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We present a general two-color two-pulse femtosecond ptaump approach to study the specific population
transfer along the reaction coordinate through the higher vibrational energy levels of excited states of a complex
solvated molecule via the depleted spontaneous emission. The time-dependent fluorescence depletion provides
the correlated dynamical information between the monitored fluorescence state and the SEP “dumped” dark
states, and therefore allow us to obtain the dynamics of the formation of the dark states corresponding to the
ultrafast photoisomerization processes. The excited-state dynamics of LDS 751 have been investigated as a
function of solvent viscosity and solvent polarity, where a cooperative two-step isomerization process is

clearly identified within LDS 751 upon excitation.

Introduction state, and a negatively chirped red tail for following the evolving
population, and dumping it back to ground state through
“stimulated emission. Although the optimal control experiments
are often employed to determine the dynamics on the excited
states even without any a priori knowledge on the molecule
systen®-1418.19jttle was known concerning the involvement of
fast solvation and isomerization in determining the population

Ultrafast dark processes such as electronic charge redistribu
tion, intramolecular vibrational relaxation (IVR), intermolecular
vibrational relaxation, and conformational relaxation dynamics
in complex solvated molecules are one of the most common
phenomena in physics, chemistry, and biology, which have
?r:tergféﬁgalaogfﬁ:edpigt f(]; ;;ger;gqrnﬁegg?ﬂ?ﬁgggggglaﬁ;d transfer within a superposition pf many excited states in_ the

o . ~__large polyatomic molecules. Typically, the fast solvent motions
commonly treated as fast radiationless phenomena in chemical

1o ; . could always cause irreversible dynamic Stokes shifting of
dynamics'? where a variety of the quantum controls of chemical . . AR . .

. - . . fluorescence, introducing ambiguity into the interpretation of
reactions based on the population of an excited electronic statethe observed dvnamics. Since the intrapulse
as a first step with ultrafast femtosecond pulse would strongly rocess is sensi);ive to fhe laser fre uencl,o (eneprﬂ ) aﬁ d the
suffer from these dark processes:1418Although much effort P q y 9y

has been devoted with various ultrafast spectral techniques, itgzlg:;mgscﬁfirth: dtlfr:r?l-tsozzlc?oonfdthiI];,eemvtvci)tieI(i:%ri‘tdegl:)IZE’d\I;i(;?ﬁ?z
is still challenging to experimentalists in determining these dark ’ P P

processes because these dark processes often highly compefalenew’y concerted the intrapulse pu lil. Imp sequence 1S
with each other, and take place simultaneously on an ultrafastsomewhat not enough to follow the evolution along the coupling

time scale-18 For instance, a well-known example of the excited electronic states in complex solvated molectlé48

situation where the vibrationally coherent photochemistry in the zj/ery few works c?nlt(:erneld the_ aEI]SOtI’O[Z_)IC befhtawc_)r WTen tthe
femtosecond primary event of vision is also involved in a ecay processes takes place In the region ot torsional motion

radiationless deactivation process, comes from the investigationa"d_optically accessed excited states with different dipole
of biological photoactive protein Rhodopsif.Similarly, the transition orientations due to the complex excited-state isomer-
evolution of some styryl dye molecules from a locally excited 220N .

(LE) electronic state to a charge transfer state has been studied As atypical laser dye, LDS 751 (styryl 8: 2-(4-(4-dimethyl-
by numerous autho€ 18 who proposed this behavior to one aminophenyl)-1,3-butadienyl)-3-ethylbenzothiazolium perchlo-
or more of the possible conformational changes which produce rate), is a nonrigid electronic pusipull type molecule. Scheme

the dark sink-like solvation-associated TICT (twisted intramo- 1 shows the molecular structure of LDS 751. In polar solvent,
lecular charge transfer) state, but there is no direct observationthe deactivation of the first excited-state is believed to be through

of the formation of the dark state. the isomerization channel within a few hundred femtoseconds,
In a series of pioneering control experimehtd, 18 it was where a 200 fs isomerization was reported in LDS 750 before,

shown that with right amount of negative linear chirp, a single but the mechanism remains unclear to a large extefihe
excitation pu'se Compnses a Comp|ete pufdpmp Sequence, tW|St|ng of LDS 751 in the excited-state may follow a tWO-Step
where the optimal chirp field is shown to consist of a transform isomerization: the first step is the barrierless torsional motion

limited blue portion for promoting population to the excited around the €N bond of dimethyl group, and the second
involves a low-barrier isomerization around the central@

