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Diffusion Process of Supercooled Water:
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The control of chemical reaction by light is one of the central themes of chemistry. The recent
development of the ultrafast laser technique has enabled researchers to observe elementary step of
chemical reactions and control reaction dynamics in the femtosecond timescale [1]. In this study,
we report newly found photo-isomerization path involving multiphoton excitation process and the
intermediate states of the process investigated by two-color two-pulse excitation.

The potential barrier on the electronic excited state is one of the main factors which determine
the reaction dynamics. The potential barrier on the S, state of dye has been reported to hinder the
isomerization [2]. The potential barrier is thought to be lower at higher electronic excited state [3],
and the electronic excitation to S, state, which is reached by the second harmonic (SH) of the
fundamental pulse resonant to S;<—S, transition, increases the efficiency of trans-cis isomerization at

model dyes, such as DODCl and DTTCI [3].

Recently, we found that the main trans-cis reaction path of
indocyanine green (ICG) involves not one-photon but
two-photon process of SH pulse corresponding to four-photon
process of fundamental (NIR) pulse resonant to S;< S
transition. We also found that four-photon process of NIR
pulse is involved in the main pathway under NIR irradiation
condition.

Figure 1 shows the transient absorption spectrum of ICG
pumped by fundamental femtosecond pulse (800 nm, 70 fs, 50
ml/cm?®, 1 KHz) in ethanol. The details of experimental setup
are described elsewhere [4]. In figure 1, transient signals
observed around 560 nm, 790 nm, and 880 nm are assigned as
transient absorption (TA) by ICG leuco-forms, photo-bleaching
of ICG in trans configuration, and TA by photo-produced
cis-isomer, respectively [5]. Note that cis-isomer itself is
produced within 2 ns [4] and the pump-probe delay time for
our transient absorption measurement is 2.5 ns.

Figure 2 shows the NIR fluence dependence of absorbance
change by cis-isomer. It is clear from the figure that, although
the saturation occurs with increasing the NIR power, the
absorbance change is proportional to the NIR fluence to the
forth power in the low power region. This result is consistent
with the fact that the absorbance change is proportional to the
UV fluence to the second power as shown in figure 3. These
results clearly indicate that the highest electronic excited state
(denoted by S,) involved in the main trans-cis isomerization
path is higher than Sy by NIR four-photon energy.

Figure 4 shows the schematic diagram of trans-cis
isomerization process derived from the observed results.
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Figure 1. Transient absorption
spectrum of ICG in ethanol.
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Figure 2. NIR fluence dependence of
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Figure 3. UV fluence dependence of
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Here we discuss the reason for the reaction paths to shift from single-photon processes to

four-photon process.

In our study, femtosecond pulses were used and the pump photon flux during



the irradiation was more than 10’ times higher than those in
previous studies using cw laser [5]. Thus, the number ratio of
ICG molecules excited to high electronic states, such as S, by
NIR multiphoton processes to those excited to S; by NIR
one-photon process should be much larger in our study than in
previous studies. According to Rulliere-Velsko-Fleming model
that is generally applicable to symmetrical carbocyanine dyes,
the energetic barrier against photoisomerization is lower at
higher singlet electronic excited state [3]. As a result, the
amount of cis-isomer produced in the new reaction path via Sy
state overcame the amount of cis-isomer produced in the
conventional path via S; state and the new reaction path
became the main reaction path in our study.

For further understanding of multiphoton process in the
new photo-isomerization path, we measured UV-NIR two-pulse
correlation (2PC) on the absorbance change at 880 nm
(cis-isomer) as shown in figure 5(a). The 2PC trace shows
clear pump-pump interval dependence. Figure 5(b) shows
the UV pump fluence dependence of the cross term. In the
figure, the results of the least square fit to a model function
are also shown. The model function was a convolution
between the time profiles of pump pulses and exponential
decay functions corresponding to the relaxations at
intermediate states. Both in positive and negative NIR-UV
delay regions, the traces are well reproduced by the
combination of two decay components. The time constants
of the decay components are 1.0 and 0.1 ps, respectively.
The former time constant is consistent with the lifetime of S,
state of ICG molecule reported as 1.2 ps [6]. This lifetime
reflects the intramolecular deactivation from S, state to
vibronic S; state. The relaxation of vibronic S; state is slower
than the intramolecular deactivation of S, state for dye
molecules [8]. Figure 6 shows the initial amplitude of the fast
decay component (0.1 ps). The initial amplitude is almost
proportional to the UV pump fluence. This result indicates
that the fast decay component represents relaxation dynamics
on S, state. The vibrational relaxation on S, state should be
responsible for this fast decay component.

