3D10
IRt B oL — il 2 O SRR NS IS T D A A ik D AT

RAEKRPE « B, RUKESICBY) OFNIEH ', £ W' &M Bl
Analysis of lon Transports through Liquid Interfaces
by using 2D Free Energy Profiles
(Graduate School of Science, Tohoku Univ.}, ESICB, Kyoto Univ.?)
O Nobuaki Kikkawa, Lingjian Wang, Akihiro Morita

[F] A Ao DR A @i 5B, water finger & MEEN D KOENTERT %,  water
finger 13I%'E O Fmi@IEIEE DR ER T Th D Z EnEbil, D TEiFyIalb—ray
(MD) (2 X % water finger ™3 R LISKM HEGAGS 6 FHERLAAGE AT S5 DT & 72,

BAILEH, MD v ab—va VERWERRIZE D . A F Uik 2R3 2 i T h
LRI EN AR DS water finger DUIWr &R+ 5 Z & A ST LB, F7-, water finger
OIS H BT R F—diFROBIRE LG LTS ZE B RHL TS, Zhbo
TR A Ak OFRARIZ water finger OFEENR AR TIh D = & et 5,

water finger 23512 5 2 25 B 2 BRI ENT 3 2854 . water finger DA &2 (b % A% &
LEEAHTZ R AR —ilE2ME S D68, Ll ZoE b0 — il o FE
DIERIZHOWN T, AFZEGIER D72 S EFUIH BT > TH7RY, £ 2 THRLAIIHE BT
X —HOIRE MD FHENOHLMNCT D2 L 2B E LIFSEA 1T 72,

[ 5iE) AT 247 5 L8448 5 0% water finger ORI A & D X 5 I ET 5T
b5, FHZMDEREZT O HE. @) BEOMEZ 7 V=27 M) —hbEEICERTE S D
&, (b) M (PaeT ) OFENRTELZ L, BRELRD, £z, (¢) AR E OXH
MTEHZ L bEELERD,

ez 1T EREDSRM 2T EFE & LT, water finger % &' . 1
TEDK M (FETTAKS - ks M) O mEE S , \!;
M OMBRORKIE 2w ZEA L7z (1), zur 1SNV E A max
=X water finger MR L TV DHRHE, RE W& X XU % [ Zwf
SRR HET 5. e : Cylg
HEHTXLX—0FEEL LTI, "I bh=T L ; S $ -

ZY IR MD EE W, ST ART v IbL

0 2
- z

2 T|(z -z ) (Wf _ Wfl) X1 water finger % &t L 7=
o2 o.

z,i " Zwpi . RO FIIAKSF, EEDSL
W, REmESROA A OME z & water finger L S TLB A A

Uibias (Z, wa) —




DVERE 2o Z W2 2 RO B R VX —lif 2 L7z, 7eds. i 13314 7 AD&E S,
20, Zygis Ogiy Opyi (IS T ADNRT A= ThD, Fio,zx0 1344 BREICHFEES

DIREERL, 2<0 D& XA A DBIKMITHFET DIRME, 2> 0 D & ZFA A BBUKME
(AEET DRREE £ T,

(R L ELE] KKIRREIZHT D | Ok Z T L7zl a2 X 2 1273, FEanbiRao
HEEARIRD DI O THHTZ R LF—E 2 keal/mol T oKX 2o TEY, A4 DKM
MHBKMICBEIT I VHBE TR LX— T EH L TW5, £/, HEZRLF—25060)
LR DHNAM 2 OTF(EL, WHDOMIZIH L Z dkacl/mol DIEFHALIEEENTFEL TV D, Zh
52 oD 81, water finger AU SN D8R LHIWF SRV ZATHY | WH DR OER
INRIRFE DA ik OHFICEHE TH D Z L DIRER SN D,

WEIATOI 2l A B R VX —OFHEIC X 0 . water finger 232k BIEr3~ 2 A7 {1 3T
WEEBEDOMEXIZL D AT VU ADFIET 5 2 L BSIOBEBRE A KIFIZE AT 5 = L W%
WEHNTWD, BRFINLOBGLFHE SN A RT3 X —ilifE & OBEIZ >N TS
g D. Fio. FHEZR HIXIRIRAE ORIZOWT bigm T 5.

