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Measurements of electrical resistivity under applied pressure were performed on single crystalline samples

of LaFeAsO grown in a molten NaAs flux. We observe a smooth suppression of spin-density wave order under

nearly hydrostatic applied pressures up to 2.6 GPa and in quasi-hydrostatic pressures up to 14.7 GPa. Similar to

some of the other reports on single and polycrystalline samples of LaFeAsO, these crystals exhibit a resistivity

that increases as temperature is lowered. By fitting an Arrhenius law to the the semiconducting-like temperature

dependence of the electrical resistivity, we extract an energy gap that is suppressed with pressure and vanishes

near 10 GPa. This is accompanied by the emergence of a metallic temperature dependence of the electrical

resistivity. A similar behavior is also observed in diamond anvil cell experiments carried out to ∼ 37GPa.

Complete transitions to a bulk superconducting phase are not observed in any of the experiments.

PACS numbers: 71.30.+h, 74.70.Xa, 74.62.Fj

I. INTRODUCTION

The discovery of superconductivity in fluorine-substituted
layered pnictide compounds LaFePO1 and LaFeAsO2 has
driven significant theoretical and experimental interest in
these and many other members of the diverse taxonomy of
iron pnictide and chalcogenide compounds.3–6 As a function
of chemical substitution or applied pressure, the phase dia-
grams of these materials exhibit a rich interplay of differ-
ent phenomena, including structural transitions, commensu-
rate and incommensurate spin-density wave (SDW) ordering,
and high temperature superconductivity.5–13

In several iron-based materials, the appearance of super-
conductivity occurs following a smooth suppression of SDW
order. Among the materials in which such a continuous sup-
pression is observed are, e.g., BaFe2As2 (under both chemical
substitution and applied pressure)14 and fluorine-substituted
CeFeAsO1−xFx.15 By contrast, in the LaFeAsO1−xFx sys-
tem µSR and Fe Mössbauer spectroscopy measurements re-
veal that the structural and SDW transitions abruptly undergo
a first-order phase transition near x = 0.05.3 For x > 0.05,
SDW order is absent and superconductivity emerges such that
there is no overlap between the two phases.2 However iso-
valent phosphorus substitution (LaFeAs1−xPxO) appears to
induce a continuous suppression of SDW order, with some
overlap between the magnetically-ordered and superconduct-
ing phases.16

Characterizing the evolution of SDW order under ap-
plied pressure provides important complementary informa-
tion on the interplay of superconductivity and magnetism in
ZrCuSiAs-type materials. The pressure-temperature phase di-
agram of the undoped parent compound LaFeAsO was previ-
ously examined by Okada et al.17 using polycrystalline sam-
ples. The resulting phase diagram appeared to indicate a
smooth suppression of the SDW and a region of overlap be-
tween the SDW and superconductivity. This suggests that the
phase diagram of LaFeAsO under applied pressure has a dif-
ferent character than that of the temperature-chemical concen-

tration phase diagram obtained from studies of fluorine sub-
stitution for oxygen.2 However, the feature in the electrical
resistivity data associated with the SDW order in that study
was broad and difficult to distinguish with accuracy at high
pressures.

In this paper, we report the results of high pressure electri-
cal resistivity measurements on single crystals of LaFeAsO.
These single crystals exhibit well-resolved resistive anomalies
at the SDW transition to higher pressures than their polycrys-
talline counterparts, providing an opportunity to more pre-
cisely characterize TSDW as a function of pressure. Under
nearly hydrostatic pressures, TSDW extrapolates to zero near
6 GPa. Similar to some of the other reports on both single
and polycrystalline samples of LaFeAsO, these crystals ex-
hibit an electrical resistivity that increases as temperature is
lowered.18 By assuming an activated Arrhenius-type behav-
ior, we have extracted an energy gap from the temperature de-
pendence of the electrical resistivity ρ. This gap extrapolates
to zero at 10 GPa, near the same pressure region where the
electrical resistivity shows a crossover to a metallic behavior
where dρ/dT > 0. At pressures above 10 GPa, small down-
turns in the electrical resistivity, consistent with an incomplete
superconducting transition, are evident. However, the samples
do not appear to exhibit bulk superconductivity to pressures as
high as ∼ 37GPa.