In the presentation, the multiphoton processes in the
production of ICG leuco-forms as well as the photoproducts
from other dye molecules will be also described.
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[Introduction]

In ultrafast reactions, it is considered that the excited-state molecule relaxes rapidly to ground
state through a potential “funnel”, where the excited- and ground-state potential energy
surfaces (PES) get close to each other. This potential region is expected to provide an
efficient channel for rapid relaxation and to play a key role in ultrafast reactions. However,
our knowledge is very limited on how the molecular structure (or nuclear wavepacket)

evolves in this important potential region. FC Region

/_\F:nnel Region

Therefore, it is highly desirable to obtain
quantitative information about the wavepacket
motion near the funnel region. With this

fundamental interest in mind, we tried to observe So

trans

the wavepacket motion approaching the funnel - SO
region in a model system, photoisomerization of Cg_@

cis-stilbene, using pump-IR dump-probe cis

spectroscopy. Fig. 1 Schematic illustration of the potential

funnel region in cis-stilbene photoisomerization.
[Experiment]
The output of a Ti: sapphire amplifier was divided into three beams for generating the pump,
dump and probe pulses, respectively. The pump pulse at 266 nm was produced through 3.
harmonic generation of the 800 nm fundamental pulse. The dump pulse at various infrared
wavelengths was generated by a commercial OPA system pumped by the 800 nm pulse. The
white continuum probe pulse was obtained by focusing the fundamental pulse on a sapphire

plate.

[Results and Discussion]
As shown in Figure 1, it is suggested that the photogenerated S; state of cis-stilbene initially

undergoes a twisting deformation and forms the relaxed S, state, corresponding to a shallow



local minimum of the S; potential. This relaxed

[a) 30 T T T T T
g 25| Dump Wavelength:1.5 um (6500 em™) u

S; state, which exhibits a strong Sy;<S; 2 Ll o i
E ls_fDumpon

absorption at 640 nm, is a precursor of the © | |
Q
c

isomerization and is converted to the S, state § °r 7
%] 0

. . . 2 1 1 1 1 1
(trans and cis) in a picosecond through the funnel < 500 550 500 650 700

Wavelength/nm

region. To investigate the wavepacket motion Fig. 2 The trensient absorption spectrum of cis-

that moves toward the funnel region, we  stilbene with/without dump pulse (pump-probe
introduced an infrared dump pulse at 0.5 ps after ~ delay time: 1 ps; pump-dump delay time: 0.5 ps).
photoexcition and monitored the transient absorption by the probe at 1 ps. As shown in figure
2, the S;«S; transient absorption at 640 nm is decreased significantly by the dump pulse at
1.5 pum (6500 cm™). This result strongly indicates that the S; population is depleted by the
dump pulse, implying that the S; population is resonantly driven back to the S, state by the

stimulated emission dumping. We evaluated the

. . 0.08}-(a) .y I I "]
fs /——\’W\’\—/"\’\
following dump efficiency, gzg L 16/ Dump: 85000m™ ]
dump eﬁiciency:l—w > (D 0.04- (b) o 7
AAbs(dump — off ) 5 002 1“‘% Dump: 6500cm™ 7|
2 000
it agai - g I ]
and plotted it against the pump-dump delay. As g .l m/m "
g ’4/ ump: C
(a]

shows in figure 3 (b), the dump efficiency shows 000 @ ’ .
oL NIS)‘W i

almost instaneous rise as short as 11 fs, which was Dump: 3500cm *

0.08 -
evaluated by an analysis taking account of the 0-02‘(e)76f5 v 2
0.01 J Dump: 2470cm

instrumental response (FWHM=133 f5). The rise 009

-0.5 0.0 0.5 1.0 15

time of the dump efficiency corresponds to the Pump-dump Delay Time/ps
) Fig. 3 Dump efficiencies as a function of pump-
time that the wavepacket needs to reach the

dump delay time for various dump photon energy.
potential region, where the S;-Sy energy difference
matches the 6500-cm™ dump photon energy. To monitor the wavepacket motion at different
PES regions, we carried out experiments with changing the dump photon energy, as shown in
figure 3. It was found that the rise is almost identical in the range of 10-20 fs for the dump
photon energy from 8500 cm™ to 3500 cm™, while it is substantially longer (76 fs) for the
2470 cm™ dump pulse (we note that the temporal response of the experiment does not change
significantly with change of the dumping wavelengths).

The pump-dump-probe result clearly indicates the wavepacket motion toward the PES

region, where the Sy and S, potentials get as close to as 2470 cm, and provides its

quantitative characterization near the funnel region.
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Observation of molecular chirality by CARS-ROA
(The Univ. of Tokyo?, Univ. of Tsukuba2, Max Planck Institute3, The Univ. of Tokyo4, NCTU5)

Kotaro Hiramatsu!, Hideaki Kano?, Masanari Okuno3, Takashi Nagata4, Hiro-o Hamaguchi5
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Dynamics of Oil Droplets in the Presence of Gemini-type Cationic Surfactants
(Graduate School of Arts and Sciences, Univ. of Tokyo', PRESTO, JST?)

