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We report on specific-heat, magnetic-susceptibility, high-field-magnetization, electrical-resistivity, and
neutron-diffraction results on UGYAI; 5 (polycrysta) and UCyAl, (polycrystal and single crystal Our
results indicate that both compounds crystallize in the hexagonal £stflicture with ordered UGuplanes
separated by planes containing a statistical distribution of Al along with the remaining Cu atoms. At low
temperatures, the specific heat and the magnetic susceptibility of both compounds are enhanced, but their
temperature dependences are found to be distinct from expectations of Fermi-liquid theoggAUGuloes
not order magnetically, and the low-temperature specific heat and magnetic susceptibility show scaling behav-
ior (C/TeIn T and y T~ 3) reminiscent of non-Fermi-liquid materials. For U@ili,, on the other hand, the
low-temperature scaling of bulk properties is masked by an anomaly around 8—-10 K, which is presumably of
magnetic origin. Single-crystal studies of U@, reveal a huge magnetic anisotropy with very different
in-plane response compared to thexis response. Our data provide evidence that any temperature depen-
dence of the magnetic susceptibilitgnd electrical resistivity of polycrystalline material may be due to
averaging anisotropic response over all crystallographic directions. The results are discussed in the context of
findings from other non-Fermi-liquid material$S0163-18206)04641-3

[. INTRODUCTION mass renormalization in a local-moment system, and the lat-
ter mechanism is applied to bandlike magrigtserant mag-
Heavy-fermion behavior found in a number of Ce-, Yb-, netism). Most heavy-fermion compounds are located at the
and U-based compounds has been studied extensively ftworderline between local-moment and itinerant magnetism,
almost two decades. For most heavy-fermion materials, thand it is on that borderline where deviations from the Fermi-
low-temperature properties are well described in terms ofiquid behavior may be found. Recently, a number of mate-
Fermi-liquid theory! In the limit T—0, the Fermi-liquid rials, which display the so-called “non-Fermi-liquid behav-
theory predicts large contributions to the specific heaior,” have attracted much attentidn® The hallmark for non-
(=vT), the Pauli-like spin susceptibilitf=y;), and the Fermi-liquid behavior is a divergence in the specific heat,
electrical resistivity €AT?) with temperature-independent i.e., C/Tc—In(T/T,), but divergences are also expected in
parameters, xo, andA. In general, heavy-fermion behavior other bulk properties.
may occur due to two different mechanisrte:the “screen- Up to now, non-Fermi-liquid behavior was achieved
ing” of a magnetic moment due to the Kondo effect &byl  mainly in dilute system&2 where some kind of disorder is
magnetic-correlation effects. The former mechanism causdastroduced onto the crystal lattice. The role of disorder dif-
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fers for the various scenarigsanging from single-ion two- ° ®
channel Kondo mechanism to collective eff¢gsoposed e N
for the occurrence of non-Fermi-liquid behavior. .\ o@\o’/o/ .~
The presently known non-Fermi-liquid materials fall into o— e
two categories(a) the f-electron sublattice is diluted, arh) ' —
the f-ion sublattice is kept intact, but its surrounding is | ' — '
changed by controlled substitutions. Examples of the former B ;\_’/ 1-- @
category argU,Y)Pd; compound$® and the(U, Th)Ru,Si, o | ’/o/. ° o s .
systen? while CeCu,Au)s compound$ and UCu,Pds N e

representativésall in the latter category. Non-Fermi-liquid
scaling has been proposed for some compositions in all of
the above systems, though sometimes different mechanisms ®U ©°Cu ¢ Cu/Al(random distribution)
have been proposed for its occurrence. Furthermore, while a

logarithmic divergence of the specific heat is common to all g 1. Schematic drawing of the crystal structure of Y&ly

of the above systems, quite different scaling behavior hagnd UCy Al 5 (hexagonal CaGyitype). Note that ordered UGu
been found in other bulk properties. Perhaps the strongeglanes are separated by planes of statistically distributed Al and Cu
evidence for non-Fermi-liquid behavior has been found inatoms which exist in &agomenet.

UCu; sPd; 5 and UCuyPd, where inelastic-neutron-scattering
experiment% provide evidence for universal scaling of the  Finally, we also present neutron diffraction on single-
dynamical susceptibility below 25 meV. The scale invari- crystalline UCYAI, to gain some insight regarding the mag-
ance in the WCu,Pds system suggests thatB=0 phase netic ground state, i.e., to clarify the origin of the anomaly
transition is responsible for non-Fermi-liquid scaling in around 8—10 K which is visible in the bulk properties.
UCu; sPd; 5 and UCyPd.

