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Femtosecond transient absorption spectroscopy was used to study the excited-state dynamieg e S
stateall-trans1,3,5,7-octatetraene in solution. The sample was excited at 267 nm and probed at eleven different
wavelengths from 340 to 540 nm. Combined with the picosecond fluorescence spectroscopy, this study allows
direct observation of the initial excited-state dynamicsaliftrans-1,3,5,7-octatetraene and the subsequent
relaxation process to the ground state. Transient absorption signals decaying on time scales of about 0.4 ps
were seen at wavelengths longer than 480 nm. These absorptions are assigned-® &naussition, indicating

that internal conversion from the, ® S state takes place on a 400-fs time scale. The transient absorption
signals observed at shorter wavelengths, which correspond tg#® 8ansition, decay on a picosecond to
subnanosecond time scale. A weak fluorescence at about38I0nm, originating from the Sstate, and a

strong fluorescence at about 35800 nm, from the Sstate, were observed. The time profile of the S
fluorescence signal is almost equal to the instrument response function, and the lifetime is estimated to be
faster than 5 ps. This observation is consistent with the results of transient absorption signals. The S
fluorescence signal consists of two decay components. The average lifetimes are 0.88 ns in acetonitrile and
2.0 ns inn-hexane. Nonexponential decay of the fluorescence may result from an equilibrium mixture of the
fluorescent state and the conformationally relaxed state. The fluorescence intensity ratio f i solution

is much different from that observed in the gas phase. This means that the efficiency of internal conversion
increases significantly in solution because of the setgtdvent interactions that are absent in the gas phase.

We discuss differences in the excited-state dynamics between 1,3,5-hexatriene and 1,3,5,7-octatetraene.

1. Introduction in the § state and the internal conversion to theste occur
within a 500-fs time scale to create a vibrationally excited
product in the & state. The conformational relaxation around
the C-C single bond depends strongly on the internal temper-
ature of the molecule. A small amount of s-cis conformer is

nal and carotenoids are examples of such chromophores Severt apped on a time scale of 100 ps at thermal equilibrium.
P P : ubpicosecond internal conversion and conformational relax-

st SpecoRconc sdles have recenty Shoun 10t Vs around he GC sl bond vere isocosenved n e
np 7 P . subp photochemical ring-opening reaction of 1,3-cyclohexadiene,
second time scalés’ To learn more about these biologically

teresting chromonhores. it is highly desirable to investiaate which producesis-1,3,5-hexatriené?13 Unlike shorter linear
; ng. P >, (LIS ighly ' investig polyenes such as 1,3-butadiene and 1,3,5-hexatriene, 1,3,5,7-
the dynamics of shorter linear polyenes for comparison.

Studi h ited d ics of Il ool h octatetraene exhibits an intense fluorescence with a relatively
tudies on the excited-state dynamics of small polyenes havey, g eycited-state lifetime in gas and condensed phises.

o ecenty become posalle bessuse of seteopments 1 i s wel-known trat o lowying eleconi sates i
including our own have reported the electronic, vibrational, and S|m|[ar energy exist n smple polyengs. These states are assigned
conformational relaxation dynamics of 1,3 lS-hexatrien'e in o different symmetries in th€xn point group. Transition to
solution® 1! For 1,3,5-hexatriene,,SS; internal conversion the I'B, state is allowed, whereas transition to thégstate is
is complleted withir; iOO fs. The vit;rational energy redistribution for_b|dden. Hudson a.nd Kohler reportgd the first experimental
) evidence of a low-lying optically forbidden'®, state below
- the optically allowed 1B, state in all-trans-diphenylocta-
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tKyoto University. tetraené?® Theoretical calculations by Schulten et'@lestab-
* Institute for Molecular Science. lished that mixing of singly and doubly excited, Atates results
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Considerable attention is paid to the photodynamics of simple
linear polyenes both experimentally and theoretically because
these compounds are important chromophores in the vision,
proton-pumping systems, and light-harvesting systerhReti-
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surfaces oftrans1,3,5-hexatriene andll-trans-1,3,5,7-octa- can clearly distinguish the vibrational dynamics from the
tetraené®1° They found that the barrier height of transis coupled electronic population dynamics in thet&S; internal
isomerization is less than about 4 and 25 kJ/mol in thet&e, conversiore®

