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Effects of lattice disorder in the UCus_,Pd, system

E. D. Bauer, C. H. Booth? G. H. Kwei?* R. Chau® and M. B. Maplé
!Department of Physics and Institute For Pure and Applied Physical Sciences, University of California, San Diego,
La Jolla, California 92093
2Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720
SLawrence Livermore National Laboratory, Livermore, California, 94550
4Los Alamos National Laboratory, Los Alamos, New Mexico, 87545
(Received 30 October 2001; revised manuscript received 27 February 2002; published 18 June 2002

The UCuy_,Pd, system exhibits non-Fermi liquitNFL) behavior in thermodynamic and transport proper-
ties at low temperatures for Pd concentrationssx 1.5. The local structure around the U, Cu, and Pd atoms
has been measured fok=<1.5 using the x-ray absorption fine structure technique in order to quantify the
effects of lattice disorder on the NFL properties. A model which allows a percentage of the Pd atoms to occupy
nominal Cu (1@) sitesswas used to fit the Pd and Guedge and U, edge data. Pd/Cu site interchange was
found to occur in all samples<{0), reaching a minimum value a&f~0.17 atx=0.7 and increasing mono-
tonically to s=0.4 atx=1.5. These data also determine an upper limit on the static disorder of the nearest-
neighbor U-Cu pairs. A single-ion Kondo disorder model with a lattice-disorder origin of the distribution of
f/conduction electron hybridization strengths within a tight-binding approach is used to calculate magnetic
susceptibility. The results indicate that the measured U-Cu static disorder is not sufficient to explain the NFL
behavior of the magnetic susceptibility within this variant of the Kondo disorder model, suggesting either that
other sources of Kondo disorder exist or that the Kondo disorder model is not applicable {o,BGu
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. INTRODUCTION spin rotation measurements on U@d % Measurements
of electrical resistivity, specific heat, and magnetic suscepti-
In f-electron compounds, strong electronic correlationspility are also consistent with this modét!® Castro Neto
lead to a variety of interesting ground states. Recently, thergt al. proposed a mod¥*” which describes the competition
has been growing interest in heavy fermion compounds thajetween the Ruderman-Kittel-Kasuya-YositRKKY) and
display non-Fermi liquidNFL) behavior in which the low-  kondo interactions in a disordered material leading to the
temperature properties, such as the electronic specific heghmation of magnetic clusters and Griffiths’-McCoy
coefficient C(T)/T=y, magnetic susceptibility(T), and  gjnqyjaritiest® This theory predicts that the physical proper-
electrical resistivityp(T), are characterized by logarithmic ties of the system at low temperatures are characterized by
or power-law temperature dependences. These characteris\t,l;éak power-law behavior and is consistent with what is ob-

temperature dependences are in contrast to those of a Ferrsrgrved experimentally in a number of NFL materiiRe
A : o 2 . P . oo
liquid in which y~x--const, andp(T)e T" at low tempera cently, Miranda and Dobrosavljeviovestigated a disordered

tures’ The NFL behavior of many of these Ce-, Yb-, or . et
U-based heavy fermion materialsy is often observed wheha‘nderson lattice and proposed that a Griffiths’ phase could

long-range magnetic order is suppressed by the substitutioZme obtained by a disorder-driven metal-insulator transition

21,22
of a nonmagnetic element or by the application of pressur MIT_)' _ ) ) _
(for a review, see Refs. 2.6 It is essential to determine the nature of the lattice disor-

There have been a number of theories proposed to adler in these disordered non-Fermi-liquid systems, since it is
count for non-Fermi-liquid behavior, although in many cases2 Key ingredient in many of the theories put forth and, there-
several models adequately describe the low-temperatuf@re, may provide valuable information regarding the under-
properties, making an unambiguous choice of theories diffilying mechanism for the NFL behavior. The UCyPd,
cult. In some systems, the NFL properties may be associategystem was chosen for this investigation because of its rich
with the proximity to aT=0 K second order phase transition phase diagram and because one type of disorder, Pd/Cu site
or quantum critical poinQCP.”~® Since many materials interchange, in which Pd ions occupy nominal Cu €6
that display non-Fermi-liquid phenomena are disordered alsites, was found to be relevant to the NFL properties at low
loys, various disorder-driven mechanisms have also beetemperatures for UCId? Lattice disorder has also been
proposed. The “Kondo disorder” modékKDM)%~12is es-  shown to be important from changes in the lattice parameter
sentially a single-impurity model with a distribution of and y in annealing studies of UGRd (Ref. 24 and the
Kondo temperatures, and might be considered as a disoBu-NQR line shape in UGuPd, 5,%° and is implied from
dered Fermi-liquid model. The KDM utilizes a distribution the glassy nature of the spin dynamics measured from the
of Kondo temperaturesT, caused by a distribution of muon spin-lattice relaxatioff. The details of the low-
f-electron/conduction electron exchange coupling strength&emperature magnetic phase diagram are much more com-
J, possibly induced by lattice disorder. This model was firstplicated than originally believed. In UGu,Pd,, antiferro-
put forth to explain the broad NMR linewidths and muon magnetic order is suppressed frolg=15 K in UCuw, to
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T=0 K at x~1.1*1® Although no frozen moments are ob- minimize Cu inclusiong® However, the behavior of UGu
served from muon spin relaxatidh,glassy behaviofspin  and UCy ¢swere very similar and only the data for the UCu
glass or superparamagnetisis observed forx=1 at T; compound is reported except where otherwise noted. Mag-
~0.2 K, while no evidence for magnetic order down to 30netic susceptibility measurements were performed in a com-
mK is found forx=1.25%?" Forx=1.5, spin glass behavior mercial SQUID magnetometer in a magnetic field of 1 T at
reappears aff{~0.1 K which persists up tx=2.2 (Tt  temperatures between 1.8 and 300 K.

