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Abstract

The title compound was synthesized and its thermoelectric properties investigated. Electronic structure calculations and electrical con-
ductivity measurements show semiconducting behavior. The results of thermopower measurements are presented. The high thermopower
motivated us to investigate the effects arising from chemical doping. Cobalt and tin doped variants were synthesized and their physical
property measurements show improved electrical conductivity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and chalcogenide systems using both experimental and the-
oretical approachefd3,14] Currently, we are investigating
Thermoelectric materials can convert thermal energy into ternary and higher lead antimony chalcogenides, for example
electricity and can be used for heat pumping or refrigeration. FePh ShsS14, Which might be particularly interesting, since
The efficiency of these materials depends on the dimension-it occursin nature, with the mineral name jamesonite. One can
less figure-of-merit, ZT, which is defined as ZTSo/«. readily assign the oxidation states of iron, lead, antimony and
Therein, T is the absolute temperaturg,the Seebeck co- sulfurtobe +2,+2, +3 and -2, respectively. Magnetic suscep-
efficient, o the electrical conductivity and is the thermal tibility measurements on FepBh;S14 showed Curie-Weiss
conductivity[1]. Hence, high Seebeck coefficients, high elec- behavior above 150 K, and based on the effective magnetic
trical conductivity (thus low electrical resistivity) combined moment high-spin state for Fewas suggestefd 5,16]
with low thermal conductivity are ideal. Promising materi-
als are small band gap semiconductors composed of heavy
elementg2].
Binary lead, bismuth and antimony chalcogenides have
been commercia_llly used _for a long time. M(_)reover, SOMe 5 1 Synthesis
of the most studied materials in thermoelectric research are
ternary and higher antimony chalcogenid@s12]. A ma- All elements were used as purchased from ALFA AE-

jor focu; in our group is thg_research on p_otentlal_ther- SAR with purities between 99.5 and 99.9%. FgBiyS;4
moelectric materials in transition metal tetrelide, pnictide 4qits corresponding doped variants were synthesized by an-
nealing stoichiometric mixtures of the elements in evacuated
. quartz tubes at 60TC. At this temperature, all products were
* Corresponding author. Tel.: +1 519 888 4567x3577; . .
fax: +1 519 746 0435. molten, and subsequent slow cooling yielded needle shape
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2. Experimental
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2.4. Physical property measurements

Temperature-dependent electrical conductivity measure-
ments were carried out using a four-point method on cold-
pressed bars of the dimensions of 6 mrhmmx 1 mm. A
self-made device was used to measure the voltage dtdps
over a distance of 2 mm at a constant current of 0.2 mA under
dynamic vacuum between 290 and 165K.

Seebeck coefficientS of FePhShsS14 were determined
on a cold-pressed bar prepared by exactly the same method.
A commercial thermopower measurement apparatus (MMR
Technologies) was used to meas8umder dynamic vacuum
in the temperature range between 300 and 450 K, using con-
stantan as an internal standard to determine the temperature
difference. Silver paint (TED PELLA) was used to create the
electric contacts.

Fig. 1. Crystal structure of FepBksS14. (A) One-dimensional chain of
edge-sharing Fedistorted octahedra. (B) Ribbon of edge-sharing sSbS

square pyramids connected to the Pb-S chains. . .
. Py 3. Results and discussion

2.2. Analyses FePhShsS14 crystallizes in the monoclinic space group

P2;/c. The structure is composed of three different motifs
Allsamples were investigated by X-ray powder diffraction  (Fig. 1). One is aribbon of edge-sharing distorted S&guare

to check for purity by using an INEL powder diffractometer pyramids that are connected to the second motif, namely the

with a position sensitive detector. EDS analyses (LEO 1530, Pb—S substructure. These two fragments together are remi-

with integrated EDAX Pegasus 1200) on five selected crys- niscent of the PiSksS;3 substructurg22]. The third is the

tals revealed the presence of iron, lead, antimony and sulfurchain of one-dimensional edge-sharing distortedsFe$a-

in the ratio of 3.6:16.8:19.7:59.9 [in atomic percent], which hedra running along tha-axis. The geometric distortion of

compares well with the anticipated ratio of 4:16:24:56. Fe is mainly a result of the Jahn—Teller effect, noting that
the magnetic property measuremeits, 16]pointed to high
spin F&é*. The experimental powder diffraction pattern was

2.3. Band structure calculation nicely compatible with the simulated pattern from the pub-
' . . o lished crystal structure data.
We carried out self-consistent tight-binding linear muf-  The band structure and the densities of states are shown in

fin tin orbitals (LMTO) calculation$17,18]using the struc-  Fig. 2 Partially filled Fe d states are located betweén4 and
tural parameters obtained from the refinement of Niizeki and —0.6 eV, with a small gap between thegtand “ey” states
Burger[19]. In this method, the density-functional theory is  (noting that the FegSpolyhedron resembles an octahedron,
applied with the local density approximation (LDRD]. The  without having G symmetry). The six “y"related bands
integration ink space was performed by an improved tetra- occurring between-2.4 and—1.6eV (stemming from the
hedron method21] on a grid of 488 independehtpoints two Fe atoms per unit cell) are filled with eight electrons,
of the first Brillouin zone, containing two formula units of and the four “g"-related bands above the gap comprise four
FePShsSy4. electrons, for a total of six d electrons per Fe atom. In accord
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Fig. 2. Band structure (left) and densities of states (right) for B8RS 4.



Download English Version:

https://daneshyari.com/en/article/9804020

Download Persian Version:

https://daneshyari.com/article/9804020

Daneshyari.com


https://daneshyari.com/en/article/9804020
https://daneshyari.com/article/9804020
https://daneshyari.com

