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In order to function efficiently, thermoelectric materials require a unique
combination of thermal and electronic transport properties. One important
design criterion, for example, is to minimize thermal conductivity, and one
successful approach to achieving this condition is the concept of phononglass-electron-crystal (PGEC), in which localized phonon modes of guest
atoms in cage-like structures, such as skutterudites and clathrates, induce
strong phonon scattering. Using the family of tetrahedrite-based
semiconductors as an example, we show that PGEC-like behavior can
manifest itself in crystals that possess no noticeable cage-like structure. We
will first present an overview of several approaches for rapid synthesis of
tetrahedrite which yield material with thermoelectric figure of merit
comparable to that obtained using conventional solid-state synthesis. Using a
combination of theoretical calculations, x-ray and neutron probes, and
thermal and electronic characterization, we show that this PGEC-like
behavior in tetrahedrites has its origin in a unique set of structural and
bonding aspects that give rise to strong lattice anharmonicity and low lattice
thermal conductivity. This low thermal conductivity, in concert with a
favorable band structure, endows tetrahedrite with a thermoelectric figure of
merit rivalling that of PbTe. Because tetrahedrite contains no toxic or rare
elements, it is a strong competitor as a low cost, environmentally benign
material for thermoelectric power generators.
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