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Thermoelectric properties of layered oxyselenides La12xSrxCuOSe (x50.00 to 0.20! were
investigated to evaluate the potential as thermoelectric material. Temperature dependence of the
electrical conductivity and Seebeck coefficient measured in a temperature range of 373 to 673 K
indicated that nondoped LaCuOSe was ap-type degenerate semiconductor due to Cu vacancies,
while Sr-doped materials withx50.05 to 0.20 werep-type metals. The electrical conductivity
increased and Seebeck coefficient decreased with increasing Sr concentration up tox50.10 in
La12xSrxCuOSe, suggesting that the effective hole carriers increase with increasing Sr content up
to x50.10. Thermoelectric power factors were drastically enhanced by the Sr doping, and the value
reached 1.021.431024 W m21 K22 for La0.95Sr0.05CuOSe. Thermal conductivities measured for
the materials withx50.00 and 0.05 were 2.1 W m21 K21 and 2.3 W m21 K21 at room temperature,
respectively. These results lead to an estimation ofZ value of 4.431025 K21 for La0.95Sr0.05CuOSe.
© 2004 American Institute of Physics.@DOI: 10.1063/1.1646438#

I. INTRODUCTION

Oxychalcogenides expressed by a general formula,
LnCuOCh ~Ln: trivalent rare-earth ions, Ch: chalcogenide
ions such as S, Se, and Te!, are known to crystallize in the
same layered structure.1 There are several variations in the
layered oxychalcogenides according to combinations of the
constituent elements.1–3 The crystal structure of a prototype
material, LaCuOSe, is schematically pictured in Fig. 1. The
crystal structure consists of an alternate stack of the LaO
layer and the CuSe layer along thec axis. The LaO and CuSe
layers are considered to be insulating and conducting layers,
respectively. As conjectured from the energy band structure
calculated for LaCuOS,4 the valence band of LaCuOSe is
composed of Cu 3d2Se 4p antibonding states, so that the
hole carriers are doped into the CuSe layers via Sr doping for
La or formation of Cu vacancies. A metal–insulator transi-
tion was reported for Sr-doped LaCuOS and LaCuOSe, dem-
onstrating that the electrical conductivity increased to values
higher than 10V21 cm21 with Sr doping for LaCuOS~Ref.
5! and LaCuOSe.6 In addition, wide-gap and exciton emis-
sion properties were found in LaCuOS12xSex .7 These opti-
cal and electrical properties give promise to the layered oxy-
chalcogenides as functional materials.

We consider that a thermoelectric converter is one of the
applications of the layered oxyselenides because their crystal

and electronic structures seem to have advantages for ther-
moelectric applications.~1! The CuSe layer consists of two-
dimensional~2-D! network of edge-sharing CuSe4 tetrahedra
and is regarded as 2-D sublattice of Cu2Se, which is known
as a thermoelectric material.8 The absolute value of Seebeck
coefficient~S! for LaCuOSe is expected to be larger than that
for the three-dimensional Cu2Se due to the carrier confine-
ment effect in the CuSe layers.9 ~2! Phonon scattering in the
c-axis direction is considered to be large because chemical
bonding is very different among La-O, La-Se, and Cu-Se.
The large phonon scattering will decrease the thermal con-
ductivity ~k! of LaCuOSe.~3! This material can show metal-
lic behavior with high electrical conductivity~s!, and the
carrier concentration in the conducting layer is controllable
by ion substitution in the insulating layer. These three factors
are promising for high thermoelectric figure of meritZ ex-
pressed by an equationZ5S2s/k, although there may be
some trade-off between the factors. Thermoelectric proper-
ties of LnCuOS oxysulfides have been already reported by
Ishikawaet al.,10 but those of the oxyselenides have not yet
been reported. In this study, we have selected the layered
oxyselenide LaCuOSe as a candidate thermoelectric mate-
rial, and the thermoelectric properties of Sr-doped LaCuOSe
and the effect of Sr doping are reported.