respectively. In this article, we report the ultrafast dynamics of photoexcited

Various spectroscopic techniques, including time-resolved all-trans-1,3,5,7-octatetraene in solution by picosecond fluo-
absorption and fluorescence measurements, have been used t@scence spectroscopy and femtosecond transient absorption
investigate the excited-state dynamics of 1,3,5,7-octatetraeneSpectroscopy. After photoexcitation to the @'By) state, we
during the past two decades. However, no ultrafast time-resolvedmeasured the transient absorption in the ultraviolet to the visible
studies have been conducted to resolve the initial step of theregion. These signals involve internal conversion from the S
excited-state dynamic8-22 Gavin et al. measured the absorption (1'Bu) state to $ (2'Ag) state and the vibrational and confor-
and emission Spectra aﬂ_trans.l,3,5,7_octatetraene in solu- mational relaxation in thel$tate. We also measured the time-
tion2° They found a gap of about 3000 cinbetween the  resolved fluorescence spectrum on the picosecond time scale.
absorption band of the ,@!B,)—So(1!A,) transition and the These results give direct evidence for. the shorF lifetime of the
onset of the emission spectrum. They concluded that the Sz State. We compare these results with those in the gas phase
emission originates from the; State in solution. They also ~ and discuss the difference in dynamics between 1,3,5,7-
observed the emission spectrum in the gas phase, which show§ctatetraene and shorter polyenes.
no Stokes shift, indicating that the fluorescence originates from
the S state?® Bouwman et al. observed the fluorescence 2. Experimental Section
spectrum from the Sstate in the gas phase at room temperature
as well as that from theSstate?! The fluorescence intensity
from the S state is much stronger than that from thesgte.

The details of the pumpprobe apparatus for the transient
absorption measurement have been described elsefhere.
e . X Pulses of 70-fs duration with 4 nJ/pulse energy at a repetition
The lifetime of the 3 state was 4 ns im-hexane by time- __rate of 100 MHz were obtained from an argon-ion laser pumped
resolved fluorescence measurements at room temperature, whick;.q5nohire oscillator and amplified in a Ti:sapphire regenerative

is much longer than that of 1,3, 5-hexatriene500 fs)2223The  pjifier (NJA-4 and CPA-1, Clark-MXR). This produced 120-
Si—S, excited-state absorption spectrum of 1,3,5,7-octatetraenes ises at~800 nm, with a repetition rate of 960 Hz and a

was measured by nanosecond time-resolved transient absorptior&mse energy of 90@J/pulse. The output of the fundamental
spectroscopy? The spectrum is broad and structureless and 45 frequency-doubled in the first BBO crystal. The second

shows a peak at 330 nm with a long tail to the longer wavelength 4 monic was separated from the fundamental and divided into
region. Recently, our group measured the fluorescence excitationyyg peams. One of them was mixed with the remaining

spectra of 1,3,5,7-octatetraene after direct photoexcitation of thef,ngamental in the second BBO crystal. The resulting third
2'A,4 state under jet-cooled conditiofs.The fluorescence  harmonic (267 nm, 3@J/pulse) was used for the pump beam.
lifetime of 7 ns indicates an abrupt onset of nonradiative decay p white light continuum was generated by focusing the other
processes at about 2100 chover the 0-0 transition energy.  part of the second harmonic into a flowing cell of deuterated
We suggested that the decay is due to tremis isomerization.  yater. This was used as the probe beam. The absorption change
The rate increases with every 80 thin energy, reflecting the  \yas monitored by a photodiode through an interference filter
guantization of the vibrational motion orthogonal to the reaction [full width at half maximum (fwhm)= 10 nm]. All measure-
coordinate?® A low-temperature study of 1,3,5,7-octatetraene ments were performed with magic-angle polarization between
in n-hexane indicated that the photoisomerization in thet&te the pump and probe beams. The temporal width of instrument
occurs adiabatically with &950 cnt* barrier before decaying  response was estimated to be 550 fs from the temporal rise of
to the ground stat&. In contrast, our work' and theoretical  the excited-state absorption or bleach recovery of Rhodamine
calculations by Robb and co-workétsuggested that trans 6G in ethanol.
cis isomerization induces the opening of an efficient nonadia-  The time-resolved fluorescence spectra and their decay
batic radiationless deactivation channel from thedsS, state. profiles were measured using a picosecond streak camera
Internal conversion from theSto § state for 1,3,5,7-  (Hamamatsu C4780). The third harmonic, attenuated to less than
octatetraene is considered to occur on a much faster time scale10 nJ by a neutral density filter, was also used as an excitation
In a time-resolved fluorescence measurement, Kohler and co-light source. The fluorescence was passed through a color glass
workers showed that the fluorescence from thestate rises filter (UV-29, Schott) to reduce laser scatter, dispersed by a

