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Superconductivity at 55K in Iron-Based F-Doped Layered Quaternary
Compound Sm[O1−xFx]FeAs ∗
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We report the superconductivity in iron-based oxyarsenide Sm[O1−xFx]FeAs, with the onset resistivity transition
temperature at 55.0K and Meissner transition at 54.6K. This compound has the same crystal structure as
LaOFeAs with shrunk crystal lattices, and becomes the superconductor with the highest critical temperature
among all materials besides copper oxides up to now.

PACS: 74. 10.+v, 74. 70.−b

The equiatomic transition metal quaternary oxyp-
icnides have been studied for a long time.[1,2] Some Fe-
and Ni-based oxypicnides have been found to be super-
conducting at low temperatures recently,[3,4] and the
very recent discovered F-doped La[O1−xFx]FeAs with
a superconducting critical temperature Tc = 26K,[5]

is of great interest because of its higher Tc, layered
structure and iron-containing character. The later ex-
periments with the replacement of La by other rare
earth elements, such as Sm, Ce, Pr, and Nd,[6−9]

has put this class to another high-Tc family of su-
perconductors above 50K. All these arsenide (includ-
ing phosphide) superconductors have been formed in
the same tetragonal layered structure with the space
group P4/nmm that has an alternative stacked Fe-
As layer and Re-O (Re = rare earth metals) layer,
and Tc is observed to be increased by the smaller
rare earth substitution with shrunk crystal lattice.
In this Letter, we report our new results on the
samarium-arsenide Sm[O1−xFx]FeAs synthesized un-
der high pressure, with a resistivity onset Tc of 55.0K,
which is the highest among all materials besides cop-
per oxides up to now.

The superconducting Sm[O1−xFx]FeAs samples
were prepared by a high-pressure (HP) synthesis
method.[9] SmAs powder (pre-sintered) and As, Fe,
Fe2O3, FeF2 powders (the purities of all starting
chemicals are better than 99.99%) were mixed to-
gether according to the nominal stoichiometric ra-
tio of Sm[O1−xFx]FeAs, then ground thoroughly and
pressed into small pellets. The pellets were sealed in
boron nitride crucibles and sintered in a high pres-
sure synthesis apparatus under the pressure of 6GPa
and temperature of 1250◦C for two hours. Com-
pared with the common vacuum quartz tube synthe-
sis method, the HP method is more convenient and

efficient for synthesize gas-releasing compound with
super-high pressure-seal. The structure of the samples
was characterized by powder x-ray diffraction (XRD)
analysis on an MXP18A-HF type diffractometer with
Cu Kα radiation from 20◦ to 80◦ with steps of 0.01◦.

Fig. 1. X-ray powder diffraction pattern of the nominal
Sm[O0.9F0.1]FeAs compound; the vertical bars correspond
to the calculated diffraction intensities.

The XRD patterns indicate that all the samples
have a main phase of LaOFeAs structure with some
impurity phases, and the impurity phases have been
determined to be the known oxides, arsenides, and flu-
orides that were formed by starting chemicals, which
do not superconduct at the measuring temperature.
Here we note that because of the inevitable loss of flu-
orine either by HP synthesis or ambient pressure syn-
thesis, the real F-doped level is much smaller than the
nominal one, and therefore the impurity phases always
exist due to the unbalance of the stoichiometry for the
nominal phase. The lattice parameters for all the sam-
ples are calculated by the least-square fit method with
|δ2θ| < 0.01◦. For the undoped SmOFeAs, the lattice
parameters a = 3.933(5) Å, c = 8.495(4) Å,
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while all superconducting samples have smaller lat-
tices; for the nominal Sm[O0.9F0.1]FeAs, a =
3.915(4) Å and c = 8.428(7) Å. This result is different
from the previous reported data where the crystal lat-
tice was enlarged by F-doping[6] while consistent with
all reports on other rare earth substitutions, and indi-
cates the covalent character of the intra-layer chemical
bonding due to the smaller covalent radius of fluorine
than oxygen.

Fig. 2. Temperature dependence of resistivity for the un-
doped SmOFeAs and the Sm[O0.9F0.1]FeAs superconduc-
tor.

Fig. 3. Temperature dependence of the dc susceptibil-
ity and differential ZFC curve for the Sm[O0.9F0.1]FeAs
superconductor.

The dc resistivity was measured by the standard

four-probe method. The results for the HP sample
with a nominal composition of Sm[O0.9F0.1]FeAs and
an undoped SmOFeAs sample (sintered in sealed vac-
uum quartz tube) are shown in Fig. 2. The resistiv-
ity of SmOFeAs shows an anomaly at 150K, which
is similar to that of other ReOFeAs compounds that
reported previously,[5,7] and this anomaly was con-
firmed to be caused by the occurrence of spin density
wave instability.[12] For Sm[O0.9F0.1]FeAs, the tem-
perature of the onset resistivity transition was found
to be at 55.0K and the zero resistivity appeared at
52.6K, which is higher than that of Pr[O1−xFx]FeAs
and Nd[O1−xFx]FeAs, and then becomes the highest
among all superconducting materials besides copper
oxides. As Sm has a smaller covalent radius comparing
with La, Ce, Pr and Nd, the inner chemical pressure
caused by the shrinkage of crystal lattice is thought
of as an important factor to enhance Tc,[10] as pro-
posed in a theoretical calculation in Ref. [11], where
it was indicated that Tc may be enhanced by the in-
crease of hopping integral, which can be achieved by
the shrinkage of the lattice.

The magnetization measurements were performed
on a Quantum Design MPMS XL-1 system during
warming cycle under fixed magnetic field after zero
field cooling (ZFC) and field cooling (FC) process.
The dc susceptibility data (measured under a mag-
netic field of 1Oe) are shown in Fig. 3. The sharp
magnetic transitions on the dc susceptibility curves in-
dicate the good quality of this superconducting com-
ponent. The onset diamagnetic transition starts at
54.6K, and the 10% and 90% transitions on the ZFC
curve are at 52K and 50.6K, respectively, with the
middle of this Meissner transition at 51.5K. For this
class with much smaller rare earth substitution, higher
Tc might be expected, whereas samples with clear
phase of the same structure are still absent.
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