II. EXPERIMENTAL DETAILS

Single crystals of LaFeAsO were grown using a molten
NaAs flux19 and characterized with powder x-ray diffraction,
magnetization, and specific heat measurements. The samples
were confirmed to have the ZrCuSiAs-type crystal structure
with lattice parameters a = b = 4.0334 Å and c = 8.7910
Å. The tetragonal to orthorhombic structural phase transition
TST was observed near 140 K and the SDW order occurs near
TSDW ≃ 120 K as reported in a previous study.18 Differences
in the measured lattice parameters of our single crystals18
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compared with those reported in earlier studies20 suggests the
possible incorporation of impurities during crystal growth ei-
ther from the tantalum crucible or the sodium in the flux it-
self. In our previous study of LaFeAsO single crystals, we
confirmed the stoichiometry via energy dispersive x-ray spec-
troscopy but also noted the presence of a La3TaO7 impurity
phase (approximately 2% molar fraction). The behavior of
materials within this genus of the iron-pnictide family has, in
some cases, been shown to be very sensitive to doping, im-
purities, and oxygen vacancies.5,13,21,22 In our earlier study4,6

on these samples, we measured lower transition temperatures,
TSDW and TST , relative to results from measurements of
polycrystals and other single crystals at ambient pressure.9,23

We compare the results of ambient pressure measurements on
our single crystals of LaFeAsO to similar measurements dis-
cussed by Yan et al. in the Results and Discussion section of
this paper.19

Electrical resistivity measurements under applied pressures
up to approximately 2.6 GPa were made using a standard four-
wire technique in a piston cylinder cell (PCC). Equal parts
of isoamyl alcohol and n-pentane were used as the pressure
transmitting medium.24 The applied pressure was always ad-
justed at temperatures above the melting point of the pres-
sure medium in order to ensure nearly hydrostatic conditions.
In-situ measurements of the pressure within the sample space
were made inductively using the well-characterized supercon-
ducting transition of high-purity Sn as a manometer.25

The electrical resistivity under applied pressures up to 14.7
GPa was measured using a quasi-hydrostatic Bridgman anvil
cell (BAC).26 The sample space is constructed using a py-
rophyllite gasket with steatite as the pressure-transmitting
medium. This space is pressurized between two tungsten-
carbide anvils which press platinum wires on to both the sam-
ple and the Pb manometer for electrical contact. The small
strip of lead functioned as a manometer by measuring its well-
characterized superconducting transition resistively.27

The higher pressure range (up to approximately 36 GPa)
was investigated using a diamond anvil cell (DAC). This tech-
nique uses two diamonds as anvils between which the sample,
suspended in a pressure transmitting medium of steatite and
constrained by a MP35N gasket, is compressed.28 One of the
anvils is a designer diamond in which tungsten leads are de-
posited directly onto the original diamond and then encapsu-
lated within a layer of epitaxially grown diamond that serves
to protect and insulate the leads from the gasket.29,30 The culet
of the designer diamond anvil is then polished to expose the
tungsten leads within the gasket and allow electrical transport
measurements to be performed. In-situ measurements of the
pressure within the cell were performed by measuring the flu-
orescence spectrum of a small piece of ruby while exciting
it with light from a 472 nm laser. The evolution of this flu-
orescence spectra is well known and provides a convenient,
measurement of the pressure within the sample space.31

FIG. 1: Electrical resistivity ρ vs. temperature T measured in quasi-

hydrostatic applied pressures up to 2.6 GPa. Spin-density wave order

is suppressed with increasing pressure from approximately 134 K to

80 K. The inset shows the first derivative of the electrical resistivity

with respect to temperature with each set of data offset by a constant

value.

