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ABSTRACT: A new iron-base superconductor SmFFeAs is
synthesized via solid-state metathesis reaction by using SmFCl
and LiFeAs as precursors. The compound crystallized in the
tetragonal ZrCuSiAs-type structure with the space group P4/
nmm and lattice parameters of a = 3.9399(0) A and ¢ =
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8.5034(1) A. The superconducting diamagnetic transition
occurs at 56 K for the parent compound, which confirmed by
the resistivity and magnetic susceptibility. The appearance of
superconductivity without extrinsic doping could be ascribed to
the self-doping owing to the mixed valence of Sm ions. The as-
synthesized SmFFeAs serves as a new self-doped parent
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compound for oxygen-free high-critical-temperature (high-T.) superconductors.

B INTRODUCTION

Since the discovery of iron-arsenide superconductors (FeSCs),
enormous impetus has been provided in the field of high-
critical-temperature (high-T.) superconductivity. In 2008,
Kamihara et al. reported superconducting transition in the
lanthanum-arsenide compound LaOFeAs (1111-type) by F-
doping.' It was found that T, changed with F content,
exhibiting a maximum T, = 26 K at a F~ content of 11 at. %.
Subsequently, the T, rapidly increases to above the theoretical
value (39 K) predicted by McMillan” in the LnFeAsO,_F,
(Ln = rare-earth elements) family. With the partly F-doping in
the SmFeAsO,_.F,(x = 0.15), Chen et al. first reported that
the new iron-based superconductors with the onset T, of 43 K
was obtained at ambient pressure.’ After that, Zhao et al.
discovered bulk superconductivity with the onset T, value of
>50 K in the LnFeAsO,_,F, family*~° by a high-pressure (HP)
synthesis method with replacing the La by other light rare-
earth elements, such as Pr, Nd, Sm, etc. And, instead of
chemical doping, Zhao et al. also succeeded in synthesizing the
LnFeAsO,_; superconductors””* with better superconductivity.
Although these undoped iron arsenide (LnOFeAs) compounds
do not exhibit superconductivity, previous works have shown
that doping of electrons or holes can effectively induce
superconductivity in this system. It is worth mentioning that all
the aforementioned compounds are built up by almost
identical Fe,As, layers serving as a carrier conduction path,
which are sandwiched between the insulating Ln,O, layers.
Moreover, experimental observations and theoretical studies
suggest that the increase in T . can be realized as a result of
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charge carriers doping in the two-dimensional electronic
structure through ion substitution in the surrounding
insulating layers.” Very recently, the quaternary fluoroarsenide
AeFeAsF (Ae = Sr, Ca, etc.) has also been intensively studied
as candidates for further exploration of high-T. super-
conductors.'*™"* Through partial element substitution, the
anomaly in resistivity, which is ascribed to the formation of a
SDW order or a structural transition, was suppressed, which is
similar to that observed in LnOFeAs and MFe ,As,
systems." "7

According to the above-mentioned studies, much effort has
been done to understand the role of the modulation of the
interactions to the superconductivity which occurs in iron-
based systems upon suitable chemical doping of certain
elements at the O or AE sites. Partial doping is likely the
mostly common approach to obtain high-T. superconductors.
However, the doping process is always performed by using
classic solid-state reactions, which require harsh experimental
conditions including high temperature and high pressure, as
well as long reaction time. It is still very difficult to obtain the
pure target phase, because of the multiple raw materials.
Besides, as indicated in the systems of LnOFeAs and AeFeAsF,
superconductivity can indeed be introduced by doping, but
overdoping would lead to the increase of impurities and the
collapse of the structure,">"® which will lead to the absence of
superconductivity. Therefore, it is worth exploring new

Received: August 16, 2019

DOI: 10.1021/acs.inorgchem.9b02464
Inorg. Chem. XXXX, XXX, XXX—XXX


pubs.acs.org/IC
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.inorgchem.9b02464
http://dx.doi.org/10.1021/acs.inorgchem.9b02464

Inorganic Chemistry

compounds with high T, by modifying the composition and
reaction method in the future work.

