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The spectral properties of CCl, are imperative for its
technical importance in the reactive ion etching of
microelectronics. CCl, and halomethanes adsorbed on
single-crystalline surfaces are model systems for studies
of surface photochemistry. In this work, we investigated
the dissociation dynamics of anionic and excited neutral
fragments of gaseous CCl, following excitation of ClI 2p
electrons to various resonances on combining
measurements of anionic photodissociation, x-ray
absorption, and uv or visible dispersed fluorescence.
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Fig. 1: Yields of CI" anion fragment and excited neutral
fragments (C” and CCI") from gaseous CCl, following ClI
2p core-level excitation, with the CI L-edge x-ray
absorption spectrum.

Discernible in Fig. 1, the relative intensities of CI
yield spectrum and fluorescence excitation spectra of
excited neutral fragments (C* and CCI") differ notably
from those of CI Lys-edge absorption spectrum of gaseous
CCl,. Excitations of the CI 2p electrons to Rydberg
orbitals and doubly excited states (absorptions labeled 3’
and 4) near the CI 2p ionization threshold of gaseous
CCl, enhance both the excited neutral atomic fragments
C” and excited neutral diatomic fragments CCI", relative
to the ratio of intensity of the corresponding transition to
the core-to-valence excitation (absorption labeled 1) in
the Cl Lys-edge X-ray absorption spectrum. In particular,
excitations of Cl 2p electrons to higher Rydberg orbitals
near the Cl 2ps, threshold (at ~207 eV) or doubly excited

states (at ~208.2 eV) of gaseous CCl; remarkably
enhance the production of excited neutral fragments. The
CI" anion is significantly reinforced in the vicinity of the
Cl 2pyp3, ionization threshold of gaseous CCl,. The
maximum anion enhancement about 207.5 eV is just
above the threshold, 206.9 eV, for CI 2ps, ionization of
gaseous CCl,. The CI” anion might thus be enhanced by
the same dissociation channels that produced the excited
neutral fragments.

Shake-up modified resonant Auger decay and PCI-
mediated shake-down near the ionization threshold
accordingly produce highly excited ionic Rydberg states,
efficiently producing excited neutral fragments, because
the wave function of a diffuse Rydberg electron has less
overlap with the molecular-ion core; consequently the
2hle or mhme states dissociate to produce the excited-
state fragments before the excited Rydberg electron can
relax. Recapture of a PCl-mediated photoelectron
increases the probability of capture by the departing ClI
atom during dissociation, and then enhances the CI" yield
near the Cl 2p ionization threshold of gaseous CCl,. The
detection of excited neutral particles and anion fragments
is demonstrated to be a sensitive probe for investigating
shake-modified resonant Auger decay, doubly excited
states embedded in core-shell ionization continua, and
PCI dynamics.

The Cl 2p — 7a, excitation for CCl,/Si(100)
enhances the CI” desorption yield at a submonolayer level,
whereas the CI™ anion is significantly enhanced near the
Cl 2pypz3, ionization threshold of gaseous CCl,. The
transitions of core electrons to high Rydberg states near
Cl 2p ionization thresholds and doubly excited states of
gaseous CCl, greatly enhance excited neutral fragments
(C” and CCI"), originating from shake-modified resonant
Auger decay or/and post-collision interaction. The
notably enhanced CI" anion near the CI 2py, 3, ionization
threshold of gaseous CCl, is affected by PCl-mediated
photoelectron recapture. The resonant enhancement of
the CI yield at the 7a;," resonance in the Cl 2p edge at a
submonolayer level occurs through a formation of high-
lying molecular-ion states for CCl, adsorbed on a Si
surface, mediated by polarization induced by the
substrate. Our experimental results provide important
insight concerning the roles and relative importance of
dissociative electron attachment and high-lying
molecular-ion states on dissociation dynamics of negative
ion for adsorbates on surfaces. These complementary
results provide insight into the anionic and excited neutral
fragmentations of gaseous molecules and solid-state
analogues via core-level excitation.
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