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The solid solutions Fe; ;. ,M,Te (M = Ni, Co) have been synthesized in sealed quartz tubes. We observed a
systematic shift of the lattice parametersfor both systemstill x = 0.1, then a secondary phase with NiAs-type
structure appeared. For the Co-substituted samples we found a significant decrease of the c-parameter, while
the variation of the a-parameter was negligible. For the Ni-doped samples the a-parameter dightly increases
and the c-parameter decreases with increasing Ni content. Magnetic measurements showed almost linear
dependence of the magnetic susceptibility for (FeygoNig1)11Te in the T= 4-60K range. The magnetic
susceptibility of (FeygCog1)11Te exhibitsa maximum around 25 K, indicating an antiferromagnetic transition.
No superconductivity was observed in Fe; 1.,M,Te (M = Ni, Co) down to 4 K.

Iron chalcogenides/ X-ray diffraction / Crystal structure

Introduction superconductivity, as it was realized in the
BaFeCoAs, [11] or CaFe,CoAsF [12] systems.
The recent discovery of high-temperature We have undertaken A-site substitution with Ni and

superconductivity in La(O,F)FeA4] has triggered a
burst of interest in the search for new compounds
bearing [FeAs,] and otheranti-fluorite layers. The
tetragonal FeSe was found to be superconductirty wit
a T, of 8K [2], and 37 K under a pressure of 7 GPa
[3]. The crystal structure of FeSé the simplest

Co in Fe (Te aiming to induce superconductivity. In
this communication we report on the effect of Aesit
substitution in Fg;Te and the structural and magnetic
properties of Fg;,M,Te (M = Ni, Co).

among the Fe-based superconductors, consisting only Experimental

of FeSe layers in a PbO-type structure. Howevetil un
now no superconductivity has been reported for bulk
Fe iTe, though it possesses a similar crystal structure
On the other hand, superconductivity has been
induced in thin films of iron telluride, either deq
with oxygen[4] with T, ranging from 8 to 12 K, or
with T, = 13 K under tensile strefs.

Fe. Te adopts the tetragonal PbO structure with
the excess Fe atoms occupying an additional F&€) s
in the Te plang6]. The extra iron content varies from
x = 0.04 tox = 0.125[6-10], depending on the sample
preparation. Bulk measurements indicated magnetic
and structural transitions 867 K. Different transport
behavior in the low-temperature region was observed
as a function of the extra iron contefif-10].
Superconductivity was observed in 1k€Te,Se)
with T, = 14 K §y = 0.5)[7,8].

In contrast to the superconducting cuprates, where
substitution by magnetic ions in the CuCayers
destroys superconductivity, doping in the electron-
active layers in FeAs-based materials may induce
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The starting chemicals were Fe (freshly reduced by
hydrogen at 400C for 1 h), Ni, Co, and Te (used as
purchased). All chemicals were of analytical orraxt
pure grade. Stoichiometric mixtures of the elements
(Fe.xMy1.12Te M = Ni, Co, x= 0, 0.05, 0.1, 0.15)
were thoroughly ground, pressed into pellets céat

8 ton/cnf), sealed in evacuated quartz tubes (at a
residual pressure @h. 0.05 Torr), and annealed twice
at 700C for 40 h with one intermediate re-grinding
and re-pelletizing.

Powder X-ray diffraction data were collected on a
Bruker D8 Advance diffractometer (CwkKradiation,
Ge-111 monochromator, reflection geometry) in the
range 2= 13-100°. Rietveld refinements were
performed with the TOPAS packadé3], using a
pseudo-Voigt peak shape function. The structural
model proposed by Fruchagttal. [6] was used for the
starting coordinate values. Preferred orientaticas w
corrected for using the spherical harmonics apgroac
developed in TOPAS.
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Table 1 Crystallographic data for Fe,M,Te (M = Ni, Co).

