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[Abstract]

An atomic cluster is an intermediate phase between atoms and bulk phases. Clusters have
size-dependent properties which are different from bulk phase. Cluster ion sources over a
wide size range with high intensity are desired to investigate the size-dependent properties of
the clusters. For metal clusters, in addition to the source with direct current magnetron
sputtering (DCMS) [1], a cluster source (nanojima®) with sputtering performed by pulsed
discharges (High power impulse magnetron sputtering, HiPIMS) was developed recently [2].
In this study, we have observed gas-phase reactions of copper cluster cations, Cu,” (n < 60)
which were formed by the HiPIMS cluster ion source, with non-polar molecules (O, Na,
CO,) to investigate the size-dependent reactivity. The adsorption reactivity of Cu,” (n < 60)
with O, was found to be low at n = 15, 21, 41, and 49, whereas the reactivities with N, and
CO, were low at n = 15 and 41.We discussed this result in terms of the electron shell
characters of the clusters in addition to their geometries.
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Figure 1: Typical TOF mass spectra of

copper cluster cations formed in the ion

source and those reacted with O,.
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Figure 2: Plots of relative reactivities (Ry)
of oxidation of Cu," (n = 13-60). The R,
values were normalized at n = 13.

Figure 3: The most stable structures of
Cuss’ calculated with MO06-2X/def2-SVP
level.
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