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State of the art thermoelectric materials are extremely inefficient and are currently only
used in very specialized areas such as the cooling of electronics and the supplying of power for
deep space probes.! Recent interest in the field of thermoelectric materials is due to the need for
a replacement of current cooling technology and new power sources. For thermoelectric
materials to be used for these purposes, their efficiency must be increased. An efficient
thermoelectric material is one that has a low resistivity, a low thermal conductivity, and a high
thermopower, which is defined as V/T.2

One class of compounds that has received great attention recently for its thermoelectric
properties is the skutterudites, which have the general formula AB3, where A is Co, Ir, or Rh;
and B is As, P, or Sb. The skutterudite unit cell is shown in figure 1. This structure is made
up of a simple cubic lattice of A atoms, each of which has octahedral coordination to six B
atoms. These ABg octahedra are corner sharing with six other octahedra and form a structure
which is a distorted form of the ReO3 structure. Within each unit cell are two large holes, that
are each surrounded by twelve B atoms.4 One of these holes are shown in figure 2. These
holes range in

Figure 1 Figure 2

size from 2.526 A in CoP3 to 4.080 A in IrSbs.5 Most of these compounds have resistivities
and thermopowers that are comparable to the best thermoelectric materials known, such as
BiyTes -SbyTes and SiGe. The efficiency of skutterudites, however, is much lower due to their
Jarge thermal conductivity.>:6

In 1977, Jeitscko showed that skutterudites could be synthesized in which the large hole
is filled with an atom. These filled skutterudites have the formula TM4Pjp where T is a
lanthanide,” an alkaline earth metal,8 or a transition metal;?> M is Fe, Ru, or Os; and B is P, As,
or Sb. This structure is made up of a polyanionic skutterudite framework that contains a cation
in the large hole. These compounds can be prepared by high temperature’ and high pressure
techniques.10 Recently, thin films have also been prepared by depositing modulated thin films
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of the elemental reactants by evaporation and then annealing at low temperatures.!1 This new
technique has provided an easy route to many filled skutterudite compounds.!1,12

These filled skutterudites are particularly interesting due to the fact that in many cases the
cation is much too small for the hole that it sits in. X-ray and neutron diffraction have shown
that these atoms have extremely large mean-square atomic displacements.13.14  The
displacement of the cation has been shown to increase as the size of the hole increases and as the
size of the filling cation decreases.:13 Two localized vibrational modes of the filling atom have
also been identified using heat capacitance measurements and inelastic neutron scattering. 15,16

Relative to the unfilled skutterudites, filled skutterudites show a dramatic reduction in
thermal conductivity.17-18  Thermoelectric measurements have also shown a relationship
between the size of the filling atom and the thermal conductivity of the material.18:19 As the
radius of the filling atom decreases, the mean square atomic displacement increases, and there is
a corresponding decrease in thermal conductivity. This structure-property relationship may
provide a new tool in the search for more efficient thermoelectric materials.

The filled skutterudites that have been measured are still too inefficient for practical use.l
Work currently under way includes the measurement of thermoelectric properties of other filled
skutterudite compounds, and the optimization of these properties by partial filling.20 Further
studies are also needed to clarify the nature of the bonding interactions between the filling atom
and the surrounding framework. Finally, it may be interesting to see if using a mixture of
different filling atoms can be used to lower the thermal conductivity further, and to see if this
structure-property relationship can be seen in other compounds such as clathrates.
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