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We report the effect of magnetic field on the transport properties of polycrystalline parent compound

LaFeAsO. The magnetic field has no significant influence on the structural phase transitions or spin

density wave (SDW) ordering of small moments on iron, but causes large positive magento-resistance

below 100 K. Meanwhile, the absolute magnitude of thermopower, which is negative, increases remark-

ably with increasing magnetic field below 100 K. Such a large positive magneto-thermopower was first

reported in this iron arsenide. The result suggests that there could exist an enhancement of SDW

gapping in holelike Fermi surface.
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magnetic field enhanced gapping
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1 Introduction

Recently, the iron-based arsenides with ZrCuSiAs struc-
ture have attracted intensive attentions due to the dis-
covery of superconductivity at 26 K in doped LaFeAsO
[1]. The parent compounds of these 1111 phase super-
conductors have the general formula LnFeAsO (Ln=lan-
thanide) [2], whose structure can be described as the
stacking of alternative [Ln2O2]2+ layers and [Fe2As2]2−

layers. Similar to high-Tc cuprates, the [Ln2O2]2+ layers
act as a charge reservoir while the [Fe2As2]2− layers are
superconductively active. Superconductivity has been
induced in LnFeAsO by doping with fluorine [1, 3−5],
oxygen vacancies [6], strontium [7], thorium [8], cobalt
[9, 10] nickel [11], and phosphorous [12].

LDA calculation predicted that there exists a spin-
density wave (SDW) order due to Fermi surface nest-
ing in the undoped parent compound LaFeAsO and pro-
posed that a resistivity anomaly around 150 K should
result from the SDW order [13]. Later, the study of neu-
tron scattering on LaFeAsO revealed a structural tran-
sition from the tetragonal high-temperature structure to
an orthorhombic low-temperature structure around 155
K and a collinear antiferromagnetic (AFM) order of Fe
ion moment around 138 K [14]. Measurements of mag-
netic properties show that the magnetic susceptibility
above the structural transition is Pauli-like, and a clear

drop in susceptibility is observed around 150 K [1, 15].
When the parent compounds are doped, superconductiv-
ity emerges after the structural and magnetic transitions
are suppressed. This suggests a competition between
AFM and superconducting ground states and the im-
portance of magnetism to the superconductivity in these
systems [16, 17]. The study of the ground state of the
parent compounds can shed insight on the mechanism of
high-Tc superconductivity in these systems.

In order to clarify the nature of the SDW order in
LaFeAsO, we investigated the effect of magnetic field
on both the resistivity and thermopower. The struc-
tural and magnetic transition causes significant changes
in the temperature dependence of both resistivity and
thermopower. We found that these changes in the trans-
port properties caused by the transitions are not affected
by applying magnetic field. Large magneto-resistance
(MR) and magneto-thermopower effects appear at tem-
peratures far below the SDW transition temperature.
Possible interpretation that related the magnetic field
enhancement of SDW gapping was discussed.

2 Experimental

The polycrystalline LaFeAsO sample was synthesized by
solid-state reaction in vacuum using powders of LaAs,
La2O3, FeAs, and Fe2As. LaAs was presynthesized by
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reacting stoichiometric La pieces and As powders in
evacuated quartz tubes at 1223 K for 24 hours. FeAs
and Fe2As were prepared by reacting stoichiometric Fe
powders and As powders at 873 K for 10 hours, re-
spectively. The powders of these intermediate materi-
als were weighed according to the stoichiometric ratio of
LaFeAsO and then thoroughly mixed in an agate mortar.
The mixtures were pressed into pellets under a pressure
of 2000 kg/cm3. All the processes were operated in a
glove box filled with high-purity argon. The pellets were
sealed in evacuated quartz tubes and heated uniformly
at 1433 K for 40 hours.

