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The phenomenon of thermoelectricity is attributed to the interconversion of thermal and electrical 

forms of energy. We developed a new class of bulk thermoelectric materials based on clathrates with 

a three-dimensional framework comprised of oversized transition metal-phosphorus polyhedral 

cages that encapsulate guest cations [1-8]. Transition metal-based clathrates exhibit high thermal 

and chemical stability, a large variety of framework topologies, and a high tunability of the electronic 

properties via framework substitutions. Chemical bonding in the clathrate framework between two 

drastically different element types, phosphorus and late transition metals, caused different versions 

of the complex long- and/or short-range orderings as was revealed by a combination of synchrotron 

and neutron diffractions and pair distribution function analyses, scanning-transmission electron 

microscopy, and 31P solid state NMR. The correlation between the crystal structure, distribution of 

the metal and phosphorus atoms over the clathrate framework and thermoelectric properties will be 

discussed. 
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