within 10 ps in solutiorf? Heimbrook et al. measured the-S5, 25-cm monochromator (Chromex), and detected by a streak
emission in a supersonic expansion and estimated Afetne camera.
of 100—-300 ps?’ Leopold et al. reported a 18 crhline width A sample ofall-trans-1,3,5,7-octatetraene was synthesized

for the $—S; (0—0) transition in the gas phaseThis givesa  following the procedures described by D'Amcio ef%and
nonradiative lifetime of 300 fs. Bouwman et al. measured the Yoshida et aP! 2,4-Hexadienal was reacted with vinylmagne-
fluorescence spectra from both thg&hd § states in the gas  sium bromide to produce 1,4,6-octatrien-3-ol. Dehydration of
phase?! They also estimated a lifetime of 400 fs for the zero- 1,4,6-octatrien-3-ol at 353 K usingpetoluene sulfonate catalysis
point level of the $ state based on the line width of their vyielded the isomerically pure all-trans isomer. Crystalline
fluorescence spectrum. Even though there is a discrepancy insamples were dissolved in solvent to prevent polymerization.
S, lifetimes in the gas phase, the Population is created  These solutions were kept at 273 K until used in the experi-
efficiently by internal conversion on a subpicosecond to ments. Acetonitrile and-hexane (spectrograde) were purchased
picosecond time scale, and subsequent process occurs in thérom Wako Chemicals and used without further purification.
longer lived g state. Recently, Stolow and co-workers used The sample solution was circulated through a quartz cell with
time-resolved photoelectron spectroscopy to investigate thea 1-mm optical path length. Under our experimental conditions,
ultrafast internal conversion all-trans-2,4,6,8-decatetraer@. no signal was observed in neat acetonitrile. The samples were
They found that $to S, internal conversion in this molecule  changed routinely to avoid photodegradation. The concentration
occurs within 400 fs. Using photoelectron spectroscopy, they of the samples was adjusted to give an absorbance of about 1.0
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Figure 1. Static absorption spectrum afi-trans-1,3,5,7-octatetraene Wavelength (nm)
in acetonitrile.
2500
at 267 nm for the transient absorption measurements and about
0.1 for the time-resolved fluorescence measurements. All g 2000
measurements were performed at ambient temperature (293 K). 3 1500
S i
©
3. Results = 1000 |
3.1. Static Absorption Spectrum. The static absorption g
spectrum ofll-trans-1,3,5,7-octatetraene in acetonitrile is shown )= 500
in Figure 1. As mentioned in the Introduction, there are two ok

closely spaced excited singlet state¥Bland 2A. The 1B, : : : ’ 4(')0 4é 0

state is a singly excited state with an ionic nature originating 300 320 340 360 380

from the highest occupied molecular orbitédwest unoccupied Wavelength (nm)

molecular orbital (HOMG-LUMO) one-electron transition,  Figure 2. (a) Fluorescence spectrum aif-trans-1,3,5,7-octatetraene
whereas the covalent®g state is the doubly excited state that in acetonitrile integrated through the first 100-ps (thick solid line) and
comes mainly from the HOMBGLUMO two-electron transition. subsequent 100-ps (solid line) intervals, respectively. (b) Fluorescence
The strong absorption band from 250 to 310 nm corresponds SPectrum ofall-trans-1,3,5,7-octatetraene in acetonitrile integrated
to the 2B, (S;) —1'A (So) transition. Vibrational progressions 0 1 Ns:

result from both G-C and G=C stretching mode%- Our
excitation wavelength is located4700 cnt! above the 6-0 of 267 nm and 11 probe wavelengths from 340 to 540 nm. The
origin (32 800 cmY). results up to 3.5 ps and 35 ps are shown in Figures 4 and 5,

3.2. Time-Resolved Fluorescence Spectra on a Picosecond respectively. Table 2 summarizes the results of the best-fit time

Time Scale The time-resolved fluorescence spectra of 1,3,5,7- constants for the tran?enthabsorptlon signals. i _
octatetraene in acetonitrile are shown in Figure 2. The fluores- Flrst,_we mention the shortest components of the transient
cence spectra show a peak at 420 nm, which indicates a |argeabsorpt|on signals. Only the signal at 340 nm contains a rise

