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Collisions of polyatomic ions with surfaces: Incident energy partitioning

and chemical reactions.
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Collisions of polyatomic ions with surfaces were investigated in ion-surface scattering
experiments to obtain more information on energy partitioning in ion-surface collisions and
on chemical reactions at surfaces. Mass spectra, translational energy and angular distributions
of product ions were measured in dependence on the incident energy and the incident angle of
polyatomic projectiles. From these data distributions of energy fractions resulting in internal
excitation of the projectile, translational energy of the product ions, and energy absorbed by
the surface were determined. The surfaces investigated were a standard stainless steel surface,
covered by hydrocarbons [1], carbon surfaces at room and elevated temperatures [2,3], and
several surfaces covered by a self-assembled monolayers (Ci2-hydrocarbon SAM, Cu-
perfiuorohydrocarbon SAM, and Cnhydrocarbon with a terminal -C0OH group SAM) [4].

The main processes observed al collision energies of 10 - 50 eV were : neutralization of
the ions at surfaces, inelastic scattering and dissociations of the projectile ions, quasi-elastic
scattering of the projectile ions, and chemical reactions with Ihe surface material (usually
hydrogen-atom transfer reactions). The ion survival factor was estimated to be a few percent
for even-electron ions (like protonated ethanol ion, C2H?O+, CDä

+) and about 10-10' times
lower for radical ions (like ethanol and benzene molecular ions, CD4+).

In the polyatomic ion -surface energy transfer experiments, the ethanol molecular ion was
used as a well-characterized projectile ion. The results with most of the surfaces studied
[1,2,4] showed in the collision energy range of 13 - 32 eV that most collisions were strongly
inelastic with about 6-8 % of the incident projectile energy transformed into internal
excitation of the projectile (independent of the incident angle) and led partially to its further
dissociation in a unimolecular way after the interaction with the surface. The incident energy
transformed into the product ion translational energy varied with the incident angle between
18-45 % of the incident energy for the incident angle 40" - 80° with respect to the surface
normal, respectively. The rest of the incident energy was absorbed by the surface. The only
exception was the perfuloro-hydrocarbon SAM [4], where about 17% of the incident energy
was transformed into internal energy of the polyatomic projectile. The hydrocarbon SAM
behaved very similarly as the stainless steel or carbon surfaces, covered by hydrocarbons. The
peak of the angular distributions of the product ions showed a simple correlation between the
parallel and perpendicular components of the velocities of the incident and product ions.

Collisions of small polyatomic ions CDä~, CD/, CD3
+ (from methane) with carbon HOPG

(highly oriented pyrolytic graphite) surface were investigated [3] at room and elevated (600°
C) temperature of the surface. At the room temperature and collision energies of 7 - 52 eV,
the main processes was inelastic dissociation of the projectile ion and chemical reactions with
surface hydrocarbons. The main chemical product with C D / projectiles was CD4H" ( H-atom
transfer) and its dissociation products, and formation of QjX/ and CiX/ ( X=H,D) in
reactions with terminal groups of the surface hydrocarbons. Complementary experiments with
CHj and 'CH/ enabled determination of the fracfion of the product from projectile ion-
surfacc chemical reactions and surface sputtering. Translational energy and angular
distributions of the product ions together with the isotopic scrambling data provided new
information on the details of the ion-surface chemical processes.
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