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We report on measurements of samples with nominal composition FeSeq 5Teq 5, crystallized by the Bridgman
method. Magnetic and transport properties of the samples were examined. The measurements confirm the
coexistence of ferromagnetism and superconductivity below the superconducting transition temperature. The
ferromagnetic contribution to magnetization, estimated at 10%, might be caused by the presence of ferrimagnetic
FerSes, which occupies about 10% of sample volume. From the Andreev spectroscopy we found superconducting
energy gap A = 2.6 meV at 7' = 4.2 K, and from magnetization measurements the critical temperature 7. = 15.8 K.
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The critical current density in magnetic field H = 4 kOe, determined from magnetization measurements, is
je = (1-2) x 10* A/cm? and weakly depends on magnetic field intensity.

PACS numbers: 74.25.Ha, 74.45.4c, 74.62.Bf, 74.70.Xa, 75.30.Cr

1. Introduction

The wunexpected discovery of superconductivity
in the layered iron-based quaternary oxypnictide
LaOFeAs;_,F, with critical temperature T, = 26 K [1]
started a race to find new Fe-based superconducting
compounds. Very soon, superconductivity was observed
in (-FeSe;_, with critical temperature ~ 8 K [2].
The crystal lattice of [(3-FeSe belongs to tetragonal
(P4/nmm) group of symmetry at room temperature
and is composed of Se-Feps—Se layers [2], i.e. it has
the same planar structure as LaOFeAs [3]. Following
the FeSe discovery, considerable effort was made to
investigate the effect of chemical substitutions, either to
the Se-site or the Fe-site, on superconductivity. This led
to the discovery of superconductivity in the PbO-type
compound FeSe;_,Te, (z = 0+ 1) [4]. It was found
that superconducting transition temperature increases
with Te doping, reaches a maximum of ~ 15 K at about
50% substitution, and then decreases with more Te
doping. The low-temperature structural deformation
apparently is essential to the coexistence of magnetism
and superconductivity in this class of materials. T,
enhancement is well correlated with the structural
deformation resulting from Te substitution.

We report here on measurements confirming the co-
existence of ferromagnetism and superconductivity in
Fe(Sep.5Teq 5) even below the superconducting transition
temperature.

2. Sample preparation

The samples were prepared by mixing the appropri-
ate mole amounts of component elements in evacuated
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Fig. 1. Diffraction pattern of the sample.

double-walled ampoules, where the synthesis and crys-
tallization by the Bridgman method took place. Here we
report on measurements of samples with nominal com-
position FeSe,Te;_,, = = 0.5, yielding optimal super-
conducting properties (x reduction increases elementary
cell volume and decreases the superconducting transi-
tion temperature). Crystallization process was started at
950 °C, and then the ampoules were cooled at the rate of
3°C/h to 750°C, and from 750 °C to 350 °C at 6 °C/h, and
then cooled with the furnace. The resulting ingots had
conical part about 10 mm long evolving into a cylinder
of about 8 mm diameter. Cleaved cone shows elliptical
cleavage plane with reflex half-width Am = 360" at the
cone top, changing to Am = 20’ at the base. In the
cylindrical part, as the distance from the cone grows, the
sample becomes polycrystalline with randomly oriented,
well developed crystallites of about 1 mm size. Lattice
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constants a and ¢ are given in Table, together with vol-
ume content of the tetragonal phase, as determined by
X-ray methods (see also Fig. 1). The remainder of sample
volume is composed of FerSeg in hexagonal phase.

TABLE
Structural data of the investigated FeSeg 5Teo.5 sample.
. % tetrag.
Composition | Structure | a [A] | ¢ [A] | ¢/a
phase

FeSeo.5Teg 5

P4/nmm | 3.7783|6.0844 | 1.610 90

3. Sample characterization

We examined magnetic and transport properties of the
samples. Initial characterization was carried out by the
nondestructive magneto-optical method, which indicated
a considerable nonhomogeneity of superconducting prop-
erties.

Measurements involving small-area junctions formed
by pressing silver (Ag) or indium (In) pellets into
FeSeg 5Teg.s samples were also carried out. Differenti-
ation of I-V characteristics of the FeSeTe—Ag structure
(Fig. 2) shows a well expressed Andreev reflection and
yields superconducting gap A = 2.6 meV at T'= 4.2 K.
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Fig. 2. Conductivity of FeSeTe-Ag Andreev junction
in liquid helium temperature. The two minima occur
at voltages corresponding to the superconducting gap
A = 2.6 meV, the sharp peak in the neighborhood of
V' = 0 may be due to d-wave pairing of charge carriers.

4. Magnetic properties

Measurements of magnetization M and magnetic sus-
ceptibility x were carried out in the Quantum Design
Physical Property Measurement System (PPMS). The
results indicate a coexistence of ferromagnetic and su-
perconducting properties in the investigated material.
Above the critical temperature T, = 15.8 K, the mate-
rial behaves like a ferromagnet with coercive force H. =~
200 Oe (Fig. 3). Below T, it is a type II superconductor

and shows nearly perfect diamagnetism, but still retains
some ferromagnetic properties, as evidenced by the lack
of symmetry in the M(H) plot in Fig. 4. The critical
current density in magnetic field H = 4 kOe, determined
from M(H) dependence, is j. = (1-2) x 10* A/cm? and
weakly depends on magnetic field intensity, in agreement
with the Kim—Anderson model.
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Fig. 3. Hysteresis loop above the critical temperature,

clearly showing ferromagnetic properties of the sample.
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Fig. 4. Hysteresis loop below the superconducting
transition temperature. Distortion of the loop with re-
spect to the predictions of critical state model indicates
the presence of ferromagnetic regions within the sample
volume.

By comparing the experimental M(H) dependence
to the critical state model we can estimate that the
contribution of ferromagnetic regions amounts to about
10% of the total sample magnetization. It has been
suggested [5] that this contribution is caused by ac-
tual composition of the investigated compound being
Fe1y5(Se1+.Te,), where § denotes excess Fe ions, which
occupy partially the interstitial sites, and form planes
parallel to the base FeSeTe planes. However, it is more
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probable that it comes from the inclusions of ferrimag-
netic [6] FerSeg, which has also planar structure. In any
case, we could have superconducting blocks of stoichio-
metric FeSej;,Te, compound separated by normal re-
gions of ferromagnetic inclusions. As a result, the sam-
ple would constitute a Josephson medium for currents
flowing along the ¢ axis, while critical state model would
remain valid for currents perpendicular to this axis. This
would account also for the observed rather broad R(T)
and sharp x(7) transitions.

The M(T), R(T) and x(T') dependences all show well
expressed anomalous peaks in the temperature range
120-150 K, similar to those observed in FeSe [5, 7], but
in our case the temperature 7Ty corresponding to this
anomaly is about 50 K higher. Such singularities are
usually caused by structural transitions or transitions in
magnetic subsystem [5].

5. Conclusions

In conclusion, we have successfully synthesized by
Bridgman method FeSeysTeps samples of monocrys-
talline quality and investigated their magnetic and su-
perconducting properties. Magneto-optical observations
have shown rather poor homogeneity of superconduct-
ing parameters of the samples. From Andreev spec-
troscopy, the superconducting gap was determined as
A = 2.6 meV, and some features point to d-wave pairing
of charge carriers. A probable cause of the observed ferro-
magnetic properties is the presence of Fe;Seg inclusions.
We found that magnetization, susceptibility and resistiv-
ity peak in the temperature range 120-150 K, indicating
a structural or magnetic transition in this range.
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