on the dipole moments
of L- and D-amino acid residues in a-helix

(QuLiS and Graduate School of Science, Hiroshima University) Shunsuke Mieda,
Misako Aida

(5] 2V v 2B 7 BO aREFAT LAY 2=y 7 HLTH LD, LIk
BXODEEZLY 5% (112 Serine ® LB LD (k%2R L7-)., HARICIELE
THIRFETOT I VBIILIEE DR, Eo ‘

L 5 AL D T2 12 LAZSEERLIC 72 % O gy on

NI, TNETHLIZESNTWRY, Fex it

VIBTORIZE T, Z o 7 BRI ET DT 2/ J

PR DO E— A FEFHE L, <DL J ¥
—7 2 BRI OBR T E— A N D—7 2

J BEFRFE DGR AF— A > MTHE_NKREWNWT & L- serine D- serine
ERNE LR, bbb, EFE—A 2 ko A
KEZOENN, LIKOBNIEDO—K E 7o =2m[ieEn H 5, LIKE D AR TIXISEH]
BEOHD FRNELe->TEY (K1), M E— AL FORZZDEWIZOED
ThdHLEEZT, PRFT— AL NOBEOMABEH OB LD 20 2 2 FRT 7
DIZ, T2 BRFRFE OG- — A > b % E8HE &SI 0BT 5 HiEEIRET 5,

[FHEL - M J71E) 7 2 Wik M- — A o b Z i & JEIEDOFEORFN T
KT, BHETE—A L FOFEITHN D FFEA L, MP2/6-311G** L~/ TitH
L. Natural Population Analysis Z TRk 7z, FAEFK2ITRLIZL I, o
[RFE DT & 2 DI EIT D FIELRET D,

,j
Hh.z: 113, i l:q H2y Hi.. residhic main sidde
Cse \ Gl ™ = D Gr=Y G+ Y qer
C, C,, + A : i _- k
H3ye H, H3y, “  j=H N,C,.C O
C C H,
: :{] k=H, C . Cyp Hl . H2,, H3,,
amino acid residue  mainchain  side chain ¥ Fe, = Tey o= ey, ey

X 2



7 X BRI DR A & I &SI 0T D, F DIRFIC TS & ARIEHE A HL
FZ BT DO TIE AL, BT EMOBINET TENENO0IC/2D LI afRFED
JRF AT Qea X Qeal B L qeoz ITHHFNIT D, 2B, HFILTZ o IREFEDOJHFEMAIT, W
TG aRBOMME (re)IZELS, TDL DI, EHE O -ERORFI L ST
DR A-EAFORFIBNT LG 0 &35 2 LT, BWRT-E— A > N OFHREHIF S OAL
BEBET HMENRL 0D, BB UTZRAEN & ENEND A DR Z VTR
MRE— A NORREEZIT o712,

312 alanine Zf1 & LT, BRI EI FiEE T, £9. alanine O & fmf
ZIET S (M3(), WIZ, aRFEORFEMESFIL (K3D), HEILIC ok
F DR BT & HNTHEBOIBFE— A MEFHERT S (K3(0)

[F5 5 & %%%] X 3 (0)lZ L-alanine & D-alanine O ¥+ — A > &3, LIED
PHRF-F— A FDIE D D DIEORIGFE— A LD H5 0.28Debye KE Vv,
A — A2 b B E IS IC B L2 2 A, EHEHIBOIURT-E—A L DK
XTI LALDERBITITE LWELNDN- T, —J5, D Y il )7 [\ 0 BUG+E —
A2 MI LKA 0.198 Debye. D {78 —0.145 Debye ToH V. Z L5 O BHA+F — A
Y RDENERE LTOMMBE—A L FOENEEL IES, 72, valine (2o
THFEERIZHIGR -E— A > NOZEIZIT > TofE R, EHEE OG- — A > M
alanine DA L IFIEFR CETH L Z E¥bnoT-, T7b b, FHOMGAET— A
Y MIFRI U ZREEE & > TWDHIRY , IHOFEEIZ DL TIZER U TH Y |
MR KO 2 BRRIEORIEIC X DE WL, AIEICE AL DTH S,

(a ) L D
c 0.671 0.670 Y
0 -0.596 -0.595
T Calpha -0.073  -0.241 -0076  -0.238
N -0.643 -0.640 Z
H 0.399 0403 X

Halpha 0.197 0.199
C -0.555 -0.555
I £5 H 0.206 0.241 0.203 0.238
H 0.195 0.205
H 0.198 0.188
gl
g
(b) L D (C) L-Alanine D-Alanine
C 0.671 0.670
0 -0596  -0595 L X y z total
I8 Calphal  0.169 0.163 Bl 1.115 3.705 1.727 4.237
N -0.643  -0.640 4% -0869 0.198 1.145 1.451
H 0.399 0.403 0.246 3.903 2.872 4.852
Calpha2 -0.241 -0.238 D X Y z total
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Accuracy-Recording Quantum-Chemical Calculations

(Hokkaido University of Education, Kushiro Campus)
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Theoretical investigation on the electronic structures and excitation energies of
MPc and M(Pc), (M = Sn and Pb)

(Yamaguchi Univ.', Kumamoto Univ.>, Yokohama City Univ.’)

Michinori Sumimoto', Teruyuki Honda?, Yukio Kawashima®, Kenji Hori', Hitoshi F ujimoto2

(7] <; 3 f 7
7Y T = UPOEIL, TR T 4T e EEEDREIT { \N NN\\
M N

WA ZEMNBAERROET NV E LTHER S, £72. (BFER, BWich

N /)
RETHD L LIREMERE LTH LR ShTEr, “hE iy N
T, AR T7Ar YT or E LTSN ARILEMNER S TRy, N

DB EEADLZLIZLY, TOWENET LI ENmbNTND,

W, BT 20U T = RS E L TR Y | Dy D4 TRFE %R Scheme 1.

