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Picosecond Time-Resolved Transient Grating Method for Heat Detection: Excited-State
Dynamics of FeC} and o-Hydroxybenzophenone in Aqueous Solution
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Transient grating signals after photoexcitation to electronically excited states of &e@b-hydroxyben-
zophenoned-HBP) in aqueous solutions were investigated at various temperatures with short-pulsed laser
systems. The observed signals can be expressed by a superposition of the density grating (Dens.G) signal
and the temperature grating (Temp.G) signal. Abov&C4 an acoustic oscillation is predominant in the
signal, while the acoustic oscillation disappears and a pure Temp.G signal is observed cledfly atle

rise profile of the pure Temp.G signal was analyzed in terms of the deactivation from the photoexcited state,
and it is found that a very fast thermalization process takes place among the solvent molecules. The lifetime
of the charge-transfer state of [Fe(OH)(®Js]>" is determined to be 55 ps from the rise profile of the Temp.G
signal. Using a subpicosecond laser system and the population grating signal, two time constants (400 fs and
7.5 ps) are obtained for the dynamics ®HBP. The dynamics of the photoexcited states of Fe@d

0-HBP are also discussed. Since the temporal response of the Temp.G componerit@ titnes shorter

than that of the Dens.G signal, this signal can be used for studying ultrafast heat-releasing processes.

1. Introduction onds!12 For example, the lifetime of the lowest excited singlet

Photoexcited molecules relax to their original ground states (.Sl) state can be b?twe?” Lps a'f‘d a_few nanose_conds, and the
time constant of vibronic relaxation is normally in the range

radiatively or nonradiatively if chemical reactions do not occur. 100 ps. Therefore, these processes cannot be investigated
In the condensed phase, radiationless processes such as vibra- the us{JaI TG metr,uod because of the low time resolution
tional relaxation, internal conversion, and intersystem crossing Ry VT . found hototh | sianal whi hl
are generally much more dominant than radiative processes. ecently, Terazima found a new photothermal signal whic

Therefore, detection of radiationless transitions is important for originates from the second term in eq 1 by the TG and the
elucidating the photophysical properties of molecules. thermal lens (TL) methods, and those are called the temperature

The transient grating (TG) method is well-known to be highly g.ratmlg (Temp..G)I s;glr;zils ar_}% the_ tenl]pergat.ure .Ien? (Tenr"]lp.L)
sensitive to detect the radiationless transition of the thermal S'9"a, respective g (The signals originating from the
energy with fairly fast time resolution as discussed belofv. first t_erm were called t_he density grating (Dens.G) and the
The TG signal appears whenever the variation of the refractive density lens (Dens.L) signals.) In ref 6, he used water as the

index of the system is induced. The variation of the refractive _srolvengfor demonsttragng the %X'Stifncf c;fﬂ:he Temg.:_ and
index of the solventAn) after the thermal energy is deposited emp.& components, because the efiect ot the second term on
into the medium can be expressed by water can be relatively larger than that of the first term

depending on the temperature. This Temp.G (Temp.L) signal

an\ (p an potentially has a very fast time response since the temperature

An= [(8_) (ﬁ) + (ﬁ) ]AT Q) change should appear immediately after the heating. In that
pIT P study, however, since he used a nanosecond pulsed laser for

hereT is the t i is the densitv of th vent the excitation, the maximum time resolution was of the order
vtherft_a tlts € e{Epera _urt(_e an@;'f‘h € fenff' yo d edso ant'h of nanoseconds; i.e., this time resolution was determined by
e first term is the variation of the refractive index due to the pulse width of the excitation beam.