Stokes shift of the absorption spectra. The fluorescence spectrunFomPonent of 260 fs. From 380 to 480 nm, the signals have
integrated within 1 ns is almost the same as that observedSMall decaying components with lifetimes of 200 fs to 1.7 ps.

previously?® which was ascribed to the fluorescence from S These values depend strongly on the probe Wavelengths.. Al
state. In addition, we observed a weak fluorescence at-300 Wavelengths longer than 480 nm, we clearly observe subpico-
350 nm integrated within 100 ps, as shown in Figure 2a. We second decay components in the transient absorption signals.
checked that this signal originated from octatetraene and was”t 480 nm, the decay time constant is about 520 fs. At the

not light scattered from the solvent. No bands were detected atwaveleng.ths. longer than 480 nm, the decay becomes slightly
wavelengths shorter than 300 nm because of reduction infaster, with time constants of about 400 fs. We also find that

sensitivity of the detector system. The location of the band at the relative amplitude of the fast-decaying component becomes

300-350 nm is in accordance with the fRiorescence spectrum greater at Iong_er waveleng_ths. )
at longer wavelengths in the gas phas&he temporal profile These transient absorption signals posses ps decay
of the band at 308350 nm is almost the same as the instrument cOMPonents at all probe wavelengths. From 340 to 480 nm,

response function (fwhr 35 ps), so the decay can be estimated (e decay time constants are aboutls ps. The transient

to be faster than 5 ps. This value does not conflict with the S absorption S|gnals.have_a third component.w!th time constants
lifetime estimated from the line width analysis in the gas ©f 980-790 ps as listed in Table 3. The variation of these time

phase21 28 constants comes from the limited time windows of the transient

The fluorescence signal from the State rises within the ~ 2psorption signals.

instrument response function and consists of two decaying4 Discussion
components whose time constants are 870 ps and 2.41 ns in™
n-hexane, and 330 ps and 1.14 ns in acetonitrile, as shown in  4.1. Origin of Weak Fluorescence.The weak and broad
Figure 3 and Table 1. The lifetimes in acetonitrile are about fluorescence spectrum measured at-3880 nm is assigned to
half as long as those in-hexane. These time constants do not fluorescence from the ;Sstate based on the energy and the

depend on the wavelength. lifetime. The time-integrated intensity of the fuorescence is
3.3. Transient Absorption Signals from the Excited State. much weaker than that of thg fuorescence as shown in Figure
The transient absorption signals were measuredifietrans 2. The $/S; ratio of the fluorescence intensity is determined to

1,3,5,7-octatetraene in acetonitrile with an excitation wavelength be 0.1+ 0.05:1 from the sensitivity-corrected fluorescence
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Figure 3. Time profiles of the Sstate fluorescence signal and residuals
for all-trans-1,3,5,7-octatetraene in (a) acetonitrile and ifi)exane
along with the instrument response functions. The solid lines represent
the best fits to the data by convolution of the instrument response
function with a double exponential function.

340 nm

10
TABLE 1: Best-Fit Time Constants and Average Lifetimes 360 nm
of Fluorescence Signals oéll-trans-1,3,5,7-Octatetraene in

Acetonitrile and n-Hexane
solvent 71 (PSP 72 (PSP <7> (psyf
acetonitrile 330(32.69%) 1140 (67.4%) 880
n-hexane 870 (24.4%) 2410 (75.6%) 2030

271 andt; are the first and second components, respectively, of the
time-resolved fluorescence signdissz> is the average lifetime
including both component§.The relative amplitude of each decay
component.

380 nm

400 nm

(&)}

[TraLEny

Delta absorbance (arb. units)

spectra measured by using a streak camera and static fluores-
cence spectrometer. On the other hand, thel@rescence
spectrum in the gas phase at room temperature showed a clear
mirror image of the absorption spectrum and was much stronger
than that of the Sstate, with a §S; ratio of 16.6:12! We
discuss the relation between thg$ fluorescence ratio and 0
the lifetime of the $ state in a later section.

