
J. Appl. Phys. 115, 083909 (2014); https://doi.org/10.1063/1.4867186 115, 083909

© 2014 AIP Publishing LLC.

High-temperature thermoelectric
properties of novel layered bismuth-sulfide
LaO1−xFxBiS2

Cite as: J. Appl. Phys. 115, 083909 (2014); https://doi.org/10.1063/1.4867186
Submitted: 18 December 2013 • Accepted: 17 February 2014 • Published Online: 27 February 2014

Atsushi Omachi, Joe Kajitani, Takafumi Hiroi, et al.

ARTICLES YOU MAY BE INTERESTED IN

Enhancement of thermoelectric properties by Se substitution in layered bismuth-
chalcogenide LaOBiS2-xSex
Journal of Applied Physics 116, 163915 (2014); https://doi.org/10.1063/1.4900953

Compositional and temperature evolution of crystal structure of new thermoelectric
compound LaOBiS2−xSex
Journal of Applied Physics 119, 155103 (2016); https://doi.org/10.1063/1.4946836

Effect of rattling motion without cage structure on lattice thermal conductivity in
LaOBiS2−xSex
Applied Physics Letters 112, 023903 (2018); https://doi.org/10.1063/1.5010373

https://images.scitation.org/redirect.spark?MID=176720&plid=1401535&setID=379065&channelID=0&CID=496959&banID=520531443&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=a8ed6d6accfc4f6e55ce8ba7eb988496e95a35fd&location=
https://doi.org/10.1063/1.4867186
https://doi.org/10.1063/1.4867186
https://aip.scitation.org/author/Omachi%2C+Atsushi
https://aip.scitation.org/author/Kajitani%2C+Joe
https://aip.scitation.org/author/Hiroi%2C+Takafumi
https://doi.org/10.1063/1.4867186
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.4867186
http://crossmark.crossref.org/dialog/?doi=10.1063%2F1.4867186&domain=aip.scitation.org&date_stamp=2014-02-27
https://aip.scitation.org/doi/10.1063/1.4900953
https://aip.scitation.org/doi/10.1063/1.4900953
https://doi.org/10.1063/1.4900953
https://aip.scitation.org/doi/10.1063/1.4946836
https://aip.scitation.org/doi/10.1063/1.4946836
https://doi.org/10.1063/1.4946836
https://aip.scitation.org/doi/10.1063/1.5010373
https://aip.scitation.org/doi/10.1063/1.5010373
https://doi.org/10.1063/1.5010373


High-temperature thermoelectric properties of novel layered bismuth-sulfide
LaO12xFxBiS2

Atsushi Omachi, Joe Kajitani, Takafumi Hiroi, Osuke Miura, and Yoshikazu Mizuguchia)

Department of Electrical and Electronic Engineering, Tokyo Metropolitan University, 1-1, Minami-osawa,
Hachioji 192-0397, Japan

(Received 18 December 2013; accepted 17 February 2014; published online 27 February 2014)

We have investigated the high-temperature thermoelectric properties of the layered compound

LaO1�xFxBiS2. The electrical resistivity of LaOBiS2 showed an anomalous behavior; a

metal-semiconductor transition was observed around 270 K. It was found that the value of the

electrical resistivity decreased with F substitution. The Seebeck coefficient decreased with

increasing F concentration. The highest power factor of 1.9 lW/cm K2 at 480 �C was obtained for

LaOBiS2. VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4867186]

Discovery of novel thermoelectric material is one of the

most important issues for development of thermoelectric

application.1 Particularly, layered materials have been

actively studied because their low-dimensional electronic

states could result in high thermoelectric properties as real-

ized in Bi2Te3, cobalt oxides, and CsBi4Te6.2–4 Recently,

layered compounds with BiS2 layers have attracted much

attention because two-dimensional superconductivity with

transition temperature as high as 10.6 K was observed.5–13

Among the BiS2-based layered compounds, LaOBiS2 is the

typical system, and it has been mostly studied in this one

year.6,11 The schematic image of the crystal structure of

LaOBiS2 is shown in Fig. 1. It is composed of an alternate

stacking of the conduction layer (BiS2 layer) and the block-

ing layer (LaO layer). Recently, we found that the electrical

resistivity shows an anomalous behavior. Figure 2 shows the

temperature dependence of resistivity for the polycrystalline

sample of LaOBiS2. The resistivity decreases on cooling

above 270 K while the resistivity shows a semiconducting

behavior below 270 K. Because of the layered structure and

the observed anomalous characteristics on the electrical con-

ductivity, we have expected that pristine or carrier-doped

LaOBiS2 could be a potential candidate for novel thermoelec-

tric materials. Here, we show the thermoelectric properties at

high temperatures for LaO1�xFxBiS2.

Polycrystalline samples of LaO1�xFxBiS2 were prepared

by the solid-state reaction method using powders of La2S3

(99.9%), Bi2O3 (99.9%), BiF3 (99.9%), Bi2S3, and grains of

Bi (99.99%). The Bi2S3 powder was synthesized by reacting

Bi (99.99%) and S (99.99%) grains at 800 �C in an evacuated

quartz tube. Other chemicals were purchased from

Kojundo-Kagaku Laboratory. The mixture of starting materi-

als with nominal compositions of LaO1�xFxBiS2 (x¼ 0,

0.05, 0.25, 0.5) was well mixed, pelletized, and sealed into

an evacuated quartz tube. The LaO1�xFxBiS2 pellets were

heated at 800 �C for 15 h. The obtained samples were

ground, pelletized, sealed into an evacuated quarts tube and

heated under the same heating conditions to homogenize the

samples.

