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The discovery of superconductivity with Tc ) 26 K in F-doped
LaFeAsO1 has led to syntheses of a series of new FeAs-based supercon-
ductors, such as F-doped REFeAsO (RE ) rare-earth)2-8 and K-doped
AFe2As2 (A ) alkaline-earth).9-11 The highest Tc achieved to date is 56
K in Th-doped GdFeAsO.8 The crystal structure of this new system is
composed of a stack of alternating REO (or A) and FeAs layers in which
the FeAs layers take responsibility for superconductivity whereas the REO
(or A) layers act as charge reservoirs. Such a sandwich structure is very
similar to that of the high-Tc cuprates. However, in contrast to the cuprates,
in which charge carriers must be introduced into the system through
chemical doping in the charge-reservoir layers, in the FeAs-based
compounds electrons can be directly doped into the conduction layers by
partially replacing Fe with Co or Ni.12-15 This has led to the discovery
of new superconductors such as LaFe1-xCoxAsO,12 BaFe2-xCoxAs,13

SmFe1-xCoxAsO,14 etc.
Although different 3d transition metals, such as Cr, Mn, Co, Ni, Cu,

etc., have been studied as dopants for Fe in the FeAs-based compounds,15

only Co and Ni are able to induce superconductivity. Therefore, it would
be interesting to know whether other transition metals, especially 5d
transition metals, which are usually nonmagnetic, can induce supercon-
ductivity when they are doped for Fe in the FeAs-based compounds. Here
we report that the Ir-doped SmFeAsO system is a new superconductor
with Tc ) 16 K. In contrast to the Co-doping effect, which reduces the
length of only the c axis while keeping the a axis nearly unchanged in the
FeAs-based compounds, Ir doping in SmFeAsO significantly lengthens
the a axis while reducing the length of the c axis.

Polycrystalline samples with a nominal composition of SmFe1-xIrxAsO
were prepared by a solid-state reaction of SmAs (99.9%), Fe (99.99%),
Ir (99.99%), and Fe2O3 (99.9%). SmAs was obtained by reacting Sm
pieces and As powders at 500 °C for 15 h and then 900 °C for 12 h.
Powders of the raw materials were mixed well and then pressed into pellets
in an inert atmosphere inside a glovebox. The pellets were wrapped with
Ta foil, sealed in an evacuated quartz tube, and then annealed at 1150 °C
for 36 h in an Ar atmosphere.

The crystal structure was studied by powder X-ray diffraction (XRD)
using an X’Pert MRD diffractometer with Cu KR radiation. The samples
in this study were pure phases, except for those with x ) 0.14, 0.33, 0.4,
and 0.5, in which trace amounts of impurities were observed. Lattice
constants and structure information were obtained from Rietveld refine-
ments against the XRD data. The microstructure and composition of the
sample were analyzed using scanning electron microscope (Quanta 200,
FEI) equipped with an energy-dispersive spectroscopy (EDS) instrument.
All of the samples showed a uniform microstructure and composition
distribution. The Ir doping concentration was found to be close to the
nominal one. DC magnetization was measured with a SQUID magne-

tometer (MPMS, Quantum Design), and resistivity measurements were
performed with a physical property measurement system (PPMS, Quantum
Design).

Typical X-ray diffraction patterns for SmFe1-xIrxAsO with Rietveld
fits are displayed in Figure 1. All of the samples show a tetragonal
ZrCuSiAs-type structure, with lattice constants a ) 0.3936(9) nm and c
) 0.8503(7) nm for the undoped SmFeAsO sample. A clear shrinkage of
the lattice constant c with increasing Ir content was observed. Meanwhile,
the lattice constant a increased (Figure 1a, inset). The shrinkage of c is
very similar to that observed in the Co-doped FeAs-based compounds.
For example, at a doping level of 10 atom %, ∆c/c (where ∆c is the change
in the lattice constant c; ∆a is defined similarly) is about -0.55% for the
present system, which is close to the values of -0.4% for Co-doped
BaFe2As2

13 and -0.5% for Co-doped CaFeAsF.16 However, the signifi-
cant increase in a (∆a/a ) 0.23%) contrasts sharply with the values of
0.01 and 0.08% for Co-doped BaFe2As2 and CaFeAsF, respectively.13,16

Detailed structure information obtained from Rietveld refinements shows
that Fe-As bond length in the FeAs layers is slightly stretched by Ir
doping, but at the same time, the As-Fe-As bond angle, �, in the FeAs4

tetrahedral clusters decreases (Figure 1b, inset), which contributes signifi-
cantly to the increase in a. The change in � seen here is different from
that for systems with doping of the charge reservoir layers (REO layers),
where � increases with doping level.17 Further work is required to fully
explore the mechanisms behind this difference.