~2 K), at which point the system enters into a mixed phase x.ray absorption data were collected at the Stanford Syn-
region with two different crystal structures. Therefore, thecprotron Radiation Laboratory from thell}, , PdK, and Cu
UCus _Pd, system offers an opportunity to study the effectsy eqges on BL 4-3 and BL 10-2 using a half-tuned double
of disorder on the relevant physical properties., magnetic  ¢rysta| 5220 monochromator with a slit height of 0.7 mm.
order,_ NFL behaylor, etf. In addition, it s St'_” an Open  The samples were ground to a fine powder in acetone, passed
question as to which model for non-Fermi-liquid behavior 'Sthrough a 30 micron sieve, and brushed onto scotch tape.

most appropriate for this system. A quantum critical point.. - - 1129
may exist given the absence of magnetic order of any kind a%lnce UCy oxidizes rapidly,® such powder samples were

x=1.25. The various Griffiths’ phase mod&té' may be ap- prepared in an Ar glove box and sealed between layers of
plicable since disorder is present in this systémhe Kondo capton tape and shipped in a quartz tube filled with Ar. The

disorder scenario may also be valid as many of the physicéf?pton'sealed UGuand _UCl“-% sa_mples_ were expo_sed to
properties are consistent with this modei315 air for less than ten minutes while being loaded into the

The main motivations for this study af@) to determine cryostat. Various numbers of layers were stacked so that the

the amount of lattice disorder in UGuPd, ; (2) to calculate  €d9€ Step was approximately unity for each type of edge.
the distribution of hybridization strengttB(V) using the ~Generally, 2-5 scans were collected for each sample for a
measured lattice disorde(3) to test the caveat of lattice particular edge a_t t_emperatures between 3 and 300 K with a
disorder as a possible starting point for a true microscopi(E""’mper":lture dgwatlon of less than 0.2 K'.

model of the Kondo disorder model proposed in a previous The absorptpn data were reduced using Sta”d.afd proce-
study of Pd/Cu site interchange in URd? and (4) to dures outlined in Refs._ 30 and_ 31, mc_Iudmg fitting an
speculate on the applicability of models other than the KDMemt_)edde_d-atom qbsorptlon funct_|pJa(E) with a 5—7-knot

to describe the NFL behavior of UG Pd, . The x-ray ab- cubic spline fun9t1|on with a maximum photoelectrpn wave
sorption fine-structuréXAFS) technique is a powerful tool VECtork of 15 A% The XAFS function is then defined as
for studying disorder since it is a local structural probe that is“(k)/“‘)(k)z_l' where x is the absorption coefficienk
atomic species specific. We will present a method for quan= V(2me/7%)(E—E,) is the photoelectron wave vecton,
titatively determining the amount of disorder around the UIS the electron rest mass, arig} is the absorption edge
atoms in the UCkL Pd, system. This method can be applied thr_eshold energy, which is defined arb|Frar|Iy tp be the half
to many systems in which it is helpful to understand theheight of the edge and allowed to vary in the flts. Examples
nature of the disordeor lack thereof and its relation to the ©f the k-space data for each of the absorption edges are

physical properties. shown in Fig. 1. . . .
The outline of the paper is as follows. Experimental de- The XAFS technique provides local structural information

tails and a brief description of the XAFS technique are dis-2Pout an absorbing atom. The oscillation above an absorp-
cussed in Sec. II. The theoretical background for the KDMtiON €dge, which are due to the interference between the
along with fits of this model to the magnetic susceptibility ©Utgoing and backscattered photoelectron waves, can be
are presented in Sec. IIl. The experimental analysis method§ourier transformed and subsequently fit in order to deter-
Pd and CuK edge and U_,, edge XAFS data and results Mine the following quantltlesNi, the number of atoms in
from UCu_,Pd,(0<x<1.5) samples are given in Sec. IV. theith s_heII at a radiu®; from the absorbing atomy;, the
The effects of the measured lattice disorder on the electronigPread in bor;d lengths &, (also called the Debye-Waller
properties of the UCyL Pd, system are considered in Sec. facton; and Sj, an overall amplitude reduction factor that
V. A discussion of the results are presented in Sec. VI an@ccounts for inelastic losses. Theoretical predictionsSpr
conclusions are given in Sec. VII. generally do not compare well with experiment; therefdie,
is held fixed whenever possible. In this study, we fit the
Fourier transform(FT) of the XAFS functionk®y (k) to the
theoretical backscattering and phase functions calculated by
Samples of UCkL ,Pd, were prepared by arc melting ap- FErF7(Ref. 32 (more details can be found in Ref.)3The
propriate amounts of the end members J@od UPd in an  absolute errors inr are estimated to be 5% for nearest-
ultra-high-purity Ar atmosphere with a Zr getter. The parentneighbor bonds and 10% for further neighbor bonds. The
compound UCy was annealed in an evacuated quartz amabsolute errors ifR are estimated to be 0.01 A for nearest-
poule at 900° C for 2 weeks, while no annealing was perneighbor bonds and 0.02 A for further neighbor boffds.
formed on the compounds containing Pd. All of the materialsSThese absolute error estimates are similafthough always
were found to be single phase with the AuBmystal struc- larger thanthose obtained by other methods such as a Monte
ture with no observable impurity peaks according to x-rayCarlo method® or the relative errors estimated from the
diffraction measurements. A slightly Cu deficient sample,number of scans taken at a given temperature for all the
with composition UCugs, was also prepared in order to measurements report here.

Il. EXPERIMENTAL DETAILS
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FIG. 1. Examples of théCy(k) XAFS data for thex=0.3
(dark) and thex= 1.5 (light) samples from théa) U L;;, (b) CuK,
and (c) Pd K edges. Note the relatively poor quality of the Rd
edge data fok=0.3. The data quality of other samples is similar to

that of thex=1.5 sample. . :
0 50 100 150 200 250 300

As an additional check on the sample purity of the T(K)

UCus_,Pd, samples, a contribution to the XAFS of a num- k|G, 2. (a) Magnetic susceptibility=M/H vs temperaturd@ of

ber of impurities were considered such as Cu, Pd, CUPCUCUE,,XP@( compounds with Pd concentrations in the rangex0

CusPd, as well as various oxides. Simulations of the XAFS<0.7 in a magnetic fielH=1 T. Inset: x(T) below 50 K. (b)

spectra expected from nearly all of these impurity com-Magnetic susceptibilityy(T) in H=1 T for UCu_,Pd, com-

pounds indicated that the tested impurities would produc@ounds with Pd concentrations in the range<Ix8<1.5. Inset:

peaks that were not observed in the YCyPd, data and x(T) at low temperature for Pd concentrations betweer0.9 and

therefore these impurities could only be present at levels of.5. The lines are fits of the expressign@T) = xo—c In T (dashed

less than a few percent. The impurity level of compounddines and x(T)=T" (solid lines to the x(T) data.

with similar crystal structures and lattice parameters, such as

free Cu[which was reported to exist in UGysPd 5 (Ref.  law behavior has been previously observed in YGed,

34)], could be as high as 5%. (Ref. 20 and other disordered NFL systems such as
Y, UPd and Th_,U,PdAl;.*° At higher temperatures
above ~200 K, the magnetic susceptibility of the

Il BACKGROUND UCus_,Pd, compounds follows the Curie-Weiss law

A. Magnetic susceptibility and logarithmic behavior

Measurements of magnetic susceptibility were performed x=CI(T—6cw),

in order to track the decrease of theélliéemperature with \yherec= Nau2i/3kg, Ocw is the Curie-Weiss temperature,

increasing Pd concentration and to explore the non-Fermisq e is the effective moment in Bohr magnetons. The
liquid behavior observed previousi§1® The magnetic sus- N

o~ i oS effective momentu.s;=3.0—3.4ug is smaller than what
ceptibility x=M/H vs temperatureTl in a magnetic field \,q,1d be expected for af8 (wer=3.58ug) OF 5f° (wer
H=1 T for various UCy_,Pd, compounds is shown in

i ; ; =3.62ug) configuration, indicating the presence of crystal-
Fig. 2. A cusp or peak in thg(T) curves is observed for |ine glectric field effects and/or the Kondo effect. The Curie-
0=x=0.7, indicating the onset of antiferromagnetic order aj\jsjss temperatureée,, are negative for all concentrations

Tn=155,14.1, 8.4, and 2.3 K for=0, 0.3, 0.5, and 0.7, sydied and increase roughly linearly fron260 to—100 K
respectively, in agreement with previous restfts For 0.9 from x=0.3 tox=1.5 (results listed in Table)!

