PHOTOEXCITATION OF COLLECTIVE ELECTRON OSCILLATIONS IN Cg IONS
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Because of its size, structure and symmetry, the
properties and behavior of Cgy are intermediate
between those of a free molecule and a solid,
making possible the collective excitation of
electrons. Neutral Cg is known to exhibit a giant
resonance in its photon absorption spectrum near
20 eV. This is associated with a surface plasmon
oscillation, where the 240 delocalized valence
electrons oscillate as a group relative to the ionic
cage [1].

A monochromatized beam of synchrotron
radiation from an undulator was merged with
beams of Cg ions from a small accelerator at the
Advanced Light Source. The photoionization
process was studied by measuring the absolute
yield of photo-ions as a function of photon
energy. Photoionization cross-section
measurements for Cg", Ceo>” and Cgo’” ions in the
17-75 eV energy range each reveal an additional
broad resonance centered near 40 eV [2].

Figure 1 presents the absolute cross-section
measurements for single photoionization of Cg"
ions, along with a fit of two Lorentzian functions.
The first resonance near 22 eV corresponds to the
surface plasmon excitation observed for neutral
Ceo [1]. Calculations based on time-dependent
density-functional theory confirm the collective
nature of the second broad resonance feature near
40 eV. This is characterized as a dipole-excited
volume plasmon oscillation, made possible by the
special fullerene geometry of a charged spherical
shell [2]. The charge density oscillates over the
width of the electron shell, producing a
compression of the electron density that is local
with respect to the Cg sphere.

The ratios of the measured resonance energies
to their widths provide estimates of the stability
of these collective electron oscillation modes.

The data indicate that for photoexcitation of Ceo
Ceo’" and Cg°" ions, the surface plasmon
excitation survives for 2-3 oscillation periods
before decaying by ejecting an electron, whereas
the volume plasmon survives on average for only
a single period. The energies and widths of these
resonance features are essentially independent of
the initial ion charge state, consistent with the
fact that plasmon oscillations depend solely on
the electron density.
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Figure 1. Absolute photoionization cross-sections
for Cg" ions.
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