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NORMAL STATE MAGNETIC BEHAVIOR OF (U,_,RE,)BE,, PSEUDOBINARIES

E. Zirngiebl, J. D. Thompson, J. L. Smith, Z. Fisk

Los Alamos Naticnal Laboratory
Los Alamos, NM 87545 USA

INTRODUCTION

To understand the underlying physics of the heavy electron supercon-
ductor UBe,;.' its superconducting transition temperature T, and its
critical field behavior have been studied extensively as a function of
impurity doping."' Thorium and yttrium substitution on uranium lattice
sites generate a non-monotonic TC suppression as a function of impurity
concentration. Moreover, for Th-substitutions x, 0.02 {( x ¢ 0.04, a
second large anomaly nppearn' in the specific heat below T., perhaps
indicating the transition to a second superconducting phale.6 Doping of
UBe,; with magnetic Gd impurities results in an unusually small T,
suppression (AT./Gd = -0.40 K/X). On the other hand, adding a few percent
of nonmegnetic impurities (La, Sc, Lu) suppresses T. rapidly, being an
unusually strong effect of nonmagnetic impurities on supercon-
ductivity. Altogether, any impurity doping seems to modify the low
temperature properties of UBe,, in a way rather unusual compared to normal
superconductors. So far, however, little attention has been paid to the
modification of the normal state properties of impurity doped UBe,,;. Ve
have investigeted the normal state magnetic behavior of impurity doped
{U;-xREx)Be,5 pseudobinaries (RE = Th, Y, La, Lu, Sc) in tie temperature
range between 2 K and 380 kh for impurity concentrations x { 0.05 to see {f
there are correlations with T.(x).

RESULTS

The magnetic susceptibilities x of all samples investigated show
Curie-Weiss behavior above 100 K. This allows us to extract reasonably
sccurate valuas for the paremagnetic Curie-tempe.ature 6 and the effective
U-moment p ee by fitting 1/x ve. T to a Curie-Weiss law in this tempera-
ture range. As a third parameter characterizing the magnetic behavior we
choose the susceptibility per mole U at a temperature of 2 K, x(2 K).

Here we present results only on Y and La, having a comparable {onic volume
to uranium, and on Lu and Sc, having a smaller ionic volume compared to
uranium.® Figures 1(a) and (b) show as & function of Y and La concentra-
tion x, respectively from top to bottem, T. taken from Ref. (6), the
magnetic susceptibility per mole U at 2 K x(2 K), the paramagnetic Curie-
temperature 6 and the effective paramagnetic U-moment pgff. Additionally,
in Figs. 2(a) and (b) the same parameters T.. x(2 K), © and py¢¢ are shown
as a function of Lu- and Sc-impurity concentration, rGlpGCthufy.
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Fig. 1. Influence of impurity doping on the magnetic properties of
UBe,,. Shown as a function of La-concentration (Fig. la} and
Y-concentration (Fig. lb) are the superconducting transition
cemperature T., the magnetic susceptibility per mole U at 2 K,
x(2K). the paramagetic Curie tempereture 6 and the paramagnet-
ic effective U-moment. The solid lines are guides to the eye.

DISCUSSION AND CONCLUSIONS

For all different impurities shown in Figa. 1 and 2, we note an
initial increase of the low temperature susceptibility x(2 K) as a
function of impurity concentration, which is alro observed for Th
impurities.’ This may be explained as due to Kondo screening of a
nonmagnetic impurity, resulting in the formation of an /nduced mmgnetic
moment . * Simply speaking. at the iocation cf the impurity there is &
compensating electron cloud, but nothing to compensate.

For all types of impurities investigated, the paramagnetic Curie-
temperature exhibits a naximum as a functiun of impurity concentration but
dues not change dramatically as can bee seen from Figs. 1 and 2. For Th
impurities not shown here, where the whole concentration range fror. UBe,,
to dilute U in ThBe,5 has been studied, 6 changes by less than 30X, indi-
cating that 6 is dominated primarily by single-ion spin fluctuations.’
Certainly this appears to be the case in pure UBe,, since the value of b
1s to within ~10X the same value as the single Kondo impuriry temperature
deduced by Batlogg et al.® from a Bethe Ansatz analysis of their magneto-
resistance data.

Surprisingly, we not only observe changes in x(2 K) and 6 as a func-
tion of impurity concentration, which both are consistent with a simple
Kondo picture, but also changr_ in the paramagnetic effective moment of U
in UBe,; due to impurities. As can be seen from Figs. 1 and 2 for all
types of impurities investigated, we observe an increass of the U-moment
with increasing impurity concentration, going over a maximum, and settling
at values higher than or comparable to that for pure UBe,,. The maximunm
seems most pronounced for Y- and La-impurities, which are comparable in
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Fig. 2. Influence of impurity doping on the magnetic behavior of UBe,;.
Shown as a function of Lu-concentration (Fig. 2a) and Sc-concen-
tration (Fib. 2b) are the superconducting tiansition temperarture
T.. the magnetic susceptibility per mole U at 2 K, x (2 K). rhe
paramagnetic Curie temperaiure 6 and the paramagnetic effective
U-moment. The solid lines are guides to the eye.

volume to U, and less pronounced for the smaller volume Sc and Lu.
Inspection of Figs. 1 and 2 shows that the variation in p,¢¢ with con-
centration qualitatively tracks ©(x). The change in poe¢ with concen-
tration might be merely refleciing variations in py¢s with x and both may
have a common origin. However, alternative interpretations of PefsVarying
with impurity concentration, like changes in the lLiybridization between U
5f-electrons and electrons of neighboring Be-ions., cannot be ruled out on
the basis of these observations alone. Clearly, there are rather signifi-
cant changes in the magnetic behavior of doped UBe,, samples that accom-
pany the depression of T.. Further investigations, e.g. magnetoresis-
tance. Hall cffect. and neutron scattering mearurements, are needed to
establish unambiguously their origin so that a relevant theory for
superconductivity in these materials can be made.
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