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Dynamics of Elementary Processes in the Gas Phase O2 and CO
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In a large number of cases, Ihe dynamics of complex reaction mechanisms may proceed
by a series of elementary processes, induced often by a fast reaction step, followed by
relaxation or reorganisation of the molecular system. A good description of these elementary
processes is thus determinant in understanding such complex mechanisms, as those involved
in the action of radiation on biomolecules, or more generally on reactions involving systems
of biological interest. Although biological reactions occur mainly in a solvent, studies in the
gas phase exhibit the specific chemistry of free species and are often the only way to provide
precise data and thermodynamic properties essential for moderations.

Electron transfer is an important process in physics, chemistry and biochemistry. In
particular, charge transfer involving multiply charged ions in collision with atomic or
molecular targets are determinant processes in controlled thermonuclear fusion research and
aslrophysical plasmas. In such processes, an electron is generally captured in an excited stale
of the ion, followed by line emission. The observation of tine intensities provides important
information on the electron temperature, density and spacial distributions in the emitting
region of the plasma.

From a theoretical point of view, the study of these processes for collision energies from
eV to keV is developed in the molecular framework and requires the determination of
potential energy surfaces of the different ground and excited stales involved in the process , as
well as the non-adiabatic couplings between these levels. The dynamical treatment requires
then different approaches with regard to the collisional energy range of the process. A semi-
classical method is currently used at keV energies and may be extended easily to ion/molecule
systems, but the description of very low-velocity processes requires a complete quantum
mechanical treatment of the dynamics of both electrons and nuclei. The First approach
extensively used is the resolution of the stationary close-coupling equations, but we have
analyzed recently on the Si*1* + He system, the efficiency of a lime-dependent wave packet
method [1,2] which provides a clear and physical insight into the dynamics of the processes
and may be particularly interesting for polyatomic systems since it allows the possibility of
developing a fully quanta) mechanical treatment for some degrees of freedom, the other ones
being treated classically. This approach is particularly interesting for systems of increasing
complexity. In particular many important steps in biological dynamics imply few degrees of
freedom imbedded in a bath of inactive coordinates for which a hierarchy can be designed.

As a first example, we have undertaken, in relation with photodissociation experiments
[3], the study of competitive dissociation ol'C-CI and C-Br bonds in bromacetylchloiide Br-
CHi-COCI. The dissociation is induced by an electronic excitation and is shown
experimentally to lead preferentially to C-CI breaking, although the C'-Br bond is
thevmodynamically weaker. This result is in disagreement with statistical theories, as the
branching ratio depends not only on the relative height of the corresponding barriers, but also
on non-adiabalic transitions arising from interactions between the different excited states. The



effect depends on the distance between the C=O and C-X chromophores and on the
conformation of the molecule.
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