S TW5 (Scheme 1), LALLM L, PeEROFLIZAD EHRNE *W‘
VIRA T LD RKEVPD 0 Sn DENLL7ZSE, NFI oo )

PRO LS v b oy 7 BEEIC /RS 2 L B BATND ’ "

(Scheme 2), SnPc & TN PbPc TlE, 0 FAEEDELCNDITH b *ﬁ |
BFRILAAY MUV BR RS, 20 & 5 RBHEOE NS ‘;rf’
VT R R SR TU R0, h
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Scheme 2.
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L e = %L X —F5RI21E Time-dependent DFT (TDDFT) #£% HWCEH L 7=, TDDFT Tl
MO06, B3LYP, BPW91, BHandHLYP DULEIE A Vo, SR DR (b Qb = % 1% —
HEICIT, BmEOBIZE 1 TR RENE DT M06 LEIE & 1 U 7-, M AGE L M OVBhiEe =
FVF—FEIZIE, Sn KOV Pb (2 LanL2DZ(d,p). C, N, H (Z 6-311G(d)D FEJE B S % 7=,
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Figure 1. Excited states of SnPc obtained by the
TDDFT method.
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Figure 2. Optimized geometries of two type SnPc dimers.
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Mean-field second-order Moller-Plesset
perturbation theory

Tran Nguyen Lan' and Takeshi Yanai':?
! The Graduate University for Advanced Studies
2 Institute for Molecular Science

We use the canonical transformation to include the dynamic correlation effect at the
MP2 level on the molecular Hamiltonian under the one-particle (mean-field)
formalism. The cumulant decomposition plays the key role to do this purpose. By this
way, we will obtain a new correlated Hamiltonian. Therefore, the wave function and
eigenvalues after relaxation due to correlation field can be obtained by resolving the
Schrodinger equation with this new Hamiltonian. Several tests have been done to show
advantages of our theory.
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Theoretical study in decomposition of electrolyte on Li ion battery
(Osaka Prefecture Univ',RIMED?) Koji Sakurai', Toshio Asada'?, Shiro Koseki'?
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UF U LA EHIIMOBICHANEAE, SEET, #SBHFEGES/ — MYy arind
DEAHERIIASHWLNTEY, ARICERY F U LAEZ G- OEMIKE LTI ETa K
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carbonate (PC) 1 FE#h D FE & P IEMATIT T bk FE & 3 4E L Cbmic s ns Z &
DME SN TEY, BROERAHILO—KE 72> TN D,

2T, AW TCIEE b FEE & ISR R A AA oE 72 quantum mechanical/molecular
mechanical (QM/MM) molecular dynamics (MD) +' I = L —3 3 > Z47\ . PC D43 St D
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PCHTFAL TV HN 10 TOEDIZEEEE LT 670 fHoF % PC 451 & EfRE LiPF670 {#
FEE L2 O HEARE L E L, PHifEEZ 5 nsHOETE MM MD v 2l —va V%
FAWTHER L. BOMER O bIZ i QMIMM ¥R 2 L—3 3 U &1T-> 72, QM FEIIZ I
M06-2X/6-311G(d) %% . MM fEIIZIL Amber 99 /1% M=, £7-. HHT 3%/ X — L
T ORI DI 21X Free Energy Gradient (FEG) ¥ ' & Nudged Elastic Band (NEB) V£
AL G T~ FEG-NEB 1EZ M \Wi-, FEG £ TIiT OM fEI o B i — %L ¥ — A E
0A(rqm)/ Orqm £ QM JRF-IZ BT % =K L ¥ — A 0E(rqm, rmm)/ 0rgm @ MM FEIRD T >
T T NN S RKUHE > THETDHZ LN TE 5,

aA(rQM) _ aE(rQM, rMM)
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arQM
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2B, MD ¥ = L—3 3 |21 Amber-gaussian interface® % U /-,
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PC 45+ DR T 2T /5% & LT, T TISHE R PC AR 2 QM/IMM o 2
2= a0V EONT-HHT RV X —H EOSMRKCREE T L CE - (X3), £
DFER . WIHAEIZ L 0 TSL "D U FERED 11.6 keal/mol & EZZrh il 16.7 keal/mol &
TR VIEL B fER & e o 1m0 ZAUIRISEDHEITIZED TS (BT THF DO MR F-E— A > b
NREL YD, WENLDORENERSZITHZ EICERNL TS Z EEZHLNE LT,

— 7. ORGSR O EME I ZH kT D PR S E RS 2 AIHEMEIZ W CTUTAE RS
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BHERB IO PC EAFICHBIT 71 b ARSI B VX —2b 2R 1 IR
T M7 e N ACEINZ E 0 AT D = AL PC A T 8.6 keal/mol H HI=R/L¥
—NEEAT D, FETARK LTz =0 FHMRBE L 7-M1E O 3 B = % /L ¥ —|3—21.8 kcal/mol &
R0, BEDOIZODPHEZRALX—ICHRTHDZ ERHENE o7z, 2T FED
MAERPHS R8I b= LEHZ AL —RNELS 250t LE
bbb,

U EDRERZ & &2 =5F (PC(-H"), HF, PFs ) 23EEfE L 72 &7 T D\ TEMIR 5 R
AT L. A7 PC IR ORGSR & Helgrst L 7o, FEMITY H R T 5,

PC + LBt L7271 | >

i7" 1 N A DR D =45 F A

£1 BT R AR R BRI E L —

RIE# (PC* + PFy) HERIPC(-H") + HF + PF)
=HFEEK fREtIEE
BZ 0.0 -106.6 -115.5
PC At rh 0.0 -8.6 -21.8

(kcal/mol)
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Theoretical investigation of the B value of the phenylene and

phenylene ethynylene units by evaluating exchange
Interaction between organic radicals

(Kyoto Univ.) Shohei Nishizawa, Jun-ya Hasegawa, Kenji Matsuda
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Theoretical analysis of self-assembled gear-shaped amphiphile molecules