density changes, and the second term is due to the temperature i i . .
changes without density change. In many organic solvents, the In th's paper, we f|rst' demorjstrate. a picosecond time
first term dominates over the second teifi® Generally, the resolution of the Temp.G signal using a p|cosecqnd pulsed laser
density change does not take place immediately after the heaSySteM. On the basis of these results, we applied the Temp.G
release, and this time constant is determined by the acousticmethc’d to |n.vest|gate the dynamics of the photoexcited states
transit timezac = A/v (A is the fringe spacing of the grating  °f tWo chemical systems: Fegando-hydroxybenzophenone
and v is the speed of sound in the medium). Therefore, the (0-HBP). The photoexcited states of Fe@l water have been
speed of the density change after heating is important for investigated qnd sometimes used as a calprlmetrlc re_ference in
determining the time resolution of this method. Genberg et al. 8dueous mediurtf. However, the photophysical dynamics have
reported that the maximum time resolution of the TG method not been. studied so .far. Thg reason may be due to the fact that
based on the first term of eq 1€20 ps3 and it may be widely the transient absorption of this sample |s.too weak to be dgtected.
recognized that, under normal experimental conditions, the time Even for such a dark molecule, the excited-state dynamics can
resolution for heat detection by this method is on the order of P€ investigated by the heat-detection methods such as the TG
50—100 ps. method.

Many energetic relaxation processes after photoexcitation of ~ The second example;HBP, is well-known as a photochemi-
molecules occur on a time scale of around several picosec-cal stabilizer, and the photophysical dynamics is interesting with
respect to the efficient energy dissipation mechartisif. Hou
€ Abstract published ifAdvance ACS Abstractfecember 15, 1996. et al. studied excited-state energy relaxation in hexane (non-
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hydrogen-bonding solvent) and ethanol (hydrogen-bonding
solvent) by the transient absorption method with a picosecond
laser systemd’ In hexane, only a short-lived component was
observed with a lifetime of-35 ps, and they attributed this
component to the lifetime of the excited singlet)(State of an
intramolecularly hydrogen-bonded species. On the other hand,
in ethanol, short-lived £30-ps) and long-lived +1.5-ns)
components were observed. They concluded that in this solvent,
both intramolecularly and intermolecularly hydrogen-bonded
0-HBP exist before photoexcitation, and the short-lived one was
attributed to the excited singlet state of an intramolecularly
hydrogen-bonded species and the long one to the lowest triplet
(T,) state of an intermolecularly hydrogen-bonded species. The
short excited-state lifetime of the intramolecularly hydrogen-
bonded species was explained by a highly efficient energy
wasting channel caused by the hydrogen bonding. On the other
hand, Merritt et al. reported-10 ps as the lifetime of the;S
state in methylene chlorid& and also reported that Topp
obtained 6 ps in hexane and 30 ps in eth&AoThe difference . . . ;
of these lifetimes could be due to the weak intensity of the Figure 1. Time profile of the TG signals of FegH.O (10 mM) at
transient absorption a-HBP. In this paper, we measure the /2/10us temperatures: (a) 22, (b) 6, (c) 4, (d)2 The solid lines are

b ; - the best-fit calculated signals with a rise time of 55 ps. The other
energy relaxation dynamics of-HBP in a non-hydrogen- parameters used for the calculation are listed in text.
bonding solvent by the newly developed Temp.G method and
also by the population grating method using a subpicosecond
laser system.

0 400 800 1200 1600
t/ ps

without further purification. The solvent, distilled water, and
hexane (Nacalai Tesque) were used as received. The sample
) ) solution was flowed so that a fresh sample solution was
2. Experimental Section photoexcited continuously.

The experimental setup for the picosecond time-resolved
transient grating experiment is similar to that reported previ- 3. Results and Discussion
ously® The third harmonic of a Nd:YAG laser pulse (Con-
tinuum PY61c-10 = 355 nm) and a Nd:YAG laser-pumped
dye laser pulse (Continuum PD1D= 640 nm) were used for
the excitation and for probing the grating, respectively. Each
pulse width was about 35 ps. The laser power of the pump
beam was 240 uJ/pulse (depending on the temperature of the
sample). The pump beam was split into two with a beam
splitter. These beams were focused by lengesZ5 cm) and