(BEE]  ARFIEIE A AR IR R BRI SE B 53 b 2 D S % 52 1 TYT b T,

T T T T T ] 20
i G B2 BB —dhm.

- Vo /i S 1 15 z=0 PRE@THY, z<0 D
 ?%/Z' < HCCHEA A ORI AT
B ..+ | 1 10 3 fE. 2>0 TRA AV RRANAT
£ 25, HERBROMEEL 2
kcal/mol TH V. HFHARICAT
IO THHTZRLF—3 1
KT 2D, FEEITILH, SEe

M ERT 5.

[1] I. Benjamin, Science 261 (1993) 1558

[2] K. J. Schweighofer, 1. Benjamin, J. Phys. Chem. 99 (1995) 9974

[3] N. Kikkawa, T. Ishiyama, A. Morita, Chem. Phys. Lett. 534 (2012) 19
[4] A. Gupta, et al., Phys. Rev. E 78 (2008) 041605

[5] R. A. Marcus, J. Chem. Phys. 113 (2000) 22

[6] A. A. Kornyshev, M. Urbakh, et al., J. Chem. Phys. 117 (2002) 8



3D11

BERIR/—IL/AEY2BHRICEIT5EEN
—BREEEICH TR BEDFDEE —
(FEREX - B) OLWEW, HlUEZ, BHHERER

Solvation in supercritical ethanol/benzene binary systems
—Behavior of solutes in the low density region.

(Gakushuin Unv.) OShiho Kamiyama, Hideyuki Nakayama, Kikujiro Ishii

[Frim] ARG SRR OB B 2 Frrki .
IR E TERB X OERABLE ) DA A
FETHIR SN TE T2, & L CHIKH O HARR
RED—>Th HKFHEA D BERSIER T
WCBWTHIFET D Z ERNHL N2> T
%, B zomTHLBERAE LTT va—
IV W TE S Tl REE ORAREEIZB W
THWE DT L WS T H TKBRE DAL
IND T ENREIN TS, shHI7ZR s
FEoThen, B

AMFFE T, BB R SRAR T DV BRI 1 2 B
R HAFFED—E & LT, KEREAEZIEKT D
GG S A T OB IR & 4y ) L L TR
S 272012, T~ otlEd v Ol
% ) —)v (EtOH) 1 COAEBEFIOHFZE % 11X
OJRFEPIC DT D HEEIC ) LT T o 72, WE
LLTnEFERFO>NUEY (BZ) & HW e,
F 72 BZ OFUE—4y & EtOH/BZ 2 43R 128
7% BZ IRENIRRED LG 24T 5 72 D12, BZ 7
KD T~ AT MV E =D D EtOH Ff Sk
JEDOFIFH THIE LTz, & BT FL~LcE
VT DRI A R 5 72 92 EtOH/IBZ D 7
T AL —TERRICBT 5 B L FR R AT o 72,
[EBr] KEBRTIZ, 250K FE2AV, &
JER DYt Iz (EtOH, T,=513.9 K, p.=
6.39 MPa) &IRE (BZ) #1FEA LT, BERE
IR EREM O D T~ v AT M ZBT
% BZ D& FipfEiRE N> K (992.8 cm™) &
EtOH /3> K (%9 1270 cm™) D3R He 0 i iy
BAVER LT T o 72 B AN & JE %
NENAESRPUA L OTHF—TTHEL, &

— U vV —H—TRAEME LT,
21X ArfL—4— (514.5 nm, 100 mW) Z i [
L. CCD Zfix 7=mitasz T T~ A
7 MVEBIRI LTz, WIE LT~ o3y RO
Bd, WEBER O3 A RO RIZ LD AfIE
L7z,

B3 B, Gaussian03 £ 7213 09 %
T EtOH-BZ (2 #14) & EtOH,-BZ (3 &14)
DY T AL —TGRRIZ £ B R ET F L F—AE
CIREN T N Ay BEFR L, R LV
MP2/6-311++G(d,p) C. counterpoise %12 L Y
BSSE 2k 9 M EZ1T > 7=,