II. EXPERIMENT

Sintered samples of La12xSrxCuOSe withx50.00, 0.05,
0.10, 0.15, and 0.20 were prepared from starting materials of
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La2O3, La2Se3 , SrO, Cu, and Se powders. These powders
were stoichiometrically weighed in Ar atmosphere and
sealed in an evacuated silica tube. The powders were then
mixed and heated at 1073 K for 6 h. The obtained powders
were pulverized and molded in a graphite die, and sintered at
1073 K for 5 min under vacuum by spark plasma sintering.
X-ray powder diffraction~XRD! patterns were measured at
room temperature using Cu Ka radiation. Electrical conduc-
tivity and Seebeck coefficient were measured at several tem-
peratures in a temperature range of 373 to 673 K in N2 gas
flow. The electrical conductivity was measured by a dc four-
probe method. The Seebeck coefficient was evaluated by cor-
recting the linear gradient ofDV/DT for thermopower of
platinum,11 whereDV and DT are the thermoelectromotive
force and temperature difference between both ends of a
sample measured by Pt leads and Pt/Pt-Rh thermocouples,
respectively. Thermal conductivity was estimated at room
temperature for the samples withx50.00 and 0.05 as a prod-
uct of the bulk density, thermal diffusivity, and specific heat.
The latter two parameters were measured by the laser flash
method.

III. RESULTS AND DISCUSSION

A powdered sample of the sintered LaCuOSe (x
50.00) was brown, while the Sr-doped samples withx
50.05 to 0.20 showed dark brown color. All the XRD pat-
terns for the sintered samples withx50.00 to 0.20 were
indexed with tetragonal symmetry assuming the space group
of P4/nmm, and no impurity phase was observed. Therefore,
all the sintered samples were single phase of the layered
oxyselenide, and the La sites were replaced with the Sr at-
oms up tox50.20 in the La12xSrxCuOSe. There was no
significant difference in the lattice constantsa andc among
the samples:a;4.07 Å andc;8.80 Å, in good agreement
with those previously reported for LaCuOSe.12 This is prob-
ably due to almost equal ionic radii between La31 and Sr21

ions.13 The relative densities of the sintered samples were

estimated to be 84%, 96%, 93%, 90%, and 95% forx
50.00, 0.05, 0.10, 0.15, and 0.20, respectively.

Temperature dependence of the electrical conductivity
and Seebeck coefficient is shown in Figs. 2 and 3, respec-
tively. The signs of the Seebeck coefficient were positive for
all the samples, indicating that the materials werep-type
conductors. The electrical conductivities for the sample with
x50.00 were;1 V21 cm21 in the measured temperature
range, and the value increased gradually with increasing tem-
perature. The Seebeck coefficient for the sample withx
50.00 increased with increasing temperature. These proper-
ties suggest that the nondoped sample is ap-type degenerate
semiconductor. The origin of the hole carriers is probably
acceptors derived from the Cu vacancies, which were formed
unintentionally during the synthesis. The degenerate behav-

FIG. 1. Crystal structure of LaCuOSe. PbO-type LaO layer and anti-PbO-
type CuSe layer are alternately stacked along thec axis. Solid line shows the
tetragonal unit cell.

FIG. 2. Temperature dependence of the electrical conductivitys for the
La12xSrxCuOSe (x50.00 to 0.20!. The electrical conductivity was mea-
sured in the temperature range of 373 to 673 K in N2 gas flow.

FIG. 3. Temperature dependence of the Seebeck coefficientS for the
La12xSrxCuOSe (x50.00 to 0.20!. The Seebeck coefficient was measured
in the temperature range of 373 to 673 K in N2 gas flow.
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ior suggests that the acceptor levels are very close to the
valence band maximum composed of Cu 3d2Se 4p anti-
bonding states. With the Sr doping ofx50.05 to 0.20, the
electrical conductivity increased drastically to values ranging
from 30 to 100V21 cm21, and the conductivity for the Sr-
doped samples decreased with increasing temperature. The
Seebeck coefficients for the Sr-doped samples became much
smaller than those of the nondoped sample, and the values
increased linearly with increasing temperature. These phe-
nomena indicate that all the Sr-doped samples show metallic
behavior withp-type electrical conductivity. The electrical
conductivity was maximized for the samples withx50.05
and 0.10, and it decreased gradually with increasingx for x
^0.10. The Seebeck coefficient decreased upon increasingx
from x50.00 to x50.10, while it increased slightly forx
^0.10. These results suggest that the effective hole carriers
are continuously introduced into the valence band, that is,
CuSe layers with increasing Sr concentration untilx50.10.
The decrease in the electrical conductivity and the increase
in the Seebeck coefficient observed forx^0.15 may be due
to a mechanism such as carrier compensation or enlargement
of effective mass of hole carriers in the heavily doped mate-
rials, although it is not clear at present.