=x=<1.5, thex(T) data increases with decreasing tempera-
ture at low T and can be fitted by the expressiog§T)
=xo—CInT where xo and c are constants, ory(T)
=—c¢'T" wherec’ is a constant and ranges betweer 0.2 In the Kondo disorder model, a logarithmic divergence at
and —0.3, as shown in the inset of Fig(®. Similar power low temperatures in the magnetic susceptibilig¢T) and

B. Lattice disorder and the KDM
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TABLE |. Magnetic properties of UG Pd,. The Neel temperaturd  is obtained from the change in
slope of theyx(T) curves. The values of the effective moment; and Curie-Weiss temperaturg,, are
extracted from fits to a Curie-Weiss law of the high-temperature magnetic susceptibility. The parafpeters
and c are determined from fits of the expressigT)=yo,—cInT to the xy(T) data. The exponent is
determined from fits of the expressigiT)«T" to the y(T) data. The values of the static disorder necessary
to fit the magnetic susceptibilitypy are determined from fits of the KDM to thgT) data, and include the
Cu and Pd site distributions involving the Pd concentraki@md the site interchangs as discussed in Sec.

IV B.

Ty Ts Meet Ocw X0 C UﬁDM
X (K) K) () (K) (103 cm*/mol) (102 cm®/mol In K) n (A?)
0 15.5 3.1 —186
0.3 14.1 3.4 —259
0.5 8.4 3.3 —198
0.7 2.3 3.3 —-162
0.9 0.8 3.2 —-134 23 4.9 —0.29 0.0038
1.0 02 0% 3.2 —-139 20 3.3 —0.26 0.0030
1.25 3.0 —-97 21 2.8 —0.18 0.0028
1.5 o.f 3.2 —-107 26 4.3 —0.21 0.0028
%Ref. 35.
bRef. 35.
‘Refs. 20,27,35.
YRefs. 20,27.

specific heat divided by temperatu@T)/T are produced is the bond length between tlhéand X atoms, andy;q is a
when a sufficient amount of weight in the distribution of factor which only depends on tHés and bond symmetry
Kondo temperature®(Ty) exists at lowT.1° The P(T) (see Appendix B of Ref. 37 The total coupling energy is
distribution is determined by introducing a spread of cou-obtained by summing over all atoms pairs

pling strengths7N(Eg) into the expression for the Kondo

temperature
Viot= E )
kBTKZEFe_lle(EF), (1) U, X pairs

wherekg is Boltzmann’s constant/ is the local moment/ Within this _approach, the coupling eqergies are often larger
conduction electron exchange parameter, hif¢) is the thqn gxper!mentally observed energies by a factor df 2.
electronic density of states of the host material at the Ferm] NS limitation does not play a major role in what follows

Vig - (4)

level E¢ . The exchange parameter is given by because the_se energies are scaled\iizg)/e;, which is .
used as a fitting parameter. Therefore, we only need consider
Vfot relative changes iV¢y. The sum in Eq(4) converges rap-
J=—77 2 idly since the contribution from more distant neighbors is

small, i.e., Vig (Rycy=4.59 A)~7% of Viy (Rucy
where V,, is the matrix element which admixes the local =2.93 A); therefore, we assume that only the first two
moment and conduction electron states ands the f-ion  nearest-neighbor shells contribute to the hybridization.
energy below the Fermi level. We include two types of contributions to the distribution
The variant of the Kondo disorder model considered heref hybridization strengths due to lattice disorder. One effect
utilizes a tight binding approach to compute the hybridiza-is that of Pd/Cu site interchange, which changes the species
tion strengthsv between the conduction electron states andf atoms used in theyy parameters and will result in differ-
the f states. Since the-electron contribution is known to ent hybridization strengths, i.e., the hybridization will be
dominate the conduction band in isostructural YbAg€u larger for a U atom with more Pd neighbors than one with
we only consider thé&/;q matrix element. The tight binding more Cu neighbors. The distribution of hybridization
formalism of Harrison and Straub for each pair of atdths strengths due to the differengy parameters is therefore dis-
(f ion) and X (d electrons in the conduction banthen crete and modeled by a binomial distribution. The other con-

gives’ tribution to P(V) is due to continuous lattice disorder, which
is included as a Gaussian distribution of bond lend®ysk

Niqh? \/(rafrid) with width o giic. The distribution of Kondo temperatures is

M me RS, (®  calculated with the use of the distribution of hybridization

strengthsP (V) in Eq. (2). With increasing continuous disor-
wherer y, is the radius of the electronic shell of atofwith der ogaiic, the initial discreteP(Ty) is quickly washed out
angular momenturh (=d or f) (tabulated in Ref. 38 R,.x  even for small amounts of disorderg.;c~0.005 A, and
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FIG. 3. Fits of the Kondo disorder model to th€T) data of

FIG. 4. Crystal structure of ordered UgRd. U atoms occu
UCus;_,Pd, for Pd concentrations betweer=0.9 andx=1.5. Y frd by

the 4a sites(black spheres Pd atoms occupy thecdsites(shaded

) _ _ N spheres and the Cu atoms occupy theel8ites(white spheres
broadens considerably with more weight shifting to lower

Ty .*® Sources of Kondo disorder other than a bond length 1,6 |ocal environments of the U and Cu atoms are shown
distribution in the hybridization energy such as a distribution;, Figs. 5a) and 5b), respectively. The U and Pd environ-
of f-ion energies or density of statt§E¢) are not included 1 ants are very similar since the (®d) atoms have 12 Cu

in this model. neighbors at 2.93 A and 4 RW) neighbors at 3.06 A. The
local structure about the Cu atoms is different due to their
C. Fits of the KDM to the magnetic susceptibility tetrahedral arrangement with six Cu neighbors at 2.50 A and

The magnetic susceptibility was calculated within thebOth 3 U and Pd neighbors at 2.93 A. The site inter-

