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In addition to their ground state crystal structure, the Group IV elements can form novel crystalline solids called clathrates. As in the diamond structure, in the clathrates, all 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 and their lattices are open frameworks containing large (20-, 24-, and 28-atom)  “cages”. These cages can house “guest” atoms, and the choice of guest may be used to tune the properties of the material. Recently, there has been a rapid advancement in the synthesis and characterization of Si-, Ge-, and Sn-based clathrate materials. The synthesized materials have ranged from pure elemental crystals to ternary and quaternary guest-containing compounds, and many novel and interesting properties have been discovered. To date, however, the synthesis of C-based clathrate materials remains a challenge.  In this presentation, we report the results of a theoretical investigation of some C-based clathrate materials, including the pure Type I and Type II clathrates C46 and C136 as well as materials with Li guests encapsulated in the cages. Our study has used an LDA electronic structure method, pseudopotentials, and planewave basis sets. We present results for the structural, electronic and vibrational properties of these materials. We have also investigated the possible high pressure synthesis of Li-encapsulated C-clathrate materials, starting with Li intercalated graphite, and the thermodynamic critical transition temperature is predicted. Potential technological applications of C-based clathrate materials will also be discussed.  

