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The superconducting transition temperature 7¢ has been measured in several bismuth eutectic alloys
after exposure to 30 kbar pressure. It is found that the changes observed in T can be related to changes

in the normal state resistivity of these samples.

In early high-pressure studies, Bridgman [1,2]
observed metastable effects in several bismuth
eutectic alloys and the irreversible production of
new forms at pressures less than 30 kbar. The
present investigation concerns a measurement of
the superconducting transition temperature T of
these new irreversible forms and a correlation
between 7; and the normal state resistivity p.
The specimens studied consisted of the following
eutetic alloys: (1) Big,g25 Pbg 375, (2) BiSn,

(3) Big, 343 Ing.657, and (4) Big.gg Tlo,14-

A conventional four-probe resistivity technique
was employed for determination of the supercon-
ducting-normal transitions. The samples were
prepared from 99.999% starting materials and
were annealed for several weeks to remove all
traces of strains as indicated from the sharpness
of their superconducting transition curves. The
alloys were subjected to high pressure in a piston-
cylinder apparatus [3] and the compressibility of
each monitored during pressurization.

The results of the superconductivity measure-
ments are shown in table 1. These samples were

Table 1
Change in superconducting transition temperatures due
to high pressure treatment.

Te Tc
(Before high.pres- (After high pres-
sure treatment) sure treatment)

Composition

i ; 25
Biy 625 PPg 375 e £
BiSn 3.72 4.20
Biy 56 Tl 14 6.50 6.50

5.55 5.20

Biy 343 N9 657

116

100
/ ol
8 =
Bi Pb

/ 625 375
96
X
100
E N BiSn
== N
g.% \

P
w9 — 8
S
) :
m %
— |
98 /’ il
Bl In

% 33 657

X

0 3 6 % 12 15 B Al
TIME AFTER RELEASING PRESSURE FROM SAMPLE-(hrs)

Fig. 1. Change in room temperature relative resistivi-
ty with time after releasing pressure of 30 kbar.

subjected to 30 kbar pressure at ambient tem-
perature and their transition temperatures meas-
ured immediately after release of the pressure.
It is seen from the results that the transition
temperatures of Big,g25 Pbg, 375 and Big, 343
In g g57 are decreased by the exposure to high
pressure, 7, of BiSn is increased, and no change
is observed in the case of Big gg Tl 14-

If the pressurized samples were stored in li-
quid nitrogen, the values of 7, remained constant
at the values indicated in the right-hand column
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of table 1, while at room temperature, 7, changed
with time, returning slowly to the value before
pressing. It was observed that determination of
the normal state resistivity of the samples served
as an excellent indicator of this phenomenon as in-
dicated in fig. 1. This close relationship between
Te and p is in line with the general trend that
lower normal-state resistivity is associated with
weaker superconductivity (lower 7;) since both
quantities depend on the strenght of the electron-
phonon interaction.

The following conclusions may be reached con-
cerning the present experiments on the pressuri-
zation of Bi eutectic alloys: (1) The application of
30 kbar pressure induces transformation to new
phases in Big ga5 Pbp,375, BiSn, and Big 343
Ing.g57; a fraction of the new phase is irreversi-
bly trapped when the pressure is released as is
indicated by X-ray diffraction patterns taken at
TT0K immediately following release of pressure.
The superconducting transition temperature of
these samples is changed, the BiSn having a
higher T¢, the Big g25 Pbp.375 and Big, 343
Ing,657 having a lower T¢. The presence of the
new phases is indicated not only by changes in
Tec, but by analogous changes in normal-state
resistivity, in agreement with the general trend

predicted by the BCS model of superconductivity.
If these samples are allowed to remain at room
temperature, thermal agitation provides suffi-
cient energy to transform them back to the ori-

ginal phase; this change can be monitored quite
satisfactorily by measuring the normal-state res-
istivity of the samples. (2) No change is observed
in the transition temperature of Big,86 Tlp, 14 €x-
posed to 30 kbar pressure and no change in the
normal-state resistivity was observed either.
Evidently either the high-pressure phase was not
metastable or the pressure needed to transform
the material to the new phase was not reached.
(3) On the basis of the present data and a compi-
lation of previous results in the literature, it
appears that there is a definite correlation be-
tween d7/dp and dp/dp, at least for non-transition
elements and alloys. Ideally, then, a prediction
of the change of T with pressure, p, for a new
phase of a material could be made on the basis

of a determination of dp/dp in the normal state at
room temperature, which is a much simpler ex-
periment. This prediction, of course, would be
based on the assumption that the density of states
N(0) does not change appreciably with pressure
or at the phase transition.
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