Indeed, there are a few parent iron-based materials that
exhibit superconductivity without extrinsic doping. The typical
compounds are (i) AFe,As,(A = Na, K, Rb and Cs)
(122),"7** (ii) AeAFe,As, (Ae = Ca, Sr, Eu; A = K, Rb,
Cs) (1144),”7*° (iii) ACa,Fe,As,F, (A = K, Rb, Cs)
(12442),*7 (iv) Sr,VO,FeAs (21311),*® (v) Ba,Ti,Fe,As,O
(22241),” and (vi) LnOFeP (Ln = La, Sm, Nd, Pr)*>*" and
ThNFeAs (1111),”> which have been studied intensively.
However, among the 1111-type iron-based compounds, only
these two types of hosts without extrinsic doping LnOFeP and
ThFeAsN exhibit superconducting properties. And previously
reported studies'”'* on AeFeAsF were limited to the cases of
Ae being a divalent alkaline-earth element, while systems with
divalent rare-earth elements have not been studied further.
These results give us inspiration that further work is needed to
complete the system of self-doped 1111-type FeSCs and
investigate the mechanism of superconductivity.

Here, we report the synthesis of the new iron arsenide
fluoride SmFFeAs with tetragonal ZrCuSiAs-type structure,
which was obtained by totally substituting Sm,F, layers for
Sm,0, layers through the solid-state metathesis (SSM)
method,* instead of partial-doping method in the previous
work. Importantly, the as-prepared sample SmFFeAs exhibits a
T. of 56 K without deliberate doping. Following with the
LnOFeP and ThNFeAs, it can be inferred that the SmFFeAs
sample presents as a new self-doped 1111-type superconductor
that makes great contribution to the research of high-T iron-
based superconductor.

B EXPERIMENTAL SECTION

Synthesis. FeAs was synthesized by heating stoichiometric
mixtures of high-purity Fe powder (Aladdin, 99.95%) and As powder
(Aladdin, 99.95%) in sealed silica tube and then combined with
stoichiometric amounts of Li (Aladdin, 99.9%) to synthesize LiFeAs
by heating at 1073 K for 24 h. SmFCl was synthesized by heating the
mixture of Sm (Aladdin, 99.9%), SmCl, (Aladdin, 99.9%), and SmF,
(Aladdin, 99.99%) in a molar ratio of 1:1:1 at 873 K for 72 h in sealed
alumina. The synthesis of SmFFeAs was performed by heating the
mixture of LiFeAs and SmFCl in the molar ratio of 1:1, using the SSM
method. All of the precursors were well-homogenized, placed in
alumina crucibles, and then sealed in the silica tubes. The reaction
mixtures were heated to 1073 K and maintained at that temperature
for 48 h, followed by cooling to room temperature naturally. The co-
formed byproduct LiCl was removed from the sample by evaporating
at the reaction temperature. We applied annealing techniques in order
to obtain higher-quality samples. The as-synthesized sample was
treated at 773 K for 10 h in an evacuated quartz tube. All the sample
preparations were performed in the argon-filled glovebox to protect
the samples from oxygen.

Characterizations. The crystal structure of the sample was
characterized with a Philips X’pert X-ray diffractometer (Cu Ka
radiation, = 1.54182 A) in the 26 range of 10°—90° at room
temperature. The XRD data was analyzed by the Rietveld fitting
method using the GSAS suite. The morphology and structural
characterization were examined via scanning electron microscopy
(SEM) (Model S-4800), transmission electron microscopy (TEM)
(Model Talos F200X), and selected-area electron diffraction (SAED)
(Model Talos F200X). The surface chemical state was determined by
X-ray photoelectron spectroscopy (XPS) (Thermo ESCALAB
250Xi), using Al Ko radiation. Magnetization measurements were
performed with a vibrating sample magnetometry (VSM) system
(Quantum Design), operated in the magnetic field of 20 Oe and in
the temperature range of 4—200 K. The resistance data was collected

by using DC four-probe technique on the Physical Property
Measurement System (PPMS) (Quantum Design).