Powder X-ray diffraction (XRD) was performed at
room temperature using a D/Max-rA diffractometer
with CuKα radiation and a graphite monochromator.
The XRD diffractometer system was calibrated using
standard Si powders. Lattice parameters were refined
by least squares fit using at least 20 XRD peaks. The
electrical resistivity was measured with a standard four-
terminal method, and the thermopower was measured by
using a steady-state technique. The samples for trans-
port property measurements were cut into a thin bar
with a typical size of 4 mm×2 mm×0.5 mm. The tem-
perature dependence of magnetization was measured on
a Quantum Design magnetic property measurement sys-
tem (MPMS-5), and measurements of other transport
properties was performed on a Quantum Design physi-
cal property measurement system (PPMS-9).

3 Results and discussion

XRD patterns of LaFeAsO samples can be well in-
dexed based on a tetragonal cell with the space group
of P4/nmm, which indicates that the samples are single
phase. No peaks due to impurity phase were observed.
A least squares fit using at least 20 XRD peaks gives
that the lattice parameter a = 4.0349 A, and c = 8.7366
A, consistent with the previous report [1].

Figure 1 shows the temperature dependence of resis-
tivity for the LaFeAsO sample under zero magnetic field
and μ0H = 8 T. The inset shows the plot of the derivate
of resistivity versus temperature. The resistivity shows a
remarkable drop below about 150 K. The measurement
of neutron scattering on LaFeAsO has revealed a struc-
tural transition around TS of 155 K and a collinear an-
tiferromagnetic (AFM) order of Fe ion moment around
TAFM of 138 K [14]. It can be found from the inset of
Fig. 1 that the onset of the resistivity anomaly corre-
sponds to the structural transition temperature TS and
the peak in dρ/dT occur at the magnetic transition tem-
perature TAFM. However, the applied magnetic field does
not cause obvious magneto-resistance in the temperature
range around and above TAFM, which implies that nei-
ther the structural transition nor the magnetic transition

is affected much by the magnetic field. Below 100 K,
a positive magneto-resistance becomes larger and larger
with decreasing temperature. A previous report ascribed
this positive MR to the suppression of SDW order by
magnetic field [13].

Fig. 1 Temperature dependence of resistivity (ρ) of LaFeAsO
sample under zero magnetic field and μ0H = 8 T. The inset shows
the plot of the derivate of resistivity (dρ/dT ) versus temperature.
The arrows indicate the onset of the resistivity anomaly and the
peak position respectively.

Usually, the resistivity should increase due to an SDW
gap developing on the Fermi surface (FS). However,
LaFeAsO is a multiband system whose Fermi surface
consists of five sheets [13]: two cylinders associated with
electron type around the zone edge M–A line of the Bril-
louin zone, two holelike cylinders along the Γ–Z line and
a holelike closed pocket centered at Z point. Theoretic
calculation has predicted that the SDW gap opens due
to the nesting between hole and electron FS [13]. How-
ever, there are still residual FS sheets, and the system
remains metallic. SDW order can suppress the magnetic
fluctuations and the scattering due to magnetic fluctua-
tions, and therefore, the mean free path of the electrons
(holes) in the remnant FS sheets becomes even longer.
When LaFeAsO undergoes SDW transition, the sharp
drop in the resistivity can be interpreted in the above
picture. Meanwhile, there could be two effects caused
by the magnetic field, and both could be related to the
large positive MR at low temperatures. On one hand,
the applied magnetic field could depress the SDW order
and arouse magnetic fluctuations, and thus, the mean
free path of charge carriers becomes shorter. On the
other hand, magnetic field might favor the FS nesting
directly and then enhance the SDW gapping, which can
lead to a decrease in the density of free charge carriers. If
the former effect dominates in this system, the magnetic
fluctuations should be stronger near the critical temper-
ature TAFM, and MR should be large in the temperature
range close to the SDW transition. However, the MR
data show contrasting behavior, and thus, only the effect
of magnetic field on the scattering rate due to magnetic
fluctuations along cannot account for the MR result. We
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propose that the effect of magnetic field on the SDW gap-
ping should also be taken into account in this system.
Actually, in a typical quasi-one-dimensional (1D) NbSe3

compound that undergoes charge-density wave (CDW)
transition twice with decreasing temperature, the mag-
netic field enhanced CDW gapping, which is also result
from FS nesting, was proposed to explain the giant pos-
itive MR below 60 K [18, 19].

