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C. High energy IR excitation
In the higher energy IR excitation, the dissociation of H-bond within
the isomer becomes dominant, as seen in the DF spectrum with vIR =
3679 cm−1 of cis-2-naphthol-CH3OH in Fig. 9b. This situation corresponds
to the excitation schemes (4) in Fig. 10. In the case of cis-2-naphthol-
H2O, an exclusive H-bond dissociation occurs even at lower IR frequency
excitations because of the smaller H-bond energy of cis-2-naphthol-H2O,
2400 cm−1 than that of cis-2-naphthol-CH3OH, 2900 cm−1. The excess
energy after the H-bond dissociation is distributed into the internal and
the translational motion of the fragments. The broad bandwidth of the
2-naphthol fragment emission indicates that the generated fragment is
internally hot. Though it is not clear whether the isomerization/dissociation
of H-bond processes occur statistically, the exclusive production of the cis-
fragment at the higher energy can be explained by the larger density of
states for the dissociation channel than that of the isomerization channel.
The density of states of the latter channel is composed of quantum levels
of the free internal rotations and vibrations of the fragments, while that
of the former channel is composed of quantum levels of the inter- and
intramolecular vibrations of the clusters. Since the energy spacing of the
rotational motions is much smaller than the intermolecular vibrations, the
density of states of the former (dissociation) channel increases much faster
with energy than the latter (isomerization) channel, resulting in dissociation
as the main channel at high energy.

5. Conclusions and Outlook

In this article, we demonstrated the use of IR-UV and UV-IR double
resonance spectroscopy for the study the vibrational energy relaxation
(VER) of the XH (X = O and N) stretching vibration of gas phase molecules
and their hydrogen-bonded clusters, in time and frequency domain.

For VER in S0, we focused on two systems, OH stretching vibration of
phenol and NH2 stretching vibration of aniline. The IVR lifetimes of these
vibrations are in the range of 14–34 ps. The deuterium isotope substitution
of the CH groups drastically decelerates the IVR rate for phenolic OH
stretch but its effect to the aniline NH2 stretch is very small. The results
indicate that the vibrations involving the CH group are the effective doorway
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state for IVR of the OH stretch, but they are not for the IVR of the NH2

stretch. For the H-bonded clusters of phenol, we proposed that theVER pro-
ceeds by the following steps, “OH stretch” → “intramolecular vibrational
energy redistribution”→ “intracluster vibrational energy redistribution” →
“H-bond dissociation”. Among these processes, the first step is strongly
dependent on the H-bond strength. For VER in S1, we demonstrated
IVR, VP and rotational isomerization of H-bonded clusters of 2-naphthol
initiated by UV-IR excitation of the XH stretching vibration. After the
IR pulse excitation, the energy is immediately relaxed by IVR and two
processes, VP and isomerization, compete with each other. At low energy,
the isomerization effectively occurs. The barrier height of the cis → trans
isomerization is determined to be 2900 cm−1. With the increase of the IR
energy,VP rate constant rapidly increases and becomes a dominant process.

In general, the XH stretching vibration is IR active but not in the
electronic transition due to small Franck–Condon activity. Thus, the
combination of tunable IR laser light and UV probe is very powerful for
the spectroscopic study of those vibrations and the elucidation of their VER
dynamics. Another important aspect of the double resonance spectroscopy
is that it has an ability of site selectivity, that is, we can selectively excite the
vibration of the molecules at different sites, for example the donor site OH
stretch and the acceptor site OH stretch in the H-bonded system. Such study
will be very important for the full understanding of the VER mechanism.
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