* Corresponding author. E-mails: andong@iccas.ac.cn, hongmei@ P0ond of butadiene to form a final stabilized sink-like dark TICT
iccas.ac.cn. state with a complete charge separafi$ri® Related to this are
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SCHEME 1: The Molecular Structure of LDS 751
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the questions: How to follow the evolution of molecules in

excited-state during a multidimensional coordinate with solva- HWE.

tion and multitude of intramolecular active modes including

torsional motion and isomerization? How to determine the 7

formation of the dark TICT state? y

In this paper, we address these questions from a study of
LDS 751 as a function of solvent viscosity by employing a
powerful pump-dump technique of femtosecond time-resolved
stimulated emission pumping fluorescence depletion (FS TR
SEP FD)!%11The femtosecond fluorescence depletion anisot-

ropy is further developed to provide complementary information ) i
Figure 1. Diagram of the homemade femtosecond time-resolved

of d_|fferent dlpole tra_nS|t_|on orlentz_;ltlons corresponding to the stimulated emission pumping fluorescence depletion (FS TR SEP FD)
excneq-state isomerization. The tlme-ergndent f.Iuorescencesetup. HWP, half-wave plate; ODL, optical delayed line: BS, beam
depletion provides the correlated dynamical information between gpjjter.

the monitored fluorescence state and the SEP “dumped” dark

states, and therefore allow us to obtain the dynamics of the the DMSO/acetone mixture was calculated according to eq
formation of the dark states corresponding to the complex 2:29-31

excited-state isomerization.

_ (-1 (-1
(2¢+1) (2n°+1)

()

Materials and Methods

Materials. The laser dye LDS 751 (styryl 8: 2-(4-(4-di-
methylaminophenyl)-1,3-butadienyl)-3-ethylbenzothiazolium per- where Af is the orientational polarizability of solvent which
chlorate) is purchased from Lambda Physik GmbH (German). could deduced from the dielectric constas)tgnd the refractive
All solvents used are A.R. grade or higher. index () of the solvent represented by eq 2. The corresponding

Steady-State SpectroscopyJV/Vis absorption and emission  emix andnmix for the mixed solvent of DMSO/acetone are then
spectra are recorded on a spectrophotometer (UV1601, Shi-calculated according temix = faca + foep and nyix® = fan2 +
madzu, Japan) and a fluorescence spectrometer (F4500, Hitachifyn,?, respectively?? The concentration of LDS 751 in different
Japan), respectively. All the experiments are carried out at solvents is about 0.16 mM for all the ultrafast experiments.
ambient temperature. Femtosecond Fluorescence Depletion MeasuremenEuo-

Preparation of a Series of Polar Aprotic Solvents with rescence depletion from LDS 751 is measured on a homemade
Different Viscosities but Constant Polarity. Viscosity studies femtosecond time-resolved stimulated emission pumping fluo-
were done frequently by changing different kind of solvents rescence depletion (FS TR SEP FD) setup based on the principle
before, especially for such as glycerol or other alcoholic of so-called “pump-probe” technology described elsewhéfe.
solvents, which may lead some misleading for analysis of the Figure 1 shows the diagram of the homemade FS TR SEP FD
viscosity effects in chemical reaction because of the complexity setup. In brief, A CW laser with 532 nm (Verdi-V5, Coherent,
(for example, the possible existence of specific hydrogen bond USA) pumps a Ti:sapphire laser (Mira 900S, Coherent, USA)
in alcohol solutions) of different solver#®.To avoid this producing the pulse at 800 nm with duration of 50 fs at a
misleading, in this work, we obtain a series of polar aprotic repetition of 76 MHz. The output power is about 650 mW. This
solvents with different viscosities but constant polarity from fundamental beam was led into a 0.5 mm thick BBO crystal to
binary mixture of Acetone and DMSO, where the problem of produce a second harmonic beam at 400 nm. The second
multiple dielectric relaxation and specific hydrogen-bonding harmonic beam and the residual fundamental beam are split by
could be avoided. Five different viscosity solvents with constant a dichromic mirror. The ultrafast double-frequency beam at 400
polarity are prepared for femtosecond fluorescence depletionnm (84.5 MW/cni) is used for pumping the sample solution to
experiments. In brief, a pair of polar aprotic solvents (acetone generate the FranelCondon state, then, the residual ultrafast
and DMSO) with similar polarity Af of acetone and DMSO  fundamental pulses at 800 nm (1.69 GW#mwith specific
are 0.6485 and 0.655, respectively) but quite different viscosity polarization (modulated by rotating a zero-level half-wave plate)
(n of acetone and DMSO are 0.308 and 1.968, respecfivisly ~ are introduced as a probe beam to “dump” the population of
mixed properly according to different volume ratio. Viscosity dye molecules from excited states after a variable delay time.
values of the mixtures from 0.308 (acetone) to 1.968 (DMSO) The spontaneous fluorescence emission is perturbed due to

were calculated according to ec?%28 compulsive stimulated emission depletion (STED); i.e., the
fluorescence is depleted in the presence of “dumping” pulse.
2 The relative fluorescence intensity depletion at the monitored

