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This dissertation describes high resolution ( < 0.0005 cm™), high
sensitivity (absorbance sensitivity »2 ~ 10 per root Hz), direct absorption,
infrared laser spectroscopy of transient molecules formed in a it supersonic
expansion. A series of molecular species, ranging from weakly bound van der
Waals clusters, through hydrogen bound dimers, to a group of small organic free
radicals areinvestigated. The advantages provided by the combination of ahigh
optical resolution and the rotational and tranglational cooling of a dlit supersonic
expansion are exploited to probe an array of spectroscopic and dynamic
phenomena.

Investigations which probe the v = 1~ 0 vibrational transition for the
hydrogen halides DF and HCI sequentially clustered with one through three Ar
atoms are presented. Vibrational redshifts and rotational constants are compared
with theoretical calculations on accurate pairwise additive potentials, providing
insight into the importance of many body terms. Near-ir spectroscopic
investigations of the hydrogen bond prototype (HF), and it isotopomer (DF), are
also presented. For both isotopomers, all four, large amplitude intermolecular

vibrations are observed as combination bands built on top of intramol ecular



excitation. In addition to vibrational energies, mode specific vibrational
predissociation rates, interconversion tunneling rates, and rotational constants are
reported. Comparision with full 6-D quantum calculations provide an
unprecedented test of trial hydrogen bonding potential energy surfaces.

A novel high-intensity source of jet-cooled molecular radicals and ionsis
also described based on the combination of i) slit supersonic expansions with ii)
electric discharges. Confinement of the discharge to aregion just prior to
supersonic expansion results in efficient rotational cooling of molecular radicals.
Infrared studies of methyl, ethyl, alyl, and cyclopropyl are presented. Resolution
of fine and hyperfine structure provides information about spin polarization
effectsin methyl radical. Thefirst rotational assignment of ethyl radical is
presented, providing information on hyperconjugation effects, and, coupled with a
multidimensiona quantum mechanical modelling, information about the large
amplitude internal rotation and CH, bend. A spectral analysis of two vibrational
bandsin allyl is presented, as well as an analysis of spectral broadening dueto
spin rotation effects. Finally, the first spectroscopic detection of cyclopropy!

radical is also presented.
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