(Yokohama city univ.}, Univ. of Tokyo®, AIST Institute®)
Takako Mashiko’, Kenta Yamada®, Shuichi Hiraoka?, Umpei Nagashima®, Masanori Tachikawa®
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Constrained DFT Calculation on Triplet Electron Transfer Process of PPV
(Univ. of Tsukuba) AIKAWA Koharu, TOMOTSU Norio, MORIHASHI Kenji

(]
Cao HIIHBE EL #ED—>TH D poly(para-phenylenevinylene) (X 1)DF5E(RD
electroluminescence(EL) & photoluminescence(PL) &=
Dkt QE(EL)/QE(PL) 73 50% & 725 Z L& Lz, Zhic

5L, Shuai & 1R EHTETRRODBLALD & B A1T > 727, Tox /
122 DBR % BT EBR O ER OB LT S "
LA HEEL L, PPV O —HIAE FBEIhEE OB & X 1: PPV
Constrained DFT* % iV T1T - 7-.

[GtExIR]
PPV IRV ~v—7DTETINRELT O
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trans-stilbene (2O W T Z N LA DEFIZOWT H T 5720, NI —0FIizo0n
TEMEFEICE > T - THa o< VEHRZITo72. ZDI1E)>, dimethyl-OPV3 (2
DNWTIES T OfE RGN D& 2 FFollm Ak EH L, I8/ v — % 130
EA = —IZOWTEE AT T-.
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FATRLEIZOWTIZLL T OR 1 D &9 ik E o7z,

R 1 PITRBOKF AT A =X

H AG® (kJ/mol) A (kJ/mol) H,;, (kJ/mol) ket (/5)
trans-stilbene —228.2 31.59 -19.33  3.078x107"
OPV3 -162.7 25.15 -19.40  1.561x10"®
dimethyl-OPV3 —399.6 253.4 —22.38 1.125x 10"

trans-stilbene, OPV3 Tl EMMIETH IZ/N S WD, dimethyl-OPV3 [XZ 4 51T~
MR KREL o> TWA. £72, trans-stilbene, OPV3 O DO TL#4 5 & OPV3 DIZ
IMWI0NFEEBREL ootz

F 7=, EYEEEICH - TEVT « T30 % DT 72 trans-stilbene 139 T OfE R CTIEATHELE
UTOREERE 2ol ZOHFTOMMP T, BEDOHDEA 30°, 457, 60° T 7
L& A5DIBAG EADED/NES RV MEFEBDBRELS 2D EVIFERER T
F7, 45 ORI Z DT E T FOMERMICTNEZ ST T-%E, AGIITIARE
SRDIEENESLBRDBMIIEE AL EEBL UienoTz. T2 45O Z ST - EToy
TR C S 7= 2 ME ST RO TNENES TG, IEST HIFEAGIIRE L 2V AULIZ
EAEEL Lo T,

FEEEAE IS 11D CTEHE L7z dimethyl-OPV3 OFERIILITDFE 2 0 X H i/ -7=. TI,
T2 136 BEE R ORIDE DO/ F —2 Th D,

R 2 KEBEDERTOENNTA—F

H AG® (kJ/mol) A (kJ/mol) H,;, (kJ/mol) ket (/5)
T1 —81.74 24.05 25.03 1.968 X 10°
T2 —331.4 26.08 -11.20 1.225x10™
Parallel —399.6 253.4 —22.38 1.125x 10"

Tl A ~— LRI OFATEE Tl e bICHEEENTTWELER, TI XA ~—7TlF
AG/NE L, ATERE TIIAD K E W OICHEER N AKX o T 5.

''Y. Cao et al., Nature 397, 414 (1999)
* 7. Shuai et al., Phys. Rev. Lett. 84, 131 (2000)
> Q. Wu and T. Van Voorhis, Phys. Rev. 4 72, 024502 (2005)
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Vibrational Spectroscopies of Aqueous Alkali Halide Solutions
in MD Simulation

(Kyoto Univ. Science) Hironobu Ito, Yoshitaka Tanimura
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[1] I. A. Heisler, K. Mazur, S. R. Meech, J. Phys. Chem. B 115, 1863 (2011).

[2] T. Hasegawa, Y. Tanimura, J. Phys. Chem. B 115, 5545 (2011).

[3] P. Debye and E. Hiickel, Phys. Z. 24, 185 (1923).

[4] R. Vuilleumier et al, J. Chem. Phys. 136, 114507 (2012).

[5] J. Applequist, J. R. Carl, K.-K. Fung, J Am. Chem. Soc. 94, 2952 (1972).
[6] B.T. Thole, Chem. Phys. 59, 341 (1981).
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Electron correlation effects in photoelectron angular distributions
(Kyoto Univ.!, CREST JST?, RIKEN?) Y.-I. Suzuki"*?, T. Suzuki"*?
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FEo3 AT (A)E A BB LIS G OJLEF A 554, © =110°, PKE=0.1 eV,

1 5% 1X, T. Weber, H. Giessen, M. Weckenbrock, G. Urbasch, A. Staudte, L. Spielberger, O. Jagutzki,
V. Mergel, M. Vollmer, and R. Dorner, Nature 405, 658 (2000).