4.2. Internal Conversion from the S to S; State. In the 10 20 30
transient absorption signals, the decay time constants of the fast Time (ps)
components observed at the longer wavelengths are 400 fsFigure 5. Transient absorption signals fall-trans-1,3,5,7-octatetraene
Nanosecond flash photolysis has shown that the intensity of in acetonitrile probed at eight different wavelengths over 35 ps.
the §—S; excited-state absorption is very small at wavelengths
longer than 460 nn¥ These observations suggest that the allowed transitions from the'B, () state to the By and 6A4
transient absorption measured at longer wavelengths originatesstates are located at 549 and 425 nm, respectively. These are
not from the $ state, but from the Sstate. The fast-decay also long time scale absorption components. There nonzero
components at longer wavelengths reflect internal conversion transient absorption signals at long times are assigned to S
from the S to S state. The transient absorption bands are shifted absorption. Population in the State is created on a 400-fs time
to the blue side on a subpicosecond time scale. Theoreticalscale. However, we cannot clearly observe the rise of the
calculations support this assignméhtpredicting that the transient absorption signals at shorter wavelengths, which come
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TABLE 2: Best-Fit Time Constants for Transient
Absorption Signals of all-trans-1,3,5,7-Octatetraene in
Acetonitrile

A (nm) 71 (psyf 72 (psy
340 0.27 9.4
360 —c 6.0
380 1.7 6.4
400 2.0 5.8
420 0.62 6.7
440 0.23 11.2
460 0.35 16.4
480 0.52 7.9
500 0.39 -
520 0.40 -
540 0.42 -

a1 andt; are the first and second components, respectively, of the
transient absorption signals observed on a short time state data
are fitted by an exponential riseThere is no fast-decaying component.

TABLE 3: Best-Fit Time Constants for the Slowest
Components for Transient Absorption Signals of
all-trans-1,3,5,7-Octatetraene in Acetonitrile

A (nm) 7 (ps)
340 790
360 606
380 577
400 710
420 670

from accumulation of the population through 8 S; internal
conversion. This may be due to an overlap of excited-state
absorption between the,SS, and $—S; transitions in the
visible region. Stimulated emission from thgs$ate also appears

in the shorter wavelength regions. The delayed response of thef
transient absorption observed at 340 nm may be attributed to a,

contribution of negative absorption from stimulated emission,
which is overlapped with the rise component of the transient
absorption signal from the;State.

Ultrafast internal conversion from the ® S, state has been

observed directly for several polyene systems. For example, the

lifetime of the $ state off3-carotene has been measured by

femtosecond transient absorption and fluorescence up-conver

sion spectroscopied.33 This lifetime is approximately 200 fs

in various solvents. Furthermore, the excited-state dynamics of
diphenylpolyenes have been investigated. Diphenylhexatriene

(DPH) and diphenylocatetraene (DPO) are from a family of

J. Phys. Chem. A, Vol. 105, No. 16, 2003977

contrast, we do not observe a clear wavelength dependence of
the fast transient absorption decay components within our
experimental sensitivity. This means that the vibrational relax-
ation process in the,;S$tate does not contribute to the transient
absorption signals. Hirata et al. also investigated théoS5
internal conversion ofx,w-diphenylpolyenesN = 3—8) in
solution®! Internal conversion occurs in about 40600 fs in
all polyenes.

Here we comment briefly on the lifetimes of the Sate and
the S/S; fluorescence intensity ratio in the gas and solution
phases. According to analysis of the line widths of the absorption
and fluorescence excitation spectra in the gas phase, the lifetime
of the S state is estimated to be about 8@&4 ps?-28 These
values seem nearly equal to the rate of internal conversion
measured by transient absorption. On the other hand, there is a
large discrepancy in the; ratio of fluorescence intensity in
the gas and solution phases. Because fluorescence lifetimes in
the § state with enough vibrational energy are similar, a few
nanoseconds in both phases, the fluorescence quantum yields
would be almost equivalent. Accordingly, we can attribute the
discrepancy to the fluorescence quantum yield of thet&te.
In 2,4,6,8-decatetraene, a time-resolved photoelectron spectros-
copy has recently revealed that the lifetime of thesgte is
0.4 ps, which is similar to the lifetime of 0.25 ps estimated
from the line width?® Although the line width of 2,4,6,8-
decatetraene is similar to that of 1,3,5,7-octatetraene, #1%g S
ratio of fluorescence intensity, 1.4:1, is 10 times smaller than
that of 1,3,5,7-octatetraene. This means that the efficiency of
internal conversion in 1,3,5,7-octatetraene is 1 order of mag-
nitude smaller than that in 2,4,6,8-decatetraene. Therefore, the
line width does not reflect the rate of the internal conversion
rom the S to § state. Significantly different from the gas phase,
internal conversion in solution occurs exclusively among various
relaxation processes from the Sate, which may be accelerated
because of the solutesolvent interaction. This efficient internal
conversion causes the extensive reduction of fluorescence
intensity from the $ state and greater population transfer to
the S state. The estimated lifetime of 6-8.4 ps in the gas
phase may correspond to an escape from the initially excited