N 7= ) welnay, @) fluorescence wavelength as a response of delay time is detected

= via a PMT coupled monochromator. A lock-in amplifier is
employed to extract the depletion signal correlated to the
wheren; andw; represent viscosity and weight component of “dumping” beam, where the relative amounts of the fluorescence
the individual constituent, respectively). The polarityf) of guenching are known to be proportional to the amplitudes of
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Figure 2. Steady-state absorption and emission spectra of LDS 751 =
rluo

in chloroform, acetone, and DMSO. The excitation wavelength of

fluorescence spectra is 520 nm. Sy 730nm

the fluorescence spectrum at the quenching wavelefgth. Reaction Coordinate
Therefore, the change in fluorescence intensity observed shouldFigure 3. A schematic representation of the potential-energy curves
be the difference in the integrated fluorescence intensity at for the relaxation of LDS 751 in the,State. The dash curve and the

monitored emission wavelength before and after SEP. To avoid S°Id curve represent the potential energy surfaces of thetae in
: weak polar aprotic chloroform and polar aprotic DMSO/acetone,

the possible thermal effects and _pho_tobleachlng upon Int(_mserespe(:tively. The broad shaded arrow area shows that the efficient SEP
femtosecond pulse, sample solution is fluctuated with a high- occurs after the excited-state wave packet moves to the upper of
speed rotor in the sample cell to increase the S/N ratio of monitored fluorescence state with the energy in resonance with the
detection. In pervious depletion measurement by Prof. Kong’s “dumping” beam in the process of formation of the dark TICT state.

i ,11,34
group in our laboratory; they only employed parallel the involvement of charge transfer and/or isomerization occurred

olarized beam as pumping beam and vertical polarized probe. . o
geam as dumping Itj)eana \?vhere the crossed p%larizatior? sgpn LDS 751. Compared to the absorption and emission spectra

. i o of LDS 751 in weak polar aprotic chloroform, the maxima of
was less efficient when the dipole transition of the molecule . . .
N o absorption shift to the blue and those of fluorescence shift to
was changed after an initial short pulse excitation. In order to : .
. ) . the red were observed when LDS 751 was dissolved in polar
get full information about the ultrafast dynamics, we here

develop the isotropic (54°7 and anisotropic (parallel and aprotic acetone and DMSO solvents, indicating the decreased

. . solvent stabilization of Srelative to $ and increased charge
vertical) femtosecond fluorescence depletion methods, where S . i
the polarizations of dumping beams with respect to that of separation in the excited st&€The large Stokes shift has been

» ping - P reported as the result of solvation and conformational relaxation
pumping beam are selected by rotating a zero-level half-wave . - )

L ) o . : correlated to the solvent polarity. To tentatively assign the dual

plate to obtain isotropic (54°Y and anisotropic (parallel and .

) ) . : . fluorescence peaks around 680 and 730 nm, the potential energy
vertical) results, respectively. The time-resolved anisotropic

decayr(t) was calculated from the decay curves under the surface calculations along-€C and C-N twisting coordinates
Y S Y . of LDS 751 have been carried out for the ground state and
condition of parallel polarizationsl)() and perpendicular

polarizations I5) of dumping beam relative to the polarization excited states by using density functional t_heory (DFT) af‘d time-
of pumping beam according to eqP3%:36 dependent DFT (TBDFT) methods as implemented in the
pumping 9 ’ Gaussian 03 packag&Detailed calculation results on LDS 751

1, (t) — Gl (t) are shown in Supporting Information. From the calculated
r(t) = —. J ) potential energy surfaces of the LUMO and HOMO states of
1)+ 2G-15(1) LDS 751 in gas phase with different torsion degrees around