3-1. Temp.G Signal in the Picosecond Time ScaleAs
described in the Introduction, Terazima previously showed the
existence of a Temp.G component in the TG signal clearly by
using the temperature variation method with the nanosecond
pulsed laser systefn.Here, first, we demonstrate a similar
experiment using the picosecond pulsed laser in a fast time scale.
Figure 1 shows the temporal profiles of the observed TG signal

crossed about 30inside the quartz sample cell in order to after photoexcitation of Fegh,0 (10 mM) at several tem-

generate an optical interference pattern. The probe beam passe@.e ratures. At h'gh. temperatures (such gs°(22F'|gu.re 1a), a
through an optical delay line was focused by a lehs (20 sinusoidal oscillation is observed. This oscillation can be

cm) and brought into the sample cell by an angle that satisfied explg;uned b_y the acoustic S|_gnal which is produced by the
the Bragg condition. The diffracted TG signal was separated spatially periodic photoexcitation of the sample and subsequent

from other beams with a pin hole and a glass filter (Toshiba heating processes by the nonradiative transition from the excited

R-60) and detected by a photomultiplier. The detected TG state.

signal was averaged with a boxcar integrator (EG&G Model The observed oscillation is fitted by a calculation as follows.
4400 Series) and with a personal computer. The spatially periodic excitation is achieved by the interference

d Pattern between two excitation beams. When a probe beam is
brought into the grating region at the Bragg angle, a part of the
probe beam is diffracted to a phase-matching direction (TG
signal). According to the coupled wave theory, the intensity
of the TG signal Ig) is given by!

A pulse of a Nd:YAG laser (Coherent Antares 76-S)-pumpe
dye laser (Coherent Satori 774; = 640 nm), which was
amplified with a dye amplifier system (Continuum PTA60 and
Continuum RGAG60), was used for measuring the population
grating signal ofo-HBP in the faster time scale (pulse width
~350 fs). The amplified pulse was split into three with two
beam splitters. The frequency of the two beams was doubled l1g = a(An)* + B(AK)? 2
to 320 nm by BBO crystals and used as excitation beams. The
laser pulse energy wasl xJ. The other pulse was used as a where o. and 8 are constants which are determined by the
probe beam. experimental conditions such as the crossing angle, the wave-

The temperature of the sample solution was controlled by length of the pump beams, the absorbance of the sample, and
flowing methanol around a metal cell holder. A thermostated the grating thickness, andln, and Ak denote the peaknull
bath (Lauda RLS6-D) was used to circulate the methanol. The differences in the refractive index and the absorbance, respec-
temperature of the cell holder was monitored by a thermocouple tively. If there is no absorption of the probe beam by the solute
wire, and the voltage was monitored by a digital volt meter. and photoexcited species\K ~ 0), one of the dominant
The stability of the temperature was CC. contributions comes from the change of the refractive index

The samples, iron(lll) chloride (Nacalai Tesque) and caused by the variation of the density (density grating (Dens.G)).
hydroxybenzophenon®HBP; Tokyo Kasei), and the surfac- We assume that the heat ener@yijs deposited into the medium
tant, sodium lauryl sulfate (SDS; Nacalai Tesque), were used by deactivation processes from excited siatiat is,
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= — - TABLE 1: Ratio of the Components of the Dens.G Signal
Q= ZzQ‘{l exp(-yi} (1 + cosax) (3) and the Temp.G Signal P ?
temp,°C n,on©
where 1f; is the lifetime of excited state g is the magnitude 22 9+ 4
of the wavevector of the grating, denotes the coordinate to 6 0.25
the fringes, and); is the thermal energy from excited state 4 ~0
unit volume The time profiles of the Dens.G term,(t)) is 2 —0.42

described b$®8
whereR; is a constant which is determined by the refractive

an index change by the presence of the transient specie€;é)d
An,(t) = [— ZAQ'(DZ + 0?7t x is the concentration of the transient species.
apjT\ 5 Although it is generally rather difficult to distinguish these