2 T. Horio, T. Fuji, Y.-I. Suzuki, and T. Suzuki, J. Am. Chem. Soc. 131, 10392 (2009).

3 Y.-1. Suzuki, T. Fuji, T. Horio, and T. Suzuki, J. Chem. Phys. 132, 174302 (2010).
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ra7 N E CASSCH) TR LT, EFRIRIED— 5 7-#liE (i, 2 EHELE(CMSXo) TRIR L7z, #IR
REDWENBIELIX, e OFEE K RFME LI DO TER LT, 0 ST E IR B g S LTz,
5 51z 1X, R. J. Smith, J. Anderson, and G. J. Lapeyre, Phys. Rev. Lett. 37, 1081 (1976).
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Theoretical study on the absorption/fluorescence properties for
the mutants of green fluorescent protein, CFP and GdFP

(Yokohama City Univ.!, Kitasato Univ.?) Marina Takahashi®, Jun Koseki>!, Yukiumi Kita®,

Yukio Kawashima', Masanori Tachikawa'
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Table 1: Absorption energies for CFP, (4-Me-Trp)CFP and GAFP. [eV]
CFP  (4-MeTrp)CFP GdFP

Gas phase Model I 3.31 3.24 2.73

Model I 3.10 3.06 2.84
In Protein Model II 3.14 3.13 2.90
Exptl. 2.74, 2.86 2.72,2.83 2.66

[1] O. Simomura, F. H. Johnson and Y. Saiga, J. Cell. Comp. Physiol., 59, 223 (1962) [2] R. Y. Tsien, Annu.
Rev. Biochem., 67, 509 (1998) [3] J. H. Bae, M. Rubini, G. Jung, G. Wiegand, M. H.J. Seifert, M. K. Azim, J.
Kim, A. Zumbusch, T. A. Holak, L. Moroder, R. Huber and N. Budisa, J. Mol. Biol., 328, 1071 (2003) [4] Noam
Agmon, Biophys. J., 88, 2452 (2005) [5] I. Demachy, J. Ridard, H. L. Pasquier, E. Durnerin, G. Vallverdu, P.
Archirel and B Lévy, J. Phys. Chem. B, 109, 24121 (2005)
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Development of a computational method of
dissociative electron attachment cross sections for
polyatomic molecules in full dimensionality

(Saitama Univ.) Yuji Sugioka , Toshiyuki Takayanagi
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2] D. S. Beli¢, M. Landau, R. I. Hall, J. Phys. B 14 (1981) 175.
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Development of quantum-chemistry cal culation based on the divide-and-conquer method

without common Fermi level
(Advanced Science and Engineering, Waseda Univ.", RISE, Waseda Univ.?, CREST, JST Agency®)
Takeshi Yoshikawa!, Hiromi Nakai* >3
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| e T L S YENLEN OURE |+ End Loop |

1 Loop subsystem o ittt

- BT UEREE VT DY TR R RS D !

vEndlooo . '

— - DEATHE W CRko DTSR R D B
CTERAX - BTEEZEOT AT 4 2RO D
Fig. 1. Scheme of DC-SCF and DC-nofermi method
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H7-IZBA%E L7z DC-nofermi % T, 7 v {b/KFE(FH)20 ERDFHE 21T 7=, DCIEIC
KR ETIHEBRIIFH I b=y FE L Ny T 7idkiF42=> N LTz,
Table 1121, Hx RREEBEEICHT D2 xR L —L | §EkiEE DCIEE DT RLF—FiE
LTz, DCikL DC-nofermi VED EHH DA TH, 6-311++G* ZRITITZE D= R/ F —
7213 0.3 mhartree LA EFEITHEIE L<HEAETH Z LIgB Lz, 70, @% DCIEIZB W
THRBBIEE RV SHA, 0727 o VI TICUEN S FET D70, 7
WAL ERODZENNEEL 72D, TOME, WUNZT7 2 VI ERETHZ ENTE TR
ENREL RAEBNH D, —I7T. DC-nofermi 75 TlIHE —HI72 7 = /L I YN 2R ET D 4
FR7pWed, BEODCIEL Y BREICHET DI ENEEL D,

Table 1. Basis-set dependence of the total energies for (FH),o

Basis-set DC-nofermi-HF (diff.) DC-HF (diff.) Conv.
[hartree] [mhartree] [hartree] [mhartree] [hartree]
6-31G -1999.974958 (+0.001) -1999.974958 (+0.001) -1999.974959
6-31G** -2000.487735 (+0.000) -2000.487735 (+0.000) -2000.487735
6-31++G** -2000.667559 (+0.069) -2000.667427 (+0.201) -2000.667627
6-311G -2000.715097 (+0.167) Not conv. - -2000.715264
6-311G** -2001.152997 (+0.115) -2001.153126 (-0.015) -2001.153111
6-311++G** -2001.241676 (-1.567) -2001.242648 (-2.540) -2001.240108

KIZ, Hene. (H2)ioo0w (FH)20 & (HoO)1os 1 ZKFF 5 R /L — L GHREEMIZ DUV T Tabel 2
& Table 31279, AERIEIE 6-31G £ 95, DCIEIZ L AFHE TIX., #0R1TL LRF/51 &
L. Ny 7713 5AL L7z, EONTHEARIIBONTHLZOT 2L F—i7%1T 1.5 mhartree LA
TENSLKIEREERFERS BT 52 LTk Lz, £72. DC-nofermi iEZ2HW\5 Z L
Ko THRD DCIELY b I HITEEICEHFET L Z LgkP Lz, 202 &5, DC-nofermi
EEHWSZ LICE T, HTFEARICIOWVWTIE, KD DC DFEEEZRE R H Z L7
SIMOERICEHENARETH D Z ENbh o7z, YHIZ, ERSFHBAVIRL > 1=0FHEE
FOBPD FNCONWTHHRET L TFETH D,

Table 2. Totd energles of Hem;, (H2)10001 (FH)20 and (H20)125

DC-nofermi-HF (diff.) DC-HF (diff.) Conv.
[hartree] [mhartree] [hartree] [mhartreg] [hartree]
Hexs -616.714914 (0.000) -616.714914 (0.000) -616.714914
(H2)1000 -1125.423726 (-0.241) -1125.423652 (-0.315) -1125.423967
(FH) 2 -1999.974958 (+0.001) -1999.974958 (+0.001) -1999.974959
(H20)125 -9364.889363 (-1.442) -9364.889432 (-1.311) -9364.888131
Table 3. CPU time and SCF iteration of Heys, (Ha)1000, (FH)20 and (H20) 105
DC-nofermi-HF DC-HF Conv.
cPU .t' M€ iteration CPU .t' M€ iteration CPU .t' M€ iteration
[min] [min] [min]
Hesie 0.6 3 0.6 3 0.6 3
(H2)1000 112.9 4 128.0 4 149.4 4
(FH)2 0.1 9 0.2 10 0.2 10
(H20)125 26.5 11 44.5 18 288.5 23

