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Physical origin of high performance of thermoelectric clathrates encapstulating
off-center guest ions
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Type-1 clathrate compounds exhibit glasslike thermal/dynamic properties
depending on on-center or off-center due to symmetry breaking of guest-atom positions in
tetrakaidecahedron cages. All of these features are associated with the phonon dynamics in the THz
region, for which we have performed large-scale numerical simulations by highlighting the difference

between type-1 clathrates Ba8Gal6Ge30 (BGG) with on-center guest atoms and Ba8Gal6$Sn30(BGS) with
off-center guest atoms. The results of the phonon densities of states D(¥omega), the dynamic
structure factors SéQ,E), the specific heats C(T), and the participation ratios of eigenmodes have
clearly realized a drastic change from the conventional phonon dynamics of BGG to the phonon-glass
dynamics of BGS. On the basis of these results, we have given the microscopic mechanism emerging
glasslike thermal/dynamics behaviors in type-1 clathrate compounds with off-center guest atoms.
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