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A series of LaFeAsO;_xFy (x=0-0.225) oxyarsenides have been synthesized by a solid-state reaction
method in order to optimize electrical transport properties through appropriate F doping. Both elec-
trical resistivity and Seebeck coefficient of undoped LaFeAsO show an anomaly at about 150K, which is
related to a structural phase and/or spin-density-wave (SDW) transition. Seebeck coefficient seems to be
determined by two competitive factors: it is enhanced by suppressing the structural phase and/or SDW
transition, and reduced by increasing carrier concentration. Seebeck coefficient is significantly enhanced

ﬁ?; ‘;Vrﬁzdesl:ectric just after suppressing the anomaly, and the maximum Seebeck coefficient reached —142 pwV/K for the
Oxyarsenide sample with F doping x=0.075 from —58 wV/K for undoped LaFeAsO, and then decreased with further

increasing carrier concentration through F doping. Meanwhile, the electrical resistivity is decreased with
increasing F doping, resulting in a maximum power factor value of 1.2 mW/mK? at 80K for polycrystalline
LaFeAsOqgs5Fo.15 sample, this value is the same order as that of the best low temperature thermoelectric
BiggSb1, compounds, and could be significantly higher in single crystals.
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1. Introduction

Thermoelectric (TE) power generators and refrigerators are
solid-state devices without moving parts. They are silent, reliable
and scalable, making them ideal for small, distributed power gen-
eration [1]. The conversion efficiency of TE devices is determined
by the dimensionless figure of merit (ZT), defined as ZT =(S?/pk)T,
where S, p, k, and T are the Seebeck coefficient, electrical resistiv-
ity, thermal conductivity, and absolute temperature, respectively.
Therefore, high performance TE materials should have excellent
electrical transport properties (S?/p) and low thermal conductivity
(k). Recently, much attention has been paid on the layered rare-
earth iron oxypnictides LnFePnO (Ln=La, Pr, Ce, Sm and Nd; and
Pn=P and As) with ZrCuSiAs tetragonal structure (space group:
P4/nmm) since superconductivity has been discovered at T, =26 K
in the iron-based LaFeAsOq_yFx (x=0.05-0.12) [2]. Following these
surprising findings, Dragoe and his co-workers also found that iron-
oxypnictides family, LnFeAsO (Ln=La, Sm and Nd) with F doping,
also exhibits large Seebeck coefficients with the order of —100 wV/K
after appropriately doping, while keeping good electrical con-
ductivity. Their power factor shows a peak at low temperatures,
suggested possible applications of these materials in thermoelec-
tric cooling modules in the liquid nitrogen temperature range [3].
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Interestingly, the enhanced Seebeck coefficient usually appears
with the onset of superconductivity in iron-oxypnictide supercon-
ductors [4-8]. It is well known that the superconductor usually
shows excellent electrical conductivity. Hence, good thermoelec-
tric transport properties could be expected with considering the
emergence of enhanced Seebeck coefficient in iron-oxypnictides.

In this paper, a series of LaFeAsO;_,Fx oxyarsenide compounds
with F doping on O site (x=0-0.225) have been synthesized by
a solid-state reaction method in order to enhance the electrical
transport properties through optimizing F doping. The electrical
resistivity and Seebeck coefficient of the resultant bulk samples
were investigated with a special emphasis on the effects of F doped
contents. The obtained results indicate that LaFeAsOq_yFy iron-
oxypnictides are promising thermoelectric materials applied in low
temperature range.

2. Experimental

Samples with the chemical composition LaFeAsO; _4F, (x=0, 0.075, 0.15 and
0.225) were prepared by using a two-step solid-state reaction route. In the first
step, LaAs was prepared by heating La and As chunks in a sealed silica tube under
argon, at 600°C for 2 h with a ramp-up speed of 50°C/h, followed by 900°C for
12 h with a ramp-up speed of 100 °C/h. The obtained alloy was single phase LaAs as
confirmed by X-ray diffraction measurements. Then the LaAs alloy was thoroughly
grounded together with Fe, 03 powder, FeF, powder and Fe powder in stoichiomet-
ric amount as given by the formula LaFeAsO;_.Fy. The thoroughly mixed powders
were pressed under 250 MPa to form 2 mm x 3 mm x 12 mm bars. The bars were
wrapped in tantalum foils and sealed in a silica tube under argon, and then heated
and reacted at 1150 °C for 50 h with a ramp-up speed of 100 °C/h. The sample prepa-
ration processes including weighing raw materials, grounding powders and pressing
bars were carried out in a pure argon-filled glove box with less than 1 ppm O, and
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Fig. 1. X-ray powder diffraction patterns for LaFeAsO;_,F, oxyarsenides.

H,O0. X-ray diffraction patterns were obtained using a Panalytical X'Pert with a Ge
(111) incident monochromator and an X'celerator detector, with rotating sample.
Rietveld refinement was performed using FullProf software [9]. Electrical resistiv-
ity was measured using a DC four wires method in a closed cycle cryostat, from
300K to about 15K. The Seebeck coefficient was measured by a method with two
T-type thermocouples, by using the slope of the AV-AT curve with gradients up
to about 0.2 K/mm, in a closed cycle cryostat from 300K to about 20K by using a
laboratory made system. All transport measurements were performed in a direction
perpendicular to the pressing direction.

