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A decrease in the resistivity of Fe; _ S has been observed at a temperature of 110
K. Decreases in the magnetic moment and susceptibility have been observed at 128
K. These decreases indicate the appearance of a superconducting phase with

T, =128K.

The cations in binary sulfides of 3d metals, MeS, with a NiAs (B 8) vacancy
structure form one-dimensional chains along the C hexagonal axis. The crystal re-
mains three-dimensional, but the symmetry of some of the d bands (in particular, d 2)
is such that a quasi-one-dimensional d band forms against the background of the
three-dimensional bands.! Spin density waves and charge density waves are character-
istic of such systems, resulting from an instability of the metallic system with the
quasi-one-dimensional bands.>® A metallic instability occurs in MeS (Me =V, Cr,
Fe, Ni), for example, upon a metal-insulator transition.* An important consequence
of the theory is the coexistence of superconducting and insulating pairings. Since the
electron density of states is relatively high at the edges of the insulating gap which
arises upon the formation of a spin density wave or a charge density wave, a supercon-
ducting pairing can lead to fairly high superconducting transition temperatures T,
(Ref. 5)

An increase in the sulfur content in Me, _ S systems increases the concentration
and degree of order of the cation vacancies. These changes are accompanied by the
formation of superstructures of various symmetries with various multiples of the lat-
tice constant of the (main) NiAs (1c¢) lattice, with a disordered arrangement of cation
vacancies, by an increase in the role of covalent Me-S bonds, by a “metallization” of
the sulfides, and (sometimes) by an intensification of magnetic properties. The electri-
cal and magnetic properties of the Fe, _, S(0<x <0.125) system have been studied
quite thoroughly above room temperature,®® but only slightly at low temperatures.

In this letter we are reporting measurements of the electrical and magnetic pro-
perties of intermediate phases of the Fe, _ S system, with 0.07 < x <0.125, over the
temperature range 4.2-300 K. Our goal was to learn about the low-temperature con-
versions that occur in magnetically ordered binary sulfides with the NiAs vacancy
structure.

Polycrystalline samples of intermediate phases of the Fe, .S system, with
x = 0.074, 0.083, 0.091, 0.111, and 0.125, were synthesized in vacuum quartz cells
from the pure elements. According to x-ray structural analysis, the test samples had
the structures of intermediate pyrrhotites of the series FeS-Fe,; S, (Ref. 6) at 300 K.
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Sample 1 (x =0.125) clearly exhibited the Fe,S; monoclinic structure (4¢ super-
structure). It follows from the x-ray pattern of sample 2 (x = 0.111) that its composi-
tion is close to FegSo; the single crystal has a 5C superstructure.® The x-ray patterns of
samples 3 (x = 0.091) and 4 (x = 0.083) are approximately the same and very diffi-
cult to distinguish from each other. In accordance with Ref. 9, a set of phases similar
in structure, chemical nature, and composition is proposed for intermediate composi-
tions Fe; .S (samples 3 and 4 fall in this region). These phases belong to the homolo-
gous series Fe,S, ;. Their crystal structures are based on the NiA (l¢) structure.
The x-ray and DTA analyses of sample 5 (x = 0.074) show that the composition of
the sample is approximately FeS with a 2C superstructure at 300 K.

Figure 1 shows the temperature dependence of the resistivity of samples 1 and 2.
The curves of p(T) found for the other samples have the typical semiconducting
shape. The p(T) curves in Fig. 1 were recorded slowly (at 6-10 min per point} during
cooling from 300 to 4.2 K. When the measurements were repeated, the p(T) curves
did not change. It can be seen from Fig. 1 that the resistivity takes on values of (18.5-
20.0) X 107 Q-cm over the temperature range studied. Near 7= 110 K, p increases
to 26.0X10* Q-cm; it then falls off at T< 110 K.

For sample 2 (x =0.111), there is a knee on the p(7) curve at ~110 K, with
some increase in p at 110 K.

Figure 2 shows the temperature dependence of the real component of the initial
magnetic susceptibility of the Fe, _,S system. From room temperature down to
T = 128 K, the behavior of the susceptibility of samples 1-3 is basically paramagnetic,
although there are several structural features on the y’(7) curve. As the temperature

221 JETP Lett., Vol. 54, No. 4, 25 Aug. 1991 Petrakovskii ef a/. 221



FIG. 2. Temperature dependence of the
magnetic susceptibility of Fe; S samples
1 and 2.
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is lowered below 170 K, the susceptibility increases for samples 1-3 and then decreases
sharply at 128 K. The magnitude of the diamagnetic signal falls off from sample 1 to
sample 3. For samples 4 and 5, y' remains essentially constant at a low value
¥' <1072 in this temperature range. The point at which the diamagnetic effect ap-
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pears (128 K) is above the temperature at which the electrical resistivity begins to fall
off. Moreover, the diamagnetic effect is exhibited by samples 2 and 3, for which p(T")
is of a semiconducting nature.

That there is a diamagnetic effect is confirmed by the change in the shape of the
hysteresis loop as we go from T'> T to T'< T,. Magnetization curves of sample 1 were
measured in fields up to 70 kOe at various temperatures in order to determine the
diamagnetic moment. Figure 3 shows the field dependence of the diamagnetic mo-
ment, AM = M(150 K) — M (4.2 K) from these results we find H,, = 3 kOe.

In summary, low-temperature measurements of the electrical and magnetic pro-
perties of the Fe; _ .S system (0.07 <x<0.125) for x = 0.125, with the NiAs (4¢)
superstructure, reveal a partial diamagnetic effect in the region in which the electrical
resistance falls sharply. The absence of a state in which the entire sample has a zero
resistance is apparently a consequence of the nonuniformity of the polycrystalline
sample. The diamagnetic effect and the decrease in resistivity observed here suggest
that a superconducting phase with 7, = 128 K is formed.
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sis loops.
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