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Enhancement of the thermoelectric figure of merit is of prime importance for
any thermoelectric material. Lead telluride has received attention as a
potential thermoelectric material. In this work, the effect of Se substitution
has been systematically investigated in PbTe1�xSex. The thermoelectric
properties of synthesized alloys were measured in the temperature range of
300 K to 873 K. For the particular composition of x = 0.5, a was highest at
�292 lV/K, while k was lowest at �0.75 W/m-K, resulting in the highest
dimensionless figure of merit of ZT � 0.95 at 600 K. The increase in ther-
mopower for x = 0.5 can be attributed to the high distortion in the crystal
lattice which leads to the formation of defect states. These defect states scatter
the majority charge carriers, leading to high thermopower and high electrical
resistivity. The dramatic reduction of the thermal conductivity for x = 0.5 can
be attributed to phonon scattering by defect states.
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INTRODUCTION

Solid-state thermoelectric energy conversion
technology has prime importance, particularly for
conversion of waste heat into electricity.1–6 The
efficiency of thermoelectric conversion is defined by
the dimensionless figure of merit ZT � a2T/qj,
where a is the Seebeck coefficient, q is the electrical
resistivity, j is the thermal conductivity, and T is the
average temperature of operation. To achieve a high
ZT value, a material should exhibit high a and low
values of q as well as j. Thus, a common strategy to
improve ZT is to reduce j, which has two contribu-
tions, i.e., electronic (je) and lattice (jl). Tremendous
efforts are being made to reduce jl in PbTe chalc-
ogenides.7,8 A significant enhancement of ZT (�1.7)
in this material has already been demonstrated by
introducing various nanoinclusions,9 alloying with
other thermoelectric materials such as PbS10–12 or
Bi2Te3,13 and optimization of doping.14,15 Recently,
Pei et al. reported that simultaneous doping of PbTe
(p-type) with Na and Se results in enhancement of

its thermoelectric properties.16 Pei et al. have shown
that, in p-type PbTe1�xSex, convergence of many
valleys at the desired temperature can be produced,
which greatly enhances the thermoelectric perfor-
mance if properly doped. A ZT value of 1.8 was
achieved for p-type PbTe1�xSex.

16 In this paper we
report the synthesis and thermoelectric properties of
n-type PbTe1�xSex, because a successful strategy to
increase the figure of merit is to modify an already
promising compound by introduction of point defects
through the synthesis of isostructural solid solu-
tions.17 Such solid solutions induce an environment
of atomic mass fluctuation throughout the crystal
lattice, i.e., disorder formation, which leads to strong
phonon scattering and thus significantly decreased
thermal conductivity and enhanced ZT.17 Moreover,
a practical thermoelectric device requires both
n- and p-legs with similar mechanical and thermo-
electric properties. In the present work, we report a
systematic study on the high-temperature thermo-
electric properties of n-type PbTe1�xSex (0 £ x £ 1).
We demonstrate that, for x = 0.5, ZT shows its
highest value of �0.95 at 600 K, because of the
incorporation of high density of defect states.18(Received July 9, 2012; accepted May 22, 2013;

published online June 12, 2013)
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