The prepared samples were characterized by powder

x-ray diffraction with CuKa radiation using RIGAKU

Smart-Lab. The electrical resistivity and the Seebeck coeffi-

cient were measured by the four-terminal method using

ULVAC-RIKO ZEM-3 up to 480 �C in an atmosphere of

low-pressure He gas.

Figure 3 shows the powder x-ray diffraction patterns for

LaO1�xFxBiS2. Almost all of the peaks were indexed using

the tetragonal space group of P4/nmm. For x¼ 0 and 0.05,

small peaks of the impurity La2O2S were detected as indi-

cated with the “þ” symbols in Fig. 3. It should be noted that

the La2O2S impurity is insulator. Hence, the impurity phase

does not affect the thermoelectric properties. The lattice

FIG. 1. Schematic image of the crystal structure of LaOBiS2.
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constants a and c were calculated using the peak positions of

the (200) and (004) peaks. The calculated lattice constants

are displayed in Fig. 4. With increasing F concentration, the

length of the c axis continuously decreases while the length

of the a axis does not show a remarkable change. The

changes in the lattice constants upon F substitutions are con-

sistent with the previous experiments.6

Figure 5 shows the temperature dependence of the elec-

trical resistivity for LaO1�xFxBiS2. With increasing F con-

centration, the value of resistivity decreases at whole

temperatures. This fact is consistent with the scenario that

the electron carriers could be generated in the BiS2 layers

upon F substitution. For x¼ 0, the resistivity increases with

increasing temperature, which is a metallic behavior. For

x¼ 0.05–0.5, the temperature dependence of the resistivity

does not show remarkable changes with increasing tempera-

ture. For all the samples, humps are observed as indicated

with the triangle symbols in Fig. 5. The hump shifts to a

higher temperature with increasing F concentration. The hump

may indicate the evolution of ordered states something like

charge-density-wave state which have been theoretically

predicted to be possible to occur in the BiS2-based family.14,15

Figure 6 shows the temperature dependence of the

Seebeck coefficient for LaO1�xFxBiS2. For all the samples,

the Seebeck coefficient increases with increasing tempera-

ture. The value of the Seebeck coefficient decreases with

increasing F concentration. The highest Seebeck coefficient

of 200 lV/K was observed at 480 �C for x¼ 0. The power fac-

tor was calculated using the equation of P¼ S2/q (P, power

factor; S, Seebeck coefficient; q, electrical resistivity).

Figure 7 shows the temperature dependence of the power fac-

tor for LaO1�xFxBiS2. For all samples, the power factor

increases with increasing temperature. With increasing F con-

centration, the power factor decreases. The highest power fac-

tor of 1.9 lW/cm K2 at 480 �C is obtained for x¼ 0.

Although the obtained power factor of LaOBiS2 is much

lower than that of thermoelectric materials used in a practical

application and the partial F substitution is not effective for

enhancing power factor, we believe that further improvement

of the power factor in this material is possible. Since this ma-

terial possesses a layered structure, we will be able to tune

the physical properties by manipulating the blocking layer.

As a fact, electron doping into the BiS2 layer decreased the

thermoelectric properties in the LaO1�xFxBiS2 system. In

this regard, covalent substitution or hole doping into the

BiS2 conduction layer. A partial or full substitution of the La

site by other lanthanide elements, such as La1�xLnxOBiS2

(Ln¼ lanthanide), will generate a chemical pressure effect.

Further, a partial substitution of La by alkaline earth ele-

ments, such as La1�xAxOBiS2 (A¼ alkaline earth metal) will

FIG. 3. Powder x-ray diffraction patterns for LaO1�xFxBiS2. The numbers

shown with x¼ 0.5 are Miller indices. The peaks of impurity La2O2S are

indicated with “þ.”

FIG. 4. (a) F concentration dependence

of lattice constant a for LaO1�xFxBiS2.

(b) F concentration dependence of lat-

tice constant c for LaO1�xFxBiS2.

FIG. 2. Temperature dependence of the resistivity for LaOBiS2.
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provide hole carriers in the BiS2 layers. Another strategy is a

replacement of the blocking layer structure. If a blocking

layer thicker along the c axis could be inserted between con-

duction layers, two-dimensionality should be enhanced and

the thermoelectric properties may be enhanced.

In conclusion, we have synthesized the polycrystalline

samples of new layered bismuth-sulfide LaO1�xFxBiS2. To

investigate the thermoelectric properties, the electrical resis-

tivity and Seebeck coefficient at high temperature up to

480 �C were measured. LaOBiS2 showed a metallic behavior

of electrical resistivity above 270 K while it showed a semi-

conducting behavior below 270 K. It was found that the

value of the electrical resistivity decreased with F substitu-

tion. The Seebeck coefficient decreased with increasing F

concentration. The highest power factor of 1.9 lW/cm K2 at

480 �C was obtained for LaOBiS2. Although the obtained

power factor was lower than those of the thermoelectric

materials on practical use, we will be able to improve the

thermoelectric properties by manipulating the blocking layer

in the BiS2-based layered family.
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FIG. 5. Temperature dependence of electrical resistivity for LaO1�xFxBiS2.

The triangle symbol indicates the temperature of the apical of the anomaly.

FIG. 6. Temperature dependence of the Seebeck coefficient for LaO1�xFxBiS2.

FIG. 7. Temperature dependence of the power factor for LaO1�xFxBiS2.
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