components in the TG signal, we attribute the nonoscillating
component in this case to the Temp.G signal based on the
following three reasons. First, the rise profile of the nonoscil-
lating signal should be fitted with a lifetime of 55 ps as shown
AQ(y2 + 0?) t x later. This temporal delay after the photoexcitation excludes
the possibility of the population grating signal which comes
r/i ‘ from an intermediate species directly excited from the ground
—sin(wt) exp(—d,t) — cost) exp(—d,t) + expy;t) state. Second, Feg£lis frequently used as a calorimetric
w standard, which shows that all of the photon energy absorbed
4) by this compound is released as heat and no photochemical
reaction occur$® Therefore, it is very unlikely that the
wherew = vq (v is the speed of sound in the solution),is photochemical intermediates or excited states contribute to the
the acoustic attenuation rate constdnt 4wg%poCp (Aw is the signal for long times (4 ns). Third, the temporal profile of the
thermal conductivityC, is the specific heat, ang is the density observed TG signal can be fitted by a superposition of the
of the solvent), andA = 2q?a/kpoC; (a is the coefficient of  acoustic signal (eq 3) and a step-functional signal as shown in
thermal expansion andcompressibility). The observed signal  Figure 1, and we found that the signal intensity of this
at 22°C can be fitted by this equation with the parameters of nonoscillating component is almost what we expect of the
w=129%x 100s! q=87umL b=59x%x 1s? v= Temp.G signal as shown below.
1480 ms*, andy~! = 0—80 ps. For the fittingy is taken The observed TG signals can be fitted well by the function
from the literaturé® andq is determined from the TG signal of
azobenzene/ethanol, which is known to relax very rapidly and
provide an impulsive response cur?e.Because of the long
period of the oscillation{500 ps), the uncertainty of the heat- ) ) . )
releasing rate is rather large-40 ps). in a wide temperature range_(—22 °C). The intensity ratio of
As the temperature is decreased, the acoustic signal becomet'€ Temp.G signals is determined by thermodynamic parameters,
weaker because of the decreasé@dT of water. Atthe same  Which are characteristic of the medium,
time, the nonoscillating component becomes apparent. This

E sin(wt) exp(—d,t) — cost) exp(—d,t) + exp(—bt)\ —
w

Ire = (An, + Anp)® @)

nonoscillating component can be explained by either the Temp.G o2 = (@) (QB) /(@) ®)
o . . p T
or the population grating components. (The signal cannot be 0p/T\0T)p \3T/p

due to the optical Kerr signal, which should respond very

quickly to the pumping laser pulse (electronic response) or relax For calculating these parameters from the observed TG signal,

very rapidly in nonviscous solution (nuclear response)). The the finite relaxation rate should be taken into consideration in

temporal profile of the Temp.G signal, which originated from this fast time scale. The ratios of the Temp.G to the Dens.G

the first term of eq 1, can be calculated from thermodynamic componentsr{,%n°) thus determined at different temperatures

equations (a typical example is presented in ref 6). Since theare shown in Table 1. These values agree well with those

acoustic effect in the Temp.G signal of an aqueous solution is obtained with the nanosecond laser system previdusly.

very small due to the relation &,/C, ~ 1, the signal resembles 3-2. Dynamics of the Photoexcited States of Fe£| Next,

a step function for a sufficiently fast heating process. When the dynamics of photoexcited Fe,0 is discussed based on

the heat-releasing process is represented by a multiexponentiathe TG signal. The rise part of the Temp.G signal is expanded

function, Zexp(—yit), the Temp.G signal can be approximated in time and shown in Figure 2. The rise part of this signal is

as fitted by assuming a single-exponential rise time and by taking
into account the finite pulse width, which is measured by the

an 20, population grating signal from malachite green/ethanol. The
Ang(t) = (—) Z—[l — expy;t)] (5) solid line shows the calculated signal wigir! = 55(&5) ps.
aT/p4 Pon The absorption spectrum of Fef,0 (0.2 mM) is shown

in Figure 3. Itis well-known that iron makes various complexes
The other possibility, the population grating, is caused by in aqueous solution. Complexes with chloride ion (PeQir
the refractive index change induced by the photoexcited speciesFeChL™, etc) can be neglected in such a dilute solution used
or photochemical products, which should possess different here2425 From the shape of the spectrum and the value of the
polarizabilities from that of the original (ground-state) species. absorption coefficientd), the excited species is identified as

