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Time-resolved spectroscopy of a multi-component supramolecular system

(Molecular Spectroscopy Lab., RIKEN) Matthew M. Sartin, Masahisa Osawa, Tahei Tahara

Introduction

We present the time-resolved spectroscopy of a supramolecular system, in order to
better understand the influence of the motion of one component on another. The study of such
systems can bridge our understanding of the dynamics of small molecules to those of larger,
more complex systems, such as proteins or artificial molecular machines. While it is possible
to observe the initial and final states of switchable supramolecular systems, a detailed study of
the molecular motions of such systems is much more difficult, since the lack of chromophores
o, v, Often makes their dynamics inaccessible to ultrafast methods. In

NO, OZNQ order to examine these dynamics, a model system that undergoes

a photo-induced process followed by a measurable secondary

|
) S process is needed.
] W g .
e/ v N@ For this purpose, we have chosen a system from the
\ ]
%M 5& literature,’ in which a-cyclodextrin is sterically trapped on a
‘ Z ‘ FZ
A % substituted azobenzene (Figure 1). In the trans state, the
+N +
OZNQ °2N© cyclodextrin remains on the azobenzene moiety, but upon
NO, NO,

photoisomerization, it is pushed out onto the substituents. We can

Figure 1. Rotaxane . . .
isomerization. The cone indirectly study the motion of the cyclodextrin by its effect on the

represents cyclodextrin. dynamics of the azobenzene moiety.
Experimental

The rotaxane was synthesized using a modified literature procedure.! The starting
material for our method, 4,4’-dihydroxyazobenzene (DHAB), was prepared as described
elsewhere, and dibromoethoxyazobenzene was synthesized directly by reacting DHAB with
CH,Br; in acetone with added K,CO;. For femtosecond transient absorption, the sample was
excited at 350 nm and probed using a white light continuum.
Results

Exciting the m*«n transition at ~350 nm causes trans-Cis isomerization of the

azobenzene moiety. This change can be monitored by a decrease in the 350 nm absorption

band and a relatively small increase in the absorption at longer wavelength. The movement of



the cyclodextrin is separately observable by comparing the NMR or circular dichroism spectra

before and after irradiation.

Femtosecond transient absorption experiments were used to compare the dynamics of

the excited state processes of the rotaxane to those of unsubstituted azobenzene. The transient
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Figure 2. Transient absorption spectra of
rotaxane in water from -0.2 to 0.2 ps.

Conclusions

absorption spectrum of unsubstituted azobenzene is
broad and exhibits three observable decay processes.
A small, short-lived peak around 650 nm is attributed
to the S;«S, absorption, which decays within 0.5 ps.
Another peak, at 405 nm, exhibits a two-exponential
decay, with one component assigned to the S;<S;
transition (1 ps in hexane), and the other assigned to
vibrational cooling in the ground state (16 ps in
hexane).> The transient absorption spectra of the
rotaxane exhibit both features (Figure 2), but the
long-wavelength feature at 650 nm is more
prominent than in  azobenzene, and it
hypsochromically shifts to 625 nm during its 1 ps
decay. At 405 nm, the major component of the
rotaxane decays with a time constant of 6 ps, which
is considerably slower than that observed for

unsubstituted azobenzene.

We have shown the electronic aspects of the time-resolved behavior of a rotaxane

consisting of a cyclodextrin hosting a substituted azobenzene. The potential to correlate the

differences in the spectroscopic behavior of these molecules to their structural dynamics could

lead to better understanding of how such supramolecular systems operate at the molecular

level.
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Fluorescence intensity change in saccharide recognition
mechanism by cyclodextrin complexes in water

(Sophia University)
Hiroya Kanou, Kohei Katano, Hideyuki Kunugita,
Shinkoh Nanbu, Takashi Hayashita, Kazuhiro Ema
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Effect of polymer concentration on growth process of gold nanoparticles generated with
""nano-processing’*
Kenta Kurihara', Takeshi Morita*, Nobuo Uehara? and Keiko Nishikawa®
(Chiba Univ., Utsunomiya Univ.?)
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Melting and crystallization behavior of ionic liquids by accompanying

conformational change of amide anion
(Graduate School of Advanced Integration Science, Chiba Univ. ', UC Davis?, Chemical
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OKozo Fujii', Takatsugu Endo?, Mamoru Imanari’, Ken-ichi Tozaki’, and Keiko Nishikawa'
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R A LT UENORDFEENERT 2 LR L#RE LTV D], ZhETIic,
PEARDAERDFHEIIZ L > THEINDGZ &, R A NIRRT 23 v FESFIREA
RN EAL ST FERD DA DM AR Y A o0+ G UHFESF=1:3 THDHZ &,
BC-NMR A7 L b5 2 [Al[EHREPL EOXIFME A FF> 2 & 2B 6z L7z[1l,

AR TIX, AV A - UREEROREIELE S DICHLITT D720, FRAMRINA Y F L
HE %17 7221,

[EBR] AU A VT DER : REMRE~FH LRI BSE, T/ Bo AL —3—
Y(Nd : YAG 1064 nm, ~ 800 md/pulse, 5 ns, 10 Hz) Z W U7z, M OBH %, kE
AR Z PRI L THY BrE B EAWVEIR A 5T, mdikiEss v~ 277 7 4 —HPLCO) % Hw
THRIA v aH A XTI HE - R LT,
AL E L 59 4 mg D CioHe & & ¢ CioHe D ~FH U817 &2 = /N L — 4% — T 3 mL 2=
L. ZHUZ 3 mL OV RFEZMZ, FE 3 mL (C#HE L, ~F0 o & Ui iR~
L7z, BT 20 R 720, W bR FE 2 REE S W @Rk s v~ 79
7 4+ —(HPLC) %171~ 7=,
NI A -3 T RERDARL : CioHp D IUIEALR FERIT K L TRIBREIZ2RD L5123 VRO
VAR BRI 2, FIGEZ RS U, $5ROERIG 2 D 72,
N PRI AT S AVRGE - AR R TOERIER & s T 57, CioHz & 3 U 3E
DT ORBEEDO &2 7Y 7L, g b U U AKERE AW TRRIGD IS 7 5%
S EKBICE L, MR FEAH ORI AR AT R VHE 21T > 72,
PRIV A~ R JVITE : CroHe 38 & O CroHals D PUHEAL R FE VI D IRINUL A~ 7~ VHIE
(Nicolet Magna 750, 43fi#HE 1 cm™, 0.1 mm KBr ©/L)&17-57=,

[FER EEZ] K 112 CroHe OIEALRFIRIK & 3 U Ry FOIRGEIRIZ AL Z S L7




B DS AR Y L2 7R LT (T, FiRD 720 ~FH o CioHals D A~
M SR CTERTWD, ~FH o CoHals & el L, FWINE— 27 &N 3nm Ly
V7 RLTWAED, HEE—T7 OMELMTEAEEL TN &b, MELRFEFRT
t CroHaels AR L TWD EEZ LD,

212 CroHa( £) 3 LY CroHal6( F) DARFNRUL AT [ L% 7R LTz, CloHz D A7 kLI
BT . mET—FDO CHZMA% 625 cm™, out— F?D CH fififfi 2 3306 cm (2 H L 7=, 1236
cm-! & 2191 ecm 1 IZA LN DFHVMEFIXENEIN., netnE— ROEAEE THDH CH £,
ou® CC i & Im)@d L7z, CioHale D AT M A RLL & §5RILIZ L - T, CioHz TiX 625
emZ R BNz E— RO CHZEMAN 610 cmt~,3306 cmH {2 & 5 17260 D CH {H1#{E 1 3085

emt 2y R 7 RLTWD,
F72, 2182 cm! Doy E— R
? CC i IXsE R iz L 258
DR R 55, CioHals
D AR RV HIZIL 866,
1345 cmt (2 CioH2 IZIT R &

VIR WFRWIRIN AN 8 %, CioHe
Dy FHIERRICE D & 2

DOFEIRIC ITowT— R CC fif
MEDOWINA DD, L-T, Z

O ORISR LI L » T
5L 23 Y98 L 72 CroHe DouE
— RO CCHHEDWINTH %

LEZILND,

319
316

| C10H2|6

339

300 350 400 450
Wavelength / nm

1. W LR FEH D CroHale DEES FIFRMKIL AT kL,
D728, HEETAFT Y RO AT LA ERT.

SEARILIC L - C.CH £, C.-H
CH bend 10072

CH Mg DEEnL vy Fv 7 en CH
L. CC (s B o 023y Cipeng ~ CCstretch =%
R L TVND D L. g+ Ty ;1”91 5,
CioHals DT # L CroHy 1236 | 3306
DirFELETELS o TWD §
CLNRE S NG, AR 610 866 C. Hol
230 F A LT 13C-NMR 1345 1077276
DEEFEA B . CroHals hod 3 3085
B =y b IelE. CioHs® 2182
F I EL TG LB ORI WS 4y | Wovem
2HTEINTE D, 1000 2000 3000

[1] Y. Wada et al. J. Phys.
Chem. B. 115, 8439 (2011).
[2] Y. Wada et al. Chem. Phys.

Lett. 541, 54 (2012).