[1] K. Kitaura, E. Ikeo, T. Asada, T. Nakano, and M. Uebayashi, Chem. Phys. Lett. 313, 701 (1999).
[2] A. Imamura, Y. Aoki, and K. Maekawa, J. Chem. Phys. 95, 5419 (1001).
[3] W. Yang, Phys. Rev. Lett. 66, 1438 (1991).
[4] M. Kaobayashi and H. Nakai, in Linear-Scaling Techniques in Computational Chemistry and

Physics: Methods and Applications (2011, Springer), pp. 97-127.
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P72 K % Coupled Perturbed J5 2 2o fig i
(KA, ASIFRAF2) OTHES e, B #A % gk g’

[iIzt®ic]

KM AR TR OBUEfRE & U CTEN ORI 26 T 7% 2 9)8R1% % . Coupled Perturbed (CP) SRR DfiF{EIC
WA L7z, AL, CP FRAOMIEIZE N T HENIZIHMEEZ R L, /N EWF1220 Tl Pople 74 & A% 72
PEREZ R LTc, D F DOV A ZANRKELRDICONT, IWHREZEE TDORAT v 7EMEZ 575, Pople & R,
H LI RE G 2T, 5P A ABKERFRTIE, BAEVREOREN G | RIS W TRGIENR
BRI L 72D ATREMED R STz,

[5ik]
GIAO JEIZED < JRFHLBIZBI ¥ 2 CPHF feid, HAWUE & ZHuE~DGERILL LT,

cH(FL0 g, 810

€Ex—€L

PO = —ZPOSAOPO 4 2 ygec ypac x (exef —e,cf) )
LEREND[], =2 Tt POIZNZ 1 Hartree-Fock (HF) 52 & 7= LCAO 1% & EFBEITHITH 5, £
7o, PO FLO) OLO) 3 2 PN AMERRGSRIC BT % 1 R OIEE % EITSI, fEE) Fock 17513 L OMEHE 2R VT4 T
H%b, CPHF R ZMNTPOOEZES, FOOZPOOKEL TRY, TORMETXTRET S L. CPHF )7
BRIIPO0 & Rtk &+ oI R E 2 Y |

Hu= b @)

ERED, T TUEPOODEREW STy ML LTRBLIZ D Th D, HIMTHEREAEIE LD 4 Tl
B A== hY 7 ATHY, BEXQITHEDIELFHETHIND,

YRR L 2 EOFIEIIRO X 51275 (2],

(1) PHHEU % 52 5,

(2) FEFErMm =b-HU"Z KD 5,

(3)  H =rm%, WNEY LK B E/NEALO K TEET Y™ 5 KD 5,

1) AFEIEIC X 20 6™ = P + T, ™ O ER/ MESR e, 1= 1,2, L) &

HET 2,

5B) PO LH LWV ERU™ T = U™ + ¢ RS D,

@QMHGE)DTFNEAM YIRS Z Lick Y, EEEZED SETWL, ZoEEYRES CP HREA~EHAT2ICH
720 AEFZECIEE@)ICBW TR EREEEZ RO 2 b v ic,

Y = (1 —H)p™ 14 U™ (3)

L7,

[EBRAE R B L OB

FEYIRE & Pople JE[B]ICOVN T, Hartree-Fock 752K % GIAO #:I2#-3< NMR kT v Y VEHE THWS
CPHF A0k v iR URIE[A] ORGSR 21T o 7=, FRZEVIBRETIIL =54 L = 100 2 FEOM O R E2 7
LTz, W=, Biflizeid v iR UEHE CF\ 72 simple damping k6 —#33E1T L7z, 72 N7 & LTKD T
EBHKoT. XTTF MHE AW, 27T NEILEEGEWEREE O putative acylphosphatase D&R D 87 KN |
32~37T FRIL B & 6 FRIET' T N, 1~28 kKL H & 28 AT TF FHE L TENENGI Y N L 7o 2 531 H)



WG 2 Rk U7, BRECBE%RIT 28 AT T REHITIL 6-31G &, ZNLIS D4y T12iF 6-31G*% V72, LATIZ 6
BT T N E 28 BT T R TORRETT,

FEFEGIBRIE DL ARIEREAS Pople 52 BEFIC Blal> T\ 5, ZAUE, Pople I5 T, M0 iR L7 FLEA DM
BRIGIERPIED T | EAALOREERTTIT, PORBMER L7727 Th 5, Fio, 6 ALV b0F A4 ABRKRE
W 28RO AT, ZORMBITL D BEFICRNATEY . ZODEEARERIR/NDIKE /L LT —HI L REL
o TW5,

Pople —+—
RC (L=5) —s—
0 RC (L=10) —s— |

7 simple damping —s—

threthold ——

Logl0 of residual norm

0 F

12 |

14 L L L . L
0 5 10 15 20 25 30
Iteration step

1. 6FRFET T FEHEHEIZE T 5. Pople %, #%2EUIERIE(L=5, L=10). simple damping 75D % FikIZ L 55%%E
J v B OWHGRFR, (0 IR LA T T (B3t 2 5% 7 7 /L A0 10 O (fichl) 2 =37, A R0 7-H,

Pople ——
RC (L=5) ——
0 RC (L=10) —*—
threthold ——

Log10 of residual norm

10 |

12 |

14 . . . . .
0 5 10 15 20 25 30
Iteration step

X 2. 28 FIEA~TF NEHFFEICEIT S, Pople 15, FEZEUIBRIE(L=5, L=10)D & FIEIZ X D572 7 Vv AOIHIERE,
Xy 7va Kl EREEETH D, ARITS %,

AFEE (A ) _NR—=va VBB I 2L —a Y7 by T OMERRE] (L iThbhni, sEICE. JBR
KEERIAE Y o F —DFERZ ¥ TIHEV =,

BEIHR

[1] M. A. Freitag, B. Hillman and A. Agrawal, J. Chem. Phys., 120, 1197, 2004.

