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New Thermoelectric Materials in Zintl Compounds and Investigation of their Properties
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The purpose of this project is to develop a new thermoelectric material in Zintl compounds and
to discuss the thermoelectric properties in terms of the electronic structure. We have focused
on two candidates of SrsAl,Sbs and YboMna ,..Zn,Sby Zintl compounds for new thermoelectric
materials.

Among AsM>Sbs compounds, most form either the CasAl,Ase or CasAl:Big structure type.
These structure type both contain infinite chains of corner-linked MSb4 tetrahedra in which
neighboring chains are linked by Sb-Sb bonds to form ladder-like anionic structures. These
two structure types differ only in the packing arrangement of the ladders. The present material,
SrsAlSbs, is the only exception, forming instead a completely unique structure type containing
non-linear, oscillating chains. We have calculated the electronic density of states using the full-
potential linearized augmented plane-wave (FP-LAPW) method under the generalized gradient
approximation (GGA) as parameterized by Perdew, Burke, and Ernzerhof (PBE), and also
calculated the Seebeck coefficient as a function of temperature. This compound has a band gap
of 0.8 eV and large positive Seebeck coefficients over 200 pV/K are predicted. Bulk samples
were prepared with ball milling followed by sintering, starting with elemental precursors.
X-ray diffraction was performed to check the phase. Although the Seebeck coefficient was
over 300 uV/K as p-type material, the electrical resistivity was quite high, compared with other
CasAlSbeand Ca; AlSb; phases. The most striking feature of this material is quite low thermal
conductivity close to the minimum thermal conductivity. These results imply that effective
doping can enhance the thermoelectric properties.

YbeMny,..Zn,Sbe showed extremely low thermal conductivity close to 0.4 W/m-K, which
lead to higher thermoelectric figure of merit, z7. Zn substitution for Mn did not enhance z7 due

to a dramatic increase in the carrier concentration while we succeeded in an enhancement of

the mobility.
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