Taisuke Banno', Shingo Miura', Rie Kuroha®, and Taro Toyota®?

[F] 54, EVPHD T AT LO—2E LT, A7 1 A— FLHA XD R TE A
KR CH LB 285 (B CBE) 2NEH IR TWD, ZoHCEREIORE JITRO X5
WZHEE STV D (Fig. 1), MR M CHRETEEA D F AR —IZW 3535 &, Bo R ~miTF T
R HHBH TRV —DARNER SN D120, 77 OREIEWERIDYFBNHFIZCWETH20F T
72K, HEOAREREZENT D L O ITHEITAE L7 R miE Al 6 fm Ea @< 2 & T,
FEEEOMSF bIREIT 2 (v 7 v FA=iR), 20 L ZMEONETIL, Fiflrls o 035%Ic
HEEDHEMNERESND 20, T OBARE S BOERIZE 2 2 BN E L, FHEIN—>D%t
WICERET 5 &, WEAEEEIT 5, 20X ) iffEMEL b & ICHEL X, n~TTF AT
X7 NT e R (HBA) O~ WM T T AT WS 2/ T 50 F 4 v HmiErsl z2 a4
Bl TROMASEOETIC L >T, MESRRERE OB 2 s 2 AL TuwaM, L
L, HEOEIT— RE2HET 5 £ TITEE > TRV, &2 TARMETIE, FmiErsl s 1o
R ~OWAIRIEN R D 2 & Tl OETT— RO LT 52 L 2 WIFF LT, BIKEE LB
KEZ2HOTOHL, BIAEEZ Y U —CRAE Iy = I =BHTF A FmiEtEANCEE Lz,
Vo H—DhfREN R DV = I =8 F 4 FmiETERIE, K ECRRZWERKEE &5
ZERMOLNTWAE, LU ENSAMERNE, BAD ) A—HTHY = I =RDF AR
TG MR Z G, i OERE— Nl K OBKEIRE 265 2 & & LT,

[ZEHAE] =RICBWT 01M U UEREE#R (pH 7) % AV T10, 30, 50 mMIZFHL L7227 =
2 = H T A FURTETERING12 (n = 4, 8, 12) DO/KIEHE (200 pL) ([ZHBA (0.04 mmol) % /il x C#E
<IRES L, BHEEE L, Bk ze5uL e v, A L7 L 87— M &2/ERLLC,
FEFAMEEIC L 0 B L7,

[RER & BE]

Movement

10, 30, 50 mM O’M Oil droplet I
(B4~
DY = o — Y
F 7 2 B p—

| DSV it VY ®

%Jb){ﬁﬁf(]\:;(‘J‘ /O C12H25—|?M62
2V PR EIR c,Hﬁ—o@c\’ (<|3Hz)n 2Br°
EF] Téﬁ@\” é ﬂf: HBA H C12H25—g|\/|62
I OB — nG12 (n: 4, 8,12)

K% Table 1127~ Fig. 1 Schematic model of the initial stages in oil droplet movement.



o FUEIEMEAIRE 310 MM TIE, 4GL12{77E F Tl o B BB GO bz b DD, 8G12E &
DM2G12 TIFRD bR o7, —F, 30 MMO S TIE, 4G12(F(E FCliIL B BB L 7273,
8G12TIE H CEEENE I ¥R 1k L7228, 12G12 TIELiMiE 1 S 2k LIz FEAER O A SN
ThENBH SNz, 72, 50 MMOAIZI24G125 L O8G127E7E T Tl o H CBREAY, 12G12
FHET IO FEAERORMAENRD G-, ZOZEND, V= I =MhF 4 REEER O Y
VI =D AT U EN I OEENT — NICBHEREEE 5252 LRS-,

ZORNEERT D20, FREEEANCOWNT0L M ) BRI AR L 7-BR oK RS
ZRETHZ LT, FEIEHREDOFM 21T -7, Table 21Z7R L7 R EEEIRECAC T DR HE S
Yeack L OV 1 A R FEAmnOFE RN S, 4G121TM D201 e~ T HR A CTBiKEE 2 J5 1 TR L2
T, —F, L2GLAFHRMmTY V=00 7o ENEIT Ry T 7 LT N ERbhoT,
L b, Wi 3 BB 2 BRICIE, 4G12X°8G1200 ¥ = 2 =T F 4 o R IR LR 43 7 23 i
KA CHUKEZ REICISTIRETREA L TS o LSS, Zhick v, REiErEssy
FA4G12F 72138G12 & HBAS - & DD 73 FIIAH AAER R 13726 < 2 & T, Kk oRY)
—AIZE D AN OB FEE LT <7220, 1 Table 1 Dynamics of HBA oil droplet.