Wavenumber / cm’
2. C1oH2 B L CroHaols DFRANKIL AT FjL, EX

1% CioHa. FIE CioHole DAY MLV AT, FBE~F
P DEFE R TRLTND.
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BONIBDOEREISAL—avhIZE8ENSLTARU DT
(R K- £a7F/) FE HAER
Rare event analysis of long-time protein simulation

(Yokohama City University) Sotaro Fuchigami

(F] 23U ROBD A L—aVvERICIBMBERBIARFLANILOBETEEFNTLSD, &
HEIBROIESEDERE, TOHNKE, HMELOBEBEHEBTLILOIZE, BRXET 208, 0FE
RAGREHREME T IDENHD. £ TH, DoKYELIZELZERTER GELVEE)) PHICLAESY
LVHEEN (LT ARUE) [EHRELEE T HAIREM N EL, COXIEENEMIHHTE - T 5FIE
DRHENTNDS. ZTOIIGFEELT, BHEBEEICEDVOVIMILKD 24T HICA) 1ZH L FIREL
Y ABRETIE, SV FIAXZU AL F A E (LAO) ERRELT 1 v(/ORDE
B 2L —2 3 72 EHEETL, BoNFERICUCAZEATHILIZES>T LAO EHEAEIT
L7ARVNERIE T HEESIT, D2aL—23 LD BR-HERICDOVWTHEZRHETo-.

[(Fi£] EEMEELTLVEL LAO OfESRIE:E (PDB ID:
2LAO, B 1) %ALY, KEBICEAZR (BRIRFHIZH8H)
DERFAFHNFEII2AL—1a0FTo1=. Y2al—Y
SVOERFTICESFEAFEIIAL—23VYTRIIT
MARBLE L, 51151 CHARMM22/CMAP % fL f=.

F#EREHEERL, H#EMEERE Particle Mesh
Ewald A TEEL. ERLE-MEIBEE T RILF—F/)
{fEL, NPT 74T L TEELEITo1=#%, NVE 7o

K1: UPFILXZ-FIIL=FoES
BUINDEDILIAEE. 2 DDRAMU(F

ITNTLIAUOHOAREEE 3 BEEFTLE. ER)ADHES.

(8] L3aL—LavORBEERTHSHE, 3E

DHENTRIZENTE, LAO HAEUESINT ;

WAHRFHEESNS (R 2). E5EFOBMRY

—ILIZEB T 5E, 100 ns F—5 —DEVEER R g ;

T LORSEREENTOREN DN, & 5 |

AUIFRETHHZEMND, LAO DESFFRA )

(VBB ZRMTHBEEZONS. ;D M L S

LAO O C, [RFEXREL, 2al—a s Time [us]

RIS HCA BEMLILCS, SVAVEDERN gy gmamsrn c,RMSD OBMZL. LHoIE
IZ1EE, 2EE, 3EEOFERR. LUTEE



BEBTHOINAELE L, BATHIGERGLD
EBEENRIESNT. AIETELESTHY,
2ICRONEEBEVEBRT—ILOELEDIR
REiGoTUWV . BEHEFLTARNURELTHE
DIFohdIehhhofz. RESNFLTAR

YhD55 2 DELUTTRNT 5.
RLEVBERT—ILOESHELTHESN
FLT7ARUKE, D220 & G221 DREDRTF

FERESTDIIU 7Y IMERTHAS (K 3).

CDEHIZL-T R218 & G221 DD KFHE
AHUIERSH, FifzIZ D220 & Y223 DREFIZK
REEPERINIZEN LMD, £, TH
—Ef G221¢ DEEEIEMSHhMNELIIT, S
DEHMFE =D, 3 @DIIaL— 3y
ETNERITBWT, o —ERLITTHS.

BRTHGERIICKSLTARUEELT, £5
DULWERICEETHL0%R 4 ITRT. C
DEEFTIE, AELDOKRHEES
IEEHEEERRL TL=2—2 85 N —E
[CEN, TO%, TOBENBERBINT. C
DRFMT U IA—ILT42 7L 3EDIIaL
—2avWFhIZBWTHE RS, RIZRL:
P16 DX HMRFFL F29 OEHERFFL
DEMOBMZEL,HD, BhAICDEED 3
DOERIEETHIIENERD. £, 2D

BPRIZEEND Y14 (FVAVREDHEEELT
HEZED D, BIREINT-BAAMTUI7+—ILT
AT ) AUREEBEICAHL TS ATEE
HLEZLOND.

UEDESIZ, 3NV EDER TEHZH
THAHICEEHLT, tICA ZANSE, V3al

[Z&k>Tavn

Dihedral angle [deg]

0 ‘ 0.2 ‘ 0; ‘ u% I 0.8 I 1
Time [us]
3 : tCAIZE>THESIN LAO EEHOLT7AR
DRTHBITOYINMES). ERRIEROEE (L)
EEHEEA G2210 OBRZEL(TF).

F29 F29

Distance [A]
O OO ENOON RO
it e —r T

0 I 0.2 ‘ 0.4 I 0‘.6 ‘ 0.8 I -1
Time [ps]

4 : tICA [CE>THEINT= LAO FEHOLT7AR

UhTHLIKERRBEDOUIVEZ. ERFIBROBE(L)

LKEHEESIES P160-F29N DO ERIZEE (T).

—2avRTHTMEILNEISBENESLLTARUMENENICRE -l TH2EMNTES.

[1] Y. Naritomi and S. Fuchigami, J. Chem. Phys. 134, 065101 (2011).
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Theoretical study of the relationship between the molecular and
electronic structures of the Cua site
(‘Institute for Protein Research, Osaka University, 2Graduate School of
Engineering Science, Osaka University)
Yu Takano!, Orio Okuyama', Yasuteru Shigeta'?, Haruki Nakamura'

[F] CunBBfizid> b7 OLcB{LBERPER{CERETER CE’%B*L%ES?EL c
B EBHROTHY . ZROMA T VB DDV AT A VEREICE>TEBEIN. =
DDERFIVERE AFAZVERERCVIVE I VBOAIVRZ)VEDOEARI L TL
%. (1) XAS. Raman. EXAFS. EPR. XiRtEEHETOZEEERNL S HH-HHRIEERE
HECEBEEFRALTVWST L. TDfsd, B (Cu'-Cu: 5=1/2) H\ HHEE
TIDE S I BAERETIIE L o BEREZ LD ENRETNTNDS, <D
EBFRECITEHEDSZ SN EIHZ CH O CHLANEFDOIRBEREMITCTE
RWEBEFBEINAIEEE G D> TWLS [1], & SICo EEIRRETI iCuZSz:ITUNf%ﬁEﬂ:
NI BDIRIVF—ZEHDNEWVNT LEL|ETNTEY . EFBBIRISTOBEBLI X
IWF—DMEL LGB EDERFCTES [2l ULED T LD SCuAEBRI CIFEFHEZ X L
—RIATD e DICEFHREN DL HNTWAED ZTOX S GHEGEFEEICAD L
BROHDEVOR/IMBRERZRESNNCT BTcsdlc. BENBEEZRLTCCunt
A b DCUS, 7 DEFIBEDFMBZ AN Z1T 2> CET3, 4.

4.3

4.2

O [
41 *
() L ]
=4
o 4
¥ ° °
3.9 oo
o qe .o: e ®
e
? 3.8 ., o o
cytochrome c oxidase 8 | . .
3'72.3 235 24 245 25 255 26
Cu-Cu/A

X 1. CuaiBfu X 2. #@-F - S-S EERED D



F XIS RBED S Cu,S a7 DEEN T E AN & T 5. $H-HHREEEENN2.34~2.59
A. S-SRIEEEENN3.76~4.24 A&%ﬁtﬁﬁﬁ%f LTWe (®2), K TIX. D18
BEDZKEEEFREDREFREZ. BENBEEEZBWN RN [5,

(FtEHE] AAZRDETIVOERITIE. HAGEMEDY b OLc#{tER. &
Bt BEBTER T BIREDL 2.0 A UTDEDEMBL ., (PDBID: 1V54, 1V55, 2CUA,
2DYR, 2ElJ, 2GSM, 3ABK, 3ABM, 3AG2, 3AG3, 1TFWX, 2IWF, 2IWK, 1CC3) £FILE LT
& ZRDHA 7> ERIET
BYVATA VDS TETY
%core model&. CuaZpRizidd

B—ERUBETEY ALK
ligand model =182 L1z, &

ERBEHCEICIE. MO6E%Z A
Weo ETIVDIERICH T
CTEREAFDGRRIFKRKRIER
BEmif (M3), & /‘
EEKICIEEH A4 I core model ligand model
Wachters+f%&, Z UM & 3. CurBBEIDET IV

6-311++G(df pd) &= L M e,

[((ER - BE] o REBLEAREBDIXINF—ELS LA A VMERT VI vIVEFE
Lfc& T AL core modellcB8 L CldiR-tARIERREATE . S-SEEEBHAF DRI TN
feo TN DEKEHIFFEEBRZRAWTHATESZ O DD o, ol
RETDAF MERT Vv IVICEB LTI, adKEDEDICLERNTEFHNETWNT &
DS EGTE DT, ThUE. o™ IREED\CUBBRID D FHEEDNZELICH L TA/NX T
HBEETELTWBLS], ligand modelDFERICE L TISHAREKT 5,