B RESULTS AND DISCUSSION

Figure 1 shows the XRD pattern and its Rietveld refinement
profile for the SmFFeAs sample. Table 1 lists the refined
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Figure 1. Rietveld refinement profile of the powder X-ray diffraction
(XRD) of SmFFeAs. Arrows indicate peaks due to impurity phase
FeAs. Asterisks indicate peaks due to impurity phase Fe,As. The inset
shows the crystal structure of SmFFeAs.

Table 1. Crystallographic Data of SmFFeAs at 300 K

parameter value

compound SmFFeAs

space group P4/nmm

a (A) 3.9399(0)

¢ (A) 8.5034(1)

c/a 2.1583

V (A%) 131.998 ()

R, (%) 4.07

R, (%) 3.20

Ve 1.913

As—Fe—As angle (degree) X 2 110.208(1)

As—Fe—As angle (degree) X 4 109.104(0)

hy® (A) 1.374
atom  Wyckoff  occupancy x y z Usso
Sm 2c 1.000 0.25 0.25 0.13781 0.0663
Fe 2b 1.000 0.75 0.25 0.5 0.0678
As 2c 1.000 0.25 0.25 0.66159 0.0680
F 2a 1.000 0.75 0.25 0 0.1248

“h,, represents the pnictogen height from the iron plane.

structural parameters. The crystal structure, phase purity, and
lattice constants of the as-prepared sample powders were
determined with the assistance of Rietveld refinement, using
the 1111-type structure model and the program GSAS. The
resultant reliability factor (RP) is 0.0320, R, = 0.0407, and Y
= 1.913, which proves the correctness and validity of the
refinement result. The main diffraction peaks of SmFFeAs can
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Figure 2. (a) SEM image, (b) TEM image, (c) SAED pattern, and (d) EDS spectrum of as-obtained SmFFeAs.

be well-indexed by the tetragonal structure with a = 3.9399(0)
A and ¢ = 8.5034(1) A. Only a small amount of impurity
phases FeAs and Fe,As are detected, which do not exhibit
superconductivity during the measuring temperature range and
will not cause interference in this study.>**° It is noted that the
SmFFeAs crystal is also composed of two functional sheets
alternately stacked along its c-axis direction, as shown in the
inset of Figure 1. The iron arsenide (FeAs)™ layers as the
electronically active planes are sandwiched by samarium
fluoride (SmF)* layers as the charge reservoir layers. Generally,
the change of ionic radius in crystal structure will lead to the
variation of cell parameters.”> Comparing the lattice
parameters between SmFFeAs and SrFFeAs, these two
compounds only differ in the ion species at the AE site of
AEFFeAs compounds and the ionic radius of Sm** (1.10 A) is
almost close to the value of Sr** (1.06 A). The g-axis and c-axis
of SmFFeAs are, respectively, 0.059 and 0.469 A smaller than
the counterparts of SrFFeAs'. The c-axis is decreased much
more (by 5.23%) than the a-axis (by 1.48%).

It could be summarized that the c-axis has a tendency to be
affected more significantly with the ion substitution at the AE
site, which has also been the similar case in the previous
work.*> Moreover, compared with the SrFFeAs, the contrac-
tion of c-axis indicates that the interlayer bonding is
strengthened, stabilizing the compound.29

In addition, the axial ratio c¢/a is also considered as an
important parameter to characterize the crystalline lattice. We
compare the ¢/a value of sample SmFFeAs with the [Ln,0,]-
based 1111-type iron arsenides (data points coincide at ¢/a =~
2.16) and [AE,F,]-based 1111-type iron arsenides (c/a =~
2.24),” respectively. Cao et al. proposed, on the basis of many
data, that the c/a values are closely related to the size of the
ionic radii of Z"~ (Z"~ = F~, O*). Here, we note that,
although the ionic radii Z"~ of SmFFeAs is same with the
AeFeAsF, the axial ratio ¢/a ~ 2.158 is similar to the value of
LnOFeAs.

