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Research of the chemical behavior of ions in the gas phase
continuously brings important information for the basic
chemical knowledge [1]. Direct applications are indeed
found in atmospheric and interstellar chemistry, because
the experimental conditions mimic these media. However,
many other fields profit from the ideas and concepts, which
are based on the fundamental knowledge obtained from
studies of isolated molecules. For example, investigations
of reactivities of small metal clusters in the gas phase can
lead to the elucidations of the underlying reaction mecha-
nisms and thereby help in optimizing the properties of
metal catalysts in a large, industrial scale [2]. Another im-
portant field, which benefits from the gas-phase studies,
comprises biochemistry and bioinorganic chemistry. De-
terminations of proton affinities, bond energies, or ioniza-
tion energies for simple models of, for example, active
centers of enzymes provide important insight into the in-
trinsic properties of these systems [3]. Investigation of
fragmentations of biomolecules, on the other hand, can
shed light on possible mechanisms of degradation in artifi-
cial and natural environments [4]. Last but not least,
gas-phase experiments using synchrotron radiation pro-
vide powerful tools for analytical chemistry in that the
unimolecular chemistry of an ionized molecule is unique
and can thus be used for trace analysis of specific mole-
cules in complex matrices [5, 6].

The most common experimental approach for the in-
vestigation of ions in the gas phase is mass spectrometry. It
provides a tool to separate ions according to their
mass-to-charge ratio and subsequently study their struc-
tures, stabilities, and energetics. A dedicated experimental
design enables the investigation of reactivities of mass-se-
lected ions and conclusions about reaction mechanisms.
Contributions of synchrotron radiation to these particular
studies can be twofold. (i) VUV photons can be used for the
generation of ions thereby providing accurate ionization
energies of molecules and also enabling studies of
unimolecular or bimolecular reactivities of the ions in de-
pendence of their internal energies [ 7, 8]. Such an approach
can, for example, lead to the unprecedented determinations
of barrier heights for the chemical reactions [9]. (ii)) A
novel application of synchrotron radiation for studying
ions can be introduced, if the VUV light is used in a reac-
tion chamber for the ionization of trapped, mass-selected
ions [10]. Such an approach would provide a possibility to
study, for example, second ionization energy of metal com-
plexes (e.g. oxidation of Cu' to Cu'") and thereby obtain im-
portant information about their energetics. The change of
the oxidation state of a metal center could also lead to an in-
duction of chemical reactions in the complex. Such a
unique experimental arrangement is likely to produce very
valuable data for research of metal catalysts and also for in-
vestigation of biomimetic reactions [11].

The proposed parameters of the VUV beamline is based
on the design of the VUV beamline DESIRS of the new
synchrotron SOLEIL near Paris [12]. It should provide
photons within the energy range of about 5 to 40 eV, the
resolution should be in the range of 10" A, the photon flux
should reach 10" to 10'? ph/sec and the light should be po-
larized [13, 14]. The design of the proposed end station re-
sults from a compromise between the demands of the
various users on one hand, and the flexibility and the price
on the other hand. As a solution, a versatile instrument
based on the triple quadrupole configuration is suggested
with the possibility of replacing this default end station by
special user’s devices is envisaged.

The proposed apparatus (Figure 1) could be used for
mass-spectrometric- and gas-phase studies. It will include
two ion sources connected to the first mass analyzer by a
deflector. The first ion source will involve photoionization
by VUV photons and should be constructed in order to also
enable PEPICO (photo-electron photo-ion coincidence)
experiments. This ion source would allow internal-energy
resolved studies of atoms and molecules. Thus, ions gener-
ated by photoionization would be mass-selected by means
of the first quadrupole (Q1) and either (i) directly detected
in order to determine the ionization or fragmentation
thresholds or (ii) deflected to the multipole (O, presumably
octopole) collision cell. Various collision- and reaction
gases could be introduced into the collision cell and
thereby the reactivity of the internal-energy resolved ions
could be studied. The products of the reactions would be
deflected to the second quadrupole (Q2) in order to
mass-analyze and detect them.

The second ion source would employ electrospray ion-
ization and thereby allow to study biomolecules and metal
complexes [15]. The ions generated would be mass-se-
lected by means of Q1 and deflected to the multipole cell.
In this type of experiment, the synchrotron radiation would
be used in axis with the multipole, which would also func-
tion as a linear ion trap in order to increase the cross section
of interaction with light. Thus, ions would be ionized by
tunable photons and the resulting dications would be de-
tected by means of Q2. This arrangement would allow to
determine second ionization threshold and fragmentation
thresholds. We note that this conception of the end-station
inherently requires that the position of the instrument
would have to be altered for both experiments.

An additional advantage of this arrangement could
stem from the flange for user-designed instruments at the
deflector between Q1 and O. For example, the investiga-
tion of the interactions of internal-energy resolved and
mass-selected ions prepared by means of the PI source and
Q1 with various surfaces would be possible [16]. Such
studies may allow to disentangle the complex interplay of
internal and kinetic energy in collisions of ions with sur-
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Figure 1. Scheme of the proposed end station for the VUV beamline

faces and might lead to a breakthrough in the understand- 8.

ing of these phenomena.

The properties of the VUV beamline, namely the reso-
lution, would allow also a whole array of other experiments

as fluorescent spectroscopy, investigation of radical reac- 9.

tivity, or surface experiments. The VUV beamline would

therefore offer a large array of experiments for scientist

from Czech Republic and other countries from European

Union.
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