The TG signal by this component can be expressed by [Fe(OH)(H0)s]?*.2426 The electron configuration of the ferric
ion is ¢, and [Fe(OH)(HO)s]?" is a high-spin complex. While
An, = ZRiCi(t) (6) the d-d transition is forbidden, the complex ion has several
I

charge-transfer bands in the near-UV region with strong low-
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Figure 2. Rise profile of the Temp.G signal of Fe@,0 (10 mM) Figure 4. Rise profile of the Temp.G signal af-HBP (0.8 mM)/
at 4°C. The solid and dotted lines denote the calculated signals with SDS/HO at 4 °C. The solid line denotes the calculated signal with

rise times of 55 and 0.1 ps, respectively. two rise times of 400 fs and 7.5 ps, and the ratio of their contributions
is 1:10. For comparison, the calculated signal with two time constants
5000 [T T T T T of 400 fs and 20 ps with an intensity ratio of 1:10 is showed (dotted

line).

the reorganization energy should be smaller th@&00 cn1l.

In other words, the photoexcited ferric ion relaxes to the lowest
excited level, which should be located in the 3390 nm range,
with a very fast rate and then relaxes to the ground state with
the 55-ps lifetime.

The other explanation of the temperature rise is related to
the vibrational relaxation in the ground state. The excited
electronic state of [Fe(OH)@D)s]?" could relax in a ultrafast
time scale, the energy is transferred to the vibrational freedom
of the complex, and then the energy is released to the matrix
with a 55-ps time constant.

The above two mechanisms (relaxation between the electronic
states or among the vibrational manifold in the ground state)
can be tested by a ground-state recovery measurement. Al-
though we have performed this type experiment at 335 nm, any
trace of bleach signal was not observed probably because of
the small extinction coefficient and the weak laser power.
Therefore, at this moment, we cannot conclude which mecha-
energy wings in the visible regidi. The 355-nm excitation ~ NISM IS proper to describe the energetic dynamics after the
wavelength corresponds to a wing of this charge-transfer band,Photoexcitation of F& in water. However, considering the

There are two possibilities for the interpretation of the 55-ps ultrafast temperature rise<@ ps) after the photoexcitation of
rising component. First, the temperature rise could representN'2+ in water}® we think that the vibrational relaxation of the
the relaxation process of the electronically excited state. In this SOlvated water could be very fast. Indeed, this expectation is
case, since the broad feature of the absorption spectrum shoul@uPPorted by the molecular dynamics calculation, which indi-
be due to a random distribution of the solvent molecules (water) cates that the energy dissipation to the translational manifold is
around the ion (inhomogeneous broadening), it is highly Very fastin water within the order of a plcosecdﬁdTherefc_)re,_
probable that the excited ion first relaxes to the lowest excited at this moment, we think that the first mechanism, the lifetime
state (most stable configuration) very rapidly (within a few Of the electronic excited state is 55 ps, is plausible.
picoseconds) and then decays back to the ground state rather 3-3. Dynamics of the Excited State 0b-HBP. Using the
slowly with a lifetime of 55 ps. The orientation of water should, same temperature variation method, we investigated the pho-
then, readjust back to the original configuration. The reorga- tophysical dynamics of the-HBP (0.8 mM)/SDS (25 mM)/
nization time of water can be less than a few picosecéhds. H2O solution. (SDS is necessary to dissob+&IBP in water.)