The morphology and structural features were characterized
by SEM, TEM, and SAED. As illustrated in Figure 2a,
SmFFeAs exhibits a typical platelike layered structure. Layered

structures such as this provide the possibility and advantage of
intercalation. The size of the grains ranges from 1 gm to 3 ym.
Figure 2b shows a TEM image of SmFFeAs. The SAED
pattern of SmFFeAs in Figure 2c reveals a single-crystal
feature, which can be assigned to a tetragonal cell with a = b =
3.9399(0) A and ¢ = 8.5034(1) A. The diffraction spots are
indexed to (010), (011), and (001) crystal planes matching
well with the results of XRD pattern. Furthermore, the energy-
dispersive X-ray spectroscopy (EDS) is employed to
investigate the chemical composition of the as-obtained
SmFFeAs. As shown in Figure 2d, elemental Sm, Fe, As, and
F can be detected in the sample. The elemental O could be
ascribed to the adsorbed oxygen on the sample surface, while
the elemental Cu, C, and Cr would be ascribed to the sample
grid and specimen room.

The XPS spectra was evaluated to further confirm the
chemical states of the elements in the as-obtained SmFFeAs.
The high-resolution Sm 3d spectrum of the as-obtained
SmFFeAs is shown in Figure 3a. The two peaks with binding
energy (BE) values of 1071.8 and 1109.4 €V correspond to
Sm** 3dy/, and 3d,/, for SmFFeAs, respectively.’® On the
other hand, the peaks at 1082.6 and 1110.2 eV can be
associated with Sm*" 3ds,, and 3d3/2.36 The relative
concentration of Sm*" and Sm** was determined by calculating
area of split peaks from the Figure 3a. We noted that the Sm**
and Sm?* states are 69.95% and 30.05%, respectively. It could
speculate the coexistence of two valence states of Sm ions.
Besides, it is known that the bond valence sum (BVS) has been
used to determine the oxidation state of metal ions in solids.””
The bond length could be analyzed by the BVS formula S =
exp[(R, — R)/0.37], where each bond with a distance R
contributes to the value S with R, as an empirical parameter.
The total Sm-BVS calculated based on our measurement data
is 2.112 in good agreement with the expected Sm valency. In
Figure 3b, the two main peaks at 711.4 and 724.5 eV can be
referred to Fe** 2p;, and 2p,,, for SmFFeAs, respectively,
while 714.2 and 727.5 eV could be attributed to Fe** in the
impurity of FeAs and/or the sensitivity of sample to the air
during the transfer.*® Moreover, the peaks at 718.6 and 732.2
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Figure 3. XPS spectra for the (a) Sm 3d, (b) Fe 2p, (c) F 1s, (d) As 3d, and (e) O Is of the as-obtained sample SmFFeAs.

eV are ascribed to the satellite peaks of Fe?* 2p.*” As shown in
Figure 3¢, the peaks at 684.8 eV is assigned to F 1s of the Sm—
F bond.”” The peaks located at 41.1 and 41.7 €V are referred to
As*” 3ds), and 3d;), (in Figure 3d), respectively. The couple
peaks at 45.2/45.8 eV could be associated with the oxidation
states of arsenic, based on earlier study.*' Figure 3e shows the
binding energy of elemental O is 532.23 eV, corresponding to
the adsorbed oxygen during the testing process or hydroxides
with water contamination.*”** Compared with the doped
compounds SmFeAs(O, F) (as shown in Figure S1 in the
Supporting Information), it can be clearly seen that there are
no splits in the peak of elemental O, which demonstrates that
the as-obtained SmFFeAs is oxygen-free.