III. RESULTS AND DISCUSSION

At ambient pressure, ρ(T ) of these single crystals exhibits
semiconducting-like behavior in which dρ/dT < 0 over the
entire range of temperatures measured.18 This behavior for
ρ(T ) has been observed in other ambient-pressure measure-
ments of single-crystalline samples (see the supplemental ma-
terial of Ref. 19). On the other hand, it contrasts with mea-
surements on polycrystalline samples,17 which have consis-
tently shown dρ/dT > 0 at temperatures just below TSDW

and dρ/dT < 0 at the lowest temperatures. While some po-
tential explanations for this difference have been offered in a
study of samples grown using a molten KI flux,20 and may
explain the behavior of our single crystals, a precise explana-
tion for this difference in our samples grown using a NaAs
flux will require further study. It is worth pointing out that
several distinct electrical resistivity temperature dependencies
were reported for single crystals of LaFeAsO grown in a sin-

gle batch of molten KI flux.20 This observation suggests that
the semiconducting-like behavior observed in some samples
is not a direct consequence of impurities unique to the method
of synthesis employed in this work.

Electrical resistivity ρ(T ) data, measured on a single-
crystalline sample of LaFeAsO under nearly hydrostatic ap-
plied pressures up to 2.6 GPa, are shown in Fig. 1. The
semiconducting-like behavior of ρ(T ) persists through 2.6
GPa as is seen in Fig. 1. A prominent feature is observed
in the ρ(T ) data, which is associated with the SDW order, and
is clearly suppressed to lower temperature by increasing pres-
sure. To more quantitatively resolve the transition temperature
associated with the SDW phase transition, TSDW , we have
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FIG. 2: Electrical resistivity ρ vs. temperature T on a semilog scale

for two distinct samples of LaFeAsO using the Bridgman anvil cell

technique from 2.7 GPa to 14.7 GPa. The data have been normalized

by their value at 200 K. The inset in each panel shows the electrical

resistivity values at 200 K for each pressure.

calculated the derivative of ρ(T ) with respect to temperature
(displayed in the inset of Fig. 1). We identify the minima ex-
hibited in these data with TSDW .

The data displayed in Fig. 1 clearly demonstrate that TSDW

is monotonically suppressed with increasing pressures up to
2.6 GPa. To study what happens at higher pressures, we per-
formed measurements in a Bridgman anvil cell (BAC) on two
distinct samples (data displayed in Fig. 2). These data have
been normalized by their values at 200 K, which are plotted
in the insets of Fig. 2 as a function of pressure. Features as-
sociated with SDW order are also observed in these data at
the lowest pressures, but are much broader and less distinct
than the analogous features in Fig. 1, which is likely a con-
sequence of the quasi-hydrostaticity of the BAC measurement
technique. Despite this experimental detail, a clear and con-
sistent picture emerges when we consider the data in Figs. 1
and 2, wherein SDW order appears to be suppressed with ap-
plied pressure. The suppression of SDW order has also been
seen in studies of polycrystalline samples of LaFeAsO under
similar conditions.17

For temperatures above TSDW and TST , the
semiconducting-like temperature dependence of the electrical
resistivity of our samples can be fit using an Arrhenius law to
estimate the energy gap ∆ as a function of pressure. Along
with the systematic suppression of TSDW , the estimated
gap decreases with increasing pressure as shown in Fig. 3.
Studies of this kind have been performed on single crystals
of LaMnPO wherein the pressure at which ∆ reaches zero
coincides with the emergence of metallic behavior.32 Our
study shows a similar suppression of ∆. The energy gap
calculated from data taken in the nearly-hydrostatic cell
extrapolates linearly to approximately 6 GPa; unfortunately,
this pressure is beyond the limit of the piston cylinder cell.
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FIG. 3: Electrical resistivity ρ plotted as ln(ρ) vs. 1/T . A linear fit

to the data above the spin-density wave ordering temperature TSDW

shows that an Arrhenius law, ln(ρ) ∝ (∆/2kBT ), may be used to

estimate the energy gap ∆. The inset shows ∆ for the samples mea-

sured in a piston-cylinder cell (PCC) (black solid circles), Bridgman

anvil cell (BAC) (blue solid squares), and diamond anvil cell (DAC)

(red solid triangles). The PCC results show a steady suppression of

∆(P ) which extrapolates linearly to ∆ = 0 meV near 6 GPa. The

results from the BAC and DAC measurements suggest ∆ = 0 meV

at pressures near 10 GPa.