HWARARCEE T2 EEZILND, Surfactant Lasting time (min)

F 7z, Table 2OCACOFER NG, 12G121L Y > 10 mM 30 mM 50 mM
FRYEIC X o CHIURT = AEOIEER N 4G12 15 52 >60
RSN 5 Z & T, 12G1255FDBKIENR X b 8G12 43
TEL o TNWDb EE 2D, T T, BIFEHLEL 12G12 fusion fusion

(DLS) AR5 ARFHZ L > T50 mM?D12G12%  *not self-propelled
R U7z V) VBRI R C Oy T AR DRIFE  Table 2 Surfactant properties of gemini-type surfactant.

FHIE L& A, Rifkd~10 nmd HLige A9/ & Surfactant CAC* Yeac Anin
NTEAERERT D Z ENbho7z (Fig. 2), (uM) (mN/m) (10 nm?)
ZOFERIL, 12G1273 U AR E IR T TR B 4G12 64.1 39.1 194
P2, BT L T R E KD Sy TS & AR 8G12 1a.7 386 12
12G12 1.52 35.8 75.0

THZELEZRLTWS, LER-T, &I
PWINT 5 L, WiEIL12G12 L BN L T FES

*critical aggregation concentration

KB 2 0RR 5T, SbIcmaT o578 O

AR THI2GL21 R RIS D £ D T L AVUR 50 |

e X7, ~ w0 | !
0L, Ve IS FA Y REEERY S !

PH—DAF LV EOBOEAORERNZE 8 O

(L £ O TIREROTRIEO T Ba s & o] P!

XBHbD LB bR, TN T AT AO 5 A it

F X7 ADELED B REFEZE, o | 4%

[1] T. Banno et al., Langmuir 2012, 28, 1190-1195. %0;15 WU

[2] R. Zana, J. Colloid Interface Sci. 2002, 248, Particle diameter (um)
203-220. Fig. 2 Particle size distribution of 12G12

solution (50 mM) as measured by DLS.
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Raman spectroscopic applications:
from physics to biology and medicine

(Dept. of Inorganic and Physical Chemistry, Indian Institute of Science) Siva Umapathy

Contemporary laser research includes the development of laser spectroscopic techniques to
understand the microscopic structural aspects in materials, chemicals or biology. In particular,
laser Raman spectroscopy, which provides bond specific information, has attracted
considerable attention. Over the last decade, many nonlinear Raman techniques, such as
Coherent Anti-Stokes Raman scattering (CARS), picosecond Optical Kerr-Gate Raman and
Stimulated Raman scattering (SRS), have been developed to obtain molecular structural and
dynamical information with a good signal to noise ratio and with efficient fluorescence
rejection compared to conventional Raman spectroscopy. Yet, these methods suffer from
some difficulties such as signal distortion due to non-resonant structure less background in
CARS, incomplete fluorescence elimination adding to noise in Kerr-Gate effect and
experimental complexity. We have developed a nonlinear technique, which we refer to as
“Ultra-fast Raman Loss Spectroscopy (URLS)” that has many unique advantages over other
methods. URLS is an analogue of SRS but more sensitive. It involves the interaction of the
two laser sources, viz. a picosecond (ps) pulse and a femtosecond white light (WL), with a
sample leading to the generation of loss signal on the higher energy (blue) side with respect to
the wavelength of the ps pulse unlike the gain signal observed on the lower energy (red) side
in SRS. These loss signals are at least 1.5 times more intense than SRS signals. Also, the very
prerequisite of the experimental protocol for signal detection to be on the higher energy side
by design eliminates the interference from fluorescence, which appears on the red side. Unlike
CARS, URLS signals are not precluded by non-resonant background under resonance
condition and also being a self-phase matched process is experimentally easier. Thus, the
rapid data acquisition, natural fluorescence rejection and experimental ease ascertain Ultra-
fast Raman loss scattering (URLS) as a unique valuable structure determining technique.

In the second part, we would highlight the fundamental and applied research in
biophotonics, with particular emphasis to biology and medicine. For example, in biology, the
ability to use laser microscopy down to one micrometer resolution (in some cases even to
diffraction limit) provides access to the nucleus in a single cell. Thus one can learn about the
molecular constituents and therefore monitor the dynamical process in cell functioning, albeit,
the processes are slow. Similarly, in medicine, examples, include, microscopic studies on
brain and tissues etc, would be discussed.



