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The adiabatic approximation has been successful in describing numerous classes of
molecular motion and interaction phenomena Hi. It relies on the concept of the Potential
Energy Surface (PES) and assumes that a molecular system adopts its parameter dependent
ground state at any stage of its evolution. Within die confines of the adiabatic approximation,
the molecular motion is computationally predictable if the ground state PES of the respective
system is known. This approach, however, meets its limits wherever highly dynamic
situations are involved, such as in fast collisions or scattering reactions at high energy.
Further, the adiabatic approximation loses its validity in cases of degenerate or near-
degenerate electronic ground states, as is encountered in the vicinity of a conical intersection
IM. This contribution focuses on a third type of molecular processes which transcends the
regime of this approximation, namely the dynamic behavior of molecules close to the
threshold of dissociation. Since disintegration phenomena frequently involve high kinetic
energies, their adequate representation demands in general the use of a theory that allows for
the inclusion of non-adiabatic effects.

Such a formalism is available with the Election Nuclear Dynamics (END) Theory 111,
which has been designed to provide a full description of the dynamic development of the
electronic system. A particular strength of the END Theory, which makes this approach a
particularly plausible choice for the investigation at hand, consists in its independence of any
PES constructions. Since the processes studied in this work are characterized by a sizeable
dynamic coupling between electrons and nuclei, as will be outlined in further detail in Sec.
Ill, any use of the PES concept appears artificial or, in the best case, computationally
unnecessarily extensive, requiring the implementation of a complex scheme of multiple PES.

% »

— f~ >• V1

Figl.: The model adopted for the description of pseudorotation. P denotes the initial
momentum imparted to each nucleus in H/.

The present work emphasizes triatomic species as well as a particular type of molecular
motion, namely pseudorolation, involving the coordinated, phase related motion of all atoms
in a molecule or cluster. The ideal case of circular pseudorotation of a triatomic unit is
indicated in Fig. 1.



Pseudorotation of a triatomic molecule is conveniently defined in terms of the two
orthogonal deformation coordinates of such a unit. In die special case of circular
pseudorotation, these two degrees of freedom behave like sinusoidal functions of time, being
equal in amplitudes and shifted with respect to each other by a phase angle of n/2.

We will clarify that this process is a particularly worthwhile object of dynamics studies,
since it exhibits an extraordinary range of interactions of nuclear degrees of freedom, both
among themselves and with electronic degrees of freedom/3,4/. More specifically, simulations
based on END theory are performed with the aim to extend the current understanding of the
dynamic features of pseudorotation into the non-adiabatic regime. By the examples of Hi+ and
Lij+, it is shown that the total nuclear angular momentum of the molecules, which is
considered as a conserved quantity in the adiabatic region, provides a useful guideline for the
dynamic evolution of the system as a function of the difference AE between the total energy
of the dynamic molecule and its static equilibrium energy in the ground state. Thus, the total
nuclear angular momentum is mostly pseudorotalional in nature at low energy where the
kinetic effects are sufficiently small. In an intermediate energy interval, it is a combination of
components due to both pseudorotation and spatial rotation. At still higher energy, it ceases to
be a constant of motion, which it attributed to the onset of a sizeable dynamic coupling
between the nuclear and the electronic system.

Correspondingly, we characterize the electron dynamics of the molecular species in terms
of electronic angular momentum expectation values. At energies AE in excess of about 3 eV
for Hj* and 0.1 eV for Lij+, a rapid angular momentum exchange between the alpha and the
beta system is recorded. This phenomenon coincides with the occurrence of maximum
interatomic distances within the molecule and is thus interpreted as an electronic response to
an extreme amount of bond stretching. This behavior signifies a partial rupture of the covalent
bond and thus precedes the dissociation of the molecule as a whole. It is also demonstrated
that the divergent reactions of the alpha and the beta system conelate with the fonnation of
nonzero spins at the atomic centers of the molecules and in further consequence with a
complex pattern of spin exchange processes between these centers. With the elapse of time,
the phase relation between the angular momentum contributions of the alpha and the beta
system is lost, and the angular momentum exchange proceeds between all molecular
components, i.e. the nuclear and the electronic degrees of freedom.

The observations summarized above can be cast into the language of electronic
excitations. By evaluating a sequence of electronic bases, each consisting of the UHF
molecular ground stale determinant and all deienninanls arising from single and double
substitutions for a succession of geometries adopted by the molecule in the course of its
evolution in time, it is possible to calculate expansion coefficients which carry the
information about the excitation content of the electronic system at any stage of the motional
process (see Fig.2). This analysis yields characteristic differences between spin alpha and spin
beta projections of the dynamic wavefunclions. In particular, it turns out for L13* in the
examined energy interval that the promotion of the HOMO to the LUMO is associated with a
near - constant phase difference of about 71 between the corresponding excitation coefficients,
giving rise to the emergence of pronounced spin polarization effects within the molecule.
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Fig.2: Upper panel: The three interatomic distances of Mj+ in pseudorotation at AE = 3.9 eV

versus time. Lower panel: For the same situation, the total electronic excitation
probability versus time.

The concepts introduced in (his work are suitable for the invesliaglion of pseudorotating
open shell species such as Alkali?, which have been experimentally studied in great detail /5/.
under the aspect of dynamic coupling between the nuclear and the electronic systems.
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