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Semi-conducting clathrates feature interesting properties such as chemical resistance, high
melting points, chemical diversity •both host and guest can be altered‚, and unusual low thermal
conductivity. The low thermal conductivity is one of the main properties making clathrates
interesting for thermoelectric applications. The low thermal conductivity in clathrates is
comparable to amorphous glass. X-ray single crystal diffraction experiments reveal large atomic
displacement parameters •ADPs‚ for the guest atoms encapsulated in the host structure. From
neutron diffraction measurements the guest atom nuclear density was extracted and revealed an
off-center position for the guest atom. The off-centering explains the large APDs in the x-ray
diffraction data, and it is the key for understanding the low thermal conductivity. The cage
structure of the clathrate type I is shown in figure 1, the structure contains two different cages.
The large cage is the most interesting in this context. 
Detailed investigations of the nuclear density will be presented in various clathrate samples; 
Ba8Ga16Ge30, Ba8Al 16Ge30, and Ba8Zn8Ge38. The samples have been prepared by different
synthesis routes. It has been found that the exact site occupation fraction of the host structure
atoms is influencing the position of the barium guest atom in the cage. In order to elucidate the
site occupation fractions for Ba8Ga16Ge30 a resonant synchrotron x-ray diffraction experiment
was carried out at the Ga edge to have sufficient contrast to distinguish between Ga and Ge. The
presented results provide new insight into the understanding of the unusual low thermal
conductivity observed in the clathrates. 
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Figure 1: The clathrate type I structure. The guest atoms are depicted as large spheres, whereas
the smaller spheres are host structure atoms. The two different sized cages have been shown as 

polygons.
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