However, electrical resistivity measurements performed
under quasi-hydrostatic pressure suggest that the energy gap
vanishes near 10 GPa, which is consistent with the change
in behavior of our single crystals from semiconductor-like to
metallic behavior in those measurements. This can be seen
in the data from measurements in a BAC (Fig. 2) as well
as a DAC (Fig. 4). First principles calculations suggest the
electronic density of states increases near 10 GPa, consistent
with the transition to metallic behavior seen in our data.33

There are certainly considerable errors involved with esti-
mating ∆ by this method, and significant pressure gradients
can develop during measurements utilizing a solid pressure
medium, as in the BAC and DAC. Both of these issues prob-
ably play a role in producing the discrepancies in the ∆(P )
values we obtain from measurements of LaFeAsO in nearly-
hydrostatic and quasi-hydrostatic environments. However, de-
spite the presence of some quantitative discrepancies, we ob-
serve a systematic suppression of the energy gap in data from
measurements using all three techniques.

Electrical resistivity data collected using a DAC can be seen
on a semi-log plot in Fig. 4. A crossover to a metallic tem-
perature dependence occurs near 10 GPa as observed in the
Bridgman cell data shown in Fig. 2. Additionally, we de-
tected a low-temperature reduction in scattering reminiscent
of the onset of superconductivity in the BAC data. Similar be-
havior has been observed in other studies where the onset of a
superconducting transition attains values as high as 21 K at 29
GPa.17,34,35 While we did not observe a complete transition to
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zero resistance nor a systematic change in the temperature of
the downturnTD, we note that other studies on polycrystalline
samples observed an incomplete low-temperature downturn at
1.5 GPa.17 A full transition was observed only at 12 GPa us-
ing a cubic anvil cell, but not otherwise. This may suggest that
higher pressures, or improved hydrostaticity could produce a
full superconducting transition in our samples. Additionally,
it is possible that polycrystalline samples studied previously
contained oxygen deficiencies in the grain boundaries leading
to incomplete transitions. Another study on single crystals
grown from a KI flux revealed a low temperature downturn
in electrical resistivity near 11 K.20 Magnetization data sug-
gested that this was related to a transition from AFM to FM
order; however, the mechanism by which the application of
pressure might induce such a magnetic transition in our sam-
ples is not clear.

The electrical resistivity data in Fig. 4 exhibit a feature at
temperatures T ∗ above TSDW that increases systematically
with increasing pressure. The inset for Fig. 5 also clearly
shows the evolution of T ∗ as pressure increases. A linear
fit of T ∗(P ), extracted from Fig. 4, yields dT ∗/dP ∼ 1.8
K/GPa. In an effort to understand the origin of this feature
at T ∗, we considered whether it may be identified as TST .
A study of the thermal expansion of polycrystalline samples
of LaFeAsO shows a feature in the coefficient of thermal ex-
pansion that corresponds to the structural transition at TST .21

We are able to make a rough estimate of dTST /dP using the
Ehrenfest relation and the magnitudes of the jumps at TST in
measurements of specific heat18 and the coefficient of thermal
expansion,21 and obtain a result on the order of 103 K/GPa.
This result is considerably larger than the observed behavior
for dT ∗/dP , but they both share a positive pressure depen-
dence. It is worth noting that our estimate of dTST /dP using
the Ehrenfest relation is based on a mixture of results from
both single crystals and polycrystalline samples; it would be
more meaningful to perform a calculation of dTST /dP us-
ing jumps in data for the specific heat and the coefficient of
thermal expansion that were measured on the same sample.
X-ray diffraction measurements under applied pressure could
be used to determine the boundary of the structural phase tran-
sition directly, and these experiments are currently underway.
We note that a feature at T ∗ is not evident in the measurements
performed in the piston-cylinder cell or the Bridgman anvil
cell as shown in Fig. 1 and Fig. 2, respectively, even at simi-
lar nominal pressures. This is possibly a consequence of the
varying degrees of hydrostaticity inherent in each technique.
The measurements made using the PCC technique are signif-
icantly more hydrostatic than those made using steatite as a
pressure transmitting medium (BAC and DAC techniques). In
the DAC, the sample is compressed between quasi-hydrostatic
solid steatite and a diamond anvil; in this environment the
sample is likely to be substantially more strained than in the
BAC.