[&E3ik]
1. E. 1. Solomon et al. Chem. Soc. Rev. 2008, 37,623-638.
2. M. H. M. Olsson, U. Ryde J. Am. Chem. Soc. 2001, 123, 7866-7876.
3.Y.Takano et al., Int. J. Quantum Chem. 2012, 712, 208-218.
4. K. Koizumi et al., Chem. Phys. Lett. 2012, 531,197-201.
5.Y.Takano et al., Int. J. Quantum Chem. in press.
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Isomerization of Adenine in Noble-Gas Matrices by Photo-Induced
Hydrogen-Atom Migration

(Tokyo Univ. of Agriculture and Technology, BASE) Shota lizumi,
Masahiko Sekine, Munetaka Nakata
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[1] S. lizumi et al., J. Mol. Struct., in press [2] L. Lapinski et al., Phys. Chem. Chem.
Phys., 13, 9676 (2011).
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Reduction of the afterpulsing effect in fluorescence correlation curves using
symmetry analysis

(Molecular Spectroscopy Laboratory, RIKEN) Kunihiko Ishii, Tahei Tahara

AR ETE (FCS) 13RS F O~ A 7 bt —F —DOHBNREL 28T 548
Wi FETHDH[1-3], & ZAN, FCS THitig & LTHEFEHWOND TR T
=74 MNEAF— R FRBICE DEFT SV RO LRI~ A 7 a B UNICT 7 2 —31
2 LWHEN DL DG B2 MR RAESE D120, 2 OB THOEAR B BIEAN HE \ F RE BE 8E
TRELEDLZENAON TS, AFEETIX, 2L R Ehid & BRI 3+ 50% (TCSPC)
Z W CTHIBEE B ORI SR E 2 T L, 7 7 X — SV A X DEDE S EBRET S
EERET D, TNEFAT S Z & TIEREICHA@EB L SN R E T T~ 7 o)
TEHIN F COEMRMBNEZITZAD L2127, MNZ AT 7 ZAOMHIZHT 7= FCS D%
BRARGHMEE SN D LR CTX 5,

[EFL] <L 2 e FCS it TCSPC iz LM 1am k(@)
I IMEFHAFNNDE LN D[1-3], B ST JE58E DAL @

BN T L i - JECRIAERRE ¢ DB I(T3e) & LTHRT, L
T HEnHOMEICEESAL S TWD T 5, HHRL T excitécion anaI
DEFOEIIE [(T) &2 2 HATREE LIZRER TO UKL () p
NN s . v ) J& p(AT)/n
T2 HNTRE [(T + AT 1) ORI OIS Z C(AT;t) £ EL, R K
n Q<—>0
C(AT;0) =(I(T)I(T + AT;1)) = > (I(T;t)I(T + AT;1)). (1) AT T

t'=1

TIE—ANADOREEEERVEOEOLE MY X1 @V R FCS BIEO(R
Co(AT;0) 1E, FANTHARIEIC 5 D e, WHIIEAT>—AT  FHETHT =25 OIERORES
(S LR 2 DS
C,(AT;t) — Cy(-AT;1) = 0. )
WIZ, W p(AT) TRAET LT 7 X2 — )V AZH KT HBOMBEFIC PN TEZ D, (TR
DORFZNCBB SN D b D155 UV AD t DAL, T v W > TV OB R 1(1) 12—
B35, —F, ZHUSHEE L TATRIZHET D7 7 X —7 0L AD t D434 p(AT;t) 1X. AT >> ¢
ThHDEE HURTFELRWVE p(AT)/ n 2725 L 27285 (K1b), Wz 5L, 1) =EXK
TRWIRDY | 77 2 —rUL ZHROMBIE 5 C'(AT; 1) IFAT——AT O KHRIZ®F U CIERFR: ¢ 1
e %R,

C/(AT3) = C(-AT;) = 3 T )p(AT30) - O, p(AT: ) = p(AT){i I(yfn-1 (z)}. 3)

C(AT;t) DIERIFME AC(AT; t) = C(AT;t) — C(=AT; ) 1£(2), Q)DFITH v . Bl S 7-FEE =
KT T 7 H =NV ALK DBEFOTFEORE I EZRT,

Acmﬂﬂzme{iﬁMVn—ﬂﬂ} 4)

t'=l1

FOOFEIN O (AI() &3 5) I EEOHENME MR, S EfEICRO N5, &2 THEER



THEOLNTZ ACAT; 1) & AL() Z VS, p(AT) ZLL T DX IR/ _FfR L LTHRET S,

i AC(AT;0)AL(t)] o> (1)
PAT) = ——— : )
PRINIOINER0)
=1

ZZTo() X AC(AT;t) DRE*EEF T, Z D p(AT) Z W CTHBEBE NS 7 7 X — /L 2D %
Hx2ZLFIKTENTED,

[5282] FCS HIEIX B EDE AR EF1-312 W TITo 72, e E LT 7 = & b
YRT A R w7 FEHRER (Coherent Mira-OPO) D77 (532 nm, 76 MHz) % F\u 7=, &6t
FIFFHEIUT NT v =7 4 P F A A — ] (id Quantique id100-20-ULN) TEXE 530
AN, K7L A IOV T TCSPC AR — K (Becker & Hickl SPC-140) T T, t DIE# & 5tk
L7z, FHEHEAEDEHE & (5T L D p(AT)DFHMIE Igor Pro (Wavemetrics) & VN TIT > 72,

(R ER]I X237 F T AF L —4

22 (TMR) D AI(r) &#EIEHBEESTH B //,/”*——

5, K2b OSBITENEE—L AT »

o

F—TIHALT2AORINEBTEIL, £ AT
NOOMAEMBEEZ L sT-bDOTHD, 1H 3
DRHBOH NI OBNHEFE L-EHDH 500’

MIES (FE) TY 7 ~A 7 oM (@)
BT A LN DWERRIL, FHAEMBE I T j ) T T T
IR TV RV, Z AU ARG B YR Emission delay (ns)

PREGIZ T 7 Z — 5L A DB R 52 T 70

O THD ., ZNHDENT 7 H—rL R 184 4o
XD EOMBEEETH D, AT~100ns T A (b)
O HCARBIE T DIEKIT TCSPC D AERE 16 = Autodorelation
MicksbnThsb, —75HCHERE S / \\ T Aoconetation aftr correction

Correlation
N
»

5 EFEOFETT 77X =NV ADHFE % IR
ZZLBIWe b D (ME#R) 1FAT>150 ns Tl 1241 \\\\\
FFERICHEABE SO EHE L Tk f

D, T TN ADEEETRY BT T B L DU A SR
HZ LR TE D, BHTIHEHIC, [ T s "

%0) E E@T:hi “CK%I?(% éﬂ‘(b\ E)ﬂﬁ 2 TMR @(a)AI_(t) k(b)?ﬁ'%*ﬁ%’fg%e

D FFIE[4S| ORISR ZET L, ATIEOR
FlZHOWTIRR S,

UEDXHic, AFECEV T ~A 7 o E CORRMBERICB O CTH—-ORHZEDOHRE
FAWCIEME 72 a0 BRI A ST 2 Z W AfRE L 2o 72, 2T X 0 B2 1F FCS HIE D%
Al « bR EOPEREIT OB, & F v VRO W TEBNIH EABEREE1TH 2 &2
FEH A MOTHEE O SEME S ORTENBET B, FCS # W T~ A 7 o ik o B REDS 2%
JORBERSHARD ZENESH IR D EWHEND,

(&% k]
1. K. Ishii, T. Tahara, J. Phys. Chem. B 114, 12383 (2010).
2. K. Ishii, T. Tahara, Chem. Phys. Lett. 519-520, 130 (2012).
3. AFEFRE - HIEKW, 55 By TR ER RS, 1B09 (2011).
4. M. Zhao, L. Jin, B. Chen, Y. Ding, H. Ma, D. Chen, Appl. Opt. 42, 4031 (2003).
5.J. Enderlein, I. Gregor, Rev. Sci. Instrum. 76, 033102 (2005).