Compound Feiole (FeyoNioonr1oTe | (FeyoNios)iaoTe | (F@.oC0osi12T€ | (F&oCh1)a10TE
Formula weight 381.86 379.46 379.75 378.37 378.68
Crystal system Tetragonal

Space group P4/nmm (#129)

a A 3.82379(6) 3.82794(8) 3.82619(7) 3.82506(5) 3.82211(5)
c, A 6.2888(1) 6.2606(1) 6.2503(1) 6.25916(6) 6.25567(6)
v, A3 91.95(1) 91.74(1)2 91.50(1) 91.58(1) 91.39(1)
Calculated density  6.896(3) 6.869(3) 6.892(3) 6.861(2) 6.881(2)
(g/ent)

Data collection Bruker D8 Advance, reflection getrye

Radiation Cu Ka; (1 = 1.54056 A)

260 range (deg) 13-100

No. of reflections 42 | 42 | 41 | 42 | 42
No. of data points 10723

No. of structural 7 7 7 7 9
parameters

No. of overall 35 38 38 36 42
parameters

Software package| TOPAS[13]

R, 0.019 0.028 0.020 0.020 0.021

Rup 0.025 0.029 0.025 0.025 0.027
GOF 111 1.14 1.14 1.09 1.08

Magnetic measurements were performed using a
Quantum Design PPMS ac-susceptometer. In this
standard method an alternating magnetic field is
applied to the sampleia a copper drive coil, and a
detection coil set (two counter-wound copper coils
connected in series) inductively responds to the
combined sample moment and excitation field. The
sample was placed inside one of the detection.coils
Amplitude and frequency of the applied ac-field ever
1 Oe and 137 Hz, respectively. The samples were
cooled down in zero dc-field.

Results and discussion

Fig.1la shows the powder XRD patterns for
(FeixNiy)11.Te k= 0.5, 0.1, 0.15). As seen from the
figure, the samples witbx= 0.05 andx= 0.1 are
single-phase, while for the sample witkr 0.15 peaks
from an impurity phase with the hexagonal NiAs
structure appeared. In the case of the Co-suleditut
materials, a secondary phase is seen already &1
(Fig. 1b). We conclude that under our experimental
conditions the limit of the solid solution ranger fo
Fe ..M, Te lies between 0.1 « < 0.15 for the
Ni-doped samples and 0.05 x < 0.1 for the
Co-substituted ones. SEM microphotographs of
Fe 1.MTe M = Ni, Co, x= 0.1) are presented in
Fig. 2. The grains have plate-like shape and the typical
grain size varies between 2 and 15pum. EDX
analysis performed on 12 crystallites gave the
following compositions: Fesplegm for the
unsubstituted sample, F@eNio.i1@l€oe and
Fe&y.992 00,1000 €1.00(2) fOr the samples with nominal
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compositions corresponding to 10% Ni and Co
substitution, respectively. These values were tised
the crystal structure refinement on X-ray powder
diffraction data.

Details of the Rietveld refinements are listed in
Tablel. The refined atomic positions are given in
Table2 and selected bond distancesTiable3. The
final Rietveld refinement plot of (bgNigeg1.127€ iS
presented inFig.3. The variation of the lattice
parameters as a function of A-site substitution is
shown inFig. 4. For both systems we found similar
trends: thea-parameter first slightly increases and then
decreases, though the total change is non-signtfica
(0.03 %). The variation of the-parameter is more
pronounced; we observed a significant decrease
(0.5-0.6 %) with increasing dopant content.

Viennois et al. [14] showed that the tetrahedral
angle Te-Fel-Te and the Fel-to-Te-plane distance,
labeled h, are important structural parameters that
correlate with the superconducting properties ia th
Fe..(Te,Sg) system. They observed that crossover
from the magnetic to the superconducting grount sta
occurred ah = 1.71-72 A, in excellent agreement with
theoretical predictions[15]. We included these
parameters obtained for #gM,Te (M = Ni, Co,
x= 0.1) inTable3. Comparingh and the tetrahedral
angle Te-Fel-Te, one can see that the Ni and Co
substitution does practically not change these
parametersh stays at around 1.76-1.77 A and the
angle (Te-Fel-Te) remains close to 117.4°
This indicates thaM-doping in Fe,Te does not lead
to a modification of the FeTetetrahedron and
should not favor the formation of a superconducting
state.
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Fig. 1 XRD diffraction pattern for: (FgNiy,)11,Te k= 0.5, 0.1, 0.15) (a), (kgCo)1.1,Te k= 0, 0.05, 0.1)
(b). Sticks indicate the positions of an impurityage with NiAs structure.

