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ABSTRACT

In addition to their ground state, diamond structure, the Group IV elements Si, Ge, and Sn can form novel crystalline solids, which are called clathrates because of structural similarities to the clathrate hydrates. These materials are metastable, expanded volume phases. As in the diamond structure, in the clathrates, the Group IV atoms are tetrahedrally coordinated in sp3 covalent bonding configurations with their neighbors. However, in contrast to the diamond structure, the clathrates contain pentagonal rings of atoms and their lattices are open frameworks containing large (20-, 24-, and 28-atom)  “cages”.  The figures schematically show the cubic unit cells of the Type I (46 atoms per cubic cell!) and the Type II (136 atoms per cubic cell!) clathrate lattices.
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The cages can contain loosely bound impurity atoms or “guests”, usually from

Column I or II of the periodic table, and the choice of guest may be used to tune the material properties. Because of their weak bonding, these guests have only small effects (except for acting as electronic donor impurities) on the material electronic properties. However, they can produce low frequency vibrational (“rattling”) modes which can strongly affect the vibrational properties. Some guest-containing clathrates have been found to be excellent candidates for thermoelectric applications precisely because the guests only weakly perturb the electronic transport properties, while strongly affecting the vibrational (heat transport) properties. 

In this talk, the clathrates and their crystalline structures will be introduced. The results of calculations of equations of state, structural parameters, electronic bandstructures, and vibrational spectra of some Si, Ge and Sn -based Type I and Type II clathrates will then be presented and compared with experiment. These calculations were carried out using a first principles, planewave, pseudopotential method. If time permits, some recent results on the properties of the (so far hypothetical!) C based clathrates will be discussed.
*This work was done in collaboration with J. Dong (Auburn) & O. Sankey (Arizona State). Experimental collaborators: G. Nolas (South Florida), J. Gryko (Jacksonville State), & C. Kendziora (NRL). Papers: 1. J. Dong, O. Sankey, C. Myles, Phys. Rev. Lett. 86, 2361 (2001). 2. C. Myles, J. Dong, O. Sankey, Phys. Rev. B 64, 165202 (2001). 3. C. Myles, J. Dong, O. Sankey, G. Nolas, C. Kendziora, Phys. Rev. B 65, 235208 (2002). 4. G. Nolas, C. Kendziora,  Gryko, J. Dong, C. Myles, A. Poddar, O. Sankey, J. Appl. Phys. 92, 7225 (2002). 5. C. Myles, J. Dong, O. Sankey, Physica Status Solidi B 239, 26 (2003).
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