vibrational state, such as the vibrational relaxation in the S
state, and not internal conversion. Fluorescence from the relaxed
S, state can give a clear mirror image of absorption.

4.3. Vibrational Relaxation in the S, State.We ascribe the

diphenylpolyenes whose dynamics have been investigated5_15 ps transition absorption d_ecay component_s to vibrational
extensively?*-36 The ordering of the electronic states is the same rélaxation in the gstate. After internal conversion to the S

as that ofall-trans-1,3,5,7-octatetraene, and the lifetime of the State, & vibrationally excited population is created. Thermal
S, state of DPO is 6.2 ns. Transient absorption and fluorescence®quilibrium is then achieved through intramolecular energy
measurements of DPH have shown that the initially formed 1B redistribution. At this stage, we can define a mode-independent
state relaxes to the equilibrium 1B/2A mixture within 103ps. ~ Vibrational temperature, which is much higher than that of the
Bachilo and Gilbro observed a very weak ultrafast emission of Surrounding solvents. The vibrational energy also dissipates via
DPO originating from the Sstate3® They estimated an ;S mtermolecular energy trangfer from solute to S(_)Ivent. The
lifetime of about 70 fs based on the fluorescence quantum yield. Vibrationally excited population gives a broad transient absorp-
Recently, Yee et al. reported femtosecond transient absorptiontion spectrum that is initially located at longer wavelengths. The
measurements of DPO and DPH in solutif? They found ~ ©—15 ps decay component arises from spectral narrowing of
decay components of 47®00 fs at 780 nm, which corresponds ~ the absorption band. However, the signal at the peak of the S
to the red edge of the,SS; transient absorption band. They —absorption band (340 nm) does not have a picosecond rise
assigned these components to internal conversion fromghe S component. This may be due to a very small amplitude rise
to S state. The existence of the optically forbiddensSate, component being overlapped with subnanosecond decay com-

which is located close to the,State, is considered to be
responsible for the initial ultrafast excited-state dynamics. It was

ponents.
In general, vibrational relaxation of large organic molecules

recently reported that the decay of the transient absorption fromin solution occurs on a 10-ps time scédein particular, the

the S state becomes faster at longer wavelen@fidhe authors
suggested that vibrational relaxation in thge sfate occurs in
competition with internal conversion from the ® S, state. In

excited-state dynamics dfans-stilbene has been extensively
studied by picosecond time-resolved resonance Raman spec-
troscopy?*344Vibrational relaxation in the Sstate occurs on a
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10-ps time scale. In 1,3,5-hexatriene, internal conversion to the 1,3 5-hexatriene
ground state occurs in less than 1 ps, which is too fast to observe

the corresponding vibrational relaxation in thes$ate3® The NG S 2A
large difference between the, @nd S lifetimes in 1,3,5,7-
octatetraene allows us to directly detect internal conversion from
the S to S state and observe vibrational relaxation in the S
state.

4.4. Excited-State Dynamics in the Sstate on a Subnano-
second Time ScaleWe observed nonsingle-exponential be- ! ! —
i 4—_: 4 4—_> f

: -

T,r< 500 fs and 7,.~500 fs

1A

havior of the fluorescence signal from thes$ate. The average
time constants in acetonitrile are consistent with that of the
slowest decay components in the transient absorption signals.
In previous studies, Kohler and co-workers measured the
fluorescence decay of 1,3,5,7-octatetraene from thets8e?? 1,3,5,7-octatetraene
The signal was fitted by a single exponential, and the time 1,~400 fs
constants depended on temperature. The signal-to-noise ratio 1B
of their fluorescence signal was not good enough to resolve
nonexponentiality. This may be a reason for the discrepancy
between Kohler's observations and ours. The lifetimes of the

two decay components are sensitive to the solvent.

