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The continuous transition of dilute metallic alloys from magnetic to nonmagnetic behaviour has been recently observed
experimentally in alloys containing Cerium impurities. A brief review of these experiments, which include measurements
of the resistivity and of the depression of the superconducting temperature under applied pressurec. is presented in
connection with the predictions of a phenomenological model. The parameters needed to fit the existing data are con-
sistent with those obtained in pure Ce or in other Ce alloys.

I EXPERIMENTAL INTRODUCTION

It is well-known that cerium, either as a pure metal
or an impurity dissolved in a non magnetic matrix,
exhibits peculiar properties related to the proximity
of the Ce 4f level to the Fermi level E.."'? Alloys
with cerium impurities have been extensively
studied in previous years*?® and their properties
depend strongly on the relative position of the
Ce 4f level and Ep ; they are non magnetic when the
4f level is above E, and magnetic when it is below.
From experiments by Smith* on the pressure
dependence of the superconducting transition
temperature T, of LaCe alloys, it has been esti-
mated® that the Ce 4f level lies a few hundredths of
an eV below Ep at normal pressure and moves
towards Eg by a hundredth of eV under a pressure
of 10 kbar. Hence, LaCe as well as YCe have been
suggested® as promising candidates for an experi-
mental study of the transition from magnetism to
nonmagnetism at feasibly higher pressures.

A minimum in the variation of T, with pressure
was first observed in the (LaCe);In system and
interpreted as signalling the onset of a magnetic—
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nonmagnetic transition.® In these alloys, for a given
concentration ¢ of magnetic cerium impurities, the
depression of T,, AT, = T,, — T, where T, is the
transition temperature of the matrix, initially
increases strongly with pressure and then goes
through a maximum at higher pressure. Recently,
Maple et al” have measured the variation of T,
with pressure in LaCe alloys to 140 kbar. They
observed that T, of pure lanthanum increases
monotonically to 12°K at 140 kbar, while, for
example, T, of a La, ¢5,Ce, 3 alloy first decreases
with pressure and then goes through a minimum
at 15 kbar. This behaviour is so pronounced in a
La, ¢3Ceq o, alloy, that there is a ‘normal gap’
between 5 and 15 kbar on the pressure axis where
the sample is not superconducting above the lowest
temperature (0.35°K) accessible to the experiment.
Hence, AT, shows a maximum as a function of
pressure. In figure 1, we have plotted AT, /c for the
Lay 93,Ceq 013 alloy versus pressure to 140 kbar.
The depression of T, at high pressure (= 100 kbar)
is more than an order of magnitude smaller than at
the maximum depression at 15 kbar. Moreover, the
shape of the T, versus ¢ curve changes with pressure,
as seen in Figure 2. At low pressures, it is nearly
linear with a small negative curvature, while at high
pressures the curvature becomes positive and is
strongest at roughly 30 kbar. From Figure 1, the
magnitude of the depression of T, is typical of a
magnetic impurity (like other rare-earth impurities)
at low pressure (below ~ 30 kbar), while it is typical
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of a nonmagnetic impurity at very high pressure
(above ~ 100 kbar).

La_Ce
esoee experimental curve

theoretical curve

(11)

. - —)P
75 100 1257
pressure (Kbar)
FIGURE 1 Depression of the superconducting transition
temperature AT,/c of a LaCe (1.3 at. 9, Ce) alloy versus pressure
to 140 kbar (reference 7) compared to the theoretical curves
(I and II) discussed in the text.

The preceding variation of AT, (or —dT ‘do).
characteristic of the pressure induced magnetic—
nonmagnetic transition in LaCe alloys, can also be
obtained in a ternary alloy by varying the composi-
tion of the matrix.® This is shown in Figure 3. To
the right we have plotted (—dT,/dc),.- vs pressure
for ThCe alloys® !° which decreases with pressure
in much the same manner as for LaCe alloys at very
high pressure; to the left we have plotted the same
quantity as a function of the relative composition
of the matrix, i.e., the yttrium concentration x in
ternary (Th, _,Y,),_.Ce, alloys.® The variation of
(—dT,/dc), -, with x is similar to that which occurs
with decreasing pressure in nonmagnetic LaCe
alloys. '

The electrical resistivity is another quantity
which is expected to show a remarkable variation in
the vicinity of the magnetic-nonmagnetic transition.
Figure 4 shows the slope of the Kondo resistivity
IdR,,,/d InT| (normalized to the value at zero
pressure) in the temperature range where R, is
linear in In T, and the temperature of the resistivity
minimum 7, (also normalized to the zero pressure
value) vs pressure to 18 kbar for a La, ¢5Cey o,
alloy.* In the same figure AT,, determined from
resistive transitions on the same sample when the
alloy is superconducting or extrapolated when it is
no longer superconducting, is shown for compari-
son. Experimentally, ldR,,,/d In T| and AT, have a
maximum at nearly the same pressure, while T,
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FIGURE 2 Isobaric concentration dependence of the super-
conducting transition temperature 7, in the LaCe system
(reference 7).
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FIGURE 3 [Initial depression of the superconducting transi-
tion temperature (d7,/dc).-, versus pressure in the Th, _.Ce,
system, and matrix composition x in the (Th, _,Y,); Ce, and
(Th, _,3¢c,), - Ce, systems (reference 8).