Fig.5 shows the temperature dependence of the As a conclusion we can state that
magnetic susceptibility for keM,Te in the A-site substitution is possible in £@e up to 7.5 %
T = 4-60 K range. Almost linear dependence of the for Co and 10 % for Ni under our experimental
magnetic susceptibility is observed for {Big 1)1 1 Te conditions. This substitution leads to lattice
with a small kink at 30 K. For (hgCop1)11Te the compression along the-axis, but leaves the Fefje
magnetic susceptibility exhibits a maximum around tetrahedron intact and is thus not favorable for
25 K, indicating an antiferromagnetic transitiono N superconductivity. Our results support the idea

superconductivity was observed in kgM,Te that even subtle details of the crystal structure
(M = Ni, Co) down to 4K, in accordance with the are crucial to superconductivity in iron-based
structural considerations. materialg16].
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Table 2 Refined atomic coordinates, equivalent displacarparameter8,, (A% and site occupanci@sin
Fe 1xM,Te (M = Ni, Co), space group4/nmm.

Site | Wyckoff position| X |y z Beg | N
Fe 1oTe
Fel 2 Ya Y, 0 1.30(12) 1
Fe2 z Yy Y, 0.710(2) B.(Fel) 0.13
Te x Yy Yy 0.28078(9) 1.1(1) °1
(Fep.oNigog1.12T€
Fel 2 Ya Y, 0 0.40(9) 0.95
Nil 2a Ya Y, 0 =B.{(Fel) 0.08
Fe2 z Yy Y, 0.716(2) B.Fel) 0.1%
Te x Yy Yy 0.28344(8) 1.34(7) °1
(FepoNig1)1.10Te
Fel 2 Ya Y, 0 0.85(9) 0%
Nil 2a Ya Y, 0 =B.{Fel) 0.7
Fe2 z Yy Y, 0.705(2) BeFel) 0.1%
Te x Yy Y, 0.28179(7) 1.15(9) °1
(F&.9sCopo91.10TeE
Fel 2 Ya Y, 0 0.4(1) 0.95
Col 2 Ya Y, 0 =B.{(Fel) 0.08
Fe2 z Yy Y, 0.718(2) B.(Fel) 0.7
Te x Yy Yy 0.28327(8) 0.99(9) °1
(FensCop1)r12TE
Fel 2 Ya Y, 0 0.65(9) 0%
Col 2 Ya Y, 0 =B.{(Fel) 0.7
Fe2 z Yy Y, 0.717(2) B.(Fel) 0.7
Te x Yy Yy 0.28191(9) 1.04(9) °1

& occupancies were fixed according to the EDX data
® the Te occupancy was fixed to 1

Table 3 Selected bond lengths (A), angles (deg) and theté-d e-plane distandein Fe ;,M,Te

(M = Ni, Co).
Compound Feole (Fe.ofNip.o91.12Te | (Fe.oNig)iisTe | (FeoeChogiiole | (Feloy)iisTe
Fel-Te x4 2.6026(4) 2.6100(3) 2.6005(3) 2.6080(4) 2.6004(4)
Fel-Fel x4 2.7038(1) 2.7068(1) 2.7056(1) 2.7047(1) 2.7026(1)
Fel-Fe2 x4 2.642(7) 2.611(6) 2.654(7) 2.604(8) 28D
O(Fel-Te-Fel) | 94.55(2) 94.33(2) 94.73(2) 94.34(2) 94.60(2)
O(Te-Fel-Te) 117.41 117.48 117.27 117.25 117.38
h, A 1.766 1.771 1.758 1.771 1.763
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Fig. 2 SEM microphotographs of keTe (a) and (FgNig.1)1.15T€ (b).
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Fig. 3 Rietveld plot for (FgeNipog1.12T€: Observed (blue), calculated (red) and diffeeefgray). The
vertical bars indicate the positions of the reflaes. Si was used as an internal standard.
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