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9. OUTLINE OF PROBLEMS STUDIED AND SUMMARY OF THE MOST IMPORTANT RESULTS:

The purpose of the research performed under this contract was to eliminate

the influence of collisions on the infrared multiphoton excitation of poly-

atomic molecules as much as possible, and to study the exchange and distribu-

tion of energy within an isolated polyatomic molecule. 0

The results are best summarized in four categories:

a. Collisionless Excitation and Dissociation of Small Molecules

In most previous work on the infrared multiphoton excitation of small 0

molecules, the influence of collisions could not be ruled out. Experiments

have now been completed for OCS, NO2 , NH3 , DN3 and SO2 with verified collision-

less excitation, using the rather unique high-power picosecond CO2 laser system

developed at Harvard. The results show that there exists a gradual transition

from the regime of discrete states in small molecules to the so-called quasi-

continuum regime in large molecules, where the excitation shows a strict S

fluence dependence. For triatomic molecules it was found that most of the
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molecules remain unexcited, whereas a small fraction may be excited in a
multiphoton process. The excitation is therefore predominantly determined by
the intensity. For intermediate-size molecules, up to 10 atoms, both inten-
sity and fluence play a role.

b. Infrared-Infrared Double Pulse Spectroscopy with Picosecond Resolution

Using two synchronized 50 ps pulses from two independently tunable CO2
lasers, pump-probe experiments have been performed on pentafluorobenzene.
This molecule has two infrared active modes which are accessible to the CO2
laser wavelengths, and therefore allows a direct investigation of the intra-
molecular vibrational energy redistribution between different infrared modes.
The results indicate an extremely rapid equilibration (< 50 ps) of absorbed
energy among the two modes. The final distribution of energy, moreover, is
consistent with thermal (statistical) heating.

c. Infrared Multiphoton Excitation of Optically Excited NO Molecules

Although ground state NO2 molecules do not interact with CO2 laser radia-
tion, optically excited NO2 molecules do interact. The dynamics of infrared
multiphoton excitation were studied systematically by varying the optical
excitation energy and thereby the preparation of the molecule in a well-defined
energy region (just) below the dissociation threshold. This has made possible
the first direct observation of the final dissociative step in the excitation
and also the first observation of stimulated infrared multiphoton emission
processes. The results again show that intensity effects play an important
role, except for the last dissociative transition, which obeys Fermi's Golden
Rule very well. Estimates of the density of vibrational states are too low,
however, to satisfy the conditions for a quasicontinuum. Apparently, rota-
tional selection rules do not hold in the highly excited states, and the
effective density of states may be several orders of magnitude higher than
estimated, giving rise to the observed behavior.

d. Time-Resolved Raman Spectroscopy of Infrared Multiphoton Excited SF6

Infrared multiphoton excitation followed by an intense ultraviolet light
pulse provides a means of directly observing the transfer of vibrational exci-
tation from infrared to Raman active modes. Detailed experiments have been
performed for SF6 , opening the door to a more quantitative study of infrared
multiphoton excitation and the physical understanding of intramolecular energy
redistribution.

The results show that redistribution of energy occurs even under collision-
less conditions. Comparison with photoacoustic results obtained earlier shows
that (within experimental accuracy) there is equipartitioning among the
various modes (intramolecular equilibrium). The redistribution of energy
persists even at very low infrared fluence, when the average absorption per
molecule is reported to be below one infrared photon. This indicates that the
intermolecular distribution is far from equilibrium, with a few molecules being
highly excited while the majority remains virtually unexcited. These recent
experiments provide a new handle on the study of intramolecular dynamics.
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