. ) e central C-C single bond of butadiene or-N bond of end
The factorG accounts for the difference in sensitivities for o4, respectively, it is found that direct isomerization along
the detection of signal in the perpendicular- and parallel- ¢ central &-C bond (see Figure S3 in Supporting Information,
polquzgd .conflg_uranons, Wher"? G = I5/l, when the step from b to ¢) seems a little difficult since the twisting barrier
excitation is vertically polarized) is estimated about 1.02. The is a little higher that that of the twisting of-eN bond of end
instrument response f_unction is determined according to t_he 1group. Although our calculations have not taken the solvent
+ 1" two photon excited fluorescence method as described ge s into account, at least from the qualitative point of view,
bemre%o'll'sflm Wh!Ch' the IRF (instrumental response fulnctlon) it is clear that a cooperative two-step isomerization of LDS 751
up to 90 fs is achieved. All the temporal evolution profiles are 14 pe encouraged as predicted by molecular orbital calcula-

fitted ?¥ the convolutcij(_)n between thz IRF wilth_a n;ultitlaxpo_- tions, where the first step is nearly barrierless torsional motion
nential function according to iterative deconvolution by FIUOFit 5101114 the &N bond of dimethyl group, and the second

software based on the LeyenbeMarquardt and S|mpl.e>.< involves a low-barrier isomerization around the central@
algorithms (Version 3.3, PicoQuant, Germany). The fiting o of hutadiene to form a final stabilized sink-like dark TICT
quality is judged by weighted residuals and redugédalues.  giate with a complete charge separation (See Figure S2 and
Figure S3 in Supporting Information). Similar two-step isomer-
ization has also be reported in other styryl dyes such as LDS
Steady-State Spectra.Figure 2 shows the steady state 750" and DCM3%-41as well as other puskpull molecule such
absorption and emission spectra of LDS 751 in acetone andas DCS*?
DMSO. For comparison, the absorption and emission spectra Figure 3 shows the proposed potential energy curves of LDS
of LDS 751 in weak polar aprotic chloroform are also shown 751 in both weak polar and polar solvents. The dual fluorescence
in Figure 2. The absorption spectra of LDS 751 in all solutions peaks around 680 and 730 nm of LDS 751 are from LE state
are structureless and broad, whereas the fluorescence spectrand intermediate ICT state '|Srespectively (see Supporting
show the dual-peak feature around 680 and 730 nm, indicating Information). Since the deactivation of the first excited-state of

Results and Discussion
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LDS 751 in polar solvent is believed to be through the
isomerization channel within a few hundred femtoseconds as
reported in a similar dye LDS 75@which is faster than typical
vibrational dephasing and relaxation tinféthe observed dual
fluorescence at 680 and 730 nm are expected to occur from
nonstationary, vibrationally unrelaxed excited-state populations.
To determine these properties, femtosecond fluorescence deple-
tion measurements further provide the solvent-dependent dy-
namics of the formation of the dark states corresponding to the
cooperative two-step photoisomerization processes in the excited
states.

Femtosecond Fluorescence Depletion Dynamics of LDS
751. Following a 400 nm (84.5 MW/cA) femtosecond pulse 0.404
excitation of the molecule, a delayed near-infrared (NIR) laser
beam at 800 nm (1.69 GW/@nfar from the monitored
fluorescent state is introduced selectively to follow the evolving
population, and “dump” the reactive excited-state back to the
ground state, where only SE is conducted without simultaneous 034
excited-state absorptidi.Since the isomerization is so fast
within a few hundred femtoseconélswhich is faster than 0.32
typical vibrational dephasing and relaxation times, the population
transfer along the reaction coordinate through the higher Delay time (ps)
vibrational energy levels among different excited states must Figure 4. Femtosecond isotropic (a) and anisotropic (b) fluorescence
be considered during isomerization because of the large exces$lepletion of LDS 751 monitored at 730 nm. Inset of panel b shows the
photon energy. The ultrafast deactivation through selective SEPYISCOSItY {7) dependence of isomerization raig. (The dots and lines

. . . represent the experimental and fitted results, respectively. The instru-
processes cogld occur from the vibrationally unre]axed gxcned- ment response function (IRF) is also shown at time zero.
state populationd? Generally, SEP can occur immediately
following an initial Franck-Condon excitation. In fact, from  TABLE 1: Fitted Results of the Isotropic and Anisotropic
the principle of the data construction of FS TR SEP FD (see Decays of LDS 751 in Solvents with Various PolaritiesAf)
Supporting Information), the stimulated emission (SE) cannot &nd Viscosities §)

Intensity (a.u.)

