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The performance of a thermoelectric ma-
terial increases with its dimensionless fig-
ure of merit ZT, which is approximately
proportional to m∗3/2µ/κ, where m∗ is ef-
fective mass, µ is carrier mobility, and κ is
thermal conductivity.

Semiconducting clathrate compounds
are expected to be a good thermoelectric
material because they would have rela-
tively low thermal conductivity κ due to
their cage-like structure. Figure 1(a) shows
the crystal structure of a semiconducting
clathrate KxBa8−xZnyGe46−y (0≤ x ≤ 8;
y = 8 − x/2), where Zn substitute for
Ge in the framework. The distribution of
Zn atoms at 6c, 16i, and 24k sites in the
framework may influence the thermoelec-
tric properties. In particular, ordering of Zn
atoms probably associates carrier mobility
µ through carrier scattering. We have thus
investigated the relationship between the
crystal structure and thermoelectric prop-
erties for this clathrate.

The polycrystalline KxBa8−xZnyGe46−y
samples were prepared by powder met-
allurgy. The powder neutron diffraction
experiments were carried out by the T1-
3, HERMES installed at JRR-3M in JAEA
at room temperature. The collected data
were analyzed by the Rietveld program
RIETAN-FP. For example, the results for
a Ba8Zn8Ge38 sample are displayed in
Fig. 1(b) and Table 1. The analysis of the
crystal structure for the KxBa8−xZnyGe46−y
samples make clear that Zn atoms prefer to
exist in 6c sites in the framework.

Table 1. Structural parameters for the Ba8Zn8Ge38
sample refined by the Rietveld method (No. 223,
Pm3̄n, a = 10.7645(8) Å). Goodness of fit: S = 1.72;
Rwp = 4.81, Rp = 3.57.

Atom Site Occupancy Ueq (Å2)
Ba 2a 0.99(1) 0.003(1)
Ba 24k 1/4 0.013(2)

Zn/Ge 6c 0.84(14)/0.15 0.0088(7)
Zn/Ge 16i 0.08(2)/0.92 0.0086(3)
Zn/Ge 24k 0.08(2)/0.93 0.0105(3)
x(Ba24k) = 0.244(1), x(Zn/Ge16i) = 0.1836(1),
y, z(Zn/Ge24k) = 0.3095(1), 0.1176(1).

Fig. 1. (a) Crystal structure of clathrate
(Ba,K)8(Zn,Ge)46. Red balls represent the 6c
site in the framework. (b) Powder neutron diffrac-
tion pattern for a clathrate Ba8Zn8Ge38 analyzed by
RIETAN-FP.
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