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FIG. 2. Effect of pressure on the normalized resistiv-
ity of Vg,54Rug,4¢. The numbers denote the pressure in
kbar.

Ap,(P, C) may be most conveniently taken as p,(P,C)
—pa(15,C) for C=46, and p,(P,C) - p,(0,45) for C
=47 and 48. To be consistent, all Ap,’s have been
evaluated at 10 K, where p, varies with temperature
slowly. The results are shown in Fig. 3 where
Ap,(P)/Ap,(0) is plotted against P. For C=46 a
critical pressure, P,=(14+2) kbar, is obtained for
the complete suppression of Ap,, which we associ-
ate with the stabilization of the cubic phase. From
an examination of Fig. 2 it can be seen that the in-
dications are that 7, follows a strongly nonlinear
variation with pressure, particularly close to P,.
However, we are unable to distinguish whether T
actually falls to zero at P, or whether the transfor-
mation is suppressed before this occurs. For C
=47 and 48, the extrapolated P, is much higher than
21 kbar, the maximum hydrostatic pressure avail-
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FIG. 3. Pressure dependence of A p,. The numbers

represent the atomic percent of Ru.
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able in the present investigation. It is evident from
Fig. 3 that P, increases rapidly with C.

The T, of the sample with C =46 was determined
resistively up to 21 kbar, and the variation is shown
in Fig. 4. The vertical bar attached to each point
represents the transition width and the number in-
dicates the sequential order in which the data were
taken. When detected inductively the superconduct-
ing transition is wider than that seen resistively
and shows a small step below 4 K, suggesting the
inclusion of small amount of a second phase (see
Ref. 3 for a comprehensive description of the in-
ductive transition curves). However, the bulk of
the inductive transition agrees with the resistive
one. T, initially increases linearly with pressure
with 87,/8P =(9.1+0.3)x10%® Kbar™, but an abrupt
change of slope occurs at (14+2) kbar, coincident
with P,, the critical pressure above which the
structural transformation is prohibited. This ob-
servation confirms the earlier assumption® that such
changes in the rate of change of 7, with pressure
are associated with the suppression of the cubic to
tetragonal transformation.

Our present value for the initial 87,/8P for C
=46 is smaller, by about a factor of 2, than that
obtained from the previous independent measure-
ments® made on a different sample of this nominal
composition. However, in view of the large varia-
tion of 87 ,/9P with C which occurs near C,=45.5,
we would attribute the difference to a possible small
difference in C.

Based on the general occurrence of elastic anom-
alies in high-7', superconductors, Testardi'? has
suggested that a high 7, is associated with a lattice
softness. According to this suggestion the highest
T, should occur when the lattice softness is at a
maximum. Thus, if |7 -7,|"!is adopted as a mea-
sure of the lattice softness at temperature 7, then
it would be anticipated that 7, would reach a maxi-
mum as 7.~ T,. The observation of the T, peak at
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FIG. 4. Pressure dependence of T, for Vg s4Rug 4¢.
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C, seemed to be consistent with this explanation.®
However, the expected T, maximum at a pressure
close to P, fails to appear, but instead a continuous
increase of 7, with pressure beyond P, is found, al-
though at a slower rate.

It has been observed® that over a narrow temper-
ature region where structural transformation takes
place, the electrical resistivity increases sharply
and the magnetic susceptibility decreases rapidly
upon cooling. In addition, the Sommerfeld coeffi-
cient y of the specific heat peaks,'? at C,. From
these results it was suggested®* that the structural
transformation is driven by the excess electron en-
ergy associated with a large value of the d-electron
density of states N(0) at the Fermi surface for the
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electron energy spectrum of the cubic phase. The
transformation then results in a substantial reduc-
tion in N(0), which accounts for the appearance of

a y peak near C,. The enhanced superconductivity
in this compound system near C, was thus consid-
ered to be a direct consequence of the existence of
the N(0) peak. The increase of T, under pressure
was then readily accounted for by the increase in
the density of states which would result from the
suppression of the tetragonal distortion. The re-
sults of the present study support this suggestion.
The change of 87,/8P for P P, is then a reflection
of the difference in the pressure responses of the
electron energy spectra between the cubic and tetra-
gonal compounds.

*Rearch supported in part by the National Science Founda-
tion under Grant No. HG—40866 and Research Corpora-
tion.
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