Figure 2 shows the temperature dependence of ther-
mopower (S) for the LaFeAsO under zero magnetic field
and μ0H = 8 T. The thermopower is negative at the
whole measured temperature range, which means that
the electronlike charge carriers dominate. A remarkable
increase in S occurs around the structural and magnetic
transition. Similar behavior has been observed in previ-
ous reports [15, 20]. This anomaly change in S indicates
that the electronic state undergoes a severe change af-
ter undergoing the two transitions. Again, it is found
that the thermopower near the transition temperatures
TS and TM is a little bit affected by the applying magnetic
field, and large magneto-thermopower appears below 100
K, in agreement with the MR data.

Fig. 2 The temperature dependence of thermopower (S) for the
LaFeAsO under zero magnetic field and μ0H = 8 T.

We also measured the magnetic field dependence of
thermopower, S(H), at selected temperatures. The nor-
malized magneto-thermopower data are shown in Fig. 3,
where ΔS ≡ S(H)−S(0). The enhancement in the mag-
nitude of thermopower at low temperatures can exclude
the contribution of spin entropy to thermopower, which
dominates in the sodium cobaltates [21]. The origin of
the large thermopower in both parent and the doped iron
arsenide is not well understood yet. It should be noted
that the thermopower also increases sharp with increas-
ing magnetic field applied in the ab plane in ruthenate
Sr4Ru3O10 [22], where a new electronic state is induced
by the applied magnetic field. Furthermore, the almost
linear magnetic field dependence of thermopower can be
seen in Fig. 3 for large magnetic field. Such a linearity of
S(H) curves is seldom observed and hard to understand.

According to a simple two-band model, thermopower
consists of two contributions from hole-type and
electron-type charge carriers, respectively, viz.,

Fig. 3 The variation of thermopower with applying magnetic
field at selected temperatures.

S =
σeSe + σhSh

σe + σh
(1)

where σ is the conductivity, and the subscripts h and e

are referred to hole and electron-type charge carriers.
Sh(Se) is the contribution to thermopower from hole
(electron)-type charge carriers. Sh > 0, and Se < 0.
Both σh and σe are positive. According to Eq. (1), the
sharp increase in S around the transition temperature
should result from either an increase in the hole contri-
bution or decrease in the electron contribution, which
suggests that there could be either an increase in the
mean free path of holes or a decrease in the density of
electron-type charge carriers. Since the resistivity shows
a sharp decrease in the same temperature range, the in-
crease in the mean free path of holes is more reasonable.
The little effect of magnetic field on S in this temper-
ature range indicates that magnetic field has almost no
influence on the scattering rate due to magnetic fluctu-
ations. With further decreasing temperatures, magneto-
thermopower also becomes larger and larger. We pro-
pose that the effect of magnetic field on the SDW gap-
ping becomes dominant, and the enhancement of SDW
gapping probably occurs on the hole-type FS sheet, and
thus, the contribution of electron-type charge carriers to
thermopower becomes more significant. A large positive
magneto-thermopower can then be expected based on
above picture. This result is consistent with the analysis
aforementioned based on the MR data.

4 Conclusion

In conclusion, the effect of magnetic field on both the
resistivity and thermopower for the parent compound
LaFeAsO was studied. The structural and magnetic
transition causes significant changes in both resistivity
and thermopower. However, the anomalous changes in
the transport properties caused by the transitions are
almost not affected by applying magnetic field, and large
magneto-resistance (MR) and magneto-thermopower
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only appear at low temperatures. We proposed that
the effect of magnetic field on the SDW gapping should
also be taken into account in order to interpret to large
magento-resistance and magneto-thermopower. Further
studies are needed to clarify the effect of magnetic field
on the SDW order.
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