[2] A. Tamura, K. Kikuchi and T. Takahashi, J. Comp. Phys., 137, 247, 1997.

[3] Pople, Raghavachari, Schlegel and Binkley, Int. J. Quantum Chem. Symp., 13, 225, 1979
[4] R. Ditchfield, Mol. Phys., 27, 789, 1974.
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AL—a—175XEEAL-EFE THILOE:

F12 3 ZEDMAEDEICLIERETE
(HERVATLIEHR) OKIE Hig, XiE HF—H
High-accuracy calculations by a hybrid F12 and determinantal-based
quantum Monte Carlo method

(Kobe Univ.) Yuhki Ohtsuka and Seiichiro Ten-no

[FF] fEtcer T haalk(Taey=s2e7 1 a(PMC)E) 1L, mE I FIE%)
ROEFWEERTHDH, A—/X—a B a—X—TOEIZH L WA, I8, ITEHZ5E
DTS, ZOHFETIE, EHITR L TS, WEIBE DSOS M ZE B 8T 57280
12X, HOENUO RSN T EIEIE (T ARBIED) OIS FIHEDL0, ZOREREL
T, FHRRS BE A S 7e AR BB IR <K AF T D VO D AL D,

oz X, PMC ED T AR BEHURAFYEA [FIEES 572012, B2k 1 CliZe< AL —4
—1TFI(SD) AV TET HEEIRELTZ(PMC-SD #£)[1,2], AL —#—17% L~ T
RS5O SR FE DS B BRI 7285 D T, TARBIEUIARLE LD, 2D HEETIE,
FUull-Cl fi# 2 3r Ll CE D728 | 1 B iR EBEAF O F1E TIT B R 2 R ITH e H 23 ]
BECHHEEZTND, LN, JERCES T vk Tk, MRIRE L CTEE R s fig )3
BHNDHDIZXHL T, PMC-SD EDFE X, AL —2— 1T E AT D7D HWb T
FEREITIRAEL CLED, 4FE, KK OBV T 572012, B O
B2 RS & D 5 1 (F12 5 LKL, R12 IEEFEENLD[3,4]) MAGHIZFEL T\ D
23, AWFFED B H)IE, PMC-SD 1£& F12 (EZ A DEDLZ LTI, R RESO ELE R
BEMRAL ol —T 10— RO E LA RO HZ L THH(PMC-SD-F12 i£&
FE53),

[#iR] PMC-SD AT, BERFA] 7 1T DI BBEEIT, AL —5 — 1751 (FE 1AL E)
D) & 1) THDTA—I—DfEHn, (1) NDZEIZE - T F DI ERS D,

Y omcso (7) =;in| (o)|1)= ZI:CI (o)|1)

3 (n ()
o, AL— s — (A OB 4T T ¥ — L F ORI TR,
%%@Eﬁ||>7jxg|\]>’\@%%%$ <I|(1_ATH)|J>
B T 2B B R — Epecn ()= [ Frucso (7))

CO(T)
ZZT, |0) ITi, i Hartree-Fock Fd 412 55,



PMC-SD-F12 15Tl BEREROE VX —2 3 H T 5L, BHEDONILI=T
H ORI, F12 JEIZE > THEZE LS LT VR=T 2> H' = exp(—R)H exp(R) Z 1 H 9
5, ZZTR ;U)LT@JZD LEFRIND,

2 Z<aﬂ| Q12R12||J> ai /5']

E,, |, unitary group generator“(%@ R, & f, 13 TNE Nam e E 22— & — 7l
/I\%/V*HF‘%I%%E‘%?O

(ep R} = 5] i) 5 P ).

1
f,= _;exp(_7r12)

AT, BOEALER 7Q, LT Ansatz 1 EFEIENDL DL, LVFEENEAL A —
R7¢ Modified Ansatz 2 @ 2 FEFEAfH AL 7=,

Ansatz 1 Q,=(1-R)(1-PR) (Pl = |€”p (1)><¢p (1)|)

Modified Ansatz 2 Q,, =(1-0,)(1-0,)-VV, (01=|¢i(1>( 1), v, =

2 (L) (. (1))

[#ERLE2] TABLE 112, PMC-SD & PMC-SD-F12 #:% Ne JFF(ZJ& AL 74 Ra R
7, PMC-SD-F12 {EIZL > TR SNZAHB = 1R/LF — %, PMC-SD JEDFE RIS HLJE
REELI kLTI R L 72, Modified Ansatz 2 Zff F L7-#5 1. Ansatz 1 D%E R L
T, SHITIHMED BV, A RO RS EE O W EHE (Modified Ansatz 2, aug cc-pCVvQZ)
1%, BUE, B E R O A 5.2 % CCSDT-R12 1%[5] (390.6(4) mEp) &, (FIERIU # 5
(390.6(9) mEn) NGO, FEER Y HiL, 7/VITUXAEHEOFEM, ﬁﬂO);ﬁf\@ﬁEﬂﬂﬁJ%
T HTETHD,

TABLE 1 PMC-SD #& PMC-SD-F12 t£i2&% Ne JRFDMEB=RALF— (in mEy)

aug-cc-pCVXZ
Method D T Q
CCSD(T) 256.5 344.9 372.0
PMC-SD 256.3(6) 344.6 (8) 372 (1)
PMC-SD-F12 (Ansatz1) 315.0(4) 365.3 (9) 382.0(9)
PMC-SD-F12 (Ansatz2) 381.6(7) 388 (1) 390.6(9)

1] Y. Ohtsuka and S. Nagase, Chem. Phys. Lett., 463, 431, (2008).

2] Y. Ohtsuka and S. Nagase, Chem. Phys. Lett., 485, 367, (2010).