The temperature dependence of the magnetic susceptibility
for the SmFFeAs is illustrated in Figure 4. Obvious
diamagnetic signals are observed in both the field cooling
(FC) and zero field cooling (ZFC) curves. The sharp
superconducting transition at 56 K is quite higher than T, =
30 K for ThFeAsN** and T, = 4 K for LaOFeP.*® Note that
the upturn at <12 K could be ascribed to the small amount of
other magnetic impurities in the sample. The upturn behavior
is not caused by impurities FeAs and Fe,As, because these two
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—« FC
0.00f H=200e

-0.05¢
=
R

~-010¢
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Figure 4. Temperature dependence of magnetic susceptibility for the
as-synthesized sample, which is shown for zero-field cooled (ZFC)
and field-cooled (FC) measurements at 20 Oe.
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Table 2. Comparison of the Transition Temperature (T.) among the As-Synthesized SmFFeAs in this Work and Other

Representative High-T_ Iron-Based Compounds

compound” space group a (A) c (A)
(Gd,Thy,)OFeAs!’! P4/nmm 3.916 8.438
Sm(OgoF,,)FeAs?] P4/nmm 3.915 8.428
Sm(Oy5Fq.15) FeAs!A?) P4/nmm 3.932 8.490
Li (NH;), Fe,Se,""] 14/mmm 3.770 16.973
EuFe,As, ") 14/mmm 3.989 10.006
SmFFeAs?] P4/nmm 3.939 8.503

““HP” denotes high pressure, and “AP” denotes ambient pressure.

As—Fe—As a (deg) As—Fe—As f3 (deg) T. (K) ref
113.82 107.34 56 48
112.63 107.91 5SS S
112.48 107.99 43 3
100.61 114.07 5SS 49
10S.5 117.71 37 50
110.21 109.10 56 this work

materials have no magnetic transition at ~12 K.>*** Perhaps it
could be due to the appearance of the Sm**-ion-induced
magnetic ordered state, in analogy with the preceding studies
on Eu*" and Nd*".**** The superconducting shield fraction is
~19% at 4 K in the ZFC process. The very small volume
fraction could be due to the existence of impurities. In many
reports, the sample quality judged from XRD is quite good but
the superconducting volume fraction is small,*® which does not
affect the confirmation of its superconductivity. In summary,
the small superconducting volume fraction should be
attributed to the contribution of magnetic impurities (even
very small) and the air-sensitivity of sample. The FC curve
showed the fraction of 13% at 4 K related to a Meissner
volume. The FC measurement shows diamagnetism reduction
below T, which is caused by the flux pinning.*” In addition, we
find a small and almost disappearing paramagnetic Pauli-like
magnetic susceptibility when the temperature is above the T,
value.”” Herein, a comparison of the transition temperature
(T.) was made among the as-synthesized SmFFeAs and other
representative high-T, compounds. As presented in Table 2,
SmFFeAs shows a much higher T, under ambient pressure
without requiring either explicit doping or pressure. In
particular, the T, value of ~56 K has exceeded the transition
temperature record (~30 K) reported for the 1111-type
superconductors without extrinsic doping.*”

Figure S presents the temperature dependence of resistivity
for the as-synthesized and annealed pellet SmFFeAs samples,
respectively. It is recognizable that both samples exhibit
metallic behavior between the transition temperature and 200
K, a quasi-linear relationship between resistivity and temper-
ature without anomaly investigated as an antiferromagnetic
SDW in an undoped 1111-type compound. As represented in
previous work,"*~® superconductivity is mostly attained when
extrinsic doping or defects are introduced to suppress SDW or
cause phase transitions. And it reflects the competitive
relationship between the antiferr-omagnetic SDW and super-
conductivity. Consequently, the absence of antiferromagnetic
SDW provides the possibility of superconductivity in our
parent compound. For the as-synthesized sample, the p(T)
curve can be wellitted using the formula p(T) = p, + AT*
between 70 K and 100 K (the red dashed line in Figure Sa),
indicating a Fermi liquid behavior of the compound, with p, =
223 X107 Q cm, A = 1.53 X 107 Q cm K2, and & = 2.00.
The T.°™* value is equal to 56 K and the zero-resistance
critical temperature (T?) is observed at ~10 K. As shown in
the inset of Figure Sa, as the magnetic field increased from 0 to
2 T, the change of the T2™* is negligible. Similar behavior was
also observed in other superconductors.”” The anomaly
between 20 K and 40 K may be due to some magnetic
impurities. And, in the magnetic field of 8 T, we found that the
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Figure 5. Temperature dependence of resistivity p(T) of the (a) as-
synthesized sample and (b) annealed sample at zero field. The inset in
panel (a) shows the resistivity as a function of T of the as-synthesized
sample under zero magnetic field and under 0.5, 2, and 8 T. The inset
in panel (b) shows the enlarged ratio curves of p/p,0k, as a function
of T of the as-synthesized and annealed samples near T,, respectively.