Isomerization Rate
slope = 0.601

0.42

0.384

0.364

Anisotropy

o
LV
e
o>
oo

be observed before the formation of the monitored fluorescence solvent (Af) n(P)  w(fs) 72(PS)  Tani (PS)
states at 680 or 730 nm because depletion signal is only pmSO/acetone (0.66) 1.968 203 (65%) 1.93(35%) 1.19
contributed from the change in fluorescence intensity of the 1.374 206 (63%) 1.65(37%) 0.83
monitored fluorescence states before and after SEP. The time- 0.905 198(60%) 1.41(40%) 0.67
dependent depletion of spontaneous emission at the monitored 0.554 207 (54%) 1.07 (46%)  0.46

; . . . 0.308 201 (50%) 0.92(50%) 0.39
fluorescent state provides the information of the population . 0roform (0.29) 0539 222 (80%) 4.28(20%) 0.27

propagated on the excited states, which offers the advantage to
selectively extract the correlated dynamical information between | £ 1o the intermediate isomeric State by twisting the EN
the monitored fluorescence state and the SEP “dumped” reactivepgng of end group of LDS 751 through the higher vibrational
excited states. The polarization and frequency (energy) of theenergy levels of excited states.
dump beam for stimulated emission pumping can be selected 1 frther explore the solvation and conformational relaxation
to focus mainly on the specific excited states together with the dynamics, we perform the anisotropic depletion measurements.
circumvention of electric dipole selection rules corresponding ag 5 nonrigid molecule of LDS 751, the solvation is coupled
to the information on molepulqr structure, dynamics .and to the bond twisting, leading to a large change of the dipole
geometry, where the isomerization could lead to the dipole oment, The anisotropic depletion provides the information on
transition changes of excited states. In the case of LDS 7514t only the formation of final dark TICT state correlated with
with the dump beam at 800 nm, only final dark state was mainly ppotoisomerization but also solvation dynamics. Figure. 4b
dumped through stimulated emissibriThis selectivity aids in shows the fluorescence anisotropic depletion of LDS 751. The
the understanding of the very early dynamics of the excited- anisotropic depletion decay of LDS 751 in both acetone and
state evolution, including the ultrafast excited-state isomeri- p\sQ is fitted satisfactorily with a single-exponential function
zation>12718 (see Table 1). It is found that the anisotropic decay of LDS
Figure 4a shows the typical fluorescence depletion of LDS 751 in lower viscosity acetone is fast with a time constagt)(
751 monitored at 730 nm. The isotropic depletion decays are only about 0.39 ps, whereas, that in higher viscosity DMSO is
well fitted with a double-exponential function. Table 1 lists all slow about 1.19 ps. The high solvent viscosity does, indeed,
the fitted results of LDS 751 in acetone, DMSO and in the slow down the isomerization process.
binary mixture of DMSO/acetone with different viscosities. The  Since both acetone and DMSO have almost the same
initial ultrafast decay ;) less than 1 ps is attributed to polarities, thus following a pulse excitation, the LDS 751
vibrational relaxation processes in the monitored fluorescence molecule is expected to reach the similar minima of relaxed
statel®whereas the slow decayf around +-2 psis assigned  excited-state but with different time constants during solvation.
to solvation-assisted charge transfer and conformational relax-The observed anisotropy results from the collective contributions
ation, which is strongly viscosity-dependent. Furthermore, no from the solute-contained solvent-cage, where the coupled
significant difference in the dynamics at both 680 and 730 nm twisting around both the €N bond of the end-group and the
are observed (see Figure S4 in Supporting Information), central C-C bond produces a complete charge transfer state
indicating the very fast barrierless crossing process from FC/ with a large dipole moment. A final relaxed dark TICT state is
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Figure 5. Isotropic and anisotropic (inset) fluorescence depletion
signals of LDS 751 in weak polar chloroform monitored at 730 nm.

