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After photoexcitation of a molecule, the energy of the photo-
excited state is dissipated into matrix by nonradiative transition
as thermal energy. This energy conversion process is the most
commonly observed phenomenon after photoexcitation in the
condensed phase and is closely related to the vibrational relaxation
process, which has been studied extensively during the last two
decades.1 It may be reasonably speculated that the energy launched
from the solute initially heats only several solvents around the
solute to make a local hot spot and propagates in the matrix, and
then the hot spot area is expanded to eventually achieve a uniform
temperature distribution in the photoilluminated region. After
several 10-100 ps from the energy release, the energy propaga-
tion should be described by the macroscopic thermal diffusion
equation, which can be detected by many photothermal tech-
niques.2 On the contrary, the temporal and spatial region between
the energy release from the excited molecule and the macroscopic
heat transport regime is unexplored and will be a next interesting
target in the chemistry and physics of intermolecular energy
conversion processes. Recently, Terazima and co-workers have
developed new photothermal techniques and have observed
ultrafast temperature rise (within a few ps) after the nonradiative
transition.3-8 The temperature within a few ps should be inter-
preted by a localized hot spot picture. However, since these
techniques and other spectroscopic techniques used thus far do
not have any spatial resolution, the heat transport process has
been less clear. For extending this research, we have constructed
a new molecular heater-molecular thermometer integrated system
that generates thermal energy very fast, and we detect it with
high temporal and spatial resolution. The heat flow at several
distances from the solute can be monitored by changing the length
of the bridge between molecular heater and thermometer. A
preliminary attempt to achieve the high temporally and spatially
resolved thermal energy study is reported.

For a heater molecule, it is preferable that the photoexcited
state relax quickly to generate large excess energy instantaneously
in the lower state. We chose azulene for the heater because the
lifetime of the S1 state is as short as 1 ps9 and the vibrational
relaxation in the ground state has been extensively studied

already.10-20 The thermalization process in the liquid phase was
measured by monitoring the hot band of the S0 f S1 absorption
edge14,15 and S0 f S3 absorption edge.16 For example, the
vibrational cooling of azulene occurs with 11-13 ps inn-alkanes,
9 ps in ethanol, 3.3 ps in 3:1 mixture of water and methanol, and
25.9 ps in C2Cl3F3.16 We can compare the temporal change of
the solvent temperature with that of azulene itself, and will be
able to obtain a deeper understanding of the energy-releasing
processes.

The temperature change at a specific spatial point after the
thermal energy launched from azulene was detected by another
probe molecule; a molecular thermometer. This molecule should
possess several properties to be used as a thermometer in this
system. (1) The absorption band should not overlap with that of
azulene. (2) The energy of the S1 state of the thermometer should
be higher than that of azulene to prevent direct electronic energy
transfer from azulene to thermometer. (3) To be a thermometer,
the absorption spectrum should be sensitive to (local) temperature.
One of molecules which satisfies these demands is coumarin 151
(C151).

The center-to-center distance between azulene and the C151
moiety of this molecular integrated system (Az-CH2-C151) is
estimated to be 0.65 nm from the optimized geometry calculated
by an semiempirical molecular orbital method.21 Hence, the
temperature of the thermometer (C151) should be elevated by
the temperature of the solvent molecule in the first solvent shell,
because the radius of azulene is 0.33 nm15 and the diameter of
ethanol (one of solvents) is 0.43 nm.22 The “temperature” of the
thermometer was measured the via the change of the hot band
absorption of C151.

Figure 1 shows the absorption spectrum of Az-CH2-C15123

in ethanol, which is almost identical to the sum of the absorption
spectra of azulene and of C151 except for slight red shifts (∼10
nm). Hence, the intermolecular interaction between azulene and
C151 in the ground state appears to be weak.