KDM by convolving P(Ty) with the theoreticaly(T,Tk)
proposed by Rajdfl for a J=3/2 Kondo impurity. Three (a)
parameters were used to fit the model to the data: continuous
static disorderoypy, Ep, and N(Eg)/e;. The latter two
variables were found to be roughly constant for all concen-
trations at values of 1.36 epsimilar to the value oEg of

1.41 eV used in Ref. 1(for x=1)] and 0.157 eV?, respec-
tively. Least-squares fits to thg T) data are shown in Fig. 3
(results collected in Table).l The fit quality is excellent,
especially considering that the susceptibility was derived
from a microscopic model with only three adjustable param-
eters and the simplifying assumptions of the tight binding
model and single-ion behavior. Note that, for instance, a
value of op,,~0.0031 & is necessary to produce enough
weight at lowTy to generate the logarithmic divergence in
x(T) at low temperatures for the= 1.0 sample. The amount

of static disorder used in the KDM fits decreases with in-
creasing Pd concentration.

IV. XAFS RESULTS AND ANALYSIS
A. Experimental analysis procedure

Before discussing the detailed analysis procedure, it is
instructive to describe the average and local structure of the
UCus_,Pd, system. This system crystallizes in the face cen-
tered cubic AuBg structure (C1b) for x<<2.3. We consider
for this discussion an ordered UgRd structure in which the
U and Pd atoms (4 and 4 sites, respective)yform inter- FIG. 5. Local structure in ordered UgRd. (a) The local struc-
penetrating FCC lattices and the Cu atoms form a network ofure about the U atom@he Pd local structure is obtained by switch-
vertex-sharing tetrahedra along the body diagona¢ (i ing all of the U and Pd atomis(b) The local structure about the Cu
as shown in Fig. 4. atoms.
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change causes part of the Pd XAFS spectrum to be due to Pd
atoms on 4 sites and part to be due to Pd atoms ome 16
sites. The main difference between these two spectra will be
due to the short Pd-Cu pair at2.5 A arising from the Pd
atoms on 16 sites.

In order to understand the effects of lattice disorder on the
electronic properties in the UGu,Pd, system, one must be
able to measure the detailed local structure environment
around the uranium atoms. Determining this local structure
arrangement is a natural measurement for the XAFS tech-
nigue since this technique is atomic specific, allowing the
uranium atoms to be singled out. In addition, the Debye-
Waller factors have been shown to be meaningful in an ab-
solute sense, as was demonstrated for cubic materials in
generaf! and for isostructural YSCu, (X=Ag, Cd, In, T)
in particular’™® However, the presence of Pd/Cu site inter-
change makes the analysis procedure more complex because
the species of atom in each of the first two shells cannot
necessarily be well determined in the fits to the uranium data
alone.

Given the difficulty of determining the detailed local
structure around the uranium atoms in UCyPd,, we have
developed the following approach. First, we use thekPd

edge XAFS data to determine the fraction of Pd atoms ORelected UCk ,Pdsamples. The outer envelope is the amplitude

nomin.al Cu (18) sitess=N(Pd on 1€ SiteS/N(tQtal Pg. and the oscillating inner line is the real part of the complex trans-
If, for instance, the Pd atoms are randomly distributed on alt,., solid lines are data foia) x=0.5 (20 K), (b) x=0.7 (15 K)

16e and 4 sites for UCYPd, the value of would be 0.8 () x=1.0(3.3 K), and(d) x=1.5 (15 K) along with fits (dashed

(4/5 of all possible sites are &@iteg. Once values of (and  jines) as described in the text. These and all subsequent transforms
errors ons) are determined, these can be held fixed in fits toare fromk=2.5-15 A ! and Gaussian narrowed by 0.3°A The

the UL, edge data, and a reliable value of the square of théit range is from 1.5 to 4.5 Adotted line.

Debye-Waller factor of the nearest-neighbor U-Cu pirc,,

can be determined. With these valueso@f, as a function  the purpose of determiningZ.. either because the fraction

of temperature, one may then estimate the amount of statigf the amplitude of the peak in the Fourier transform of the

(i.e., nonthermalpair distance disorder by fitting the U edge XAFS data due to the pair of interest is less that 50% of the

data to a correlated-Debye model with a temperaturepeak height(as is the case for the next-neighbor U-Pd/Cu

independent offsét pairs at about 3.1 Ror simply because the correlated-Debye
model does not work very well for further neighbdts.

FT of Ky(k)

FIG. 6. Fourier transforms &€y (k) of the PdK edge data from

O'rznea;(Ta Ocp)= Ugtatic"' F(T,0cp). (5)
The temperature-dependent part of the Debye-Waller factor B. PdK edge
F(T.6cp) is given by the correlated Debye model The FT ofk3y(k) of the PdK edge of UCy_,Pd, for
various Pd concentrations is shown in Fig. 6. Hereafter,
F(T,0.p)= iJ p-(w)cotanVE h )d_“’ “Pd’'” denotes Pd atoms on &6sites, “Pd” denotes Pd at-
vebl o) B 2kgT/ @’ oms on £ sites, “Cu” denotes Cu atoms ondsites, and

, ) “Cu” denotes Cu atoms on Xssites. The main peak at2.4
where x is the reduced masg).p is the correlated Debye A (peaks in the XAFS transforms are shifted from the real
temperature, and the phonon density of states at pos&jon ,ng lengths due to the phase shifts of the absorbing and
IS backscattering atomsarises mainly from the large number of

Pd-Cu bonds at 2.93 A with additional contributiofséoul-

_8w?[ sin(wR;/c) g ders from the Pd-Cu/Pd bonds at 2.50 A and Pd-U bonds
pPi= wsD wRj/c at 3.06 A with appropriate weights governed by the amount

of site interchanges. The main peak at-2.4 A shifts to

in which wp is the usual Debye frequency ane wp /Kp . lower r with increasing Pd concentration, indicating more of
The expression in brackets of E@) takes into account the the 16 sites are being occupied by Rd situation which
correlated motion of the atom pair. These values of the statimust occur forx>1). The model used to fit these data is
disorderoZ_,;. can then be compared to thosexby) nec-  extended over the basic model used in Ref. 23 by including
essary for the KDM to describe the magnetic susceptibilityall Pd bonds, both on thec4sites and the I6sites, out to
data. Debye-Waller factors for the neighbors further than theair distances of 4.59 A. These fits are tightly constrained in
nearest neighbor U-Cu pairs are judged to be less reliable farder to reduce the number of fit parameters to be well
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TABLE II. Fit results of the site interchange model to some of thekPeldge data from UGu ,Pd,. N: nominal number of neighbors
in ordered UCyPd; A: peak amplitudeyr?: square of Debye-Waller factoR: bond length;f$y,: 16e site occupancy of Cuth?: 4c site
occupancy of Pd. The site-interchange ions are denoted with a prime, €.d@s, #&d ion on a nominal Cu (&}p site. The amplitudes of
the peaksA are fixed by the amount of Pd/Cu site interchasgad the site occupancy factcﬂ%’e andff,’g. Atom pairs in parentheses are
completely constrained by the pair above them in the table. Debye-Waller factors for pairs with similar bond lengths are also constrained. See
Sec. IV B for details S is determined to be 0.850.04. The errors inr are estimated to be 5% for nearest-neighbor bonds and 10% for
further neighbor bonds. The errors fhare estimated to be 0.01 A for nearest-neighbor bonds and 0.02 A for further neighbor bonds.

