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Nanoclusters, composed of several to several hundreds of atoms, exhibit novel physical and
chemical properties based on their unique geometric and electronic structures. Nanoclusters that
are stabilized geometrically and/or electronically at a specific size and composition are called
"superatoms" because the behavior of atomic aggregates mimics an atom in the periodic table.
The fabrication of the superatom assembled materials toward solid phase material would lead to
functionally designed nanomaterials via a bottom-up approach, in which the electronic properties of
superatoms are designable with atom substitutions. In this study, superatom assembled films
composed of naked superatoms of metal-atom encapsulating silicon cage nanoclusters is
achieved. The electric properties of the assembled films are evaluated, revealing the correlation
between collective properties of assembled films and geometric/electronic structures of individual
superatoms.
For group 5 metal encapsulating silicon cage superatoms (M@Si16), the assembled films
composed of gas phase synthesized superatoms are fabricated by the soft-landing technique onto
a substrate. The electrical conductivity of the M@Si16 superatom films were measured at different
substrate temperatures, and the temperature dependent electrical conductance shows that
electrical conduction mechanism in the M@Si16 superatom films is Efros-Shklovskii variable range
hopping. In the electric conduction, carriers are transferred via localized electronic states with
strong electron correlation, which is consistent with the electronic structure of isolated M@Si16
superatoms. Interestingly, the characteristics of M@Si16 superatom films depend on central metal
atom (M =V, Nb, and Ta), where electronic dispersion of each M@Si16 is associated with the
metal atom character.
This study reveals the periodicity of superatom assemblies in terms of electric conductivity of
M@Si16 superatom.
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Fabrication of Electronic Functional Thin Layers with Metal-Atom Encapsulating Silicon Nanocluster Superatom
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Nanoclusters, composed of several to several hundreds of atoms, exhibit novel physical and chemical properties based on their
unique geometric and electronic structures. Nanoclusters that are stabilized geometrically and/or electronically at a specific size and
composition are called “superatoms” because the behavior of atomic aggregates mimics an atom in the periodic table. The fabrication
of the superatom assembled materials toward solid phase material would lead to functionally designed nanomaterials via a bottom—up
approach, in which the electronic properties of superatoms are designable with atom substitutions. In this study, superatom
assembled films composed of naked superatoms of metal-atom encapsulating silicon cage nanoclusters is achieved. The electric
properties of the assembled films are evaluated, revealing the correlation between collective properties of assembled films and
geometric/electronic structures of individual superatoms.

For group 5 metal encapsulating silicon cage superatoms (M@Si16), the assembled films composed of gas phase synthesized
superatoms are fabricated by the soft-landing technique onto a substrate. The electrical conductivity of the M@Si16 superatom films
were measured at different substrate temperatures, and the temperature dependent electrical conductance shows that electrical
conduction mechanism in the M@Si16 superatom films is Efros—Shklovskii variable range hopping. In the electric conduction, carriers
are transferred via localized electronic states with strong electron correlation, which is consistent with the electronic structure of
isolated M@Si16 superatoms. Interestingly, the characteristics of M@Si16 superatom films depend on central metal atom (M =V, Nb,
and Ta), where electronic dispersion of each M@Si16 is associated with the metal atom character.

This study reveals the periodicity of superatom assemblies in terms of electric conductivity of M@Si16 superatom.
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