Based on this consideration, it is expected that the observedA similar temperature dependence of the TG signal as the
Temp.G signal should rise with two time constants, the faster previous one (Figure 1) is observed from this sample (below 4
one which represents the reorganization time of water and the°C, the TG signal could not be detected because of the
slower one which represents the rate of the transition betweenprecipitation of SDS). The signal can be fitted by a superposi-
different electronic states. If we assume that the faster ratetion of the acoustic signal and a step-functional-type signal.
constant is of the order of 18s7, it is found by the fitting of Following similar arguments as in the previous section, the
the temporal profile of the Temp.G signal that the intensity for nonoscillating signal is assigned to the Temp.G signal. At 4
the faster rise should be less than 10% total, which means that°C, the signal consists of only the Temp.G signal (Figure 4). If
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Figure 3. Absorption spectrum of Feg@H,O (0.2 mM).
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Figure 6. Absorption spectrum of 2-HBP (0.3 mM)/SDSABI.

bonded species exist in the SDSHsystem. While a 35-ps
lifetime for the § state in hexane was obtained by Hou et al.,
Topp reported a & 3 ps lifetime?° Since our observed lifetime
(7.5 ps in hexane) is close to theI8etime measured by Topp
t/ps and the signals reported by Hou et al. have large uncertainties,

Figure 5. Population grating signals @éHBP/hexane (20 mM). The ~ We consider that the lifetime of the State ofo-HBP in hexane
solid lines denote the biexponential function with lifetimes of 400 fs is 7.5 ps. This value is also close to the lifetimelQ ps) in
and 7.5 ps. methylene chloride reported by Merritt et 18l. The faster
dynamics (400 fs) observed in the TG signal is attributed to
the lifetime of the FranckCondon state, which is produced
directly from the ground state af-HBP. The lifetime may

we assume that the rise profile can be fitted by a single-
exponential function, it gives & 3 ps rise time.

welnrr? égg;:g g I?hrgy_rtge S?gr?;?%?ﬁ%%j}lhgganrgIgzsc;nmmMo)rigiiSm’ represent the intramolecular vibrational relaxation rate in the
the subpicosecond laser system. (Since the total laser powenSl manl_fold: . ]
per pulse of this system is rather weaker than that of the Considering these _dynam|cs, we reevaluate the observed rise
picosecond laser and also the concentration-sf8P cannot part of the Temp.G signal. T_he rise of the temperature should
be larger in an aqueous solution because of the low solubility, P& caused by these dynamics. The absorption spectrum of
we could not observe the Temp.G and the Dens.G signals from©-HBP/SDS/HO (0.3 mM) is shown in Figure 6. From this
the aqueous solution. It should be noted that the peak powerSPectrum, the origin of the;Sstate ofo-HBP is found to be

of the picosecond YAG laser is weaker than that of this ~25 600 cnt. Therefore, we assume that the released energy
subpicosecond laser system. Hence, the multiphoton procesdrom the vibrational relaxation in the; State (28 200 cm—

for the aqueous sample should be negligible.) Upon photoex- 25 600 cnr* = 2600 cnt*) should appear with a time constant
citation of this sample by the shorter pulsed laser, a weak Of 400 fs and then the energy released by the-S5, internal
population grating signal is observed before the rather strong conversion appears with a lifetime of 7.5 ps.

acoustic signal appears (Figure 5). By taking into account the The solid line in Figure 4 is the calculated temperature
response function of our system, which is measured by the increase based on the mechanism described above. This
optical Kerr grating signal from a Cgkolution, the temporal ~ calculated curve reproduces the observed signal. (As long as
profile can be fitted with a biexponential function. The lifetimes the intensity ratio is 1:10, the faster deactivation rate is not an
of the longer and shorter components are#.5.5 ps and 400 important parameter for the fitting. For example, the lifetime
+ 100 fs. of the weaker component can be @ ps for a reasonable fitting.)