Pd Concentratiox, T 0.7,15K 1.0,3.3K 1.25,15K
Bond A constraint A a? (A% R(A) A a2 (A% R(A) A a? (A% R(A)
Pd-Cu 6S5s 5o 0.84  0.0029 255 150  0.0028 256 171  0.0025 2.55
(Pd-Pd) 6S5s(1— fia
Pd-Cu 3S§s(1—f§C 0.18 0.0030 291 0.26 0.0025 2.90 0.22 0.0025 2.88
(Pd -Pd) 382sfhd
(Pd-U) 3S3s
Pd-Cu 1253(1—3) f(fge 8.21 0.0030 291 6.38 0.0025 2.90 5.57 0.0025 2.88
(Pd-Pd) 1255(1-s)(1-f5g)
Pd-U 4S§(1—s) 2.82 0.0025 3.05 2.32 0.0019 3.05 211 0.0027 3.05
Pd-Cu 12825 S8, 1.68  0.0025 431 300  0.0036 431 341  0.0039 4.32
(Pd-Pd) 12S3s(1— 54
Pd-Cu 48(2,5(1— ff{c 0.24 0.0051 4.58 0.35 0.0058 4.57 0.29 0.0065 4.55
(Pd'-) 4S3%s
(Pd'-Pd) 4S5sfhe
Pd-Cu 16S3(1—9) S 10.95  0.0051 458 851  0.0058 457  7.43  0.0065 4.55
(Pd-Pd) 16S5(1-5) (1~ f58)
within Stern’s rule*® For instance, amplitudes for all the osk ]
peaks are set by only three parame@%s X, ands, with a L @ .
singIeS(z) used for all data at a given edge axéixed to the 04r { E ]
nominal value. In addition, pair distances that are nominally 03k { i
the same, such &&(Pd-Cu at 2.93 A in the nominal struc- L % {
ture andR(Pd -Cu’) that occurs from the site interchange, 02} E .
are held equal in the fits. Different atom pairs with equal pair i ]
distances also have the ratio of the Debye-Waller factdrs = L nominal s ]
held to the ratio of their reduced masses, although this does E WO . . . 1
not account for differences in the correlated Debye tempera- -§ W= IG5 7 T T
tures of the various bonds. Finally, a sing@igand threshold £ oof (b)
energy shiffAE, are used for all bonds and all temperatures. 08
With these constraints we include 15 atom pairs in the fits 0.7
while only requiring 10 fit parameters from 1.5—4.5 A, using g'g b - 1
a k-space window of 2.5—-15 Al (Gaussian narrowed by oab m f«C ]
0.3 A™Y). The value of § for the PdK edge data is deter- 03f O f" e
mined to be 0.8%0.04. Representative fits for various Pd 02} nominal £, ]
concentrations are displayed in Fig. 6 and summarized in g-(l)_ - = - nominal £, ™ |
. 1 1 1 L 1 -

Table Il. The quality of the fits is quite good witR~3
—10% for all Pd concentrations measured and the bond
lengths are consistent with diffraction results. X

The amou_nt of site |n_terchangaevs XIS ShQW” in Fig. FIG. 7. (8) The amount of Pd/Cu site interchang&s Pd con-
7(a) along with the nominal values o in which the £ conyrationx in UCu_,Pd. determined from fits of the PH edge
(nominal Pd sites are filled with Pd up te=1 (i.e.,s=0),  gata to the site interchange model. The nomisia based on a
and thereafter the Pd atoms begin occupying the(®®mi-  simple model in which the Pd atoms first fill the 4ites forx<1
nal Cu sites(i.e., s>0). These results indicate that site in- and thereafter fill the 6 sites. (b) The occupancy fractiongf?
terchange exists even for low Pd concentratigrssults  (fraction of Pd on 4 site9 andf$y (fraction of Cu on 16 siteg vs
listed in Table Il). In a previous XAFS study of UG#d,  x. The nominal occupancy factof§% and {5, are indicated by the
the amount of Pd/Cu site interchange was found to beolid and dashed lines, respectively.

1 1 " n 1 1 1 n L L
00 02 04 06 08 10 12 14 16
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TABLE Ill. Amount of Pd/Cu site interchangefor various Pd [T oo

©) ]

I
C
™~
@
Q.

©Q
@

concentrationsx of UCus_,Pd, determined from fits of the site 40

interchange model to the Rd edge and UL, edge data. These i
results from the U-edge data are only reliable as a consistency I
check on the Pd-edge resulsee Sec. IV ¢ Errors in the last digit 40|
are given in parentheses.

o

X S
PdK edge UL, edge —_
5
0.3 0.31) 0.8(7) mjj
0.5 0.2%3) 0.4(4) B
0.7 0.173) 0.255) =
0.9 0.264) 0.359)
1.0 0.325) 0.394)
1.25 0.384) 0.408)
1.5 0.413) 0.41(3)

s=0.243) 2 In the present investigation, the data have been
analyzed using a more sophisticated model of the local Pc
environmenfi.e., including further neighbors with site inter-
change out to 4.6 A instead of 3.4 (Ref. 23] to obtains
=0.325). While there is a small discrepancy between the r (&)
two models, the values are consistent with each other within

the error bars. Differences in the valueSjfbetween the two

studies may account for this discrepancy. In the present (15 K), (b) x=0.7 (15 K), (¢) x=1.0 (3.3 K), and (d) x=1.5

study, the value of the XAFS scale facts§=0.85 is b_as_ed (15 K) along with fits (dashed lines The fit range is from 2.0 to
upon a number of Pd concentrations and therefore is judgeslo A (dotted lines.
to be more reliable.