3. Results and discussion

Fig. 1 shows the XRD patterns of the synthesized LaFeAsOq_yFx
samples. All the XRD peaks can be well indexed based on a tetrag-
onal cell with space group P4/nmm indicating that the samples are
almost single phase. However, it should be noted that the sample
with the largest amount of F (x=0.225) contains a few percent of
impurity phases (LaOF).

Fig. 2 shows the temperature dependence of the electrical resis-
tivity (p). The electrical resistivity for undoped LaFeAsO decreases
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Fig. 2. Electrical resistivity of LaFeAsO;_Fyx oxyarsenides as a function of tempera-
ture, the electrical resistivity of n-type BiggSb, [14] was also shown.
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Fig. 3. Seebeck coefficient of LaFeAsO;_yFy oxyarsenides as a function of tempera-
ture, Seebeck coefficient of n-type BiggSby, [14] was also shown.

slightly with decreasing temperature peaking at about 150K, and
then it decreases sharply with decreasing temperature. It should
be noted that the electrical resistivity of undoped LaFeAsO show an
anomaly at about 150K, this phenomenon is similar to the reported
LaFeAsO;_xFx samples [10]. As reported before [11], this upturn
in electrical resistivity is likely associated with a structural phase
transition and/or an antiferromagnetic spin-density-wave (SDW)
transition. It also can be considered as an increase of the charge-
carrier scattering by lattice fluctuations related to the onset of
the structural transition [12,13]. This anomaly cannot be observed
after F doping, and the electrical resistivity for all F doped sam-
ples in the whole measuring temperature range decreases with
increasing F doped contents up to 0.225. Reduction in electri-
cal resistivity suggests that the carrier concentration has been
increased by introducing electron through F~ ionic doping on 02~
ionic site in LaFeAsO;_xFx samples. The electrical resistivity for
LaFeAsOggsFg 15 and LaFeAsOq775Fp225 samples decreases with
decreasing the temperature, and shows a metallic-like transport
properties. For comparison, the electrical resistivity of BiggSbq,
[14], the best low temperature thermoelectric material, also was
plotted in Fig. 1. It can be seen that all the LaFeAsO;_xFx samples
show the higher electrical resistivity than that of BiggSby,. How-
ever, it must be emphasized that the electrical resistivity measured
in LaFeAsOq_xFx is not so far from that of BiggSb13, as our samples
are poorly densified (in this paper, the relative density for all the
samples is about 60%), and that much lower electrical resistivity
values can be expected for highly dense samples and single crystals.

Fig. 3 shows the temperature dependence of Seebeck coefficient
(S) for series LaFeAsO;_xFx in the measuring temperature range
from 20K to 300K. All the samples are n-type, which is consis-
tent with an increase of the electrons concentration induced by
the substitution of O by F. Undoped LaFeAsO sample exhibits a
complex temperature dependence, and show an anomaly at about
150K, which is similar to the LnFeAsO (Ln=Sm and Nd) behavior
reported previously [15]. This steep upturn just below 150 K is asso-
ciated with the structural phase and/or SDW transition. This upturn
in Seebeck coefficient disappears just after increasing F doped
contents to x=0.075, and the maximum values of Seebeck coef-
ficient for series LaFeAsO;_yFx samples decrease with increasing F
doped contents and shift to high temperature. It can be seen that
the maximum values of Seebeck coefficient significantly increase
from —58 wV/K for LaFeAsO to —142 wV/K for LaFeAsOgg25Fp.075,
and decreases to —110V/K for LaFeAsOq g5F¢.15, and then reaches
—78 wV/K as the F doped contents increase up to 0.225. As shown
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Table 1

Maximum Seebeck coefficient (Smax) with corresponding temperature and super-
conductivity transition temperature (T.) for some selected iron oxypnictides
LnFePnO.

Sample Smax (LV/K) Te (K) Ref.
SmFe( 94 Nig0s6ASO —68 at~110K 10.0 [5]
CeFe(.90C00.10ASO —51at~187K 12,5 [8]
SmFe(.90C0¢.10ASO —80 at ~150K 17.2 [4]
LaFeAsOq.90Fo.10 —100 at ~125K 26.8 [6]
LaFeAsOggsFo.15 —110at ~105K 28.7 This work
Smg.g0Tho.10FeAsOggs5Fo.15 —120 at ~80K 55.0 [7]