T™* moved to lower temperature and the zero resistance was
absent.

As shown in Figure Sb, between 120 and 165 K, the p(T)
curve also shows a T dependence in its normal-state electrical
resistivity (the red dashed line in Figure Sb) with p, = 2.16 X
107" Q cm and A = 3.02 X 107° Q cm K2 Compared with the
as-synthesized sample, the To™ slightly moves to lower
temperature (see the inset in Figure Sb). In addition, note that,
although the measurement results show signs of super-
conducting transition, the resistivity does not go to zero.
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The evident change in resistivity between as-synthesized and
annealing samples is likely attributed to the change of crystal
quality as the effect of annealing treatment.”” According to the
detailed results shown in Figure S2 in the Supporting
Information, it can be seen that the diffraction peaks are
slightly sharper in the as-synthesized sample than in the
annealed one. Moreover, more impurities were observed after
annealing, which could be due to the partial decomposition.
The decrease in crystallinity results in an overall increase in
resistivity.

Here, we discuss the origin of superconductivity in the
SmFFeAs sample. Some may argue whether the occurrence of
superconductivity in the SmFFeAs seems to be attributed to
the electron doping, because the lattice parameters are similar
to the F-doped SmOFeAs phase, which may happen if the
oxygen leaked into the samples. However, we can rule out this
possibility by following arguments. First, all the precursors
were stored in the glovebox. All the weighting and mixing
processes were performed in the glovebox where the amount of
oxygen is limited under a low level (<1 ppm). The reactions
then were performed with all the precursors being sealed into
the quartz tube. There is no chance for oxygen going into the
samples. And the precursors as well as the final product are
monophasic without oxygen-containing phases from the XRD
measurements (shown in Figures S3 and S4 in the Supporting
Information). Second, the XPS results (shown in Figure 3e)
suggest that no traces of O-doped samples could be detected,
as mentioned above.

We speculate that one possibility for explaining the
superconductivity in this system could be due to the FeAs,
tetrahedron tending toward regular tetrahedron without
distortion. Prior research®’ presented an idea that T increases
when the FeAs, tetrahedron is transformed toward an ideal
tetrahedron with the As—Fe—As bond angle tending toward
109.47°. To confirm the relationship between the As—Fe—As
bond angles and superconductivity, we show the values with
the As—Fe—As bond angles of SmFFeAs and other undoped
iron-based compounds in Figure 6 (data are taken from the
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Figure 6. As(P)—Fe—As(P) bond angles of SmFFeAs and other iron
arsenide-based parent compounds. The definitions of the As—Fe—As
bond angles @ and S are illustrated on the right side with a FeAs,
tetrahedron. Angle a represents the intraplanar bond angle that spans
over the As—Fe—As bond in the original plane. Angle f represents the
interplanar bond angle that crosses over the bond from one As plane
through an Fe atom to another As plane.

literature ! /1 %21 727:30732444652) Tt tymed out that the angles
of the compounds exhibiting higher T, values are mostly
distributed around 109.47° (see Figures SS and S6 in the
Supporting Information). However, considering the perform-
ances of some compounds (ThNFeAs, LaOFeP, KFe,As,,
etc.), the angles of the tetrahedron further deviating from the
ideal angle seems to be more favorable to the introduction of
superconductivity. Hence, this type of correlation between
crystal structure and superconductivity could not account for
all the iron-based superconductors. While taking both the two
As(P)—Fe-As(P) angles into account synthetically (see Figure
6), we could clearly generalize a relationship between
superconductivity and crystal structure. It could be observed
that almost all of the nonsuperconducting iron-based parent
compounds, the undoped 1111-type iron-based superconduc-
tors and the self-doped SmFFeAs fall on this line (the red
dashed line in Figure 6), which can be fitted by the formula § =
160.87—0.469 X a. Perhaps in the future work, we could
roughly classify a compound as a nonsuperconducting parent
compound, undoped, or self-doped 1111-type iron-based
superconductor by whether its structural parameters satisfy
the above-summarized formula.