An alternative (equivalent description of the site inter- bonds. Constraints on the fits to thelly, data were chosen
change frons andx uses the occupancy fractions, defined agn a similar manner to the Pd edg.e con.straints, fitting in
follows: 59 and fSY are the fraction of ¢ and 1@ sites  Space to pairs as long as 5.0 A, including seven pairs but

shown in Fig. 8 and summarized in Table IV. The valu&pf

0] 1 2 3 4 5 6

FIG. 8. Fourier transforms of3y(k) of the UL,, edge data
from selected UCy ,Pd, samples. Solid lines are data foy a

fzg:x(l—s), was determined to be 0.800.05. In order to extract the
static continuous disorder, the square of the Debye Waller
SX factor for the U-Cu bond at 2.934¢ - (T) was fit to a

foa=1— 7 correlated-Debye model given by E(ﬁ).ﬂl The fits to this
model are shown in Fig. 9 for various concentrations of
These occupancy fractions are shown in Fith)7The fits UCus_,Pdand the results are collected in Table V. All mea-
are less sensitive to the paramefég'e due to the relative surements ofrf)_Cu are consistent with zero disorder, as was
abundance of I sites. The amount of site interchange is found in the YIXCu, (X=Ag, Cd, In, T) series®®
roughly constant up ta=0.7 ats~0.2 and then increases As a consistency check for the amount of site interchange,
monotonically to a value a§~0.4 atx=1.5. Therefore, itis the UL, edge data were fit witls as a free parameter, but
possible that the system may be furthest away from randorubject to the relative amplitude constraints of the peaks
occupancy of Pd at=0.7, given that a minimum iB exists given by the site interchange model. The values alftained
at that concentration. For>0.7, an increasing number of Pd in this manner are only used to provide a qualitative com-
atoms are located on the smallerel§ites which is accom- Parison to those value determined from the Pd edge data
panied by an increase of the lattice param&tétNote that ~ Since the results of the U edge fits are much more model
the f5¢ occupancy fractions exhibit a pronounced change irflépendenti.e., the U-Cu and U-Pdpair distances are con-
slope close tx=0.7. strained to each otheand some parameters are strongly cor-
related with one anothér.e.,s and the near neighbor Debye-
Waller factors. The results of these fits are inconclusive for
x=<0.5 due to the small amplitudes of the bonds involving
The Pd/Cu site interchange determined from theKPd site interchange, but compare quite favorably with the values
edge is introduced into the model for thelly, edge data by obtained solely from the Pd edge for- 0.5 (results listed in
fixing the relative amplitudes of the various U-Cu and U-PdTable IlI).

C. UL, edge

245114-8



EFFECTS OF LATTICE DISORDER INTH.. .. PHYSICAL REVIEW B 65 245114

TABLE IV. Fit results of the site interchange model to some of theé ) edge data of UG ,Pd, .
Definitions and constraints are similar to those in TableS§lis determined to be 0.800.05.

Pd Concentratiox, T 0.7,15K 1.0, 3.3 K 1.25, 15 K
Bond Aconstraint A o¢?>(A? RAA) A 2(A) RA) A (A RA)
U-Cu 1282658 931 0.0011 291 883 0.0021 292 846 00019 2.93
(U-Pd)  1255(1-fg)
U-Cu' 432£hd 1.86 0.0015 3.04 218 0.0020 3.05 248 0.0042 3.07
(U-Pd) 4S5(1—fh2
U-Cu 1683fSy  12.42  0.0027 456 11.78 0.0035 457 11.28 0.0032 4.59
(U-Pd)  16S5(1—ff)
U-u 1283 9.60 0.0022 4.97 9.60 0.0028 4.99 9.60 0.0030 5.00
D. Cu K edge centrations considered here. The fits of this model to the Cu

The FT ofk3y(k) of the CuK edge of UCy_,Pd, for
various Pd concentrations is shown in Fig. 10. The mai
peak at~2.3 A is shifted to lower relative to the peak in
the PdK edge data due to the larger number of Cu-Cu bond

K edge data using the values sfobtained from the P&

fpdge are shown in Fig. 10. A quantitative comparison can be

made to the P& and UL, edge data for those peaks which

dominate the CWK edge spectra. In general, there is good

at 2.50 A. The CuK edge data were also fit by the site agreement between the Cu edge fit results and the Pd and U

interchange model using similar amplitude constraints in
volving s, x, and S2. The value ofS} is determined to be
0.61+0.06. Due to the abundance of Cu present in th
UCus_,Pd, specimens, the fits are not very sensitive to th
site interchange parametsifor the relatively low Pd con-

0.008 +=0.0

0.006

0.004 [
0.002 .
0.000 [
0.008 [

0.006

0.004
0.002

0.000
0.008

0.006

G (Az) for n.n. U-Cu pairs

0.004
0.002

0.000

150 200

T (K)

100

50 250 300

FIG. 9. Square of the Debye-Waller factor of the U-Cu bond at0.7

2.93 Ao? , vs T of UCus_,Pd, determined from the W, edge
fits. (@ UCuygs5, x=0, and x=0.3. (b) x=0.5, x=0.7, andx
=0.9.(b) x=1.0,x=1.25, andk=1.5. A typical fit to the correlated
Debye model is indicated by the solid line fae=0, x=0.5, and
x=1.0 in panelda), (b), and(c), respectively.

edge results. However, the details of the fit parameters for
some peaks with small amplitudes are only in qualitative
agreement with the fits to the other edge data. For instance,

gthe Debye-Waller factors of the Cu-Pgeak of thex=0.7

sample ¢->=0.0012 A) and Pt Cu peak ¢>=0.0029 A)

at 25 A as well as the bonds length®=2.48 A for
Cu-Pd vs R=2.55 A for Pd-Cu) are somewhat different.
The difference in the Debye-Waller factors is likely due to
the particular choice of constraints used in fitting the Cu
edge data to the site interchange model, i.e., the Debye-
Waller factor of the Cu-Pdpeak was set by the Cu-Cu peak
which has the largest amplitude in the XAFS spedsee
Sec. IV B. Therefore, the Debye-Waller factor of the Cu-Cu
peak dominates the fit and its small magnitude could be due
to the presence of small amounts of free Cu in some samples
causing a lowefincorrec} value forSﬁ for the Cu edge data.

A plausible explanation for the difference in bond lengths of

TABLE V. Comparison of measured and calculated static con-
tinuous disorder in UCy Pd,. The parametersr,;. and 6.p
were determined from fits to the U,, edge Debye-Waller factors
to a correlated Debye model. The values of the static disorder nec-
essary to fit the magnetic susceptibilitg,, are determined from
fits of the Kondo disorder model to thg T) data. Errors in the last
digit are given in parentheses.