The IRF is also shown at time zero.

then reached, which is stabilized by the polar solvent. Compared

to the solute in DMSO, the solvation is much faster in lower
viscous acetone,
available energy in the molecule above the centralQwisting

barrier. The observed fast dynamics of the anisotropic decays

with time constants about 0.39 ps in acetone and 1.19 ps in
DMSO appear to be the “signature” of a low-energy barrier
state essentially undergoing population transfer through the
higher vibrational energy levels of excited states with two
coupled torsional motions around both the-i& bond of the
end-group and the central<C bond, which are responsible
for the processes of the formation of the relaxed dark TICT
states. Meanwhile, the inset of Figure 4b shows the viscosity-
dependent anisotropic ratdg ¢orresponding to the isomeriza-
tion processes, which was fitted according to the Kramers-
Smoluchowski equatiof?*4k 0O 1/p%, wherey is the solvent
viscosity. The value oft obtained, about 0.60, by the fitting
further indicates such a low-energy barrier during isomeriza-
tion.37

The barrier-crossing flux could be promoted by the faster

solvation and SEP. The stimulated emission then become

efficient when the wave packets move to the final relaxed dark

Guo et al.

dimethyl group and the centraH bond in more polar DMSO/
acetone solvents, the fast anisotropic decay of LDS 751 in weak
polar chloroform may be explained by a fast barrierless torsional
motion only around the €N bond of dimethyl group because
of the weak coupling between solute and solvent. Furthermore,
in the weak or apolar aprotic solvent, the total available energy
above the €C twisting barrier moves up because of the lack
of stabilization by the solvent. It is difficult to form the final
relaxed dark TICT state through the twisting of the centraldC
bond, therefore, the conformational relaxation mainly terminates
in the intermediate 'Sstate in chloroform.

Conclusions

In conclusion, we report the powerful pumgump methods
to investigate the specific ultrafast population transfer within a

leading to the faster decrease of the totaiSUPErposition of excited states of a complex solvated molecule,

where anisotropic control is developed to follow the torsional
motion and optically accessed excited states with different dipole
transition orientations during a cooperative two-step isomer-
ization process. The time-dependent depletion of the spontane-
ous emission provides the correlated dynamical information
between the monitored fluorescence state and the SEP “dumped”
reactive exited state, and therefore offers the advantage of
mapping the energy flow from an initial excited-state to one or
more other coupled excited electronic states in the molecule.
Finally, we would like to stress one point that, the final relaxed
TICT state is a sink-like dark state which cannot be observed
by normal fluorescence methods because of the nature of
radiationless transition. The stimulated emission (SE) lifetime
is much shorter even than that of the radiationless TICT state,
where SEP process is completed within the laser pulse durations.
Therefore, the SEP could be a suitable “probe” to determine
the dynamics of the formation of the relaxed dark TICT state.
The time-dependent depletion at the monitored fluorescent
excited-state provides the information of the population propa-

TICT state surface after the faster decrease of the total availabled@t€d from the monitored fluorescence states toward the final

energy in the molecule above the centrat Ctwisting barrier,
leading to the faster isomerization about 0.39 ps in low viscous

acetone compared to the slower isomerization about 1.19 ps in

high viscous DMSO. This is in agreement with the isotropic

results where the solvation-assisted conformational relaxation

has a large amplitude (50%)~C twisting with time constant
about 0.92 ps in acetone and a small amplitude (35%CC
twisting with time constant about 1.93 ps in DMSO as shown
in Table 1.

To further determine how the solvation influences the twisting
of solute, a weak polar aprotic chloroform solvent (much less
polar compared to DMSO/acetone) is chosen for comparison.

With the isotropic and anisotropic depletion measurements as

shown in Figure 5, a slow 4.28 ps solvation and a fast 0.27 ps
vibrational relaxation process are clearly identified for LDS 751
at the monitored fluorescence state in chloroform. The slow
process about 4.28 ps is a typical solvation time for chloroform,
which is in agreement with the solvation time about 3.70 ps
for coumarin 153 in chloroforr The observed isotropic decay
component about 222 fs with large amplitude up to 80% mainly
results from the vibrational relaxation of the intermediate charge
transfer state (% Importantly, the conformational relaxation
time constant about 0.27 ps for the anisotropic depletion is

identical to the time constant about 222 fs for the fast component

of the isotropic depletion, indicating that the depolarization of
the LDS 751 is mainly from the rotation about the-8 of the
end-group. Compared to the slow anisotropic decay of LDS 751
with two-step isomerization around both the-® bond of the

dark TICT state. It could become a general approach to
determine the complicated spectral characteristics in various
complex solvated molecules with this powerful technique, and
thus allow us to determine the dynamics of the formation of
the final dark TICT state. For example, this method could also
be extended alternatively to study the-efgans isomerization

of the retinal protonated Shiff base (PSB) chromophore embed-
ded in rhodopsif;**>4éwhere the ultrafast reactions occur from
the vibrationally unrelaxed excited-state population. In this case,
“SEP” could also be the powerful “probe” in determining the
ultrafast photochemical process corresponding to the excited-
state torsional motion.
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