Temperature dependence of the thermoelectric power
factor S2s is shown in Fig. 4. The power factors for the
sample with x50.00 were lower than 1025 W m21 K22.
The power factor was drastically enhanced by the Sr doping
and maximized to values of 1.021.431024 W m21 K22 for
x50.05. The values for the samples withx^0.05 decreased
continuously with increasingx. Although we found the maxi-
mum of the power factor atx50.05, the interval ofx seems
rather large, and examination of samples aroundx50.05 will
be needed to optimize the power factor.

The electrical conductivity and Seebeck coefficient of
antifluorite-type Cu2Se, the crystal structure of which con-
sists of a three-dimensional network of edge-sharing CuSe4

tetrahedra, were previously reported by Akkadet al.8 The
monoselenide Cu2Se was also ap-type degenerate semicon-

ductor, with the hole carrier concentration of
9.231019 cm23 corresponding to the Cu vacancies ofd
55.231023, which were formed unintentionally during the
synthesis. The data of s;200V21 cm21 and S
;140mV K21 at 500 K or s;120V21 cm21 and S
;185mV K21 at 600 K give power factors of;4
31024 W m21 K21. Ohtani et al.14 also reported that
samples of Cu22xSe having large Cu deficiencies ofx
50.20 to 0.25 showed a metallic property withs
;104 V21 cm21 and S;5 mV K21 at temperatures lower
than 300 K, which give a power factor of
;2.531025 W m21 K22. Thus, the power factor depends
on the amount of Cu vacancies. The power factor for
La0.95Sr0.05CuOSe obtained in this study is close to that for
the former Cu2Se. A 2-D effect on the thermoelectric prop-
erties such as the carrier confinement effect was not clearly
observed, and investigation using single-crystal sample will
be necessary to confirm the effect on the thermoelectric
properties of LaCuOSe.

Thermal conductivity for the samples withx50.00 and
0.05 was estimated to be 2.1 W m21 K21 and 2.3 W m21 K21

at room temperature, respectively. A rough estimation ofZ
value using the s and S data at 370 K gives
7.531027 K21 for x50.00 and 4.431025 K21 for x
50.05. Thermal conductivityk is expressed as a sum of the
lattice partkph and the electronic partke: k5kph1ke. The
ke can be evaluated by the Wiedemann–Franz law:ke

5LsT, whereL is the Lorenz number 2.4431028 V2 K22

andT is the absolute temperature.15 The ke value evaluated
using the s at 300 K for x50.05 is approximately
8.031022 W m21 K21, which is approximately 3.5% of the
total k. This evaluation indicates that the phonon thermal
conductivity is dominant for both the samples. Since there
are a variety of compounds in the layered oxychalcogenides,
formation of the solid solutions such as LaCuOS12xSex and
La12xYxCuOSe will be effective for reduction of the phonon
thermal conductivity.

IV. CONCLUSIONS

Thermoelectric properties of the layered oxyselenides
La12xSrxCuOSe were investigated as candidate thermoelec-
tric materials. The LaCuOSe was ap-type degenerate semi-
conductor, whereas the Sr-doped materials withx50.05 to
0.20 werep-type metals. The Sr concentration dependence of
the electrical conductivity and Seebeck coefficient showed
that the effective hole carriers increased with increasing
doped Sr atoms up tox50.10. Thermoelectric power factors
were drastically enhanced by the Sr
doping and maximized forx50.05, the values being
1.021.431024 W m21 K22. Thermal conductivities for the
materials withx50.00 and 0.05 were 2.1 W m21 K21 and
2.3 W m21 K21 at room temperature, respectively, and the
phonon thermal conductivity was dominant for both the
samples. Using thek values at room temperature and thes
and S values at 370 K,Z values for the polycrystalline
La12xSrxCuOSe were roughly estimated to be
7.531027 K21 for x50.00 and 4.431025 K21 for x
50.05.

FIG. 4. Temperature dependence of the thermoelectric power factorS2 s for
the La12xSrxCuOSe (x50.00 to 0.20!.
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