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Abstract

The effects of the increase of the U 5f binding energy and the decrease in the localized U 5f electron-conduction
electron hybridization on the Kondo temperature, with U intersite interacticns held constant to first approximation, are
under investigation by means of electrical resistivity, magnetic susceptibility, and specific heat as a function of y for fixed
values of x in the (Y,_ M,), _ U,Pd; (M = Th, La) systems.

Photoemission spectroscopy measurements on the
Y,-,U,Pd; system [1] have revealed a “Fermi level
tuning” effect in which the separation 8E between the
Fermi level Er and the energy Es; of the U 5f states,
OFE = Er — Es;. increases upon substitution of tet-
ravalent U for trivalent Y by ~ 1 eV as x varies from 0 to
1. This occurs through an increase in the conduction
electron density with x, and, in turn, Eg. The increase of
8E with increasing x is also manifested in a correspond-
ing decrease of the Kondo temperature Ty, as inferred
from features in the electrical resistivity p(7), magnetic

susceptibility y(7), and the low temperature specific heat
C(T), where C(T) was analyzed in terms of a two channel
Kondo effect, presumed to be due to the interaction of
the conduction electrons with the electric quadrupole
moments of the I'; nonmagnetic doublets of U** in the
cubic Y, - ,U,Pd; system [2-4]. However, the substitu-
tion of U** for Y3* in the Y,_,U,Pd; system has the
additional effect of increasing the U intersite interaction

strength as x is increased which leads to spin-glass
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freezing below a chrracteristic temperature Ty that in-
creases with x. In orcer to study the effects of the increase
of 8E and the decrease in the localized U 5f elec-
tron—-conduction electron hybridization ¥y, on Tk, with
U intersite interactions held constant to first approxima-
tion, we have been performing measurements of
p(T), x(T), and C(T) as functions of y for a fixed value
x =0.11n the (Y, _ M,), - . U,Pd; (M =Th, La) systeins.
The results for M = Th, where the primary effect
should be to increase OE, are reported herein. The experi-
ments in which M = La, where the major effect should
be to decrease Vi, due to the expansion of the YPd;
lattice (La®" has a larger metallic radius that Y3™), are
still in progress.

Shown in Fig. l(a) are plots of p versus T between
12K and 300K for Yg-,ThUy Pd; samples with
y=0,01,02,03,and 04. The p(T) datafor 0 < y < 0.2
reveal that p increases with decreasing 7, indicative of
a Kondo effect. The increase of the temperature depend-
ence of p with y for 0 < y < 0.2 suggests that 7Ty de-
creases with v, consistent with Fermi level tuning. In
order to estimate values of Tk from the p(7) data for
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Fig. 1. Temperature T dependence of the electrical resistivity p,
magnetic susceptibility x, and electronic specific heat AC of the
Yo.0-,Th,Ug (Pd; (3 =0.0.1,02,0.3,04) system: (a) p versus
T: (b} {x — o)~ ' versus T, where y, is defined in the text; (c)
AC/T versus In T,

Yo.9-yThUgy Pd; with v = 0.1 and 0.2, we have subtrac-
ted the p(T) data for YPd, to obtain the U contribution
Ap(T) and defined Ty as the temperature at which
Ap(T)/Ap(0) = 0.8; the values of Ty obtained from this
procedure are plotted in Fig. 2 (open squares).
Displayed in Fig. 1(b) are plots 7 (y — #,)~ ! versus
Tfor Yy o-,Th,U, Pd, samples with y = 0, 0.1, 0.2, 0.3,
and 0.4 between 1.8 K and 300 K, where 7o was deter-
mined by fitting the »(7) data to the sum of a constant Yo
and a Curie-Weiss law Ny 2/3kp(T — w ), where N is
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Fig. 2. Kondo temperature Ty on a logarithmic scale versus Th
concentration y for the Yo -, Th,Ug , Pd, system. T was infer-
red from p versus T (open squares), x versus T (solid circles) and
AC/T versus In T (open circles) data shown in Figs. 1(a), (b) and
(c), respectively.