1P-087
MIRA T 7 20 B FHEEFME AV E—HaRN pH #H3

(ERPEBREE 1 - AL REFAF 2) AREPFA L - FFRZEFD 1.2 « KEAE R 12
Detection of Intracellular pH in a Single Cell Using
Autofluorescence Lifetime of Flavins
(Hokkaido Univ.) Masato Honma - Takakazu Nakabayashi + Nobuhiro Ohta

[#S] B T CORNREA A —T 0 ZHIEIT, MENOIRIEEZBIZT D TE L
L CHIRA) 772 E D38 CTIRK HWH Tl b | HIBERk & ik 3 28k~ 7p i et
RRZ NI ERRFEINTND, MlRNA SRR 52 & T, MlaNTEZ 5
BRx I EBBG OMRANFREIC /2 5 T D, LvL, #baRIC L DY, el
%< DR ZHEST Z LD, BROBFITER I 2 AR OB 722 & fEe I S
D72 MIRINIZIE ) BAFET 2 8t E (A Faot) & oA A —2 0 ZRE BT
HEZEDTWH[1,2], AFETIL, RENLREFELR D THL 7T HOFTY
FAD(Flavin Adenine Dinucleotide) ? ¢ St 7 2 VT MA@ pH % % D3 THILI T
X5 hT, MEANOBRREOBIZIZIT, AFENLFEELNALEEE HNToOEN
FREEE DA WG TR Y | mEE ORI FTRE, FEto B RENE, Hix e
FiEL DMBEDENRATRER EORRIFZ < Db DD, R L CRbHRE, &
IRE DORNENZ I 2 IR 72 S K A TRE D b E3 5] & Z 3 &IOR3 &
LD, —THEEHEMIL. O AHICEA DB TH DD, EEEM O,
IR DFEBRGEAEITEAT LV, EDTDIT, B SEHREE I E O AT b~ T ki I
NOBRBEARMSELZ ENTE, EEMEOFWIEZITO 2 LN TE D,

[328&] pH 5. 7. 9 TP LIoRREIRIR & . #EEMERH Y & FHROMIaE TH %
HeLa ffifa 2 H\ o, FREVSIR O pH EHIfENO pH 25 L 572012, 414/ 7+
T EANTHE LI pHS, 7, 9 OfIaZE AW THIEZIT o7z, 4 A—Y U 7 HIER,
LI % 455 nm, #OGIE R & 510-560 nm SRR E L CiT o 70, MEEITIE S L —)
—AEAERPAMEE & st = v N EMA S DS Z LT, mOBRE & w o Em
DAA=V U ITRELND LT > TS, AHIA~DISHZBIZRE L., #tHFmiE
Hro=v FNTIE, OO 3RS DR 7 — MEZ WD 2 & T, dotdFm
AA=D U T ELRFREFTIT) 2B TE LRI >TND[2],

[ & B%2] Fig.l IC FAD Oy &%~ L, Fig.2 ICHEMIa CTod 5 Hela Mifah
EIREEEF D FAD OEH N AT MV E T, FAD OHEOLIX, 4 Y7 XY B
SRELND, T OEIEANLT MILHPKIFR T O AL7 FL X0 & ERERIC >
ZRLTEY, ZHITHRANTO FAD &% "B EDOHEEH LTS Z LIZH
K9 %, LaL, HeLaiha, /KEE T OMmTE, B — 27 B RIZ pH A D 2038l
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Development of electronic resonance third-order sum frequency generation and
its application to biological molecules
(The University of Tokyo®, Max Plank Institute?, The University of Tsukuba®, NCTU Institute of Molecular

Science®) Hiroki Segawa®, Masanari Okuno?, Hideaki Kano®, Hiro-o Hamaguchi®
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Mining dynamics of water behavior using a mixture model
Taku Mizukami!, Ayumu Sugiyama?, Kazuhiro Yamaguchi?, Ho Tu Bao?, Dam Hieu Chi?
(JAIST Materials Sci. !, JAIST Knowledge Sci. 2)
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[1] Data Mining 2nd ed. I.H. Witten E. Frank, Elsevier (2005)
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Low-frequency dynamics of native and denatured proteins by using terahertz

time-domain spectroscopy -temperature and hydration dependence-
(Kobe Univ.) Naoki Yamamoto, Atsuo Tamura, Keisuke Tominaga
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Theoretical Study of Ketone Insertion into Ge(II)-H Bond:

Comparison with that into Rh(I)-H Bond
(FIFC, Kyoto Univ.) Nozomi Takagi, Shigeyoshi Sakaki

INTRODUCTION

Activation of small molecules is one of the fundamental characteristics of transition
metal complexes, which is very important as the initial step of various catalytic
reactions. The partially occupied valence d orbitals of a transition metal which are
usually very close in energy play a key role in such reactions. On the other hand, it has
been believed that main-group elements cannot play such a role and cannot be a catalyst
in general. This is because their valence s and p orbitals are far apart in energy.
However, successful synthesis and isolation of novel heavier main-group compounds,
for instance heavier homologues of ethylene, acetylene, benzene, ketone or carbene,
opened a new area of chemistry. The recent experiments report that some of such
heavier homologues exhibit reactivity toward dihydrogen and some small molecules
containing C=0, C=C, N=N, and C=N bonds without any external catalysts.

In this work, we focus on activation of ketone by the Ge(II) hydride 1 producing the
relevant germylene alcoxide 2 (Scheme 1a).' It is noted that this reaction resembles well
the initial step of the hydrogenation reaction of ketone by the Rh(I) hydride 3 (Scheme
1b). We wish to disclose the mechanism of these reactions, discuss the essential
similarity/dissimilarity between Ge(Il) and Rh(I), and assess the potential for activating
small molecules with a main-group-based catalyst.

Me Ar

/
N
( /G-é'\ Ar = 2,6-diisopropylphenyl
N H
\
Ar

Me Me /Ar
FsC H H
FSC\ 1 N\ . % y
c=0 — = ( & © + CF3PhCHOH + 1
SAC IS 3
Ph/ N/ (0] Ph
\
Me Ar
2

\ (a)

PPhg

PhsP—Rh—H
PPhg
HsC. 3 H,
/C=O B — (PPh3);RhOCHPhCHj3 ————» CHzPhCHOH +3 (b)
Ph
Scheme 1
COMPUTATIONAL DETAILS

All geometries were optimized by the DFT method with B3PW91 functional. For



the energy evaluation and the analysis of the electronic structure, a triple-C basis set
with 2d and 1f polarization functions was employed for Ge with the ECPs of
Stuttgart-Dresden-Bonn group. A triple-C basis set with 2f polarization functions was
employed for Rh with the same ECPs. The 6-311G(d) basis sets were employed for the
other elements, where a diffuse function was added to O and one p polarization function
was added to H of hydride, dihydrogen, and silane. The Gibbs energy in solvent was
calculated incorporating with the polarized continuum model (PCM), where the
translational entropy was corrected with the method developed by Whitesides et al. The
relative energy was evaluated up to the MP4(SDTQ) and CCSD(T) levels for the model
molecules and the MP2 and SCS-MP?2 levels for the real molecules.

RESULTS AND DISCUSSION

The theoretical calculations show that the reaction of 1 with CF;PhC=0 occurs in
one-step process via four-membered transition state TS, ,, where the Ge-H o-bonding
MO of 1 interacts with the C=0O m*-antibonding MO of ketone (Figure 1). The
experimental fact that (CH3),C=0 and Ph,C=0 cannot react with 1 is explained in terms
of their higher-lying C=0 m*-antibonding MO. To construct catalytic cycle with
main-group-based catalyst, the regeneration process of 1 is investigated with several
substrates. When silane is employed as the second reagent, 1 is regenerated with
formation of silylether. However, further reaction is very difficult, when dihydrogen is
employed.

The characteristic features of heavy main-group-based catalyst as well as the
mechanism of the hydrogenetion reaction of 3 will be presented in the symposium.
[kcal/mol]

+20.0 +16.7 / +30.3

+17.5/+52.1

CF;PhCO

+10.0

0.0
(76.7i cm™)
-10.0 -

CF;PhCHOH
-20.0

CF;PhCHOSiH;
-30.0

6
CF;PhCHOSiMe;
CF;PhCHOSIF,

-40.0 -

Figure 1. Optimized structures and relative energy (AE" / AG’,,) for the reaction shown in Scheme 1la.
Energies, distances, and angles are in kcal/mol, A, and degree, respectively.

'S. K. Mandal, H. W. Roesky, Acc. Chem. Res., 2012, 45, 298.
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Basis Quantum Monte Carlo calculation

of the harmonic oscillator system

(Edogawa University!, National Institute of Advanced Industrial Science and Technology?)
Toru YAGI!, Umpei Nagashima?
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[2] Toru YAGI, Umpei Nagashima, J. Comput. Chem. Jpn., 8, 119-126 (2009)
[3] Toru YAGI, Umpei Nagashima, J. Comput. Chem. Jpn., in press



1P-093
U TVERZ T S o BRI L D LA DR IE
(BETRBE - Ef) /) /UEEELT, )11

Multicomponent molecular orbital study on positronic compounds based on the virial theorem

(Yokohama City Univ.) Takayuki Oyamada, Masanori Tachikawa

[FF] B ™I, B LERBIXFUIEN, BN EEW 5O EEME RO R CThb, BT
bR DT Dl 2ARNDEARDY #E HUH U TREI T 5[ 1], ZOMEEEFIH LB E - 1HE Y
JEEIE, BEUROREE K G - i OREHT S O WML 085 E - W B 1L 2 0D LT D RIS S | IR
W CEAMLISN TS, BE T IR LD L2 DB T - B T 6 AR i y BROFF
PEICOWTHSFZ I3 28T RO EE O @ OBPRHIRET - 2 W - i s B AL EBR T D Wff s nD, L
MUBGTE T OFMPELNZEND, JFUT 53 T ~OE TR ECHE T d L& OWtE  SFE TR
HELE 2 EERAICAENT T D LIZNEECHY  ZH LI B E T DR E RSN COZR WO RELIR TH
Do AHFFED B BN E TR 2O L2 D ER OB LA E | BV T L EBIC I S EEE S —
JRERFVEIC KV BERR BRI 322 & T IR Z W RO B MR A DR E RS E D) BN DH
I RARAL T 228 2H D,