A temperature-pressure phase diagram summarizing the re-
sults of this study is presented in Fig. 6. The phase di-
agram clearly shows the suppression of TSDW with pres-
sure up to 6 GPa, the low temperature downturn at TD ob-
served in the electrical resistivity measurements under quasi-

FIG. 4: Electrical resistivity ρ vs. temperature T measured using a

diamond anvil cell from 2.6 GPa to 36.7 GPa. A metallic state is

clearly induced near 11.5 GPa. We also note the evolution of a high-

temperature feature at a temperature denoted as T ∗. The inset shows

ρ(T ) data normalized to their values at 25 K for measurements under

applied pressure P ≥ 21.2 GPa. A sharp low-temperature downturn

is observed in each case.

hydrostatic pressure, and the feature at T ∗ observed in the
DAC measurements. The suppression of TSDW with pressure
appears to be linear up to ∼ 6 GPa, which is in contrast to
the positive curvature observed in the study on polycrystalline
samples.17

The linear extrapolation of TSDW to zero temperature, as
shown in Fig. 6, assumes that the phase transition remains
second order for all pressures. It is important to note that we
were unable to resolve a feature associated with SDW order
in Bridgman anvil cell data for pressures higher than ∼ 5 GPa
(see Fig. 2). This could simply reflect the quasi-hydrostatic
character of the pressure medium in those measurements and
may mean that the feature has just broadened and is more dif-
ficult to resolve; however, given our results, we are not able
to rule out the possibility that SDW order terminates in a first-
order phase transition at some pressure higher than ∼ 6 GPa
as happens in LaFeAsO1−xFx at x = 0.05.3

It is interesting that the suppression of ∆(P ), shown in
the inset of Fig. 3, appears to correlate with the suppres-
sion of TSDW (TSDW extrapolates linearly to 0 K near 8 -
10 GPa) as this would suggest that the semiconducting-like
behavior is likely an intrinsic quality of the as grown sam-
ples. The pressure range within which LaFeAsO evolves
from semiconducting-like to a metallic temperature depen-
dence appears as a grey region, which clearly distinguishes
between the suppression of the SDW order at lower pres-
sure and the emergence of the low-temperature downturn at
higher pressures. This temperature-pressure phase diagram
for single crystals of LaFeAsO is distinct from the phase dia-
gram obtained from measurements on polycrystalline samples
wherein superconductivity appears to emerge before SDW or-
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FIG. 5: The first derivative of the electrical resistivity ρ with respect

to temperature T , dρ/dT vs T , measured in a diamond anvil cell.

The dρ/dT data reveal a feature corresponding to spin-density wave

order as well as an unexpected feature at higher temperature T ∗. The

inset emphasizes the feature at T ∗ in the data measured under applied

pressures from 11.5 GPa to 36.7 GPa. It is clear that T ∗ increases

with increasing pressure.

der is completely suppressed,17 and suggests a strong compe-
tition between the conditions giving rise to SDW order and the
possible superconducting phase which emerges at TD.