the number of U ions, . is the U effective moment, and
fOcw is the Curie-Weiss temperature. The (x — xo)~ ! ver-
sus 7 data are linear in the range 100K < T< 300 K
and the values of puyy, xo. and Bcw derived from the
fits depend on y: ie., plua) = (292 + 0.05) +
(0.6 + 0.2)y, x0(10~ % emu/mol U) = ( — 4.0 + 0.6) —
(25 £ 3)y, and — Ocw(K) = [371 exp( — 9.56y)] + 57.
Below ~ 100K, the (x — xo)~ ! versus T data fall below
the linear fits to the higher T data and approach a finite
value as T — 0, indicative of a nonmagnetic ground state,
which is presumably the U I'; nonmagnetic doublet. The
exponential decrease of |6-w| with y is consistent with the
decrease of 7y with y inferred from the p(T) data of Fig.
1(a). For Kondo systems, 0cw = 3-5 Ty. The value of ¢y
appears to saturate to a value = — 57K for laige y.
A comparable x-independent value of 6.y was observed
for the related system La, _,U,Pd; which does not show
a Kendo effect. Shown in Fig. 2 is a plot of Tk versus Th
concentration y (solid circles), inferred from the values of
Ocw according to the relation Ty = [ — Ocw — 571/4.8.
The scaling factor 4.8 was derived by defining T of the
y = 0.1 sample to be the value obtained from the specific
heat as described below.

Presented in Fig. l{c) are plots of AC/T versus In T for
Yoo ,ThUqy Pd; between ~ 0.5K and 20 K. The in-
crease of the magnitude of the slope [d{(AC/T)/dIn T} with
Vv is consistent with a decrease of Ty with v. The features
in the AC, T versus In T data at ~ 1 K {a shoulder) for
the sample with y = 0.2 and at ~ 2.4 K (a maximum) for
the samples with x = 0.3 and 0.4 may be due to the
splitting of the I'; nonmagnetic doublet ground state,
which is analogous to Zeeman splitting of the magnetic
doublet for a magnetic two-channel Kondo effect. It is
interesting that the evolution of the shape of the AC(T)
curves with 1 resembles that of the calculated AC(T)
curves for a two channel magnetic Kondo effect in the
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presence of an applied magnetic field [5]. Such a splitting
of the U I’y doublet could arise from a local charge
asymmetry or distortion of the lattice from cubic sym-
metry about a U site due to the substitution of Th. An
analysis of the slope |[d(AC/T)/dIn T|) within the context
of the two channel Kondo model yields a decrease of T
with y, similar to that deduced from the x(7) data, as
shown in Fig. 2 (open circles). A plot of the entropy
AS(T), estimated in the same manner as described in Refs.
[2, 3], yields a value of R In 2 near 15 K for the samples
with y = 0.3 and 0.4, and substantially reduced values at
~ 15 K for the samples with y = 0, 0.1, and 0.2, consis-
tent with the existence of a residual zero temperature
entropy of (1/2)RIn2. In addition, low field x(7)
measurements on Y sThg 4Ug Pdy reveal a slight
irreversibility, indicating spin-glass freezing, below
Tsg~2.4 K. This temperature coincides with a peak in
AC(T)/T.

Specific heat measurements on a Lag U, Pd; sample
reveal a peak in AC(T) near 5 K that can be described by
a 2-level Schottky anomaly with a Gaussian distribution
of splittings centered at 0.8 meV and a FWHM of
1.6 meV. The peak position and width of the Schottky
anomaly are similar to those for the Yy sThg U, Pd;
sample shown in Fig. 1(c), suggesting a similar mean and
width of the splitting between the U I'; nonmagnetic
doubiet ground state for the two systems.

The electrical resistivity, magnetic susceptibility, and
specific heat measurements on the Yo4-,Th,U, Pd;
system, in which the U concentration is held constant to
minimize changes in the U intersite interactions, clearly
reveal the scaling of the physical properties with T and
the phenomenon of Fermi level tuning in this system. The

self consistency of the y dependence of Ty determined
from the data support the interpretation of the Kondo
and non-Fermi-liquid behavior in terms of a two channel
quadrupolar Kondo effect.
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