[RHEGIE] AWFZEIE ERLREBIR AR T 2720 2o F - S8R50 0y F#EMC_FVMO)ED
BIFEAAT > T D, MO FRID H a2 5y 5t G2 &3 DUR DRIE L Sy ik L Barnh) | RFIETA Y AR LR
B% o (1) BB faEL. (2) FEBIE PO, (3) IR S DA TR Z oy BT i B b T~ 2 Z LAV AT RE
RFETHY, VTV E A SR BT 72 RS RIME M E[2,3] AAFFETIE LiH 25F&.
Z OB F LAY [LiH ; e NTxtL, H o ARUILERI %k e /e =10s2p/5s1p]%& M7= Full-CI #5
BT ol RT v/ L —flifk (PEC) 3K 6D HFRICIT, B O R EBH O IR 1% LI [E
EL ., WIEGIT LT TN R OBGE RS A R E LTz, BT O FEEBEE O, B0 mIcik RO
17 iz sRD 7z, LiH L[LiH ; e O EHEAZ I FREE Req 2 KO DBRITIZ, MUEFREITINZ | BZFEIE (R} H A

SR E s b 21T o7, -1.75 : : :
(A) LiH — Lit+H"

(RRLBLR] TADVGRARILS T 5 780 | "
MH(M = Li, Na, K-) 3, BB § oot 22| @

~ : M o
WG REREFFOT- O E 2 W ETD « g

d 1

SFLLCHERS VA4 7L ) 11 T g | S

o0 [a})
LiH %4y ¥ & [LiHie "] PEC #77, g 795 | (B) LiH —Li + H
LH 2oV T, 2250 fREEMmIR F %[LiH;e'*]eLi’%[H';e*] 35

=

-8.00
(A)LiH — Li*+H~ & (B)LiH — Li+ H W
(kR L7= PEC 2R CW5, BR<HaHN -8.05 t I . ; . :
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N - ” O T 1: Full-CIEtHEIC&K Y /ST LiH E[LiHeT]D
23, BZ MR O RER 58T Li L& N .
Wﬁﬁ? Eff SREMCELURTS ks s o M TR LS — iR (R . BRIEHGT
H IR ARREL 7= 7 78225 T, BREBRORTF - 4+ DL I LF—0O,




EZAN, K1 O(C) [LiH ; e | DIREERRIRIZ SOV T L — T 21758, Lit &[H e |0 RT FL¥
—DfnkleoTD, DED, Bl 1 LiH OfFFERRIR 138700 | [LiH ; e | CIIEZM BRRED K& 70 ik ¢
b LiTE[H e ICARBEL 7= 7 DN E ChD, LiH OfBEMIR(B) S[LiH ; e " |OfEHEMRR(C) D=L
—7EAE =126V I, H A4 ~DOBE B PAH ) =5.68eV &, EMBEHE (Li+H—->Li"™+H)
(2B 72 = %L —IE(Li) — EA(H) = 4.42eV D7ZETHH, F/o, K 1 LY, LiH LA~ T[LiH ; e '] Tl
PR FEBEAS KL, SHITHE A =X — b/ NS (L) o TODBZEN 5[4, 51,

2(2i%, X 1 @ PEC OZRIEEE R=3.0a & 10.0ay (ao I% Bohr -£%) (kI LT 1 L5 1 D%
JE A E R L TUND, X 2(a) &(b) MO D5ENT T NO BN RO, R=10.0ap (2B THEE
MBI A BREFEEOINOPBRIESND, L, K 20c)202b3D L9512, [LiHe D
R=10.0ao CIIZMITEIITITE B EITFAE AT EFEEIX2ODOEHFITREILL T,

WCid, BICH S FICBE 10 ' . . . | ;

oo e | @ e |
Do FES T OREG B

R AR S s € 0 1T i
B At BETHM A T L T I !
DM 7EET 5 LTI, BE H™ (2.009) L" (2000 A= 00)
TERI LTI THEE T T
B TRA b o) WH (=30a0) — Li + H (% =10.000)
RS [TINEELRHDT (b) (b)’

R SIS, c T 11 |
) BEFONE, 7 S O il '

ART AV b—=T13E, 1993). 5k

[2] M. Tachikawa et al., Int. J.
Quant. Chem. 75, 497 (1999).

3] M. Tachik h 10(C) [LiH; e*](R=3.0a0) — Li*+[H ;e*](R=10.0a0)
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Effects of negative energy spinors in relativistic molecular orbital theory
(Kyushu Univ.)  Nobuki Inoue, Yoshihiro Watanabe, and Haruyuki Nakano

(%DIEE%%aUﬁfimﬂ WD EE TH Y, EREERS FIEEI R LB Z

to , BAHBERE & BT, ZOMMERNREZE AT LENRH S . FE R FwHY
%Jj: m\njrﬁéf X, BOHLEZE D DB Dirac FEXZEEEES LTy, FEMH

ﬁ%fuﬁmﬁé%@@ﬁwﬁ@xxw%—%%%o.

HE, ZOROT R —MITERI U CEE L T 5. (No-Virtual-Pair JT{E; NVPA).

CTHITEICHERZE O T2 TH DR, TORYBHEIC O NTIE 072tz

BIRIVENDD.

[FER] FExERA s FH0EE ClE, £3° Dirac HHERA JLE & L7- Hartree- Fock BT
& % Dirac-Hartree-Fock 1512 & - THr 7 #liE % E &, post-Hartree-Fock 3512 H,
MBI R A AN D. %@@,mmAfﬁ,ﬁw%KiéﬁuAiwk*YV’;
STRESTGEFIRELEDODEEN A ERREFIREBLFLIET 52 F‘aﬂ%ﬁﬁﬁb\’(
post Hartree-Fock er%%%Eﬁﬁ“Zo ZlIiChD. ZORBEAMMIEL, 1IELWETIREE

BJoHICiE, ATRLX—AE ) —/LE TH®T- post-Hartree-Fock R #1772 9 JA%#
&)é.

ATZRXNLTX—AE ) — VO REMME LIZFHE(VPA) & MlIE L 722 W EHE OS5
(NVPAYZ LT 5 Z L T, B fFDOETRLXY— , BLXOBEZ R LX—IZx9 5,
NVPAIZ L > TN ENDZATFAN T =AY ) —LOREERE LD LN TE 5.

[GHE] LT oitREZk o7,
MHBARRFICEFTH5EFHBEIRILTF—DEDFME

VPA & NVPA & C post-Hartree-Fock 3F5H %5 Z 720, ﬁﬁXE%m&my:>
WH OB FFIRE = RV —DF(§ CE) &Rk 7-. FEBSIT &, FElp, A0
BRI Y (LLF, KTM)IC diffuse B2 A N2 72505 60040
(AT, KTM+) % W 7=,

Q) FHARFOMEIRILX— 00030 |
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D280 TR, HEEIREE I L O p-s,p-p IhEc kg
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AV
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0.0010

[R5k & BR] (1) &0 254 5 2 kOB HRR

0.0000 ‘e
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Lz 7-%, SDCIFHR T A i AR F-(He=Xe)IZ DWW CRHE L7=. 3% nsnp, nd (257
ML= BT, 2ok b ABZEr (AEZEMIZIENVPA L VPADEA) #active 2
&L, KTIMIEEALZ HAWTSDCl SHHEZ1To72. TORREZRITTT. (2 Ofhit=
FNAX—IZE L TIZVPAENVPA L TIE & A D ZEIT o 7=, %I?\/va‘r“~x =4
J—IVOREY, BT RNALFX IS OO, MET R LF—IRT LA EEE

LW DRI ND. fEROFEMITIY AwmET 5.
K., HTHARFOLET LT —LEBEFHBETR/LF—Zhartree]

[RF w® TE(NVPA) TE(VPA) ATE(=0 CE)

He 1s -2.8747449787 -2.8747449768 0.0000000019

Ne all -128.8829672077 -128.8829626220 0.0000045857
1s -128.7256430268 -128.7256389395 0.0000040873
2s2p -128.8375944929 -128.8375944603 0.0000000326

Ar all -528.8883002973 -528.8882497421 0.0000505552
1s -528.7147013381 -528.7146596928 0.0000416453
2s2p -528.7701202405 -528.7701194511 0.0000007894
3s3p -528.7314031726 -528.7314031665 0.0000000061

Kr all -2789.7891881985  -2789.7884440756 0.0007441229
1s -2788.8917393473  -2788.8912380611 0.0005012862
2s2p -2789.0420531010  -2789.0420143832 0.0000387178
3s3p -2788.9078490435  -2788.9078482174 0.0000008261
3d -2789.0316358855  -2789.0316356197 0.0000002658
4s4p -2788.9797141385  -2788.9797141316 0.0000000069

Xe all -7447.9320695825  -7447.9283659465 0.0037036360
1s -7446.9245362091  -7446.9221714979 0.0023647112
252p -7447.0494930884  -7447.0492742265 0.0002188619
3s3p -7446.9276415903  -7446.9276341998 0.0000073905
3d -7446.9741207318  -7446.9741178021 0.0000029297
4s4p -7446.9204877640  -7446.9204874696 0.0000002944
4d -7446.9649184521  -7446.9649183802 0.0000000719
5s5p -7446.9931088665  -7446.9931088626 0.0000000039