The current experiment provides some insight into the in-
terrelation between superconductivity and magnetism in the
LnFeAsO compounds, in particular, and Fe-pnictide com-
pounds, in general. The substitution of elements such as F for
O (or introduction of O vacancies), Th for Ln, and Co for Fe in
LnFeAsO (Ln = lanthanide) compounds dope the FeAs layers
with electrons, suppress the SDW, and induce superconductiv-
ity with relatively high superconducting critical temperatures
Tc ranging from ∼ 27 K for LaFeAsO to ∼ 56 K for Sm-
FeAsO. For F substitution in LaFeAsO, the suppression of the
SDW with F composition appears to be an abrupt first order
transition in which the SDW region abuts the superconducting
region with no overlap between the SDW and superconduct-
ing phases.36 The chemical substitutions also produce disor-
der, but this has little effect on the superconductivity, which
persists over a large range of F composition with a high value
of Tc. In contrast, in the experiments on the LaFeAsO sin-
gle crystals reported herein, the suppression of TSDW with
pressure is nearly linear and, presuming it remains of second
order, extrapolates to a putative SDW quantum critical point
(QCP) in the vicinity of 10 GPa. As noted above, the suppres-
sion of the energy gap ∆ with pressure also extrapolates to 0
K in the vicinity of 10 GPa, above which metallic behavior is
observed. Thus, it seems surprising that there is no evidence
for superconductivity above 1 K, the low temperature limit of
the present electrical resistivity measurements, near or above
the critical pressure ∼ 10 GPa where TSDW and ∆ are sup-
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summarizing the results of this study. TSDW denotes the tran-

sition temperature of the spin-density wave order, while the low-

temperature downturn, seen in the electrical resistivity data under

high applied pressure, occurs at TD. T ∗ separates regions where

semiconducting-like behavior is observed for electrical resistivity

(dρ/dT < 0) from regions where metallic behavior (dρ/dT > 0)

is observed. The dashed line is a guide to the eye indicating the

expected linear suppression of TSDW to T = 0 K assuming the

transition remains of second order for all pressures.

pressed toward 0 K. As noted above, high values of Tc ≈ 27 K
are achieved when the FeAs layers are doped with electrons by
the F, O vacancy, Th, and Co substituents when their concen-
trations are sufficiently large to suppress the SDW. While the
application of pressure closes the energy gap ∆ in LaFeAsO,
the charge carrier density in the resultant metallic state is ap-
parently not large enough to induce high Tc superconductivity.
Although the SDW transition is suppressed upon the applica-
tion of pressure at a putative QCP near 10 GPa, the quantum
fluctuations of the magnetic order parameter in the vicinity
of the SDW QCP do not produce high Tc superconductivity in
LaFeAsO. Interestingly, there are many examples of Ce-based
heavy fermion f -electron compounds37–40 in which supercon-
ductivity and non-Fermi liquid behavior in the normal state
properties are observed near the critical pressure where AFM
is suppressed toward 0 K (AFM QCP) which have been at-
tributed to magnetic order parameter fluctuations. Electronic
structure calculations may provide some insight into the dif-
ferences in the effects of electron doping of the FeAs layers
through chemical substitution and the application of pressure
on the superconducting and normal state physical properties
of LaFeAsO.

While there are very small down turns in the electrical re-
sistivity of the LaFeAsO single crystals that occur above the
presumed SDW QCP at ∼ 12− 15 GPa and are suggestive of
the onset of superconductivity, the superconductivity would
have to be associated with minute amounts of filaments of a
superconducting phase, since the filaments would otherwise



6

form a complete circuit and lead to a sharp drop of the electri-
cal resistivity to zero.41,42 If these features are indeed due to
filaments of a superconducting phase, it is not clear whether
the phase is intrinsic or extrinsic.

In contrast, the experiments of Okada et al. [17] on poly-
crystalline samples of LaFeAsO under applied pressure indi-
cate that superconductivity is induced under pressure in a wide
dome with a maximum Tc of ∼ 22 K at about 12 GPa. How-
ever, the resistive transitions are very broad and the electrical
resistivity only drops to zero at 12 GPa. In the polycrystalline
sample of LaFeAsO, for which TN ≈ 150 K, the depression
of TN is linear up to ∼ 2 GPa and extrapolates to 0 K near 11
GPa. Above ∼ 2 GPa, the Tc(P ) curve bends away from this
linear behavior with positive curvature and drops to a value of
∼ 80 K near 13 GPa, above which the SDW transition is no
longer discernable in the resistivity measurements and without
any indication of a QCP. This behavior of the polycrystalline
samples may be due to their granular and inhomogeneous na-
ture and oxygen deficiency at the grain boundaries, where the
latter could be the source of the superconductivity, which only
occupies a small volume of the sample. More extensive stud-
ies of both polycrystalline and single crystal specimens under
pressure will be needed to achieve an understanding of these
differences.

