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Abstract

PbPdO, is a band semiconductor with a band gap arising from the filled d® nature
of square-planar Pd?*. We establish that hole doping through Li substitution for Pd
in PbPdO, results in a p-type metallic oxide with a positive temperature coefficient
of resistance for substitution amounts as small as 2 mol % of Li for Pd. Furthermore,
PbPd; xLixO, demonstrates a high Seebeck coefficient, and is therefore an oxide ther-
moelectric material with high thermopower despite the metallic conductivity. Up to
4 mol % Li is found to substitute for Pd as verified by Rietveld refinement of neutron
diffraction data. At this maximum Li-substitution, the resistivity is driven below the
Mott metallic maximum to 3.5 10 °Qcm with a Seebeck coefficient of 115 uV/K at
room temperature which increases to 175 uV/K at 600 K. These electrical properties
are almost identical to the well-known p-type oxide thermoelectric NaxCoO,. Non-
magnetic Li-substituted PbPdO, does not possess a correlated, magnetic state with
high spin degeneracy as found in some complex cobalt oxides. This suggests that there
are other avenues to achieving high Seebeck coefficients with metallic conductivities
in oxide thermoelectrics. The electrical properties coupled with the moderately low
lattice thermal conductivities allow for a zT" = 0.12 at 600 K; the maximum temper-
ature measured here. The trend suggests yet higher values at elevated temperatures.
First-principles calculations of the electronic structure and electrical transport provide

insight into the observed properties.



Introduction

Thermoelectric materials develop an electrical potential when subject to a temperature
gradient owing to the Seebeck effect, and conversely develop a thermal gradient when
subject to an electrical potential through the Peltier effect. Devices made from such ther-
moelectric materials are currently used for refrigeration and heating, and are being widely
explored for waste heat recovery.! To be effective, these materials must have low electrical
resistivities to conduct the charge carriers with minimal loss, and a high Seebeck coeffi-
cient to produce sufficient voltages. Additionally they should have minimal lattice thermal
conductivity, since the thermal gradient must be maintained. These properties combine in
a dimensionless thermoelectric figure of merit zT given by the formula zT = S2T=( ),
where S is the Seebeck coefficient, is the electrical resistivity, and the total thermal
conductivity, measured at temperature T. In addition to their utility, thermoelectric mea-
surements provide deep insights into the electrical and thermal transport properties of
materials, including insight into the underlying band structure.

Oxide materials possess many attractive qualities for waste heat recovery as they are
generally light weight materials with the potential for high temperature air stability.23
However, oxide materials have not reached the level of performance of current state-of-
the-art main group thermoelectrics. This is in part due to higher thermal conductivities
compared to other material families, but is additionally a result of low power factors
(S2= ). While many oxides possess favorable Seebeck coefficients, finding oxides with
the necessary metallic conductivities while retaining these high Seebeck coefficients has
proved difficult.# Currently, the highest performing oxide materials are p-type complex
cobalt oxides which sprung from the discovery of high thermopower in metallic Na,CoO,.°
These compounds possess metallic resistivities yet retain high Seebeck coefficients. A key
feature in all of the promising cobalt oxides are CoO, layers comprising mixed valent Co®*
and Co**. The highly correlated, mixed valent cobalt ions provide the necessary electrical

properties, and the layered structure results in a low thermal conductivity, giving rise to a
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