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We investigated interaction between a localized electron spin on a magnetic impurity atom and conduction
electrons in a host metal, i.e., s-d interaction, in the nanoscale size regime. Among such systems, we
focused on transition-metal-doped silver cluster cations (AgyM*), where M represents open 3d transition-metal
elements ranging from Sc to Ni. One should note that it is not obvious whether 3d electrons of the transition
metal are delocalized over the cluster or localized on the transition-metal atom. This study was motivated by
the hypothesis that the total number of valence electrons in the cluster should affect the magnitude of s-d
hybridization.

In the experiment, size-selected AgyM" (M = Sc-Ni) cluster cations in the size range of N = 3-18 were
allowed to react with an oxygen molecule to measure a reaction-rate constant. The reactivity thus measured
reflects electronic structures of the clusters; an open electronic shell would show high reactivity, whereas a
closed one would show low reactivity. The experimental results were analyzed by referring to quantum
chemical calculations on the geometric and electronic structures of each cluster.

The marked feature in the experimental results was that AgsSc”, AgssTi*, AgsV', AgiFe’, Ag1,Co’, and
AgoNi" exhibited a reactivity minimum as the size N was varied. All these clusters possess 18 valence
electrons in total, including Ag 5s electrons, 4s and 3d electrons of the transition metal, and one less electron
due to the positive charge. These reactivity minima are interpreted as a result of stabilization of the system
via a closed electronic shell formed by 18 valence electrons with contribution of delocalized 3d electrons. In
contrast, AgyCr" and AgyMn" did not show such a minimum probably due to half-filled nature of the 3d
orbitals in the Cr and Mn atom. The present result reveals importance of the number of electrons in the
system to characterize the nature of s-d interaction in the nanoscale regime.