[ 5 & 22 IE L 7= EtOH/BZ 2 iy 2 D 7
< AR MO K 1(a, bR LTz, Wik
DIEFEIIR B DENAS R xgz= 001 & LTz,
TAWNE—ERET (=T/T) =0.96, 0.98, 1.00,
1.02, 1.04 12k o 7= F F| JES1%#9 15 MPa~#Y
0.5 MPa F CTEFEIIZIEVD S TRIEZ1T > 72,
JETIRANZ PN AT N VBB EE X BE 2 & D
L7z, X 1(b)iC /% % OH fififfi & — Rid EmH

(a) ‘ ‘ ‘ T, 2100 (b) T,‘: 1.00

p/MPa
15.6
0.

Intensity / Arbitrary unit

i
i

Intensity / Arbitrary unit
S
X

72__J I~
6.0
5.SJLM 55
41 4.1
2.0 (20 o~ ]
0.5 0.4
—— Ty

600 800 1000 1200 1400 1600 3400 3500 3600 3700 3800

Ramanshift / cm™ Ramanshift / cm™

1.T,=1.00 ® EtOH/BZ 2 i532 DT~ v AT |
JL (a) FERCAEIK, (b) EtOH @ OH fiffEIEE) /N o AR



WCHEEICT e — KeBERLE, 2095
3500~3600 cm ' fEIKIZ LS D o8 L Bk E
£ L7= OH {ififfi#iR®h <, 3650 cm ™ 'fEild /N R

IXEITKRFRHEAICEE L2 WOHD R R Th
%o IREEIR TIEZ DY ROSERBLI S
77 ZIUHIZEMO EtOH 751D 5 H O trans
i & gauche 531-0> OH fififfEE— I\T&)Z)

i EFEIR CIE ) D B D oy -0 B D 2
RE UTKEMAEPFE L, [kt f%ﬁi@
AR ERE T free 72 OH 238195, 1(a) D A
X7 MVOHFT, REITTR LTZAN Y R3RE
VO PMERERENIC L Db DO TH S,

BZ — i/ iZ BT 2 & FMBAFRIRE DO H D
IBERAAEZR X 2 12R Lz, AKIRME 4 50132 0
REICBITHAKE T THE LA~ hL
TOWRBTH Y, @I 3 RIE—ERE, J £
AR CHIE L7245 % 0 MPa (Z/MF L7-fE T
»H5, BZ IRENE— NOWBITEIR L TlE—
EDEZ R L IRE BRI MRS > 7
NI Z e ghnol,

EtOH/BZ 2 {53 RI23 1T 5 BZ &t iE iz
e — FOFEHENEK 3 IR Lz, 2D BZ
ET— FOBEEBUIE IR L, &
JESEIL ClE— B2 72 2 A Bz, D
JESMKAFE DR 3B 3 5 KT, £ E o
I EZ 36 1 2 IR AF IR & 72 13 % DIER AR
LE@EBTLETHY ., 2O ROWEHEOE
THEAENEDS BZ 531 JEIBHD EtOH J3 - DF LT
B L TWD Z &b s, £/ BZIREE—
NIZ3UT B EZAL OERNE, 2 EE R LE S

5 TR OFFEEROHNN L KB EGRKIC

% oy TR OEHER A AR AT K - THEK
DD L B CIEE N D 24T BT RS
DIFELTND I EERBL TN D,

X 2 OFERIL, HIRD BZ 431 O a5 F b
RENE — RO EA EtOH B IR AT T
9%5mﬁ?%é:k%fbf“é I3®ﬁ
JEfEIICE B0 &, T<T I fé&ﬁ
FET & 32 EFEd BZ — 7 O HITIT S0
72 —7J7. T,=1.00,p=0.5MPa |Z&i} % BZ I