Y Koga, Tatewaki and Matsuoka. J.Chem.Phys.115 3561-3565 (2001)
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Theoretical calculation of photoionization cross—section by complex basis
function method
(Keio University) Matsuzaki Rei, Yabushita Satoshi

[F] B EIEE 2 B THO LN TN D, Z OBV EZICA 0 RGAERE 0, Bx ik
TN E CTHEFREREE AV OB A ALOBRFTRICER Y A TE 2,

A DONA A AT, AEERFEZ EOHMOMERdo /dQ. 3LV TN Z LKA TR Lo aWmsE o

TR END, S o ITESETHEE o OFTH Y, Green HEFEAVWTRD DI I ICEBTES[1], #
SWTHERIIR G T A =% g fivs e, dol/dQ=ol4x[l+ fP,(cosh)] L &BiT& %, B&iHETH
T OIZITER Sy Wi AR 0 WA T, D7 —a LAY 7 b o BRI D,

BHRILIEBIHIEIT (2) D £ 5 (ZGreen B T OITHIEF 4L B CHEBUI LT 23t A FIECTH L O T, 2l
HREOFAIEAT 2 208 TE D, RICBWT u TR HA T T, ¢, TRV F—[EHE 5 2R othiR
BThd, £, AEINTT Z OB OEHRIEE & 62 WETEEICET 20 Thd, LirL, 20
FAEITE W FERCALAH > 7 N 72 ERB BB 2 1A B G- 2 2V o T, MO WTEA O R ITE LW E B 2
BT E Tz, ERE. McCurdy 5% B OFHRFTREIEZ /R 72012, 50 fHLL b oS vz (2],

7 —nm AT 7 FORHRICIE, OO SEIRORE VN EE TH L, HEFOEERTREDLOR
B 0 IS CTHENT 272D, R 7 e BRITFE RV ENEORS HEIRE S LD D, PREERKZEHWS
B, TRTO olxt L TH@EO RN EZ AV 5AR 20, MO HEORI NS o ICBRKFTHZ L%
E2DHE, o Z LIRS E BT VTR D DRV IEBEB CEREOH AN ER T L L TSN, Fix
TIERREHC X B — AR I BRI & L, HylleraasDZE /348 EhiE & MRHTROMSY 1% OF ) L CHLIEBE S 2 S b
L. IER) - FFIER)Z — o BB E LRI TE L 2 L AR LT, (3]

AFERTIEZOFIEOEMLICAT, o ZLITEBEIZLARND DD, o & & HITHEEENE(LT 2 1HHR
Slater Type Orbital (cSTO) & fEFGauss Type Orbital (cGTO) Dt v FEZIRE L. FOEASWEHEL L ORI
7 N OFERSEICR T 2F MR T D,

o= Zo] ———Im<¢0 |ﬂE+;H_H8ﬂ|¢O> D)

(ol —4ldo) = D (o | el Ui)(Us | (Eo + o= H) ™ [up)(uj | el o)
ij

Eog +o—H+

(2)

[FHR L] R RIEBEIE O A TEH A 2155 72 01id, RB) D & 5 ICH — DA Ry & RO IR E
v FERWT, #REZITH., T72bb, HoRmfEiT@) TrlEnd, MoiEtle6) cEtlahss, b L
WHESEE CRRBEICEHHRE TE 2261, (MY 7 FOHRE LR TH D, LArL, Zo7dliX2]0FHEO X
INTRER 72 ILE B M EEIC 72 B, Z ORI ZE RS 5 12 | BERTEE O3 OIR 5 & WKB i 4 VT,
WAL E CHIAN T D 2 LTy —m UMY T R ERFE LTz, R (5) &2V CEE L7253 & WKB AN BEfi (&
ICBWTHELNICERT 5 L 512, WKB MICHERSME 52, s r iICB W T —a EE BB O Y



sin[kr+1/kIn2kr—lz/2+mn] i, 72— fifie 7 by,
BIKFRRT D 1s—kpdaA A 1kl
2(E, + @) 12,) "N (i =1,

BRI AR e
%2, (w)=12,(-1

SEIOFEITLIT, N ITEERBOKTH D,
2 (@) =17,. 7y (0) = —K =—i2(E, + ®) ZHi7-+ & 5 RSB HBELNZ LIk D, (3]

() =%, (¥ ()

EEE LT,

“‘%'mZ(% |1 IV By +@—H) T V)W, ] o)

W (r) = ImZVi (NV; | (Ep +o— H|)_l |Vj)(vj | 1| )

(RHRAR] &1

(IR 35

X LTI o7, W2 BREREE v M3, 20-cSTOTHLEFREL
SN) & LTatE L, 22Tl Z,
0 z(@) DERIZ, Z,(0) ZRHTHHEC X0 Bl Lk

ESERNDLIBIER (=5 G QN

(3)

(4)

(5)

SEERA . K2 T FORERE A S, WKB%&

r=10.0 bohr T#&%E L. r=100000 bohr THIT L bk L 7 —a Y 7 F2EHE LD, o 2
2. ©=0.6 OB Z 2 S E R WGE ORE R

CICHE AL S E DB E TR D=0
(A) & & bel U7z, Wrimif oo FHERE R
Zrl, NMHT T FOF

# 1. WA L) O R. A 1HT T ook L CEEIEIEHK S LTz (0.6),(i =1

BB\ CowZ

MW BB ORERFRRTH D,

iﬂ/( IR A O3 2 LT HER I KD ME &2 7R T
LITHUERR B AL ST RNARE N

ERDND,

+N) %

wla.u. N=4 N=8 N=12 A Exact
0.6 3.861 3.85968849 3.859688484 | 3.859688484 | 3.859688482723
0.8 1.74754 1.7474714s 1.747471474s | 1.747471477 1.7474714742125
1.0 0.9310 0.93139963 0.9313996424 | 0.9313997 0.931399642146
1.2 0.5520 0.55219943 0.5521994242 | 0.5521987 0.5521994240973
£2. (Y7 N OFERER

o/a.u. N=4 N=8 N=12 A Exact
0.6 -1.45s -1.45s -1.460 -1.46031 -1.4614648
0.8 -0.93 -0.65 -0.6693 -0.67 -0.669706
1.0 -0.36 -0.47 -0.479 -0.62 -0.483758
1.2 1.3 -0.45 -0.392 -0.80 -0.395117

(%7 3R]

[1] T.N.Rescigno et al, Phys. Rev. A, 31, 624(1985).

[2]C.W.McCurdy et al., ibid., 35, 657(1987).
[B]faey &5, 26 15 mIFEGR L FRitime. A
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Quantum Chemical Analysis of Reactions in CO,—Amine Systems

(RITE', NSC?) Hidetaka Yamada', Yoichi Matsuzaki®, Takayuki Higashii'

o HIERIERRALXIREL T, CO, BERANBRZ O EEMENE o TS, BRIV LD L T,
WU HR, WS R, BEIR 72 ENZE T BN, 2SO EI O LU TR SN AR FE L2 E
X730 ThD, 1k, 2 BTI1% COy LU, LN A—RE70 5,

2R'R’NH + CO, 2 R'R*™NCOO™ + R'R’NH," (1)
F72, TIVAFAE F Tl COs & HyO DEIZ LD A T — R —MER bR ES D,

R'R*R*N + CO, + H,0 2 HCO; + R'R*R*°NH" (2)

CO, ET IV D Ui, FEWTIIMEND CO, 3 BEMEREIL, BEHAEE R" SO E, 1y F A — DR
AR EIND, LTZ3>TC, 0LV D RS FRNTI I BB R IS B T 5 872 a5 2.5, AT
12, COy ET IV DGR ERRELT, B TR LD BUSENTIZ OV TGRS,
o SUR)EQ)DERRIZE, EBICTaMNALTIVNFEET D, ZOTENLHELNDINNT, TID
TV ATy REFAMEL CO, EDO N XEL T HEE/R/ T A—LZD—DThD, K 1 1%, 25 FEOTI
(DN TKIEIR T O FANE (pK,) %% FEINLEE % (B3LYP/6-311++G(d,p), BP/TZVP) 35 X UNH i (K
E7 )L (SM5.4/A, COSMO) Z A A B 7= FI1E[1]Cht

PR R Th D,
14 || & SMS.4/A/BILYP/6-311++G(d.p)
pK, = —10g([R1R2R3N][H3O+]/[R1R2R3NH+]) (3) % COSMO-RS//BP/TZVP
T T L2 T 2 0 pK, 2 T B LI . “
VI ERHIBATUOES, THED FETIELEBIRE % 10 e
el
B PRITEBIEARERE, . , 4%
=
o FRFHECHASANOLEIKTHEBILED 2 “ K
] ¥ A
FAMHLI, COrT I~ KR TDOAN S A— N DLETE ¢ B8
PEIE (D), (2) ORG H L —3E 4 u

AAG = AG; — AG, (4) T T T T 1
4 6 8 10 12 14

TR T&%[1], 73> CH3(CH2)mNH(CH,),OH (ZD\Y Experimental pK,
T, TLa— U En BLIOTAFALEHEE mE2EZT 1. 7o miEE M FREESEAE
FHELIZAAG &, VR A—NER

