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Appearance and disappearance of superconductivity in Eu-Mo-S under high pressure
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Nonbulk superconductivity with a pressure-dependent signal size has been detected but only
between 2 and 43 kbar in Eu; ;Mo4Sg quasihydrostatically. The results not only shed light on
the occurrence of superconductivity in this compound but also provide insight to the nature of

the superconductivity observed.

The Chevrel ternary compounds Eu,Mo¢Sg (Eu-
Mo-S) with x ~ 1 have been observed to become su-
perconducting under hydrostatic pressure up to 19
kbar by various groups.'™ However, negative
results®® were also reported recently. Therefore, we
have investigated the resistance of Eu-Mo-S both in
the hydrostatic and quasihydrostatic environments.
Nonbulk superconductivity has been induced abruptly
by a pressure above certain critical values for both
environments. The size of the superconducting sig-
nal as well as the superconducting transition tempera-
ture were found to increase and then decrease with
pressure. The results not only shed light on the oc-
currence of superconductivity in Eu-Mo-S, but also
provide insights to the nature of the pressure-induced
superconductivity in this compound.

The Eu;,Mo0¢Sg (Eu-Mo-S) investigated in the
present study was prepared according to the standard
recipe published.” Powder x-ray diffraction patterns
displayed only the expected Chevrel phase to within
the resolution of the Phillips x-ray diffractometer
used. No x-ray diffraction intensity analysis was
made. Within the estimated resolution of the energy
dispersion analysis of x-ray of 15%, thé compositions
of the compound agreed well with the nominal ones.
Since the pressure-induced superconducting proper-
ties reported are not sensitive to the exact contents of
the constituents,?? no special effort has been at-
tempted to account for the deviation of the composi-
tion from the stoichiometric one, namely, EuMo¢Ss.
Several bar-shape samples were cut from the com-
pacted sintered cylinder of Eu-Mo-S for the hydro-
static pressure measurements up to 20 kbar. Follow-
ing these measurements, parts of the samples were
powdered for the quasihydrostatic pressure measure-
ments up to ~ 51 kbar. The high pressure was gen-
erated by a modified clamp technique, using a
piston-cylinder arrangement for hydrostatic environ-
ment and a Bridgman anvil set (same as that used in
Ref. 5) for the quasihydrostatic environment. The
resistance R was determined by a standard four-lead
ac method at 25 Hz. No short to ground of the kind
reported in Ref. 5 was detected throughout our study.
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The experimental details have appeared elsewhere.’

The R of Eu-Mo-S exhibits a large negative tem-
perature slope R /9T below ~ 120 K at ambient
pressure. The pressure effect on the R-T behavior
under the hydrostatic condition previously reported!-2
has been reproduced. The R-T relationships under
the quasihydrostatic condition were displayed in Fig.
1 for some of the pressure examined. The sudden R
drop at low temperature under pressure has been
identified with an onset of a superconducting transi-
tion, since a downward shift in temperature of the R
drop by an increase of the measuring electrical
current or magnetic field was observed. Nonbulk su-
perconductivity above 1.2 K was induced by pressures
only between 2 and 43 kbar as shown in Fig. 2.
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FIG. 1. Temperature dependence of resistance of
Eu,; ;Mo4S; at different quasihydrostatic pressures.
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FIG. 2. Pressure dependences of the onset superconduct-
ing transition temperature 7, and the resistive superconduct-
ing signal size S.

While both the hydrostatic (H) and quasihydrostatic
(QH) pressures induce nonbulk superconductivity in
Eu-Mo-S, and suppress the magnitude of the nega-
tive 9R /9T at low temperature and the temperature
below which 9R /9T becomes negative, the hydrosta-
ticity of the pressure applied plays an important role
in the detailed R-T behavior of the compound. This
is evident from our observations: (1) Pressure in-
duces superconductivity above only 2 kbar quasihy-
drostatically instead of 7 kbar hydrostatically; (2) the
onset superconducting transition temperature T, de-
fined in Fig. 1, peaks at 6 kbar (QH) instead of 11
kbar (H); (3) the resistive superconducting signal
S=[R(T.)—R(1.2K)I/R(T.) decreases with the
QH pressure above 7 kbar (Fig. 2) but saturates with
the H pressure above 14 kbar to our highest H pres-
sure of 20 kbar, and (4) the negative R /87T immedi-
ately prior to the superconducting transition persists
up to 51 kbar (QH) even after the complete suppres-
sion of superconductivity but disappears above 11
kbar (H).