1349 992.1 em™ T, JAPHIC EtOH 43 T3 FAE
T HIRAETIX BZ —plioy & T ENAET, £
DFEET, =1.02, 1.04 ITHA_TRE WV, 2L,
{7 L 2R RIS iﬂVC%T>TC TIEBZo 103
JEPAD EtOH 3 FIZ K DB % =F, LrbZ
DFENL T, THREIC ﬁ%w EERBEL TS,
BEHEFRIROBRICEL D L. EOH 451 &
BZ 53173 O-H- n HHAEAEMIC L » T &K%
kT 5 &, LE=RLF—L& EFLo BZ iE
BT — FOWEET 7 MEERER -15 kI mol?,
055 cm? Tholm, THHDOFERNG, Eir
THOLNIAREERETO BZ IREIE— NiZk
I B DEIL, EtOH 4y & BZ 3 FTD
HEEMOMEERICE b0 THEEEZD
N5,

2B, LFLO BZIRENE— ROBER T~
WA, Ar 5145 nm L —H— KO E DEIC
HLE ML THRT 5,

994 T T T T T

993 - . R
b °® .
5 * .
PN
992 - i
991 L L L
300 400 500
T/K

2.BZ —smricsir b
BZ IRENE — RO E O KA

993 T T T

T,=1.04
T,=1.02
T,=1.00
e g'o--.s T,=0.98
8992-° e g'gb T,=096 T
N OoB' .
.o@g 8 .0;. ;Q
[ ]
991 1 1 1
0 5 10 15
p/MPa

%] 3. EtOH/BZ 2 iR H1T %
BZ #REE — RO EZ

[1] P. Lalanne, J. M. Andanson, J.-C. Soetens, T. Tassaing,
Y. Danten, and M. Besnard, J. Phys. Chem. A 108, 3902
(2004).

[2] D. Dellis, M. Chalaris, and J. Samios, J. Phys. Chem. B
109, 18575 (2005).

[3] T. Fujisawa, M. Terazima, and Y. Kimura, J. Phys. Chem.
A 112, 5515 (2008).



3D12
MAZER 2 RTREADALEZAVEEAERLBRROIRIILF—BEOHR
Ly FREZACEMEZED) ofEH EEK. Junsheng Chen, Khadga J. Karki, Ténu Pullerits
Exploring Energy Transfer in Light Harvesting Systems by using
Phase-Modulation Two-Dimensional Fluorescence Spectroscopy
(Dept. of Chemical Physics, Lund University)
oAtsunori Sakurai, Junsheng Chen, Khadga J. Karki, and Tonu Pullerits

Introduction ‘ @ @‘@3 o
Light harvesting system of purple bacteria (LH2) has been studied % . n

by a wide variety of experimental and theoretical works because of — f@ =>

the importance of the system as a model for exploring energy =\ e &= B800
transfer process. LH2 from Rps. acidophila has a ring structure of 9

pairs of a helixes, each pair binds 3 bacteriochlorophyll (Bchl) a.

The Bchls form 2 rings of 9 and 18 molecules known as B800 and Figure 1. The molecular

B850 according to their respective absorption bands (Fig. 1 and 2). It gtrycture of LH2. 9 and 18
is well known that energy transfer between B800 and B850 occurs on - gch| molecules form 2 rings

a timescale of 1 ps at room temperature [1]. The transfer can be of B800 (green) and B850
described by either Forster or Redfield theories, or their (red), respectively. Yellow
modifications. The physics of the dynamics in various models is very  strings are  carotenoid
different. In Forster theory the coupling to the bath is included molecules. o helixes are not
exactly by using experimentally observed absorption and shown here.

fluorescence spectra, whereas electronic coupling enters

perturbatively via Fermi Golden rule (FGR) expression. 10 ' ' '\ B850 s

B800
On the other hand, in Redfield theory the electronic 08 — LH2 7
coupling between molecule is diagonalized out exactly

— Laser _|

04+ .
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whereas the coupling to the bath is acting as a
02 -

perturbation entering a FGL-like expression [2].
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theories exist and have provided basic understanding of

the process. However, the possible role of coherence to Figure 2. The absorption spectrum of LH2

the transfer step is still an open question. Electronic (red) and the spectrum of laser which we

two-dimensional (2D) spectroscopy is a promising way used (blue). The frequency range of 2D

to shed further light to this issue [3]. 2D spectroscopy spectra that we show is colored by yellow.
gives the information of the correlation between excitation and emission frequencies in 2D map. From
the 2D spectra, we can get the insight of dynamics between resonant states, e.g. the coupling strength,
the timescale of energy transfer between states and the time constant of dephasing. In this contribution,
we use a new type of 2D spectroscopy, hamely phase-modulation 2D fluorescence spectroscopy

(PM-2DFS) [4].