3] S. Tenmno, Chem. Phys. Lett., 398, 56, (2004).

4] W. Klopper, F. R. Manby, S. Ten-no, and E. F. Valeev, Int. Rev. Phys.
Chem., 25 427-468 (2006).

[5] T. Shiozaki, M. Kamiya, S. Hirata, and E. F. Valeev, J. Chem. Phys., 130,

054101-1-10 (2009).
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FREEOLZ 37 B OGRS /)%« QM/MM 52 & 5 FEWTEL ab initio 20 FE) 1 %F
(BB KT LU R I st set o & —2) bR Y, M1, A EERIE 2

Photoexcitation dynamics of Green Fluorescent Protein : nonadiabatic ab initio MD
approach with QM/MM scheme

(Sophia University!, Fukui Institute for Fundamental Chemistry, Kyoto University?)
Yoshihiro Kita!, Shinkoh Nanbu?, Toshimasa IshidaZ2

[FF] #kfaast # o 737 B (Green fluorescence protein : GFP) 34U > 7 7 7 NTA 7 4
Uy EBEERERKL, pE Rax AU P UF oA IF4 Y Y URaH (K 1) B
B-N L VNI EN TV D RER T TH D, BMTHREEES XTI T D2 &
Hv—R—F R EE LTOIEADIIRF S, B Eikx e B~ AR S
TW5, L LR oitbkd Si7e GFP OFFERIZR BRI £ 72 STy, £
D—F, FBOHDOHEEE LG

RCIT R ST E R R & 7R D IEWT ﬁ
BB & 5 BB, T L A X .
FO7 I BICEIT 570 B L N="1
B (K1) BABxLITWD, o) T R,
LIRTOF 2 OBFFETIE, FfaH L

=N N g S i HO
e et _iwat2s S
Z. BN F R R 2 FATL H—Y _/
JEUTITER /5 R LT, AHT Heo g H 0‘—&
RTHROME Gls s T |\ Ry
B LA I FA I £ Y Ry
SV DT TR AE Y 1 F 3 Ser205 Glu222
7 A a5, M1 FEaMEEEOT I DT kU A T —

[#FH] QM/MM(ONIOM)*E

TR, FEWEN ab initio 3 TENIFEE AT, QMEIZIEL, BHICEDb L & T
MEhaBEEHE, KT 25, B 2056, 7V I U222 AT,
MM JB 2 I135% 0 O BNV AMEIEEZ RO T E2RAL, BT FiE O LT
CASSCF/MIDI & L 7=, 728, A EIF S 7 DA A (molecular embedding :
MEE)Z Wiz MM BOEBEHRICOWTIEEBICANTICEE 2 EIT L
72 o MM FHHEOE /71X Amber @ ff03 7135% 7=, Wigner 7246 ICHEV, SEINAL D%
A OE 7y O WIS & EE) &2 ELECCIRE LT, #EAL LR E W TS b7 o) g
s S EEE A AV, BREEA R R S, R Z A L AT v 2B 0T ERE ey
AHEAEFEM L, WEAKT v vy LR X =B EOER 2 RDT-, 5T, KTv
U VTR X — DR FZENE U256 1213 Zhu-Nakamura BGG 28 L 72 #iliig 7k
> 7 (TSH) JEIC LV FEMELER ZZE LT,



[#558 & # 2] Btk FH R AT 2722200 7V N —TRRL 70 B
B S T,

12HO N7 V=7 U —TIEEEH 588 fs £ TitH A D=, AT vy

—IZBA L TIE, Sz & S DM TR A AN ERR SN2, FERBER T & 771
WRBIZE EEoTW e, LIL Se & SIOWEET o vy A EEL L TV H T8, Se—Si
M OIEWEERS ORI R SN D, £z, 71 b BENCHE S O-H ZHBEBEZ S
TIE, IR 94 fs ICHZER R 7 e b UBEIN RO, 22T, 7u b roBENC
O-H G HRE (0.96A) 2BBIZLiz, L LEDKk, 35078 hUANITTONMEIZED .
ZOfHE TIRE 24 0 IR LT,

2OHD RV =7 MU —TIE, 265fs L CRIAEZED -, BTyl LF—|C
LTI R NI Y= MY —ERROFEBH LR LI, £/, 71 FBENIMES O-H
BHIBEEEO 2L Tlk, b 70 fs THEMR 7 r M UBEIN RO, £ DOHITDOAL
BEICROT, TOMITHERELZRDL2N LIRS ZEV IR L, —RNICT e B
(T2 (1000 fs) HALTHE Z 2 & STV, AEIXZED 10 550 1 ORHH CHgGR
% ek,

M EFEHOT I ) BOHBrEZERE LT, LRTOF 2 OBFFETIE 100 fs £ TIZIEWEGE
BRZ MR INLTWED, RIFECIEBR R CELEBN S RhoTz, BhE LTI
D DK LRI EOHFIENBEROIREN Z 15T T\ D=0, IEWBERBIFICAET D X H7eh
BEREARNBERO cistrans BMALITERT 2 L9 R0 FIREINEZ D IZ<WZ ENREX L
b, 5%iE. B EFEIRFEOUEL | BAFLSNOEH S OEM ZZE L7 electron
embedding(EE) CTOEEZ1T 5 Z & T, ke~ 1 b U BE)CE FELE 2 EMEICHT S L
HEAEZITo TV FETH D,

J’J\ﬂ‘ ,
-4 iy

2 B ST EhEREE T v b R E)
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bR T v VLK D SEFZ AT I 7 AN
LiH 305l —Y—ic LB 14 4 1k
(AL KReEE L, fETH RBeAda T/ 2, BORPERE 3, KPERAFRPEEL4)  KATE L, /U HEFELT 2,
PR EE 1, NSk 3, /NEH S EA 4

