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In this study, we calculate the different geometric isomers of spin clusters composed of a small
number of alkali-metal atoms using B3LYP density-functional method. The electron density
distribution of clusters changes according to the value of total spin. Steric structures as well as planar
structures arise when the number of atoms increases. The lowest spin state is the most stable and Li,,
Na,, K,, Rb, and Cs, with n=2-8 can be formed in higher spin states. In the highest spin state, the
preparation of clusters depends on the kind and the number of constituent atoms. The interaction
energy between alkali-metal atoms and rare-gas atoms is smaller than the binding energy of spin
clusters. Consequently, it is possible to self-organize the alkali-metal-atom clusters on a non-wetting
substrate coated with rare-gas atoms.

Then, we demonstrate that alkali-metal atomic clusters from Lin to Cs» (n=2—10) in the highest spin
state can make ferromagnetic bonds with no-pair spin parallel electrons due to the spin exchange
interaction. The structure of these clusters is optimized with B3P86 hybrid functional for the highest
spin state as well as with B3LYP hybrid functional for the lowest spin state. A dramatic change from
plane to solid occurs in the highest spin state when the number of constituent atoms is four. The
binding, exchange, and correlation energies are evaluated for both the highest and lowest spin states.
Next, we explore the dependence of the exchange and correlation energies on the binding energy and
find that the highest spin clusters are most stable when the exchange energy is minimum. To see why
the ferromagnetic bond among spin-aligned identical atoms arises against Pauli exclusion principle,
we estimate the AO-hybridization in molecular orbitals. The s-p hybridization leads to generation of

the highest spin clusters.
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