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ABSTRACT

Gas-surface scattering experiments presented in this thesis show that elastic quantum
phenomena, like diffraction, can be observed not only for light but also for heavier par-
ticles like Ar, Kr, N2, at sufficiently low surface temperatures while keeping the surface
clean from stuck particles by pulsed laser desorption. The elastic scattering falls off
drastically with increasing surface temperature since slow impinging particles are very
sensitive to thermal vibrations of the surface atoms. This behavior, which at least qual-
itatively resembles the influence of the Debye-Waller factor e 2%, has been modeled in
semiclassical calculations which show that the exponent 2W is independent of particle
mass, m, at zero surface temperature and has a \/m dependence at elevated temperatures.
These theoretical predictions are consistent with the experimental observations for Ne,
Ar and Kr scattered from a 10 K Cu(111) surface. The semiclassical predictions devi-
ate significantly from the experimental observations for the comparatively light particles
He, H> and D>.

Angular distributions of Ny, O, and CHy4 scattered from a 10 K Cu(111) surface,
reveal sharp coherent quantum scattering features due to rotational transitions. The rota-
tional inelastic scattering reduces the elastic scattering probability by an order of magni-
tude for these molecules, while this effect is weak for D; at the same impact conditions.
The observed large difference in rotational inelastic scattering probability of N5 and D;
can be explained by the difference in rotational constants of the two molecules as shown
by scattering calculations.

Narrow selective adsorption resonances have been observed directly in the angular
distributions of Ne nozzle beams diffracted from a 20 K Cu(110) surface. Bound level
energies derived from the resonance data for 2°Ne and 22Ne give a unique level assign-
ment compatible with a single gas-surface potential curve for the Ne-Cu(110) system
with a well-depth 25% deeper than predicted by current physisorption theory. Selective
adsorption resonances of *He and “He observed in the specularly scattered beam have
been used in a similar way to derive the well-depth of the He-Cu(110) potential which is
about 10% deeper than predicted.
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