We think that the triplet state is not involved in the transient TA\/ <7 >=0.88 ns In acetonitrile
absorption signals. The energy difference betweenthg dtate <1, >=2.0 ns in n-hexane
and BA, state is about 7000 cri. Therefore, the equilibrium =
between the singlet and triplet states does not account for the a

> : : o
nonexponentiality.” The quantum yield of triplet formation is kg6 6. Schematic representation of excited-state relaxatiotrdas-

small. We suggest that the nonexponential decay of the S 1 3 5-hexatriene andll-trans-1,3,5,7-octatetraene. Fdrans-1,3,5-
fluorescence reflects the equilibrium between the fluorescent hexatriene, internal conversion from the 1B to 2A state occurs in about
S, state and the conformationally relaxed dark state. It is well- 55 fs. Vibrational energy redistribution in the 2A state and internal
known that the excited-state dynamics of tetraphenylethylene conversion to the 1A state occurwith!n 500 fs to create t_he vibrationally
exhibit a dual fluorescence and nonexponential decay kinetics "0t Product. Conformational relaxation around the ©single bond
. a7 proceeds to create a small amount of the s-cis conformer, which is
in nonpolar solvent$:*" Barbara and co-workers suggested 006 at thermal equilibrium on a time scale of 100 ps.aferans-
that the three-state model accounts for the observed dynamics| 3 5 7-octatetraene, internal conversion from the 1B to 2A state takes
around the central-€C double bond4> Zimmt and co-workers  place in~400 fs followed by vibrational relaxation in the 2A state
assigned the three states to the vertically excited state, the(5—15 ps). The fluorescence signal from the 2A state has two different
conformationally relaxed state, and the twisted excited state, deca@y time constants which depend on the solvent. We suggest that
which they interpreted as a zwitterionic stateln 1,3,5,7- the nonexponential decay results from the equilibrium between the 2A
- . . fluorescence state and the conformationally relaxed dark state. Informa-
octatetraene, the conformationally relax?d state Is Cons'deredtion about conformational relaxation around the € single bonds for
to be nonfluorescent, and the energy difference between theajl-trans-1,3,5,7-octatetraene does not exist at present.
fluorescent state and the conformationally relaxed state is
sufficiently small to create an equilibrium between these states. i ¢is-1,3,5-hexatriene. We found a 400-fs lifetime of the S
This therefore causes a nonexponential decay of the S state for 1,3,5,7-octatetraene. This lifetime is 1 order of
fluorescence signal. In acetonitrile, the average lifetime of the magnitude greater than that of 1,3,5-hexatritf@The differ-
fluorescence decay is about half as long as that-irexane.  ence between the,Sifetime of 1,3,5-hexatriene and 1,3,5,7-
The barrier helght for the conformational relaxation could affect octatetraene could be caused by the difference in vibronic
the faster nonradiative relaxation from thﬁtSS) State, because Coup”ng Strength between thQ snd S state, depending on
the energy of the fluorescence state and nonemitting state (thethe energy gap and the position of thgSs crossing point. A
conformational relaxed state and/or the twisted excited state)theoretical calculation shows that the energy difference between
is stabilized by the solvent polarity. The temperature and solventthe S and S states for 1,3,5-hexatriene is 0.01 and 0.67 eV
dependence of the two different fluorescence decay constantsor the vertical and 60 excitation energies, respectivékon
would give more detailed information on the dynamics of these the other hand, for 1,3,5,7-octatetraene, the difference is
states. estimated to be 0.19 and 0.84 eV for the vertical areD0
4.5. Comparison of the Excited-State Dynamics of 1,3,5-  excitation energies, respectivéfy/It can be assumed that the
Hexatriene and 1,3,5,7-Octatetraeneln this section, we coupling strength between the, &ind § states in 1,3,5-
discuss differences in the photophysical properties of 1,3,5- hexatriene is greater than that in 1,3,5,7-octatetraene. The
hexatriene and 1,3,5,7-octatetraene. The excited-state dynamicpotential energy surface calculated by Robb and co-workers
on both compounds are summarized in Figure 6. Regarding theshowed that the £S5, crossing point in 1,3,5-hexatriene is
S, state dynamics, resonance Raman studies suggest that interndbcated in the vicinity of the FranekCondon region, and that
conversion from the o S state of 1,3,5-hexatriene occurs in internal conversion proceeds along the totally symmetric
about 26-40 fs#849 |n transient absorption measurements of deformation of the molecular backboteThe information of
1,3,5-hexatriene, a lifetime of less than 150 fs has been estimatedhe S$/S; crossing point in 1,3,5,7-octatetraene is not available
from the instrument-limited rise component of thesgtel0-12 at this time. Moreover, it must be considered that the crossing
Recently, Anderson et al. determined thgligtime directly point is strongly influenced by solutesolvent interactions,
using transient absorption spectroscopy with sub-50-fs pflses. which produces the difference in the/S; fluorescence ratio
The lifetime is 55+ 20 fs intrans-1,3,5-hexatriene and50 fs in the gas and solution phases.