Figure 2 shows the temperature dependence of the dc magnetization,
M, for SmFe1-xIrxAsO samples in a magnetic field of 10 Oe in zero-
field-cooling (ZFC) mode. To demonstrate the bulk superconductivity,
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Figure 1. Powder XRD patterns of SmFe1-xIrxAsO (+) and Rietveld fits
(solid lines) for (a) x ) 0 and (b) x ) 0.15. The insets show (a) the lattice
constants a and c and (b) the Fe-As bond length and As-Fe-As bond
angle, �, vs Ir content, x.
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the sample with x ) 0.15 was also measured in field-cooling (FC)
mode. The undoped SmFeAsO is nonsuperconducting down to 5 K,
as expected. The sample with x ) 0.05 begins to show a supercon-
ducting transition at ∼8 K. The superconductivity transition shifts to
higher temperatures with increasing Ir content, reaching a maximum
value of ∼16 K at x ) 0.15. However, the superconductivity is
gradually suppressed with further increases in Ir content and vanishes
at x ) 0.25. The bulk feature of the superconductivity is demonstrated
by the very striking Meissner effect for the x ) 0.15 sample in the dc
magnetization measured in FC mode. The volume fraction of the
superconducting phase estimated from the susceptibility is ∼60% at
5 K.

The superconductivity of the SmFe1-xIrxAsO system is further con-
firmed by the temperature dependence of the resistivity, F, as shown in
inset of Figure 2. For the x ) 0.15 sample, the value of Tc [defined as the
temperature where the value of F decreases to half that at the onset
transition temperature (Tonset ) 17.3 K)] is 16 K, which is slightly higher
than those of Co-doped LaFeAsO (13 K)12 and SmFeAsO (15 K).14

Besides the superconducting transition, the SmFe1-xIrxAsO system also
shows a resistive anomaly, as observed in other FeAs-based compounds.1-11

As shown in Figure 3, the anomaly at Tanom ) 155 K in the undoped
sample is significantly suppressed by Ir doping. Tanom drops to 36 K at x
) 0.05 and totally vanishes for x g 0.1. Tmin is also observed to exist in
the F-T curves for all of the samples with x < 0.25, which is a peculiar
feature for this type of high-temperature superconductor. The inset of
Figure 3 summarizes Tanom, Tmin, and Tc as functions of x, demonstrating
the phase diagram of the SmFe1-xIrxAsO superconducting system. It is
worth noting that the phase diagram of the SmFe1-xIrxAsO superconduct-
ing system is very similar to those of Co-doped FeAs-based compounds,16

although Ir is a nonmagnetic 5d transition metal. The results indicate an
alternative route to search for new superconductors in the FeAs-based
compounds through chemical doping at the Fe site with a wide range of
elements.

In summary, the electrical conductivity and magnetization measure-
ments demonstrate that Ir doping is effective in inducing superconductivity
in SmFeAsO by partially replacing Fe. The Tc value changes with Ir doping
level, reaching a maximum value of 16 K at ∼15 atom %. Ir doping
decreases the As-Fe-As bond angle, �; this behavior is different from
the change in � for the system with doping charges in the charge-reservoir
layers.
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Figure 2. Temperature dependence of the dc magnetization for SmFe1-xIrxAsO
samples measured at 10 Oe in ZFC mode. The data obtained in FC mode is also
presented for the x ) 0.15 sample to demonstrate the Meissner effect. The
superconducting transition can be seen in the samples with 0.05 e x e 0.2. The
inset shows the resistive transition for typical samples. The resistivity, F, is
normalized to its value at 30 K. The determination of Tc and Tonset is illustrated.

Figure 3. F-T plot for SmFe1-xIrxAsO samples, in which F is normalized to its
value at 300 K. The inset shows Tc, Tanom, and Tmin as functions of Ir content.
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