7 = [CH3(CH1)uN((CH,),OH)COO J/[HCO; ] (5)

DFEREZEZFE 1 173T, BIEIEL CO, TN 30wt% 7 I KIS Z 54T, BC BREG ILE 4y - i —
FTHy TV TETHEM LI n =2, 3, 4 ETNVa— VEEHNELRDIZONT, A —RE—MNI%kT5



T IRA—= DA P IZTEE D Uiz, 7, TRV EEZ m=1,2,3 EEXTE, r OZKIT
A/ NS o T2, COSMO-RS HEICEAHAAG DFFFfE B

LEBELFED n BEG m ffi R LT, —ic, Bk &1 TN LEREE
RS EUE, ZONREICKY, B AR n 2 3 4
REZEIRDIENNSN TS, L L, 22 TRLNET AAG -1.0 0.2 1.8
N — VR ET VR IVBRATK T DRI O REW 725 r 049 013 005
VN, ST TR TR AL, B R DR O 7L FIVRFETE
SNHZLITROMEI ThD, 557125 (MMFF) TR m ! 2 3
W 7 g % E L T, 47 UMY, -NH---HO-, AAG - -10 -10 - L1
—NHg* - —OH, -NCOO - HO-CREN545 Nk r 0.49 0.36 0.38

(a)m=1; (b)n=2; r:22°C, 1 atm;

FREBERT S (M D), ThbOREEREE MG (20 o

LU CEME LTS RSB L SO I LS A— RS

PE(AAG) 13, RIS ICEHIEE B<ABLE (D), —

5, 5T PR FEHE B A TR L7\ R OBt R 24 A L C

SHELIEGANE, 20IORRE 5 2 7en0 -T2, PLELD,

BRSNS A— ORI S HHRN T L — L

BRICTFIL, 2 TIAKER-E S RICRINT 25D ThHHE

EZOND, KH T, SEHEDBARLT, AFEREA

RNE A B R L E 2D,

o YRR T VRO, WIRPICB T 5ER

RHEZ & oM SOSHRE A RT3 D2 8N TE D, TIVE 2. IFITFI/IH/—ILHILINA—K
. R o D5 FRIKFSE S B

TORFIT, CO—T I —/KZ% 1% Marenich H 23B% L 7=

SMD ETARINELTNDZ ENRDbro TS, Z0D

5 AT O RS b, AR TR O

T 0B B A RS BT D IE ML T R L — S R b E
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HENTHY, 73O FEIRIET 5, HIAE, Lk § féﬂz%
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Assessing effects of the statistical fluctuations of QM wavefunction and reliability of the
mean-field approximation in QM /MM calculations
(Kyoto Univ.) Hiroshi Nakano[ Takeshi Yamamoto
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Development of orbital-specific density functional theory: A new SCF scheme
(Waseda Univ. ', Waseda Univ. RISE*>, JST-CREST")
OXKensei Suzuki', Takeshi Iizukal, Yutaka Imamura', Hiromi Nakai® > >

[#E] &I EEERDET) (231 % Global hybrid IFLEA%IE 1990 FEAICEITE Sh., fEEA—
FNX—FFREEICER T 5 2 L BBRMICHV LN D X TR o 72, 2000 FEICIE, &
52 L U 7= 8E 3 53 (Range-separated; RS) hybrid LB H-=C#illi 45 7 (Orbital-specific; OS)
hybrid JLESZZI8BRRE S, BMEE) - U KL - Nk R X OEROE HIRED &k
EARGERICHII Lz, LaxL. 25 hybrid JLEEIE. EEMEN DIRE S T-
Hartree-Fock (HF) RHLH D F 52 L TH Y | BEMRFEO R RI O - (L FBIRIZHB N T
LI DREE DR T MR S le, ZHUTxt L, Fex OBFEE Tix HF REIAO % 5% W Eii)
SMTH DEE T R X —DEBESRMEN SET D OS hybrid LR 2R L CTE 72,
OS PLEAELTIE, EAMESEA I L CIEMEM e A CAH AR OMIEEZITH) 2 & T, ZHET
SORMNNEETH > T=NEEA T AR T v b« R 2L F— - IEHAL T R L X — D E
JER RS VISR L C& 72, OS LB AW 2 3H 5 Tl E o HF ZSHRIEOEIS 2% LE
#D Fock A 1238l 5 728 Roothaan DFEGHAE 7 7' 1 —F % W DRl 72 B0 %
WL Uz, AT, EEOBEMESF A2 0OS PLBIEICX 3 58 LB O
BHSCF)D A ¥ — L ERET S,

[ L\ SCF 2 % — 4]

F9. 0S W THW L D HLE O BEAAMESMAIZE L TRl 4 %5, Kohn-Sham DFT

(KS-DFT) Tl Janak OEEN S, RE=XVX—E O i & HOPGED HEHH [, 12 X DM 1%,
ST D KSHUED TR LF —¢g LELNI ENRDA>TND,

OE . OE
—=¢g, T2IZL, —=¢ =-IP (1)
o, Siovo
WIE T R L X — g IXE TN D M-1<NEM (M35 OXMT—EE D, LT OERME
FEREFELND,
0’E Os
=—L=0 0< £ <1 2
HOMO DOE13EE 12 (Q2) ML L, thofuE o856 T BEMRESRENFEE LOA A
YER OFHIE(SIC) & 72 D SENHIFF S D,
AWFFETIX, N oS 5HFHuEICERMESREEZRT -, 77— @B 2D TOX
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— 0 A ICKRE T % hybrid ZZHRLEIEUII LA T O L 9 ICRBLTE 5,

i+l

N2
E = alE.:gR +(1- a1)E.?,sF1: + aNE;{,ER +(-ay )EPE; + Z [ E:l]\:/lRi +(1- aHl)E)]cJ,l]\:/lTRi] “4)

KIS DAL Sy DB = XL F— 1T T O L 5 IcFE b5,
N-2
& = al‘g:gR +(1- al)g.\?gg + aNg,rH,ER +(l-ay )EEETR + Z[amg:l&m +(1- aHl)gEl}\:/lTRi] 5
K(S) To N EOKRDE e,y a0} . (2) O NEOERIERIC LV IRET S,
1T VX — O S TEMER S (AF =0.0001) 12XV RD, K a OREGIZIET
Ly MEEHAW,
(B fERREE]

Ne J5L 7D 1s #liE 3 L O HOMO @ 2 SO E#ES: %2 H T HF ZEHOEIA 2R ET 5
TARBRRE 21772 > 7=, Table 112 OS hybrid LEIEL T 5417z Ne JFU1-ONR#LE 1s 35 L O
HOMO OD#liE = /L F — Dl 2~ 9, MIEIN, AFFIMNIEA 4 AR T v % L AP)D
FERIEND DAL L P a EE £ T, 0S LD RIED L HARBIINEI%E & LT, LC-BLYP
AW, RREMETHWAIEESEINRT A —2 012047 & L1z, o=, EEER X
UV LC-BLYP, CV-B3LYP TEOLNT-fER bR LTe, AW EEREUT ccpCVTZ ThH 5,
LC-BLYP, CV-B3LYP (%.Ne @ 1s Bli = /L X —% ZNEH 33.59, 8.81 eV |F & EBRIE A8/
P L7zDlzxt L, OS JLEE%TIL 870.58 eV &, 0.5eV AINDFEZETHIE G 5 Z LTI L
72=o HOMO O34 %, LC-BLYP, CV-B3LYP & % IP Z /el L, 19.20 eV, 1845 eV & 72 -
Teo —Ji. OS PLBI#IE 2097 eV & RS V| FEBRIED 21.56 eV ZHEER < HBLL 72, ML
BOWGAEE S EREREZR LT OSSN LV BERSIPEZREL L Z &b ol

AIZ OSPLBIEL TR E L= a ITBA L Ciam 3 %o Ne D NGRHIE 1s D o H1%0.629 & 72> 72,
ZAUE.CV-B3LYP 2355 2 A O N HEIC T L THWS a ED 0.5 LD KREWZ ERbins,
HF ZZHIHDOEI G N R E WD IP A T RFHEIC 2 572 & & 2 Hivd, HOMO Tl o fE
1% 0.800 & 72 o7, EARMESMEZ B - & ST\ 5 LC-BLYP D o i 1.0 L 0 3%
F/RSWVEE 2257,

LI Bt )5 OS hybrid ILESEX O HT LU SCF A F— A L 0 EARVESM: 207-TiE R
FOMLET R VX =2/ 5ND 2 ERNboodz, BETIE, EHIZTXTO Ne L F-O#EIC
EAERN 2R TS AR X OREHER Y a 6% 1.0 IZEE LSO EITV, W55
TETH D,

Table 1 Ne IPs (eV) and ai used by LC-BLYP, CV-B3LYP and OS hybrid functionals

Orbital LC-BLYP CV-B3LYP 0S Exptl.
Is 836.61 (-33.59) [0.0] 861.39 (-8.81) [0.5] 870.58 (0.38) [0.629] 870.2
HOMO 1920 (-2.36) [1.0]  18.45 (-3.11) [02]  20.97 (-0.59) [0.800] 21.56
(&5 ]
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Development of fast geometry optimization scheme for local unitary

transformation based infinite-order Douglas-Kroll method
(Waseda Univ.!, IST-CREST?) Yuya Nakajima', Junji Seino', Hiromi Nakai' *