Results from the present study clearly demonstrate
that superconductivity occurs only between 2 and 43
kbar (QH) with a mere 3% for S at 43 kbar (QH).
This is consistent with the failure® to detect a sign of
superconductivity in Eu-Mo-S down to 1.2 K under
quasihydrostatic pressures of 90 and 130 kbar. Re-
cently four Eu-Mo-S samples with different starting
compositions were investigated® under hydrostatic
pressure. It was found that only two of the four
samples exhibited nonbulk superconductivity by ac
magnetic susceptibility measurements above 7 kbar
and none showed bulk superconductivity by dc mag-
netization measurements up to 14 kbar. However, in
one of the two nonbulk superconducting samples,

a small diamagnetic signal was detected below 7 K at

ambient pressure through sensitive dc magnetization
measurements, suggesting the existence of granular
Mo in the samples. An unknown granular Mo-based
material was therefore proposed® to account for the
observed superconductivity!~® in Eu-Mo-S. Earlier, it
was pointed out!? that the superconducting properties
of granular free Mo were not compatible with those
observed in Eu-Mo-S under high pressure and in
high magnetic field.

The present study shows that nonbulk supercon-
ductivity was induced abruptly by pressure and also
destroyed abruptly by pressure (at least for the QH
case). Since the rate of T, suppression at high pres-
sure is 1 x 107* kbar™! for both the H and QH cases,
an estimated pressure of 100 kbar would be required
for the suppression of T, to below 1.2 K. However,
no superconductivity was observed below 1.2 K at 51
kbar QH pressure. In fact, the general R-T depen-
dence at 51 kbar QH pressure shown in Fig. 1 is
similar to that reported by Shelton and Mooden-
baugh’ at 130 kbar. The nonmonotonically varying S
with QH pressure is particularly intriguing. Since in
none of the measurements have we observed the
completion of a superconducting transition, i.e., with
a zero residual R, such an S-P behavior seems possi-
ble when the T, of a broad superconducting transi-
tion shifts up and then down with pressure, especially
in the presence of a pressure inhomogeneity of +5
kbar across the sample in the Bridgman anvil set.
The different peak pressures in the S-P and T,-P
curves in Fig. 2 may then be attributed to an unusual
pressure-dependent transition width. However, the
continuous decrease of S to almost zero but with a T,
of 6 K at 43 kbar cannot be reconciled with the above
explanation.

The results strongly suggest that the observed su-
perconductivity in Eu-Mo-S is of the filamentary
type, perhaps, occurring in the grain boundaries of
the compound. This is consistent with our recent
studies!! on the pseudoternaries Eu-Mo-(S-Se).
Furthermore, it is known that none of the elements
or compounds of the constituents in the Chevrel ter-
nary Eu-Mo-S displays the superconducting proper-
ties observed under high pressure'™>1% 1! and high
magnetic field.* The abrupt appearance and disap-
pearance of the superconducting signal without asso-
ciating with any apparent phase transition are surpris-
ing. One may then be tempted to suggest that inter-
faces!? in a Chevrel ternary matrix or some subtle
characteristics of the Chevrel structure may play a
role in the observed superconductivity in Eu-Mo-S,
although the exact nature of these possibilities
remains unknown. The results further suggest that
caution should be exercised in relating the bulk prop-
erties of the compound with the observed nonbulk
superconductivity under pressure. Our preliminary
study on Ba-Mo-S indicates that the above discussed
observations under pressure may be quite common in
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the nonsuperconducting Chevrel ternaries. It should
be pointed out that in almost all quasi-one-
dimensional superconductors, S is always less than
100%. Currently, we are extending our experiments
to lower temperature and higher H pressure.
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