Knockout fragmentation and endohedral formation in collisions between Cgo"
and noble gas atoms
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Synopsis We have investigated the non-statistical, knockout-driven fragmentation of Cg," in collisions with noble gas
atoms at center-of-mass energies between 30 and 1500 eV. For Ne, Ar, and Xe, small yields of Cs" were measured,
while for He, endohedral He@Csg," and He@C=s" were observed.

In the past five years, the fullerenes Cq and
C7o have been observed in an ever-increasing
variety of interstellar environments. Recently, it
was confirmed that Cg," is responsible for at
least four of the Diffuse Interstellar Bands [1], a
group of broad absorption features in interstellar
clouds whose origin has been a mystery for
nearly a century. These discoveries have
brought about intense study of the formation
and destruction mechanisms of fullerenes and
other large molecules such as Polycyclic Aro-
matic Hydrocarbons (PAHSs) in the interstellar
medium (ISM).

One important processing mechanism for
both fullerenes and PAHSs is collisions with fast
atoms or ions, particularly H and He. Such col-
lisions, with center-of-mass energies in the 10-
1000 eV range, should be especially important
when shockwaves from exploding supernovae
pass through interstellar clouds, or when solar
winds penetrate atmospheres such as that of Ti-
tan. We have shown that non-statistical frag-
mentation - the direct, prompt (fs) knockout of
single carbon atoms - is an important mecha-
nism for fullerene/PAH destruction under these
conditions [2,3]. Such single-carbon loss pro-
cesses are highly disfavored in statistical frag-
mentation, in which the excitation energy is first
distributed over all internal degrees of freedom
and the channels with the lowest dissociation
energy (C»,-loss for fullerenes or C,H,-loss for
PAHSs) usually dominate strongly.

We have investigated non-statistical knock-
out fragmentation of Cg," ions in collisions with
noble gas atoms at center-of-mass energies from
30 to 1500 eV. For Ne, Ar, and Xe, knockout is
definitively identified by the detection of Csy" as
shown in Figure 1. Interestingly, the yield of
Cso" is much lower than the analogous non-
statistical fragments of PAHSs. This is presuma-
bly due to the non-planar structure of Cg, and
higher probability for secondary statistical
fragmentation.
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No Cso" was observed in collisions with He
at center-of-mass energies up to 60 eV, alt-
hough endohedral He@Cg," and He@Css™ were
formed.

The products of non-statistical fragmentation
tend to be highly reactive, with important con-
sequences for interstellar chemistry. We have
observed such collision-induced reactivity in
earlier experiments studying collisions between
atomic ions and clusters of fullerenes and/or
PAHSs conducted at the ARIBE facility in Caen,
France. In one experiment, for example,
Cso' ions formed by single carbon knockout re-
acted with nearby Cg, molecules inside the clus-
ter, forming dumbbell-shaped Cy;5" [4]. Such
reactions may play a role in the growth of large
molecular species in the ISM.
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Figure 1. Mass spectra showing formation of Csy"
following collisions between Cg," and Ne.
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