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Abstract

ZrO™- CO, and ZrO™- N, molecules have been synthesized in a molecular beam and spectroscopically characterized for
the first time. Resonant photodissociation in a mass spectrometer is used to investigate the optical spectrum of the isolated
ion. The spectra of these two ions are similar and show a single electron transition from the ground state with short
upper-state progressions in three vibrational modes: the ZrO™ solute stretch, the ZrO™ «» CO,(N,) complex stretch and the
ZrO* £CO4(N,) complex bend. The diatomic (solute) stretching vibrational frequency is independent of solvent, but a
significant red-shift in the electronic origin is observed upon complexation which increases with increasing solvent binding

energy. © 1997 Elsevier Science B.V.

1. Introduction

In the visualization of a chemical transformation,
it is tremendously useful to think about the energet-
ics and dynamics of the nuclear and electronic mo-
tion to be largely derived from that of the isolated
reactants, even though the reactants themselves are
in contact. Moreover, if the reaction takes place in
solution, the reactants, intermediates and products
are all solutes, and may have significantly different
solution properties. The conceptual isolation of the
reacting species, even in this scenario, may be recov-
ered if the solvent is treated as a perturbation, the
effect of which may be determined through the
individual solutes properties. Continuum dielectric
models [1,2] of solvation are particularly attractive,
because they simply estimate the additive energies of
creating a hole in a dielectric, and placing a perma-
nent electric multipole moment (the solute) in the
hole.

As our need for understanding the interaction of
solvent and solute becomes more acute, the molecu-
lar nature of the solvent must be taken explicitly into
account, at least for a few (perhaps members of the
innermost sphere) solvent molecules. This leads to a
picture of the solvated species as part of a super-
molecule, for which the solute is the core and solvent
molecules bind to its surface. This solute—solvent
cluster or complex is a convenient model for the
features of solvation, and is doubly important be-
cause the isolated cluster can be treated both theoret-
ically and experimentally to great precision.

The application of resonant photodissociation
spectroscopy to simple gas-phase ion complexes has
been exploited ([3-5], for example) to elucidate the
chemical forces between an ion and a solvent or
ligand species in precise spectroscopic detail. Our
laboratory has successfully characterized transition
metal atomic ion complexes with rare gases [6], as
well as diatomic [7] and polyatomic [8] molecules.
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