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We have explored the electronic and vibrational properties of type-I and type-II semiconductor (Si, Ge, and Sn) clathrates using theoretical DFT electronic structure methods. These framework materials have open cages which harbor guest impurities, and produce local vibrational modes. We search for trends in the vibrational frequencies of the  guest modes, and compare them to experiment. These modes may scatter the extended heat-carrying acoustic modes.

We have investigated the effect of guests on the lattice thermal conductivity by evaluating the linear response theory heat current correlation functions using molecular dynamics. We compare these results to results of guest-free crystals, and to amorphous materials. Our results are consistent with experiments,  and have impact as a theoretical test of the “rattler” concept.

