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Report:

The compound BagGaisGesp has received increased attention due to its potential for thermoelectric waste
heat recovery. The structure is a clathrate type I, which can be described as a covalent host structure with
large voids build of Ga and Ge atoms. The Ba guest atoms are located in the centers of the voids. The eight
Ba atom donate their two valence electrons to the host structure of 16 Ga>* and 30 Ge**, giving a total of 184
electrons available for 92 bonds. The structure has five different crystallographic sites in space group Pm-3n:
two Ba sites (2a, 6d) and three host structure sites (6d, 16i, 24k). In most of the literature appearing on the
clathrates it is assumed that the Ga/Ge atoms are randomly distributed among the three framework sites,'
even though MEM calculations has suggested preferential occupancies." The problem is that neighboring
elements such as Ga and Ge have similar scattering power for x-rays. For neutrons the scattering length
difference is somewhat larger Ga (7.28 fm) and Ge (8.19 fm), but Sales et al. concluded that occupancies
could not be refined with the data they measured.” By measuring near the x-ray absorption edge it is possible
to gain contrast between Ga and Ge as demonstrated by Y. Zhang et al."" using powder diffraction. However,
their refinements gave a p-type stoichiometry (SrgGaug 7a9)G€27.26(9)) in @ sample known to be n-type.

Using single crystal resonant diffraction we aimed at obtaining sufficient contrast between Ga and Ge to
refine occupancies of n- and p-type BagGajsGesp in accordance with our knowledge about the transport
properties of the samples. The Ga and Ge edge was scanned using a fluorescence detector. The f* and f” of
the two edges is shown in figure 1 as obtained by the program CHOOCH with the measured data.
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Figure 1: The Ga and Ge edges of BagGaisGeso
In both cases small single crystals were chosen in order to reduce the effects of extinction and absorption.

The p-type sample had approximate dimensions of 10x12.5x12.5um while the n-type was 6x20x30um, but
with index able facets. Table 1 and 2, summarize the measurement performed on the p- and n-type samples.

Table 1: The data measured for the p-type sample.
mono () 6.5008 10.2591 10.9965 10.9977

Rmerge 8.66 5.42 5.71 5.00
#Refioral 21405 7038 4105 6921
#Refysed 17521 6567 3671 6328
#Unique 3670 1012 822 830

Table 2: The data measured for the n-type sample.
mono (0) 6.5008 10.0412 11.0245 10.9968

Rmerge 3.05 3.40 2.52 2.78
#Refotal 49196 11453 11505 9754
#Refysed 30934 6778 7611 5745
#Unique 4294 1196 997 1014

Preliminary refinements using SHELX have been performed. The data close to the Ga edge are considered to
be the most informative with high contrast and low absorption. Refinement of the data yields the result
shown in table 3.

Table 3: Results from refinements.

Sample  Mono (0) R1 Stoichiometry
p-type 109965 6.5% BagG8.16_57(31)6629,42(31)
n—type 109968 6.0% BagGa15_59(84)Ge30,41(81)

The refinements are in good agreement with expected stoichiometry but unfortunately the uncertainties are
fairly high. However, it should be possible to extract site occupancies of neighboring atoms from this single
crystal resonant diffraction experiment.
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