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The effect of site selective fragmentation has been ex-
tensively discussed in the literature.1–3 Although it has
clearly been shown that the fragmentation branching ratios
measured for core excited polyatomic molecules are different
for various excited sites, the observed changes are relatively
small.

So far very little evidence has been provided for the state
selectivity in the dissociation process.1–3 In this note we re-
port the observation of a state selective fragmentation occur-
ring in the production of triply charged fragments in the OCS
molecule. The experiment has been performed at the undu-
lator beamline 51 at the Swedish National Synchrotron Fa-
cility in Lund. The synchrotron light was dispersed by a
modified SX700 monochromator and focused in the interac-
tion region by a refocusing mirror. The PEPICO spectra have
been measured using a linear time-of-flight spectrometer
mounted in a right angle geometry. A detailed description of
the apparatus is given elsewhere.4

The total ion yield spectra acquired at the sulfur and
carbon edges are discussed in detail in our recent work4 and
are reproduced in Fig. 1a and Fig. 2a. The good instrumental
resolution(> 5000! has made possible measurements with
vibrationally selected excited states. The S(2p21)p3/2* , S
(2p21)p1/2* and C(1s21)p* , states observed in the total ion
yield spectra~see Fig. 1a! are formed by promotion of the
core electron to the first unoccupied valence orbital. Also, as
has been discussed in the literature the 4s3/2 resonance has a
partially valence character.4,5 The remaining levels observed
in Fig. 1a are the Rydbergns,np, andnd states.

Two major differences should be noticed between the
valence- and Rydberg-type excited states. The valencep*
orbitals are localized at the excited site. This induces strong
repulsive forces resulting in efficient bond breaking. Also,
the interactions between the excited and valence electrons
are strong and the core electron may participate in the deex-
citation transitions. On the other hand, the Rydberg and va-
lence orbitals are separated, thus the excited electron very
weakly participates in the relaxation processes.

Figs. 1b–1e show the PEPICO spectra acquired for ex-
citations to various S(2p21) excited states. Clearly, the peak
corresponding to the S31 is discernable only forp3/2* , p1/2*

and 4s3/2 resonances. No S31 ions have been observed at the
Rydberg resonances indicating the decrease of the yield of
this fragment by more than a factor of 5~see Fig. 1!. Also, at
the sulfur edge we have not recorded the OCS31 nor any
other triply charged ions. Not shown in Fig. 1, the yields of
the remaining singly and doubly charged fragments vary
little at excitations to the states considered.

Fig. 2a and Figs. 2b and 2c show the total ion yield
spectra acquired at the carbon edge and the formation of
OCS31 ions atp* and 3s Rydberg states, respectively. Re-
markably, the triply charged ions are not observed at thep*
resonance, while they are strongly formed at the 3s state and
also at the remaining Rydberg levels. The same behavior is

FIG. 1. ~a! Total ion yield acquired from S (2p) excited OCS. Panels~b!,
~c!, ~d!, and~e! show the PEPICO spectra of S31 ions atp3/2* , p1/2* , 4s3/2 ,
and 4s1/2 , respectively.
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observed in the PEPICO spectra of the S31 fragment. No
other triply charged fragments have been recorded in our
spectra.

Two mechanisms should be considered which may ex-
plain the observed effects: fast dissociations from the com-
pact valence states and the enhanced decay to low excited
states via the participator-type Auger transitions. Although
we believe that the former process is mainly responsible for
the formation of S31 at the sulfur edge and quenching of the
triply charged fragment production at the carbon edge, the
role of the latter process may also be important especially at
the sulfur edge.

Let us consider the excitation to the S(2p21)p3/2,1/2*
states. The outermost valence orbitals of the OCS molecule
(9s and 3p) and thep* orbital are strongly localized at the
sulfur atom.6 Excitations to the strongly anti-bondingp3/2,1/2*
states may be followed by a rapid dissociation which occurs
before the S(2p21) vacancy is filled. Such a rapid dissocia-
tion process is induced by strong repulsive forces appearing
due to the localization of the outermost electrons on one site
and is unlikely if the S(2p) electron is excited to a delocal-
ized Rydberg orbital. The relaxation of the S~2p! vacancy
occurs at the isolated sulfur atom via the cascade of Auger
transitions during which up to three electrons may be ex-
pelled. This is probably the main process contributing to the
formation of S31 from the valence-type S(2p) electron ex-
cited states. In fact this mechanism is very similar to the
recently reported rapid dissociation process occurring from
the doubly excited N(1s21) states of the nitrogen molecule.7

Alternatively, the S31 ions may be formed in the process
of formation of O2 from the low excited states of the OCS21

ions which has been observed for other sulfur compounds.8

Due to a strong localization of the outermost valence orbitals
at the sulfur atom the intensity of participator-type Auger
transitions is probably quite high. In these processes the out-
ermost electrons are preferably ionized or they fill the 2p

hole. As a result, singly or doubly charged OCS cations are
formed which may subsequently dissociate yielding O2 and
multiply charged sulfur ions (S21, S31). The deexcitation
from the Rydberg states would preferably be associated with
the expulsion of the inner valence electrons. Apparently, the
formation of S31 from these states is very weak and these
ions have not been recorded in our spectra.

Possibly very similar mechanisms give rise to the ob-
served quenching of the production of the OCS31 and S31 at
the C(1s21)p* state. The promotion of the C(1s) electron
to the valence orbital localized at the carbon site may lead to
the efficient breaking of the S-CO bond. Indeed our PEPICO
spectra show that the formation of S1 and CO1 fragments
increases at the C(1s21)p* state by 45% and 33%, respec-
tively. The important question is whether the S-CO bond
breaking occurs before the core vacancy is filled. We believe
that the answer should be positive. If the dissociation is slow,
the electron decay processes must lead to final states from
which the formation of triply charged fragments does not
occur. This would implicate that the redistribution of final
state vacancies is very different for thep* and Rydberg
states which is rather improbable. Although there are no pub-
lished deexcitation spectra of the C(1s21)p* state, this
spectrum should strongly resemble the Auger spectra re-
corded at this edge. However, the role of participator-type
transitions should not be forgotten, but we suggest that the
molecule rapidly dissociates into S1CO at the C(1s21)p*
state. The sulfur atom emerging from the dissociating mol-
ecule is only weakly excited~the core vacancy is located at
the carbon atom!, and the triply charged ions may not be
formed in the same manner as for the sulfur excited states.
This also explains the sudden decrease of intensity of OCS31

ions to non-measurable values at this state. Also remarkable,
the yield of the OCS21 ions drops by a factor of two at this
resonance supporting the hypothesis of the rapid dissociation
process.

In conclusion we have observed that production of the
triply charged fragments may be strongly enhanced or
quenched by excitation to the valence-type core excited
states. The possible origin of this selectivity is the rapid dis-
sociation from these states followed by electronic relaxation
of the fragments.
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FIG. 2. ~a! Total ion yield acquired from C (1s) excited OCS. Panels~b!
and ~c! show the PEPICO spectra of the OSC31 ions atp* and 3s states,
respectively.
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