Experimental Setup

A sequence of 4 laser pulses interacts with the electronic states of LH2. The pulses have broad spectra
which cover both B800 and B850 (Fig. 2). Unlike usual 2D electronic spectroscopy that detects a
coherently generated optical signal [3], we detect an incoherent fluorescence signal [4]. All possible
combinations of interactions of the pulses with LH2 can lead to fluorescence. By using phase
modulation of the pulses introduced by acousto-optic modulators (AOMs) and by mixing the reference
signal, we can separate the part of the fluorescence which corresponds to desired Liouville pathways
(Fig. 3). By changing time intervals between 1st and 2nd laser pulses (t;, coherence time) as well as
3rd and 4th (t3, detection time), and taking Fourier transform over them, we obtain 2D fluorescence
spectra. A time interval between 2nd and 3rd laser pulses (t,, population time) is fixed for each
measurement of 2D spectrum.

. Figure 3.  The
= = = | experimental  setup
U;FN(:l P of PM-2DFS. We
P = 3 introduce phase
- modulation to each
o 1\ = laser pulse using
. {:] __ AOM. The intensity
P \;%4 1 o e /L 1ot u of fluorescence
- bR changes in time with
it (625 om) the frequency of
e phase modulation.

Result

The 2D spectra are shown in Fig. 4. We can see cross-peaks even when t, = 0 fs. This suggest that
there is mixing of wave functions between B800 and B850. While we can see the elongation of the
peak of B800 along the diagonal direction when t, = 0fs, the peak of B800 when t, = 60 fs is circular.
This shows the dephasing of electronic excited state of B800 may be faster than this time scale.
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Room temperature ionic liquids (RTILs), which are salts comprising bulky ionic constituents and
exist as liquid in ambient conditions, have attracted widespread attention of the researchers from
different fields and have emerged as a new class of promising media for a variety of chemical

reactions and applications due to their interesting properties [1].

Recognizing the potential of the RTILs, we have been exploring these substances for nearly a
decade and half by studying the photophysical behavior of carefully chosen molecular systems, a
large majority of which are dipolar fluorescent molecules, in these media [2-7]. These studies
have significantly improved our understanding of the structure and dynamics of these complex
liquids and also allowed us to exploit some of the unique properties of the RTILs to fine tune the

fluorescence response of the systems of interest.

Our studies are based primarily on the time-integrated and time-resolved fluorescence, laser flash
photolysis and fluorescence correlation techniques. By measuring the steady state fluorescence
response of dipolar molecules we have quantitatively estimated the polarity of a series of RTILs
and shown that these media are more polar than acetonitrile but less polar than methanol. By
monitoring the time-dependent fluorescence Stokes shift of dipolar molecules we have been able
to determine the time scale and mechanism of solvent reorganization dynamics in these media.
We have demonstrated that unusual excitation wavelength dependent fluorescence behavior of
some systems, as observed in these media, is a consequence of slow solvent relaxation in RTILs.

With the help of time-resolved fluorescence anisotropy measurements we have studied the



rotational dynamics of solute molecules and demonstrated microheterogeneous nature of these
media. By probing the kinetics of fluorescence recovery after photo-bleaching (FRAP) we have
studied the translational diffusion of molecules in these media. Our study on photo-induced
electron transfer reactions based on transient absorption measurements has revealed rapid

recombination of the products of the electron transfer reactions in these media.

This talk will highlight some of the above results, which are suggestive of an organized structure

of these viscous liquids.
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