Besides, we also note another commonly used parameter for
the crystal-structure relationship with superconductivity: the
As height from the Fe plane (h,,). In some previous works,>? it
has been concluded that the maximum T, value would be
expected by approaching an As height of 1.38 A. We could see
that the h,, parameter for the present sample (Table 1, h,, =
1.374 A) is appropriate for producing superconductivity.
However, in contrast, the T, value has a tendency to increase
when h, further deviates from the ideal value in many other
FeAs-based superconductor systems.”* Therefore, the As
height dependence still calls for further theoretical inves-
tigations.

It is known that most FeSCs are realized upon extrinsic
chemical doping in parent compounds. Here, we consider that
the doping by the material itself may tightly account for the
superconductivity in SmFFeAs. As displayed in Figure 3a, the
coexistence of Sm?>" and Sm®" was revealed in the as-
synthesized sample. The mixed valence induces charge transfer,
which enables internal electron doping into the conduction
bands, leading a positive contribution to the superconductivity.
A similar phenomenon of valence mixing was also observed in
Eu-containing superconductors.””>> The occurrence of super-
conductivity in many self-doped Eu-containing systems is
explained by the fact that the valence mixing makes Eu ions-
containing layers allow additional charges to the conduction
bands. The conduction bands were self-doped with the
transferred electrons. Here, note that the 122-type self-doped
superconductor EuFe,As, slightly differs from the SmFFeAs in
that the valence transition from Eu®* state to Eu’* state only
occurs at the pressure range from 3 GPa to 9 GPa.”* And the
As—Fe—As bond angle values for EuFe,As, at high pressure
deviate far from the regular angle value of 109.47° (as shown in
Table 2). However, in our sample, the mixed valence of Sm
ions was revealed at ambient pressure. On the other hand,
comparing with the case of EuFFeAs,”” both SmFFeAs and
EuFFeAs are the members of 1111-type fluoride-arsenide
AeFeAsF materials. However, interestingly, it was found that
the anomaly at 153 K for EuFFeAs was observed in the
resistivity and magnetic susceptibility without exhibiting
superconductivity. Wen et al. proved that one must enable
high-level electrons doping in the EuFFeAs system in order to
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induce superconductivity, based on its positive Hall coeflicient
(Ry) data.” The origin and method to generate mixed valence
states of ions (Eu, Sm etc.) still deserve further studies. In the
view of many other systems, it is worthy noting that similar
self-doping behaviors at ambient pressure have also been
found, leading to high-temperature superconductivity, such as
Ba,Ti,Fe,As,0%, AeAFe,As, (Ae = Ca, Sr, Eu; A = K, Rb,
Cs),” > ACa,FeAs,F, (A = K, Rb, Cs),>**” etc. Hence, we
can see that the self-doping is of potential interest to be a
strategy to future explore superconductors.

B CONCLUSIONS

We have successfully synthesized an oxygen-free super-
conductor SmFFeAs with the tetragonal ZrCuSiAs-type
structure by utilizing a soft method SSM. Temperature
dependence of magnetic susceptibility and electric resistivity
demonstrate that the SmFFeAs exhibits a superconducting
transition temperature T, of ~56 K without requiring either
extrinsic doping or pressure. The possible reason for the
occurrence of superconductivity is that the existence of mixed
valence of Sm ions donated self-doping to SmFFeAs.
Nevertheless, further investigation is required in theory and
experiment to verify that could be different from other 1111
systems. The discovery of SmFFeAs appends a new member of
oxygen-free high-T . superconductors and we hope that the
SmFFeAs can be utilized as a platform to study the mechanism

of high-T. superconductivity.
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