Conformational relaxation around C-C single bonds

Trans-cis isomerization around

the C=C double bond
2A

Equilibrium between the fluorescent state
and the conformationally relaxed dark state

&«
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The lifetime of the g state of 1,3,5,7-octatetraene is a few within this time scale. We also measured the time-resolved
nanoseconds. This is 4 orders of magnitude greater than that offluorescence spectra using a streak camera. In addition to the
1,3,5-hexatriene, which is less than 0.5 ps. The difference fluorescence from the;State, we observed a weak fluorescence
between the Sstate lifetimes in 1,3,5-hexatriene and 1,3,5,7- originating from the $state. The weak Sluorescence is in
octatetraene could be due to a large difference in the barriercontrast to gas phase results. This means that the relaxation from
heights between the bottom of the Sate and 8% crossing the initially excited $ state is strongly influenced by solute
point. The nonradiative decay of 1,3,5,7-octatetraene was solvent interactions, which increase the efficiency of internal
measured in condensed phases as a function of tempetature. conversion in solution.

The temperature dependence of the lifetimes has two regions, A 5—15 ps decay component observed in the transient
which both depend on the environment. (i) In cyclohexane, the absorption signal is ascribed to vibrational relaxation in the S
lifetime decreases gradually from 126 to 90 ns between 10 andstate. The fluorescence signal from thestate has two different
179 K. (ii) At higher temperatures, a precipitous drop of the decay time constants which depend on the solvent. We suggest
lifetime occurs, and it decreases to 2.5 ns at 320 K. The low- that the nonexponential decay of the fluorescence signal is
temperature behavior has been ascribed to adiabatic isomerizarelated to the equilibrium between the fluorescenst@te and

tion around G=C double bonds on the;Surface over a barrier  the conformationally relaxed dark state. The solvent dependence
of about 950 cm! to form electronically excitedtis, trans of the lifetime comes from the polarity dependence of the barrier
1,3,5,7-octatetraene before decaying to the ground %tate. height on the nonradiative process.

barrier of 1400 cm! was determined for a higher-temperature The photophysical differences between 1,3,5-hexatriene and
nonradiative decay pathway, but the mechanism remainsi,3,5,7-octatetraene are discussed in terms of internal conversion
ambiguous. In the gas phase, a stepwise increase in theefficiencies. The lifetime of the Sstate of 1,3,5,7-octatetraene
nonradiative decay rates was observed at around 21008,cm is 1 order of magnitude longer than that of 1,3,5-hexatriene.
which was ascribed to trapgis isomerizatio* A similar This may result from differences in vibronic coupling between
behavior in the nonradiative decay rates was observetdios the S and S states. The averagg State lifetimes of 1,3,5,7-
stilbene under isolated conditioisThe origin of the isomer- octatetraene are 0.88 ns in acetonitrile and 2.0 nshaxane,
ization barrier fortrans-stilbene is believed to be a crossing which are 4 orders of magnitude longer than the lifetime of
between the Sand & surfaces occurring at large ethylene 1,3,5-hexatriene 0.5 ps). The difference in the;Sstate
torsional angle8! Robb and co-workers computed the low-lying  lifetimes is due to a large difference in the barrier heights.
transition states and minimum energy paths of an isolatied Theoretical calculations by Robb and co-workers suggested that
trans-1,3,5,7-octatetraerié. These calculations showed that the S—S, radiationless decay channel is caused by the non-
initial trans—cis isomerization motion leads to a point where adiabatic transcis isomerizatiod? The longer lifetime of the

the S and $ energy surfaces are conically intersecting, which S, state in 1,3,5,7-octatetraene allows us to obserneS§
makes fully efficient radiationless decay possible. These theo-internal conversion and decay processes of thestate
retical calculations support our previous interpretation of gas- separately.

phase results. The predicted barrier of about 25 kJ/mol is also
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