in Fig. 3, it should be noted that LaFeAsOg g25F¢ 075 shows the max-
imum Seebeck coefficient value, which can be comparable to that
of BiggSb1, thermoelectric materials [14]. However, the origin of
enhancement of Seebeck coefficient in iron-oxypnictide supercon-
ductors is unclear and the variations of Seebeck coefficient cannot
be explained easily due to the multiband nature of the electronic
structure of these materials, whether this is related to strong elec-
tron correlations, magnetic fluctuations or SDW is an open issue.
Wang et al. have suggested that enhancement of the Seebeck
coefficient in SmFe;_xCoxAsO and LaFe;_,CoxAsO superconduct-
ing iron-oxypnictides could be somehow correlated to the onset of
superconductivity [4]. Indeed, the enhancement of Seebeck coef-
ficient is closely linked to superconductivity, which also has been
found in some other superconducting iron-oxypnictides, such as
SmFeq_xNixAsO [5], LaFe_xZnyAsOg oFq 1 [6], Smy_4ThyFeAsO;_yF,
[7] and CeFe;_xCoxAsO [8]. Maximum Seebeck coefficient with
corresponding temperature and superconductivity transition tem-
perature for some selected iron oxypnictides LnFePnO are
summarized in Table 1. As the emergence of superconductivity
usually combines with suppressing the structural phase and/or
SDW transition, it can be supposed that the present changes of
Seebeck coefficient was determined by two competitive factors:
enhance by suppressing the structural phase and/or SDW transi-
tion, and reduce by increasing carrier concentration. Hence, it can
be explained that the significant enhancement of Seebeck coeffi-
cient in LaFeAsOggy5Fg.075 appears just as suppressing SDW by F
doping, after that, the Seebeck coefficient decreases with increasing
carrier concentrations through further increasing F doped contents
up to x=0.225.

The power factors for LaFeAsO;_yFx samples in the measuring
temperature range from 20 K to 300 K has been calculated with the
values of electrical resistivity and Seebeck coefficient, as shown in
Fig. 4. The power factors for LaFeAsO oxypnictides was significantly
improved by F doping, increases from 0.06 mW/mK?2 at 100K for
undoped LaFeAsO to 0.90 mW/mK? at 90K for LaFeAsOq 925F¢ 075,
and reaches the maximum value of 1.20mW/mK? at 80K for
LaFeAsOqg5Fq.15, and then decreases to 0.90 mW/mK? at 86K for
LaFeAsQq 775Fp.225 as the F doped contents increase up to x=0.225.
For comparison, the power factors of n-type BiggSbyy, p-type
(BiggSb12)99Pb and p-type (BiggSb13)97Sn3 [14], the best low tem-
perature thermoelectric materials, also were plotted in Fig. 4.
The present maximum power factor of 1.20 mW/mK? for n-type
LaFeAsOqgs5Fq 15 is in the same order, but 7 times lower than that
of n-type BiggSby,. However, it should be emphasized that present
samples are poorly densified polycrystalline, and that much lower
electrical resistivity values can be expected for highly dense sam-
ples and single crystals. For instance, a resistivity of 2.5 x 1074 Q cm
has been reported at 80K in single crystals of NdFeAsOgq 7Fg 3 [16],
and assuming a similar Seebeck coefficient, —142 wV/K, at 80K
for LaFeAsOggs5Fg 15, this would correspond to a power factor of
3.6 mW/mK2 which is about the same magnitude and nearly half of
that in BiggSbq, [14]. It also should be noted that the present max-
imum power factor is higher than that of p-type (BiggSb12)9gPb
and p-type (BiggSb13)97Sn3 [14]. It is well known that the perfor-
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Fig. 4. Power factor of LaFeAsO;_xFy oxyarsenides as a function of temperature,
power factors of n-type BiggSby2, p-type (BiggSbi2)ogPb and p-type (BiggSbi2 )o7Sn3
[14] were also shown.

mance of thermoelectric is evaluated by ZT value, high performance
thermoelectric materials should have excellent electrical trans-
port properties (52/p) and lower thermal conductivity (k). For
LaFeAsO iron-oxypnictides, thermal conductivity is expected to be
reduced by introducing lattice defects through F doing on O site.
With considering the thermal conductivities of LaFeAsO [17] and
LaFeAsOgq ggFp 11 [18], the ZT value at 80K for LaFeAsOq g5Fg.15 has
been calculated and reached about 0.015. Therefore, the present
results indicate that LaFeAsOq_yFy iron-oxypnictides are promis-
ing for thermoelectric cooling applications in the liquid nitrogen
temperature range.

4. Conclusions

LaFeAsO;_xFx compounds with different F doping contents have
been successfully synthesized by a solid-state reaction method.
Both electrical resistivity and Seebeck coefficient of undoped
LaFeAsO show an anomaly related to a structural phase and/or
spin-density-wave (SDW) transition at about 150K. The elec-
trical resistivity was reduced by increasing F doped contents,
LaFeAsQg g25F0.075 sample showed the maximum Seebeck coeffi-
cient value of —142 pwV/Kjust after suppressing the structural phase
and/or spin-density-wave (SDW) transition by F doping. The max-
imum power factor of 1.20 mW/mK? at 80K for LaFeAsOqgs5Fo.15
was obtained, which is about the same magnitude as that of n-type
BiggSb1, that is the best low temperature thermoelectric material.
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