IV. CONCLUDING REMARKS

We have measured the electrical resistivity of single-
crystalline samples of LaFeAsO under applied pressures up
to ∼ 36.7GPa. The feature in the electrical resistivity asso-
ciated with the onset of SDW order in these single-crystalline
samples is more clearly resolvable under pressure compared
to previous studies on polycrystalline samples. We observe a
clear suppression of the SDW ordering temperature with pres-
sure, with TSDW extrapolating linearly to zero near 8 GPa
(nearly hydrostatic measurements) or 10 GPa (Bridgman anvil
cell measurements). Similar to some other reports on sin-
gle and polycrystalline samples2,19,20, the samples measured
in this study exhibit a negative dρ/dT over a broad temper-
ature range. By fitting the temperature-dependent electrical
resistivity at each pressure, we have estimated the energy gap
associated with the semiconducting-like behavior and found
that ∆(P ) decreases under applied pressure. For the measure-
ments taken under nearly hydrostatic conditions, ∆ extrapo-
lates to zero at 6 GPa. The semiconducting-like temperature
dependence of the electrical resistivity at low pressure evolves
into metallic behavior where dρ/dT > 0 near 10 GPa. The
suppression of the SDW order, followed by the closing of the
gap, and the transition to a metallic electrical resistivity is not
accompanied by the appearance of bulk superconductivity; al-
though, small downturns in the electrical resistivity, consistent
with filamentary superconductivity, do appear in this pressure
range. One explanation is that the slight downturns in elec-
trical resistivity are associated with the superconductivity of
small oxygen-deficient regions in the crystals. The supercon-
ductivity previously reported for polycrystalline samples of
LaFeAsO under pressure could also be the result of oxygen-

deficient regions of the sample, since it is known that oxygen
deficiency gives rise to superconductivity in this material.

Preliminary X-ray diffraction measurements under pressure
on polycrystalline samples of LaFeAsO show no structural
phase transition from orthorhombic to tetragonal symmetry at
18 K up to 30 GPa.43 The absence of a structural phase bound-
ary appears to indicate a decoupling of TST from TSDW ,
which is distinct from the case for fluorine substitution studies
where the structural phase transition and SDW order remain
closely coupled until the abrupt emergence of superconduc-
tivity. More comprehensive X-ray diffraction measurements
on single crystals of LaFeAsO to track TST as a function of
applied pressure would be very useful and are currently being
carried out.
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13 R. Pöttgen and D. Johrendt, Z. Naturforsch. B 63b, 1135 (2008).
14 J. Paglione and R. L. Greene, Nature Physics 6, 645 (2010).
15 J. Zhao, Q. Huang, C. de la Cruz, S. Li, J. W. Lynn, Y. Chen,

M. A. Green, G. F. Chen, G. Li, Z. Li, et al., Nat. Mater. 7, 953

(2008).
16 S. Kitagawa, T. Iye, Y. Nakai, K. Ishida, C. Wang, G.-H. Cao, and

Z.-A. Xu, J. Phys. Soc. Jpn. 83, 023707 (2014).
17 H. Okada, K. Igawa, H. Takahashi, Y. Kamihara, M. Hirano,

H. Hosono, K. Matsubayashi, and Y. Uwatoko, J. Phys. Soc. Jap.

77, 113712 (2008).
18 C. A. McElroy, J. J. Hamlin, B. D. White, M. A. McGuire, B. C.

Sales, and M. B. Maple, Phys. Rev. B 88, 134513 (2013).
19 J. Q. Yan, S. Nandi, J. L. Zarestky, W. Tian, A. Kreyssig,

B. Jensen, A. Kracher, K. W. Dennis, R. J. McQueeney, A. I.

Goldman, et al., Appl. Phys. Lett. 95, 222504 (2009).
20 A. Jesche, F. Nitsche, S. Probst, T. Doert, P. Müller, and M. Ruck,

Phys. Rev. B 86, 134511 (2012).
21 R. Klingeler, L. Wang, U. Köhler, G. Behr, C. Hess, and
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