As stated in the Introductiog-HBP is well-known as a If we freely adjust the lifetime of the main component as a
photochemical stabilizer and the dynamics of the photoexcited parameter for the fitting, the observed signal can be reproduced
states have been investigated. Photoreduction, intersystenwith 5—12 ps within our experimental uncertainty. If we
crossing to the Tstate, and luminescent process upon photo- assume that the temperature of the solution rises with a finite
excitation are very minor processes in solution at room time constant after deactivation of thes$ate, the time constant
temperaturéd’~1° In hexane, which is a non-hydrogen-bonding of the Temp.G rise should be given by a convolution of the S
solvent, only a short-lived component was observed with a lifetime and the thermalization time constant. However, the
lifetime of ~35 ps, and this component was attributed to the S upper limit of the rise time is 12 ps, which is close to the
state of an intramolecularly hydrogen-bonded speéie®n the observed lifetime of the $state (7.5+ 1.5 ps). Therefore, we
other hand, in ethanol, signals of the short-liveeB0-ps) S must conclude that the thermalization process, which could be
state of the intramolecularly hydrogen bonded species and long-determined by the vibrational relaxation in the ground state,
lived (~1.5-ns) T, state of the intermolecularly hydrogen bonded should be faster than5 ps. Recently, Terazima found that
species were observéd.In the present measurement, any long- the thermalization process after the photoexcitation f N
lived species which had a lifetime of nanosecond order was aqueous solution is also very fast (less than 3‘psjhe above
not observed. Therefore, only intramolecularly hydrogen- observation is consist with this result.
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4. Conclusion (6) Terazima, M.Chem. Phys1994 189 793.
. o (7) Terazima, M.J. Chem. Phys1996 104, 4988.

In this paper, it is demonstrated that the new TG (Temp.G) (8) Takezaki, M.; Hirota, N.; Terazima, M. Phys. ChemL996 100,

signal has a few picoseconds of time resolution. From the rise 100%5)- Scarlet. R. 1Phys. Re. 1972 6, 2281
; it carlet, R. IPhys. Re. \ .

part of thg Tgmp.G S|gnallafter the'photoexcna.tlon of REeCl (10) Desai R. C.: Levenson, M. D.. Barker, J.7hys. Re. 1083 A27
H20, the lifetime of the main relaxation process is found to be 1ggg°
about 55 ps. The Temp.G signal after the photoexcitation of  (11) Elsaesser, T.; Kaiser, WAnnu. Re. Phys. Chem1991, 42, 83.
0-HBP/SDS/HO rises much faster than 35 ps, which was _ (12) Ashworth, S. H.; Hasche, T.; Woerner, M.; Riedle, E.; Elsaesser,

reported as the lifetime of the; State in hexane. From the T-J. Chem. Physl996 104, 5761.
(13) Terazima, M.; Hirota, NJ. Chem. Phys1994 100, 2481.

temporal profile of the population grating signal ofHBP/ (14) Terazima, MChem. Phys. Letf1994 230, 87.
hexane, we observed two time constants for the dynamics of (15) Terazima, M.J. Chem. Phys1996 105, 6587.
the excited states, 4080 00) fs and 7.5t1.5) ps. The shorter (16) Braslavsky, S. E.; Heibel, G. Ehem. Re. 1992 92, 1381.

component is attributed to the vibrational relaxation in the S < %7)&']"0“, %—hY-; Ftetpuegr;rgtgg’g\gl{z M., lll; Korenowski, G. M.; Eisenthal,
- . . P . B. Chem. Phys. Le , .

manifold, a_md the longer one is assigned to the I|f_et|me of the (18) Merritt, C.: Scott, G, W.: Gupta, A.: Yavrouian, &hem. Phys.

S state of mtramoleculgrly hydrogeq-bonded species. The rise | ett. 1980 69, 169.

profile of the Temp.G signal can be fitted by using these values, (19) Scaiano, J. GChem. Phys. Lettl982 92, 97.

and the estimated energy level of thesgate is~25 600 cnT™. (20) Topp, M. R. Unpublished results cited in ref 18. ,

Since this method (Temp.G together with the Temp.L method) . (21) Eichler, H. J.; Goter, P.; Pohl, D. Wlaser-Induced Dynamic

. . - . Gratings Springer-Verlag: Berlin, 1986.

is the only technique which can detect the thermal energy in @ = 25 Hall, L. Phys. Re. 1948 73, 775.

very fast time scale, it will be useful for studying various fast (23) (a) Struve, W. SChem. Phys. Letil977, 46, 15. (b) Morgante, C.

energetic dynamics. G.; Struve, W. SChem. Phys. Lettl979 68, 267.
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