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The selectivity in the fragmentation of core excited mol-
ecules using soft x-rays was first reported by Murakami
et al.1 and has continued to receive considerable attention.2–4

These and other works have mainly concerned the study of
site specific fragmentation effects, while we in a recent
work5 reported evidence of state selectivity of the fragment
process in the core excited OCS molecule. In this Note we
present further evidence of such selectivity from the case of
the core excited CS2 molecule.

This experiment was performed at the undulator beam-
line 51 of the MAX Synchrotron Radiation Facility in Lund,
Sweden. The radiation was monochromatized by a SX700
monochromator providing photons with a resolution better
than 5000 which crossed an effusive jet of CS2 molecules.
The CS2 gas was mixed with a small amount of Ar atoms
which were added for calibration purposes. The high instru-
mental resolution made it possible to selectively promote the
C (1s) or the S (2p) electrons to either valence or Rydberg
orbitals or into the continuum. The subsequently emitted
atomic and molecular fragments were detected by a time-of-
flight ~TOF! mass spectrometer, which has been described
elsewhere,6 in the photoelectron–photoion coincidence
~PEPICO! mode. The experiments were performed with the
instrument positioned at the magic angle relative to the po-
larization vector of the photon beam. High acceleration volt-
ages were applied to optimize the collection efficiency.

To clarify the discussion, the total ion yield spectra mea-
sured at the sulfur 2p and carbon 1s edges utilizing the
experimental setup described above are reproduced in Fig. 1.
The analysis of these spectra was discussed in detail in a
separate paper.7 The measurements presented here were per-
formed at energies corresponding to all the resonances ob-
served in the total ion yield spectrum and at nonresonant
energies corresponding to the background, and at energies
above the respective ionization potentials. The branching ra-
tios between different ion fragments acquired at the energies

in the sulfur edge vicinity do not exhibit major differences,
except for the relative abundances of the CS2

1 ion, which for
all of the observed resonances is less than half of the values
acquired at nonresonant energies. Additionally, the abun-
dances and peak shapes of the S1 and S21 ions measured at
the s3/2* resonance exhibit differences as compared to the
TOF mass spectra measured at all the other excitation ener-
gies at the sulfur edge~see Fig. 2!, both resonant and non-
resonant. As seen from this figure, the intensity of the S21

ion peak is higher at the excitation energy corresponding to
s3/2* resonance than at the excitation energy corresponding to
thep3/2* resonance, while the S1 ion peak shows the opposite
correlation. This is a clear demonstration of state selectivity
where the orbital of the promoted core electron determines
the subsequent ion fragment branching ratio. The narrow
peak shape of the S21 peak observed at thes3/2* resonance
indicates that this fragment is released with less kinetic en-
ergy than at the other measured excitation energies. Further-
more, measurements performed at thes1/2* resonance re-
sulted in spectra very similar to those obtained at thes3/2*

FIG. 1. Measured total ion yield spectrum acquired at the sulfur 2p ~lower
panel! and carbon 1s edges~upper panel!.
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resonance. Other experiments5,8 have shown the existence of
decay channels where neutral dissociation is followed by
atomic core hole decay. The CS2 S (2p) s3/2* state has indeed
been found to exhibit a repulsive character.7 This is to be
explained by the spatial distribution of the promoted electron
occupying thes* orbital, which due to its alignment parallel
to the internuclear axis and to the destructive interference
between its forming atomic orbitals, has a degree of local-
ization at the outer ends of the molecular axis, thus pulling
the nuclei apart. This causes bond breaking more efficiently
than thep* and Rydberg states, the promoted electrons of
which are expected to be less localized along the axis. These
states were also shown to exhibit vibrational modes and
therefore attractive characters.7 The increase in bond break-
ing probability results in an increase in neutral dissociation
of CS2 to S* and CS fragments, where S* (2p213p) is in a
core excited state autoionizing to S21. This decay channel is
competing with channels yielding S1 ions; for example, the
reactions for which CS2 is doubly ionized to CS2

21 decaying
into 2S1 and C or S1 and CS1, thus explaining the quench-
ing of S1 observed at thes3/2* resonance. The presented
model is in accordance with results from our previous work,7

where the experimental ionic asymmetryb-parameters of the
CS1 and S1 ions suggested that the transitions to the S
(2p21) valence states are atomic-like, while Rydberg state
transitions are molecular-like.

Table I presents the ion fragment branching ratio mea-
sured at different excitation energies in the S (2p) and C
(1s) excitation region. Hayes9 earlier found evidence for
site-specific fragmentation in the core excited CS2 molecule
by observing different relative intensities between ionic frag-
ments emitted after photon induced core electron excitation
at the two edges~see Table I!. Hayes utilized a quadrupole

mass spectrometer, which generally has poor efficiency for
collecting high kinetic energy ion compared to our high-
transmission TOF mass spectrometer. A direct comparison
with our experiment is difficult since only results from two
excitation energies were previously presented~not including
the S1 and the S21 ion intensities, which were included in
our measurements performed at several excitation energies!.
However, there is a qualitative agreement between the two
experiments since they both reveal different ion branching
ratios at the two edges. Our experiment reveals that there is a
dramatic difference in fragmentation branching ratios be-
tween measurements above the S (2p) threshold at 171.93
eV and below the C (1s) p* resonance at 283.0 eV. The
higher degrees of multi-ionization and total three-body frag-
mentation at the higher energy are manifested in a higher
abundance of the S21 and the C1 ions, respectively. The
branching ratios measured above the S (2p) and C (1s)
thresholds at 171.93 and 293.25 eV, respectively, are very
different. However, it can be seen in the total ion yield spec-
trum ~see Fig. 1! that the carbon core excitation processes
only result in weak features at the higher energy, which then
are dominated by the S (2s,2p) electron excitations. The ion
yield from the C (1s) p* resonance is, on the other hand,
high, and gives branching ratios, which, except for the CS2

21

ion, are different than measurements at the C (1s) threshold
and similar to what is observed at the S (2p) threshold vi-
cinity. This actually shows that the decay processes follow-
ing the C (1s) and the S (2p) electron excitations to neutral
states do not necessarily have to be very different, since they
lead to the same fragmentation reactions.

In conclusion, we have presented evidence for state se-
lectivity observed in the ion fragmentation in the core ex-
cited CS2 molecule. In addition, we have presented branch-
ing ratios of ionic fragments emitted after sulfur and carbon
core electron excitations.
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FIG. 2. Photoelectron–photoion coincidence~PEPICO! time-of-flight
~TOF! mass spectra of atomic fragments from the S (2p) p3/2* and s3/2*
excited CS2 molecule.

TABLE I. Excitation energies and the resulting ion fragment branching ratios from the CS2 molecule. Values
within parentheses are intensities obtained by Hayesa with energies shifted to our scale.

eV C1 S21 S1 CS2
21 CS1 S2

1 CS2
1

171.93 0.17 0.05 0.48 0.11 0.19 ,0.01 ,0.01
174.7 ~0.18! ~1.00! ~0.22! ~0.0! ~0.17!
283.00 0.30 0.20 0.40 0.03 0.07 ,0.01 ,0.01
C 1sp* 0.20~0.32! 0.08 0.51 0.04~1.00! 0.17~0.36! ,0.01~0.04! ,0.01~0.32!
293.25 0.27 0.14 0.47 0.02 0.10 ,0.01 ,0.01

aReference 9.
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