The experimental set up for the transient absorption measure-
ment was reported previously.24 After the photoexcitation of
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azulene, the enhanced transient absorption at the red edge of the
C151 band was observed, and the time evolution of the transient
absorption signal is shown in Figure 2a. The observed absorption
is attributed to the hot band absorption of C151 for the following
reasons. First, since we did not observe any signals from a sample
which contains only azulene or C151 under the same conditions,
they are not due to any absorption from isolated molecules.
Second, when we converted the observed OD to the molar
extinction coefficient (ε) and plotted with the absorption spectrum
of C151, the spectrum shows a characteristic feature of the hot
band (Figure 2b).

A simple interpretation of this profile is that the rise of the
absorption reflects the temperature rise of C151 due to the thermal
energy dissipation from azulene. Therefore, the rate of the increase
of this signal is determined by the thermalization rate of azulene
as well as the heat conduction from azulene to C151 through the
solvents. The decay rate must represent the cooling rate of C151
by the heat dissipation process to the outer solvents.

However, the interpretation may not be so simple. The hot band
absorption appears because the vibrational levels of the ther-
mometer is thermally excited and it requires certain delay after
the heating. The rise part, therefore, should include the thermally
vibrational excitation process of the thermometer, too. Taking
into account these rates, we calculated the time profile of the
transient temperature by using a thermalization model.7,25 To
reproduce the observed transient temperature profile, the energy-
transfer rate from azulene to solvent is found to be less than 2
ps. The calculated temperature profile agrees well with the
observed one (solid line in Figure 2a). The thermalization time
observed here (<2 ps) is much shorter than the vibrational
relaxation time of azulene obtained by monitoring the vibrational
temperature of azulene itself.14-16 A similar short thermalization
time was observed also in the other solvents, and the time constant

depends on the solvents (<2 ps in 2-propanol,<5 ps in acetone
and<3 ps in benzene). The difference between the thermalization
times determined here and those reported previously should be
further explored in a forthcoming paper.8

Another possibility we should examine is the through-bond
vibrational energy transfer from the heater to the thermometer.26

We think this direct energy transfer possibility is low, based on
several reasons. First, if the intermolecular energy transfer can
be explained by the through-bond mechanism, the rate constant
of the energy transfer strongly depends on the number of
interveningσ-bonds. We measured the transient absorption signal
of the azulene-C151 combined with threeσ-bonds (Az-(CH2)3-
C151), but we did not observe such a delay.8 (This fact could be
explained by a closer distance between azulene and C151 of Az-
(CH2)3-C151 than expected from the stretched structure, which
is caused by the flexibility of the propyl chain.) Second, the
transient temperature monitored by the thermometer was calcu-
lated to be∆T ≈ 66 K from the hot band analysis.8 If the energy
is directly transferred to the thermometer, the elevation of the
temperature should be much higher. Third, the temporal profile
of the temperature depends on the solvents. This solvent
dependence may not be expected from the direct energy-transfer
mechanism. Fourth, the time profile can be reproduced well by
the thermalization model as described above.

There are several points we should further take into account
for the analysis; the role of the chemical bond between the heater
and the thermometer, the role of the molecular configuration of
the chromophores, and the solvent effect. These points will be
discussed elsewhere.8

In summary, the thermalization process of azulene was
monitored via the hot band detection of the molecular thermometer
which is placed in the vicinity of azulene. The observed
thermalization was described well by the energy transfer from
the solute to solvent and the thermal diffusion among the outer
solvents. The rate was faster than the reported vibrational
relaxation rate previously. This is the first attempt to use the
molecular heater-molecular thermometer integrated system for
investigating the thermalization process from the solvent side.
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Figure 1. The absorption spectra of Az-CH2-C151 in ethanol.

Figure 2. (a) The time profile of the transient absorption signal probed
at 450 nm. (b) The absorption coefficient of the red edge of C151 moiety.
The solid line shows the absorption spectrum at room temperature and
the solid circle the absorption coefficient at 4 ps after photoexcitation of
azulene moiety.
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