(5] 2 E CTHx MR E 0 E LI BRI Douglas-Kroll (IODK) JA[1IZ & 2 Hid i
WALFELZRRE L, Rffe=4% Y —2&# (LUT) ERIZEHT 5 2 & TrBi{baiT> T&E72[3],
ARFIEIT 4 54y Dirac-Coulomb 35 & [AIfEE CTHEATE, 2o, KHEBRFEIZI W TH IEFEX
RO A N TRAARRIC LT, TOROEFTFREL LWL ILFEEEATLEMITEH THE
BRFETHD, THETOMFETIIA LIRS, DF YUl OIGE - IRICBET 2R 0H%
BOE->TEIz, LML, p BLES d BLUBED X 5 7eIEE v OfjuE A iEs &4 Ff - a2 53
LHEFEEMOREETIE, AV —HUEMHAEHORELBH TE NI ERMLATND
SOOI L > TUIHEELIZE > TAE U RELED D AEENR D D720 ,_®i9&£m
WKL THELWREEHEZ 525 FIERRAIRTHD, LENn-T, AFETIIINALDOE
KAEMZTFELE LT, A UKSF IODK /NI =7 > & HW\ = — (b IEHIR Hartree-Fock
(GUHF) {EIZ X oMok ss L, sHEEZ1T o7,
[#54] GUHF &2 ié%ﬁ%ﬁ%%ﬁ@ﬁ?@iﬁﬂﬁéo

ws on b087ll¢,06,7)) ov. w ol 0822
e et e 0% 3 L e P

,0' 1, (uwrryvlp [ONCN TR

IIZITEREZETRLY—, RIIBEE, o, o, 1, T1ZAEEE, DITEEITS, hiXl &
INVN=T YV, GIEZERIBNE, Vi IRV X —, gldPuE= X —, SITERVITS
R, ZORITHBWTHEROHIR HF (RHF) {EIC X DMITHIM O RBLE B2 5 80, (1) A
VWA AERH O L O RaA U LAYV NRIVE D T EETRICT LD, EROAE
(BT AHIRZEY rE, 2ToRMEa PAEVEEORMTELTWD A, (i) NIV =T
UREBE Sy a0, TRTORBANFER TR, HEHRTRINDIHTHD, b
KRR DZAEREMOBRE L ATREL 725720, ROLLERAELVIREEZEDL LN TE D,
F72, I0DK E%2 AW 554, D 1 E /I =T ATHOM57 oh/ 6R D3FEFIX R
IODK ([CED 5, ZOFETIT 45 Dirac NIV h=T & 2 B0 =8 ) —EHIC L v 524
W7y rxAib L, FOEFESE 1 E NIV I=T L THNWS, IODKEIZLS 1
FNIN =T OBEEBSIIU T O LB Th D,

ahIODK a SF T Sb

oo =6—R([QTGQ] +[e'ca] ) 2
ZIT, G BEEHO =X —4H, 725 Foldy-Wouthuysen A #2(ZHK3 5IH, QIE5E



T ey AT B0 2 BEERD =4 %’7‘“@ ICHETATETHY, "INV bh=T v
T AV HKTE (SF) 0 & AV UAKTE (SD) ERNC/0T CHB# L7z, ZiuE Tid SF #y D&
BOHLCHEEZITR>TCER, SDHDbLETZ LICL o TAY —HuEMAIER 72 EDOZhE
D ANT-FHE DN AREL 70 D, F AR TIEQ) 2 52 & - TRMEE L 7=,

[FEF] 2 1125 4 A 6 B0 25T 2 R0 FICBT ofEaEERT, AFET
[TV =7 & U (NR) SF F 721X BEAIZ SD THA X 7= zeroth-order regular
approximation (ZORA), F7=AKEGHIZEIT5H IODK #HVvy, ZHE L LT 4 %4y Dirac-Coulomb

(DC) M LT, :@f-f%%b%, iﬁ‘NR’Gi%J%E@Eﬁ (272 HIZHE - T DC 2D DREFEN K
X<, Bl eEIteY (CuH, AgH, AuH) CIBEE CTH D Z LoD, F72 IODK-SF
TIE, 4 A4+ (CuH, GaH, AsH, HBr) B LU 5 &0 AgH & InH (23 TRAZEN
K 0.001 A & H#ERIBW—# % ~9, —J7, SbH, HI TiX IODK-SD & OfEZENETRKE L 21,
%6 AW TIH, BiH, HAt IZEBWTIEIZDREZEN 0.024-0.029 A & HEHE CTX 202 LR S
72. IODK-SD & DC & OFEZEITHR K 0.003 A Lib BWERE 5 2 7=,

INHOREROMINILL T DO LB Th b, BEEGRILEW TIIKED 1s #§E & SR ITFERORK
ALk s Bl & O CREA Z T 5729, SF ORI X 2 ik s BE OIEICE WA R0 VE
<725, H13 1% (GaH, TIH) TiX, FEICBEEST 2D p $LEN A v —BuEMEA/ERIC
KoTHHT L, 205 BLPLED L IGHE LTz pr WUEXFE SIS T 5720, faREN SFIZk
NTHELSRD EZEZXLND, IHIZOWTD pp BUBAREEICE G 5720, ZORA-SD T3
9%, —J, IODK-SD TII AV —fjliifl EAEA Y SCF MICH D IAE N DRI K v, = DULHE
DHFRINTZEEZOND, TOMOE 15 1% (AsH, SbH, BiH), % 17 f&% (HBr, HI, HAt) T
IBLED X0 R L7z psp BLENEAICBE G T 5728, EEEN SFICHRTEL D,

TABLE 1. Bond length (A) of XH molecules in Hartree-Fock calculation.

ZORA? I0DK" pc

SF SD AY SF SD AY SD
4 CuH 1.570  0.029 1.543 1.543 0.000 1.541 1.539 -0.002 1.541
GaH 1.670 -0.018 1.667 1.667 0.000 1.668 1.667 -0.001 1.668

AsH  1.515 0.003 1.508 1.510 0.002 1512 1.513 0.001 1.512

HBr  1.407  0.002 1.403 1.403 0.000 1404 1.405 0.001 1.405

5 AgH 1.778  0.077 1.708 1.707 -0.001  1.700 1.702 0.002 1.701
InH  1.857 0.013 1.845 1.843 -0.002 1.845 1.845 0.000 1.844

SbH 1.712  0.005 1.701 1.705 0.004 1.702 1.707 0.005 1.707

HI 1.609  0.005 1.600 1.602 0.002 1.601 1.604 0.003 1.604

6 AuH 1.830 0263 1.584 1574 -0.010 1.571 1.567 -0.004 1.567
TIH 1939  0.063 1905 1.873 -0.033 1.906 1.877 -0.029 1.876

BiH 1.808 0.001 1.780 1.801 0.022 1.780 1.804 0.024 1.807
HAt 1.712 0.003 1.689 1.711 0.022 1.685 1.714 0.029 1.715
" Uncontracted Gaussian-type basis sets 'Sapporo-TZP' for H and 'DK3-Gen-TK/NOSeC-CV-TZP' for others were used.
? Bond length difference between NR and DC.
3 Slater-type basis sets 'TZ2P' were used.
9 Bond length difference between SF and SD.

Period Mol. NR" A?
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[1] M. Barysz and A. I. Sadlej, J. Chem. Phys. 116, 2696 (2002).
[2] I.Seino and H. Nakai, J. Chem. Phys. 136, 244102 (2012).
[3] "lEfAth, TEEFER], PHEEE, 5515 FEEREFERER S, 2P11, 20124E5 A.
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Theoretical study on the correlation between the open-shell character and

the linear absorption peak of one-dimensional open-shell singlet condensed-ring
conjugated molecules
(Graduate School of Engineering Science, Osaka University) Shingo Kishimoto, Ryohei Kishi,

Takuya Minami, Soichi Ito, Yusuke Murata, Kotaro Fukuda, Masayoshi Nakano
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RHIEONFIZ LY UB3LYP XV & N O/NZWGEIK Tl A3 Biin, PA T = f L%
—W N=6LIBETERICEZL TV 5,

B4 5,6 ICEBIEE—A L FORE SIOFEMERERT, NOHEKIZH LT DPA TIEK
TSR TDHDOITH L, PAOMEIFRKE S EL LRV, ZIUTEB T — A > OB &0
AR O TR ER T <, DPA TIEoFOEGF M THDHDIZR L, PA Tidsy 1 D%
FHrre 720 YA KRFER NS N EEZXOND, FrtFEIEICL DB ROLE LY DPA
TIXAE IR TD-DFT i TE L KRTHDICx L, LB MEE L 2 v JEHIR TD-DFT
ETITHERBMA DN DENE LN, BT _HEET VKD ND, Z0ORDE
BIRRTF-E— A F DY A ZRIEHIZ, A XD KRIZEES HOMO-LUMO [0 1 &+ E%
BHGAE— A bR E | HERETOLEFRIEEE O T 5 OB KITERNT 2 REMO
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