2 2

2
T static

X Th.cu 0o OkpMm
(A% K) (A?) (A%

UCwes  0.00273)  2904) 0.00043)
0 0.00263) 3187) 0.00063)
0.3 0.00343) 310(8) 0.00133)
0.5 0.002%4) 306(10 0.00034)

0.00113) 33515 0.000a3)
0.9 0.00184) 314(2) —0.0005(4) 0.0038
1.0 0.00216) 3457) 0.00026) 0.0030
1.25 0.00183) 32204) —0.0003(3) 0.0028
1.5 0.00286) 300Q(7) 0.00036) 0.0028
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40 [ .
. [ Cu Kedge (@) 1 UCu,Pd
a }—_—(% m‘e’--.-«: 6l — stlatic =0.0 (x50) ]
20 Data E — & o = 0.0002 A7
40 || - — —fit UCU5 ] | Ve N & oy = 0.00078 A?
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FIG. 11. Distribution of hybridization strength®(V) for
e UCuy,Pd. The solid curve is the distribution using the measured
value of o2, obtained from the U_,, edge data along with the
distributions within one standard deviation of the measured value of
S s 02iic (dotted ling. The dashed line uses the valueadfy,, neces-
UCu Pd sary to fit they(T) data with the KDM model(a) Average hybrid-
3.5 154 ization(V) vsx. (b) Spread in hybridization strengtisv/(V) vs x.

-20
-40

40
20

-20
-40

Tha

[

o
_
N

" (SA) bond at 2.93 A, are compared to those values of the static
disorder needed to fit thg(T) data using the KDM and are

FIG. 10. Fourier transforms d€3y(k) of the CuK edge data displayed in Fig. 12. The amount of the measured continuous
from selected UCyL ,Pd, samples. Solid lines are data féa) x static disorder is small and consistent with zero disorder. The
=0 (15 K), (b) x=0.7 (20 K), (c) x=1.0(20 K), and(d) x=1.5(15  value ofaﬁtaﬁcfor x=0.3 is larger than for the other concen-
K) along with fits(dashed lings The fit range is from 2.0 to 4.0 A  trations. This anomaly may be attributed to the influence of
(dotted lines. sample oxidation since no special care was taken to mini-

mize oxidation in this compound as was the case for {JCu

the nearest neighbor bonds is a slight distortion of the C@nd UCu s samples. However, no trace of Y@as found
tetrahedra as discussed below. Otherwise, the fit parametefs the U L, XAFS spectra. The amount of static disorder
obtained from the CWK edge data are consistent with the used to reproduce the logarithmic divergence in the magnetic
other edges and so are not reported in detail here.

V. CONSEQUENCES OF MEASURED LATTICE DISORDER
ON V AND T 00025

NFL from Kondo disorde

The distribution of hybridization strength®(V) for o~
UCu,Pd is shown in Fig. 11 using the measured value of < 00015'_ )
0Z.i=0.0002 R obtained from the W, edge data along & | % ]
with the curves for one standard deviation of this value D oo |

[024i=0 A? (binomia) and o2,,=0.00078 B). The & '

value of 0%,i= okpm(=0.00343 X) necessary to fit the % °-°°°5¢ ; l 7
x(T) data with the KDM model produces a distribution that e | I + ]
is considerably broader than the one derived from the mea I = J + 1]
sured amount of static disorder. The mean hybridizatdh -0.0005 |- ; 4
for all Pd concentrations was calculated using the measure: L L L L L :

values ofs and o, and is shown in Fig. &) along with
the spread in hybridization strengtidsv/{V) [Fig. 11(b)]. X
The average hybridization strength increases linearly with £ 15 The static part of the bond-length distribution variance
increasing Pd concentration reflecting the additional hybridsor the U-cu bond at-2.93 A, 02, vsx of UCus_ Pd, . Data for
ization due to the larger Pd atoms, while the width of thege ycy o5 sample is denoted by the open square. The shaded area
distribution increases only slightly. is the approximate amount of disorder necessary to fully explain
The values of the square of the Debye-Waller factorNFL behavior in UCy_,Pd, compounds based on a distribution of
agm, determined from the W, edge data for the U-Cu hybridization strengths generated by lattice disorder .
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susceptibility with the KDMaﬁDM is indicated by the shaded which is roughly perpendicular to the U-Pdr U-Cu bonds.
region in Fig. 12, reflecting the uncertainty in comparing theSupport for this scenario is provided by the difference in the
model with the experimental data. The lower bounds@g,, ~ bond lengths of the PeCu (R~2.54 A) and Cu-Pd (R
is estimated to be 20% below the smallest Va|ueg§BM ~2.48 A) observed for all Pd concentrations. The variation
(x=1.5). in the U-Pd bond length due to this distortion is small, i.e.,
AR~[(2.93 AY+(0.06 A)?]¥°—2.93—-0.0006 A.
A recent calculation that incorporates local fluctuations in
VI. DISCUSSION the density of stateg; andV into a disordered Anderson

o lattice model with ~200 sites has been performed by

In our previous XAFS study on UGRd, Pd/Cu site in-  \jiranda and Dobrosavljevit-?? Their results indicate the
terchange was found to occur, providing evidence thapresence of Griffiths’ singularitietnot associated with the
chemicaldisorder exists in this compoufd We suggested proximity to magnetic ordéf'), giving rise to NFL behav-
from these results that lattice disorder is the microscopic Orijor near a metal-insulator transition; the NFL behavior was
gin of the Kondo disorder model and therefore, produces thgsynd to exist for all three types of disorder mentioned above
observed NFL characteristics. However, a necessary assuM@yer a broad range of values of those paraméfet&in this
tion for this lattice origin of the KDM was the inclusion of model, the presence of disorder will cause a variation in the
bond-length disordefat that time unquantifiable presum-  magnitude of the conduction electron wave functions leading
ably caused by the site interchange. This assumption is testeg 5 spread in the density of states. Therefore, even a discrete

in the present investigation by employing an experimentaljjstribution of hybridization strengths due to site interchange

atoms(Fig. 12 for a number of different Pd concentrations. principle, give rise to Griffiths’ singularities and NFL behav-
Theseo?. results are obtained from a more sophisticatedor within this disordered Anderson lattice model. However,
fitting model of the local Pd environment and are comparectalculations within this model starting from a discrete distri-
to those values ofgpy Necessary to explain the NFL prop- bution of hybridizations similar to that in Fig. 11 do not
erties of UCy_,Pd(x=0.9-1.5) via the Kondo disorder generate enough width to the density of states to explain the
model. This comparison was not possible in the originalNFL behavio#*®

work® because the fitting model was not complete enough While there is some supporting evidence for the applica-
and there were not any data on other Pd concentrations, makility of the Kondo disorder model to UGu,Pd, ,****more