A Chemical Potential Analysis of Multielectron Dynamics:
Intense-Field Induced lonization of the LiH Molecule
(Tohoku Univ.!, Yokohama City Univ., The Univ. of Tokyo, Osaka Prefecture Univ.) Shu Ohmura®,
Takayuki Oyamada®, Hirohiko Kono®, Tsuyoshi Kato®, Shiro Koseki’

[F] O L —F—HROREC L0 | B OERE ~10° Wiem?) s DlBHE(7 = &k »»
57 MO L —F— XA 2ARELEND LR TE, ZOXH L —V &m0 I
95 L. FURIA T ARERE R E & Do RSN SN D, KIET
(X, AR L — =35I8V T HOMO L0 & FTOBUEN G D kR A F o bz KR
WELRINEREZED TWDH[LL, 20X D RIEEBE B TFOXA T I T ALRDDHTED
OF—JFHEGFRTIE L LT, Fx ISR ERF KT Hartree-Fock (MCTDHF) 1EZBRR L T&
72[2][38]. & BICEEMIZRMENT D70l FERIE, FEE T ORIEIC & i H T & 5 KK O b
BT 2 EZBALTOD[A], Ho oo 7 O%6, SHIEDN D OA A AL 20
BLUEOu) D EFAPMHEBELTEBY ., BFH A7 A2HEET 5 L CRERMKFOLFR T v
VY NANERTHDL Z ERHLMNI S TE T, AR TIHEFERT v v VIZ L DT O
JEHE L TN E R OR/NETH S LiIH 3 F OB L —HF —3ICd T 208 255 L, u@) %
Tt 24T o 72,

[#i]  MCTDHF I T, S8 T HBIBD (O LR A7) FHE T S B 2 1L — 4
— 175X, () DIIHE A

IOEDRAGING &
I

TERIND, Z 2 TCE) IIREUEFORBIFRECI ) TH 5, = OiEIEI%KIZ Dirac-Frenkel
DK FZE TR 2B 32 2 LIk - T, WuEREE & CHRBO Mk % @EE) 208
BHINS, REZT TRLEDREILHITI 2L T, KV ADRWELEER TE R DK
WREZIBE) ZENTE D, £7-FI% L7z MCTDHF 7% ClEsEdhE B A2 iV 2 o T, i
G LERRIRRE 2 SMIZ ) N TE, A 4D LD R KIRBOBR Z kT2 2 L2
AR &L Ao o TN D, 2D MCTDHF {EZHWT, @) ZFHE Lz, BAREGE j OfLFERT v
Yl (OIE, EOHED HHEH wit) & BT R F—EMIC L o Tu(t) = 0E/ow; & BRI,

E@® = ) w0 ® @
J

WD BIRALY Lo, ZDp(t) & VT HRHE Z & O xRV F— DR AL 2 E BT
LT ENTED,



[fiam & B8] AWHETIE o FHhzfF 0.08

Y 2 %4 7 LS (B 1=1520 nm, 1160 2
BRI | ~3.0X102 Wiemd) L AHEAE % 7%0§
A5 LHA 2L Y bIF S, lo, 20, 8 :
ol % AV, 9 EEEE L/, LioH & 0.00
DI EBHEOEDME L LTS, K N | | o508
LI RZITORDO =T F =2 L & 2 4 6 8 10

BT LR LT 5, SIS Time (15
RTRTFNF—ILEF LTEY . i 1 b — 4 AL R LR GRE) &

RIEDRAD BN D, TA/F =M FRE LG . RO -5

Wi DZEAGITAT D DFKI 1.5 YA 7 L (8. arb. unit)

ENHITZ08, Ha \ZEGITRE L CHEr BT

RISEERT LD, ZOXI S5 FVELVFELL ADLOIC@)RITH->TET R
NX—% L, B Z & DOFEEM T, ZORRE, FHEOMEFE— A FRYIDHD
115 FEHOM, BRI L WEABICEIL LTS Z ERbhol, T O IIAHIE DR
MREOAT v vay FCHIERTE D, 7mE I, 26fEOA T v v ay Nakhd
& (K 2@)-()). wFIENESOEITIE U TERIZRERLILTWD Z ERNbnd, ZDkH
IR DEAZH LT, 268EDLFER T v v v L OEI LW Z R, T 72bbik
FART VXN, BIHEEEI BT OBE LRSS L TELTEY, EE XA
ARG BURET HEEIY — VL7 T ER Do T, FEIIEY BREEKRT D,

T T T T T T T T T T

(b) BEN LD D&

15

p (bohr)
10

20 10 0 10 20
z (bohr)

4 2: 53 il z (R v— Y —ES; &
HAEHT % LiH 210 B AR#EQE) D
MaRHE O H X T 7 > b 1 A
ZHWTNWD, ZNZREZ(a) =0 fs,
b)t=4.5fs, ()t=7.0fs TOEET,

[ HGm ]
[1] H. Akagi et al., Science 325 1364 (2009).
[2] T. Kato and H. Kono, Chem. Phys. Lett. 392 533 (2004).
[3] T. Kato and H. Kono, J. Chem. Phys. 128, 184102 (2008).
[4] T. Kato and H. Kono, Chem. Phys. 366, 46 (2009).
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F 2[5 EEPLBAEEIZ K DR\ AR D
HFINE B ORI R FIED FELL
(FORBEAEME ) Wz B, PP sofl, S WIS, K 50, fE =2 KRR,
HE B, T HEh
Theoretical study on optical properties of molecules adsorbed on surface
based on real-space density functional theory
(Osaka Univ. Graduate School of Engineering Science) Tomoya Inui, Katsuki Okuno,
Takeshi Baba, Kyohei Yoneda, Kotaro Fukuda, Yasuteru Shigeta, Masayoshi Nakano

(7] ricv—F =D XS MR IND &, SricaBnfFiInsn, £o
SHITNELG O R EIMEICEHTE 5, ZORKROBISER L TIE & 5 05785 2 IEHIE
FINE LN 3 RIEHEAE Y e ENCHBPEIRF STV D o:mif&ﬁwﬁ%ifiﬁ
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