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Abstract

The transport properties including electrical resistivipy, thermal conductivity ), as well as Seebeck coefficier8) (f intermetallic

FeGa have been measured as a function of temperature between 10 and 300 K. The electrical resistivity exhibits metallic behavior in the
temperature range we investigated. The thermal conductivity is approximately 6 W/m K at room temperature, and is mainly governed by the
lattice thermal conductivity. The observed Seebeck coefficient is positive, indicating p-type carriers dominating the thermoelectric transport
for FeGa. In addition, the Fermi level of 0.14 eV measured from the top of valence band was estimated. These observations are in contras
with the reported semiconducting behavior for this compound, presumably attributed to the off-stoichiometric effect on the electronic band
structure of FeGa

© 2004 Elsevier B.V. All rights reserved.

PACS:72.15.Eb; 72.15.Jf; 71.20.Lp

Keywords:Thermoelectric properties; Intermetallic

1. Introduction physical properties on the unconventional transition-metal-
based alloys in order to shed light on such a hybridization
Materials with complex band structures have been of con- scenario. For examples, the semiconducting and semimetal-
siderable interest due to their unusually magnetic and trans-lic behavior observed previously in Rugand FeVGa,
port properties. Phenomena such as heavy fermion behaviorrespectively, have been attributed to such hybridization-
a Kondo insulating state, and unconventional superconduc-induced gap and pseudogap at their Fermi level DOS
tivity are frequently found in these materials. It has been [7,8].
argued that the effect of hybridization plays an important  Intermetallic FeGacrystallizes in the tetragonal Coga
role for these observatiori$—6]. The peculiar features are type structure with the space group symmeg/mnm A
commonly seen in rare-earth-based compounds, as the lotecent electronic structure calculation predicted that GeGa
calized f electrons of the rare-earth element have the ten-is also a hybridization-gap semiconductor with a bandgap
dency to hybridize with the s and/or p electrons of other ele- of about 0.3 e\[9]. Accordingly, the strong hybridization of
ments. Such a hybridization effect may lead to the formation the Fe-d and Ga-p electrons in this material is responsible for
of narrow electronic gaps or pseudogaps at the Fermi levelthe unusual band feature. To further understand the nature of
density of states (DOS). For transition-metal-based materi- electronic states in FeGawe thus performed the Seebeck
als, the relatively dispersive d-electronic wave functions nor- coefficient § measurement, a sensitive probe of energy rel-
mally have a weaker hybridization effect but form d-bands in- ative to the Fermi surface, on the titled compound. SBise
stead?2]. Hence, itis of particular importance to examine the not influenced by intergrain transport, it should reflect more
intrinsic properties of the studied material. In addition, we re-
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2. Experiments and results

The polycrystalline FeGasample studied here was pre- 4] FeCa
pared in an induction furnace under partial argon. To promote
homogeneity, the resulting ingot was annealed in a vacuum-
sealed quartz tube at 890G for 2 days; this was followed by
furnace cooling. The same preparation technique has beenre-
ported in the literaturgl0]. An X-ray analysis taken with Cu
Ka radiation on the powder specimen shows a single phase.
All reflection peaks in the diffraction spectra could be in- 0 ‘ N : ,
dexed according to the expected structure, as demonstrated 0 50 100 150 200 250 300
in Fig. L The determined lattice parameters are 0.6251 T
andc = 0.6543 nm, respectively, consistent with previously
reported valuef9].

The electrical resistivity was measured during warming mately 159, which mainly arises from the error in measuring
process by a standard four-terminal method. The thermalnq geometrical factor of the samples.

conductivity was carried out in a close-cycle refrigerator a5 shown inFig. 2 the observeg of FeGa exhibits a
over temperatures from 10 to 300K, using a direct heat- netajlic character (positive temperature coefficient), in con-
pulse technique. The Feggot was cut to a rectangular 4t to the semiconducting behavior reported by Hausser-
parallelepiped shape of typical size abIm x 1.5mm x mann et al[9]. The rather large values in the entire tem-
5.0mm with one end glued (with thermal epoxy) to & cop- perature range we measured may be attributed in part to the
per block that served as a heat sink, while a calibrated Chipgrain boundaries. However, the magnitude of measprisd
resistor as a heat source was glued to the other end. The&imilar to those of semimetals such as Fefl1]. Possible

temperature difference was measured by using an E-type dif-yaa50ns for the inconsistency between the reported result and
ferential thermocouple with junctions thermally attached to ,r data will be addressed 8ection 3

two well-separated positions along the longest axis of the  Tpe T-dependent thermal conductivity of Fefia dis-
sample. The temperature difference was controlled to be 'essplayed inFig. 3. At low temperatures increases with tem-
than 1K to minimize the heat loss through radiation. Dur- perature and a maximum appears at around 40K. This is
ing measurements the sample space is maintained in @ good, typjcal feature for the reduction of thermal scattering at
vacuum (better than 16 Pa). For the Seebeck coefficient |oyer temperatures. The maximum takes place at the tem-
measurements, Seebeck voltages were detected using a Pajferature where the phonon mean free path is approximately
of thin Cu wire electrically connected to the sample with gq3) 10 the crystal site distance. After passing through the
silver paint at the same positions as the junctions of differ- ayimum « drops with increasing temperature. For conven-
ential thermocouple. The stray thermal emfs are eliminated jona| metals and semimetals, the total thermal conductivity
by applying long current pulses-L00 s) to the chip resistor, (kiot) can be expressed as a sum of latticg) (and elec-
where the pulses appear in an off-on-off sequence. All exper-gnic (ce) terms: kiot = kL + ke. The electronic contribu-

iments were performed during warming with a rate slower tion can be estimated by means of the Wiedemann—Franz
than 20K/h. The reproducibility of andSmeasurements is  |qy: .0/ T = Lo. Herep is the dc electric resistivity and

better than 2%, while the absolute accuracy @ approxi- Lo = 2.45 x 108 W QK2 s the Lorentz number. We thus
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Fig. 2. Electrical resistivity as a function of temperature for FeGa
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Fig. 1. X-ray diffraction pattern in FeGa Fig. 3. Temperature dependence of the thermal conductivity in £eGa
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