ing a determination of certain relevant experimental paramrecent studie$*2%4748n addition to this one, suggest other
eters(especiallysg) less reliable. Our results in the present non-Fermi-liquid models may be more appropriate. For in-
study indicate that while Pd/Cu site interchange exists for alstance, even though the specific heat of annealed samples of
Pd concentrations measured, it does not produce enoudhCu,Pd exhibit a NFL-like logarithmic divergence, the elec-
static continuous disorder to explain the non-Fermi-liquidtrical resistivity no longer displays a linedr dependence,
behavior observed in the magnetic susceptibifjpnd pre-  clearly at odds with the predictions of the Kondo disorder
sumably the specific heawithin the variant of the Kondo model®* In addition, while the Cu spin-lattice relaxation
disorder model discussed here, i.e., the KDM with a distri-rates 1T, of UCu; sPd; 5 in magnetic fields belowH=5 T
bution of T«s produced by lattice disorder in the hybridiza- are consistent with the KD¥f*® 1/T, in higher magnetic
tion strengthV. It is important to emphasize this last caveatfields up toH=9 T is not well described by this mod&.
since other sources of disorder aside from a distribution oRecentuSR measuremerfson UCyPd and UCysPd; s
hybridization strengths due to bond length disorder, such as@veal that the muon relaxation rates are two orders of mag-
distribution of the density of states &ion energies, could nitude faster than what is expected from the KDM. There is
cause a distribution of Kondo temperatures. Although thegrowing evidence from NMR® 1 SR?® and inelastic neutron
relationship between thiecal density of stategthe relevant scattering experimerftSthat short-range magnetic correla-
quantity) and that derived from band structure calculations istions (less than a unit cell distanceare present in
unclear since these calculations are usually done in the cleanCu;_,Pd,. One possible explanation for these magnetic
limit (i.e., no disorder fluctuations in the local density of correlations is the formation of magnetic clusters in the vi-
states are a real concern given the shape ofitlevel den-  cinity of a quantum critical point in a disordered material,
sity with energy expected from band structure calculationsimilar to the scenario proposed by Castro Neto and
on YbCuy,Pd*® Moreover, the tight-binding model for the co-workers'®*” The spin glass behavior obseré®#’ in the
hybridization treats all the near-neighbor U-Cu atom pairsx=1 andx= 1.5 samples af;~0.2— 0.3 K could be due to
equivalently, and therefore does not include potential phasthe freezing of these magnetic clusters in this picture. The
differences that may occur in the presence of disorder, pogpower-law behavior of the specific heat and magnetic sus-
sibly broadening the distribution oF('s.*> Therefore, the ceptibility of such compounds and other Ce- and U-based
Kondo disorder model may still apply to Ugu,Pd, if other  material$®?°is consistent with this Griffiths'-McCoy phase
disorder effects are the dominant sources of Kondo disordenodel. However, the Griffiths’-McCoy phase predictions of
other than a distribution of hybridization strengths due tothe dynamics of the magnetic correlations do not agree with
bond length disorder. An explanation for the presence of sitthe SR measurements, which are perhaps best viewed
interchange, yet lack of a spread in U-M bond lengths, is thatvithin a framework of a quantum critical point scenario in
site interchange causes a distortion in the Cu tetrahednahich spin glas® > or antiferromagnetic ordér*°! has
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been suppressed To=0 K. Moreover, it is not clear whether VIl. CONCLUSIONS

the observed ma_gne,tic correlatiShare strong enough 10 We have measured the local structure about the U, Cu,
allow for the Griffiths’ phase model. Clearly, the theoretical jng pq atoms in UGU Pd(0=x<1.5) using the XAFS
understanding of this system is far from complete. technique. A model involving Pd/Cu site interchange was
An investigatior® of the effects of annealing on the ysed to fit the Pd and Qg edge and WL, edge data. Pd/Cu
physical properties of UGEPd was recently reported by We- site interchanges was found to occur in all samples with a
ber and co-workers and provides another way to study theoughly constant value af~0.2 up tox=0.7 and increased
role of disorder in this system. Annealing the samples ato s~0.4 atx=1.5. These results were used to determine the
750°C for 1 and 2 weeks produced a decrease in the latticstatic disorder about the U atoms. The magnetic susceptibil-
parameter a, more consistent with the nearly linear ity of UCus_,Pd, was calculated with the Kondo disorder
relation*?#35%4gbservedfor unannealed samplebetween model via a tight binding approximation for the hybridiza-
a andx for x<<0.7, while splat quenching the sample resultstion strengthV¢q, assuming that lattice disorder is the cause
in an increase o#, relative to the unannealed sample. Oneof Kondo disorder. Our results indicate that the measured
possible interpretation of this behavior is that the unannealegtatic disorder due to Pd/Cu site interchange does not pro-
sample has a comparable amount of site interchange to tif#ice a sufficient width to the distribution dight-binding
one studied here and splat quenching gives rise to more sitéra 10 generate NFL behavior within the Kondo disorder
interchange while annealing reduces it. However, note thaflodel and suggests either that there are sources of Kondo
the lattice parameter of the annealed samples extrapolates @sorder other than a distribution of hybridization strengths
the lineara vs x relation of the unannealed samples belowWith a lattice-disorder origin or that the Kondo disorder

x=0.7. Since the unannealed samples have site interchang®?de! is not applicable to UGu,Pd,. However, the pres-
even for low Pd concentrations, the anneaked1.0 speci- ence of significant Pd/Cu site interchange should in principle

mens most likely also have a considerable amount of sit§tll cause a distribution of hybridization strengths and may
interchange. In any case, even though the specific heat df'e!l couple to changes in the local electron charge densities,
vided by temperature of the annealed samples shows a loggnd therefore strongly favor NFL models which include dis-
rithmic - dependence over a larger temperature rangQrder' such as the various Griffiths’ phase models.

(0.08-10 K compared to the unannealed specimens, the
electrical resistivity no longer exhibits a lineaidependence,
indicating that the low-temperature properties are greatly in- We thank Professor F. Bridges for assistance in collecting
fluenced by disorder. Our results on unannealed samples #se XAFS data. We also thank D. E. MacLaughlin, J. M.
shown in Fig. 7 indicate an increase in the site interchangéawrence, D. L. Cox, E. Miranda, and E.-W. Scheidt for
for samples above=0.7. Therefore, these XAFS results are many useful discussions. This work was partially supported
consistent with the interpretation of Weber al?* that an- by U. S. National Science Foundation under Grant No.
nealing reduces the site interchange, although it does n@MR00-72125, the U. S. Department of EnerdyOE) un-
suppress it completely. Future work, such as XAESR, der Grant No. DE FG03-86ER-45230, and by the Office of
and neutron scattering measurements on annealed samplesBafsic Energy Sciencd©BES, Chemical Sciences Division
UCus_,Pd, should continue to provide information that will of the DOE, Contract No. AC03-76SF00098. XAFS data
lead to a better understanding of the interplay between diswere collected at the Stanford Synchrotron Radiation Labo-
order and the NFL properties in this system. ratory, which is operated by the DOE/OBES.
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