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Studies on the Rotational Energy Levels and the External Electric Field Effect of
Adsorbed Diatomic Molecules
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Abstract

This dissertation contains two main parts: the first part is devoted tothe studies on the
rotational states of adsorbed diatomic molecules; and thesecond part is devoted to the
studies on the external electric field effect ofthe free and adsorbed dipole molecules.
In the first part,both vertical andhorizontal adsorption configurations of a diatomic
molecule were modeled as the rigid rotor with which the spatial motion wasconfined
by a finite conical well. In addition to the polar hinderingpotential, the Kronig-Penney
and sinusoidal azimuthal modulations whichbear the local symmetry of the adsorption
site were incorporated. We foundthat the rotational energy levels exhibit oscillatory
behavior when plottedas functions of the hindrance angle. The physical origin of the
oscillatorybehavior was ascribed to the phenomenon of the resonance transmission.
Wealso found that the rotational levels were grouped into bands when theazimuthal
modulation strength was increased. The solutions were used tocalculate the
rotational-state distributions of desorbed molecules. Thenon-Boltzmann feature of the
distributions was obtained. Our results werein agreement with previous experimental
data. In the second part, the variational calculations of the rotationalenergies of both
free and adsorbed dipole molecules in external electricfields were presented. Our
results showed that, for the free dipolemolecules placed in strong electric fields, the
rotational energies havelarge shifts. The results agreed very well with the previous
diagonalizationcalculations. On the other hand, for the adsorbed dipole molecules,
ourresults showed that the Stark shifts of the rotational energies weresuppressed by
the conical well if the field strength is not comparable withthe hindering potential.
However, when the applied field is strong, largenegative shifts were found.
Furthermore, we also showed that a very strongelectric field will induce the flipsof the
vertically adsorbed moleculesor the change of adsorption configurationfrom
horizontal to vertical forthe horizontally adsorbed molecules.
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