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Reactions of
Metal Cluster lons™*

Pierre Fayet*

In order to prove their extraordinary behaviour as a function of size, metal cluster ions,
generated by sputtering, were investigated by a variety of experiments. In the gas phase,
synthesis of size-selected nickel carbonyl clusters was carried out in a triple quadrupole mass
spectrometer. The cluster compounds showed a sensitive photodetachment of ligands, which
allows the full control of their CO coverage with laser desorption. The deposition of silver
clusters on photographic films has revealed their catalytic activity during the development
process, providing fascinating future perspectives.

1. introduction

Metal clusters are commonly associated
with the very fundamental role of bridging
the gap from atoms and small molecules to
the bulk . Moreover, they have extraordi-
nary chemical properties, which are due to
their structure and electronic behaviour.
Over more than two decades spectroscopic
information on matrix-isolated particles
has provided some conceptions of catalytic
processes occurring on metal surfaces™.
There are, however, obvious attractions of
working in the gas phase, since one can
avoid complications arising from matrix
effects.

Molecular beam techniques combined
with mass spectrometry have proved to be
very powerful tools for investigating
physical and chemical properties of metal
clusters of a specific size. This is document-
ed by a series of impressive results, which

combined with new computational
methods - contributed to the evolution of
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cluster science from what was originally a
purely empirical field to a discipline where
quantum mechanical understanding is ver-
ified by well-designed experiments. The
development of the electronic shell model
by Knight et al.™ provided an conspicuous
example. A bridge between spectroscopic
properties of metal clusters and their corre-
sponding chemical properties was estab-
lished by Whetten et al."! who measured
and correlated the ionization potentials of
iron clusters and the corresponding hydro-
gen absorption affinities as a function of
their size. The results prove that the in-
vestigation of spectroscopic and chemical
properties of metal clusters contributes to
the understanding of such particles, as well
as indicating a way to future applications.

2. Production of Size-Selected
Metal Clusters

Since cluster beam sources usually gen-
erate size distributions, experiments on
size-selected clusters require the use of
mass spectrometry. This suggests sources
that directly produce ionized clusters.

High currents of cluster ions are conve-
niently generated in the sputtering process
by bombarding a target with fast atom or
ion beams. In order to produce large
cluster currents, the extraction ion optics
of the cluster transport line must be close
to the target. This constraint places the
primary ion source quite far away from the
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target. Thus the source must be of low
divergence, but must provide a large cur-
rent. This requirement is fulfilled by the
extreme brightness of the cold reflex dis-
charge ion source (CORDIS) developed by
Keller?.

Fig.1 shows a sectional view of COR-
DIS. The primary electrons are generated
by six resistively heated tantalum filaments
suspended on a molybdenum rod near the
source axis. 18 permanent magnets placed
around the anode restrict the plasma elec-
trons into the loss zones only. These zones
are the magnetic field lines of the cusps
across the anode wall. This configuration
creates a cylindrical plasma of uniform
density over a diameter of 3.5 cm. The
source is operated with argon at 4 Pa of
pressure as measured near the gas inlet
tube. Ar® ions are extracted by the accel/
decel lens system at 20 keV. The negatively
biased intermediate electrode focuses sec-
ondary electrons created in the extraction
zone by the ionizaton of the argon residual
gas. Since the positive space charge of the
Ar® ion beam is balanced by the presence
of electrons, ions are strongly focused over
a long distance. A beam current up to 10
mA can thus be measured on the target,
even if it is positioned 50 cm away from the
source outlet plane.

When combined with a quadrupole
mass spectrometer, the sputtering arrange-















FORSCHUNG/TECHNOLOGIE

405

energy (E,, <2 eV). Simultaneously, the
molecular beam of a catalytic reaction sys-
tem is scattered on the target. Resulting
catalytic reactions are observed by a mass-
spectrometric analysis of the scattered par-
ticle beam. Hopefully my research stage at
Exxon will prove the validity of this idea!
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