Recently, we have repp_rted on the large enhancements if) saMPLE PREPARATION AND CHARACTERIZATION
the low-temperature specific heat of a number of WAy,
compounds? but little consideration was given to the origin ~ Polycrystalline samples of UGAI, and UCy sAl, s were
of such enhancements. In the present paper, we arguwepared by arc melting stoichiometric amounts of the con-
whether the bulk properties of two members of this family, stituents with a purity of at least 99.9%. The buttons were
namely, UCy sAl; s and UCuUAI,, display a temperature be- encapsulated in quartz tubes under Ar atmosphere and were
havior expected for non-Fermi-liquid materials. subsequently annealed for 2 months at 600 °C. For both

In contrast to the cubic (Cu,Pds; compounds, samples, all reflections in the x-ray-diffraction patterns were
UCuUAIl;_, compounds crystallize in the hexagonal CaCu found to index in the proper Cagstructure. The absence of
structure for 2.8x<3.5. Therefore, magnetiGand trans- any unindexed peaks indicates an upper limit of impurity
port) properties are expected to be anisotropic. Single-crystgdhases of about 5% for both samples. Electron microprobe
studies of UCWAI, indeed reveal a huge magnetic analysis, however, revealed a small amount of a Cu-rich sec-
anisotropy'! and its consequences will be discussed hereondary phase in both samples, which was later identified as
For this compound, antiferromagnetic ordering below 8—10J,CuAl by means of neutron diffractiofsee Sec. IY. The
K has been suggested on the basis of anomalies of the butkain phases, on the other hands, were found to exhibit com-

properties at this temperatut®!! positions very close to the intended stoichiometwithin
Our previous neutron-diffraction studfésrevealed that 3% of the elemental fractions
for UCWAI, the U atoms occupy theal positions of the In the case of UC4Al,, we also tried to grow a single

CaCuy structure and the @ positions are occupied by Cu crystal using the Czochralski tri-arc method. We obtained an
atoms only, while a random distribution of Cu and Al atomsingot, in which some almost single-crystalline parts with a
is found on the § sites. The resultant structure, which is the small twinning were found. These ‘“single crystals” were
same as reported for the two heavy-fermion superconductoextracted from the material and subsequently annealed. Our
UNi,Al; and UPdAI;,*2is shown in Fig. 1 and the structural best crystal, approximately 50 mg in mass, was checked by
parameters are given in Table I. Therefore, in Y8ly, per-  neutron diffraction on the Single Crystal Diffractometer
fectly ordered UCuplanes are separated by planes of statis{SCD) at the Intense Pulsed Neutron Source at Argonne Na-
tically distributed Cu and Al atoms which exist inkagome tional Laboratory. At room temperature, almost all of the
net!® Using x-ray diffraction, Blaina and Baf* have pro- observed reflectiongmore than 20p of that crystal were
posed that UCy:Al, 5 also adopts the above structure. This,indexed in the appropriate Cagstructure. However, we
however, seems to be in contrast to our observation thaglso found about 10 relatively weak unindexed reflections,
even in the composition range Z%=<3.5, some which may indicate a small amount of an impurity phase to
UCuAl-_, syntheses do not form as a single ph#sBor  be present in the crystal. In addition, we found a large broad-
UCu; -Al, 5, we found two CaCutype phases with entirely ening for most reflections, and this prevented a determination
different lattice parametersee Fig. 2. We have argued that of the distribution of Cu and Al on the2and 3 sites due to
slight structural modifications may occur in this compositionthe poor quality of our single crystal. A closer inspection,
range (e.g., complete disorder of Cu/Al far>3.3 as op- however, showed that crystal imperfections are mainly due
posed to marginal disorder far<3.3). To clarify this issue, to a large mosaicity within the hexagonal basal planith

we decided to verify the crystal structure of UGAI, s by  an angular spread of about)pfvhile thec-axis orientation is
neutron powder diffraction. well defined. This does allow separation of the magnetic
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TABLE |. Refined structural parameters of UCHAI; s and UCYAI.

UCu3 Al s UCUsAI,
Space groupP6/mmm Space groug?6/mmm

X y z fractior? X y z fractior?
U(la) 0 0 0 1.00 Ula) 0 0 0 1.00
Cu(2c) 1/3 2/3 0 1.00 C(Rc) 1/3 2/3 0 1.00
Cu(39) 1/2 0 1/2 0.50 C(Bg) 1/2 0 1/2 0.33
Al(3g) 1/2 0 1/2 0.50 Al3g) 1/2 0 12 0.67

300 K 300 K 12K 300 ¥ 300 K°

(x-ray) (neutron (neutron (x-ray) (neutron
a(h) 5.0904) 5.09841) 5.081%1) 5.1454) 5.14021)
c(A) 4.1593) 4.16111) 4.151%1) 4.1543) 4.14721)
Rwp 9.41% 9.11% 4.99%
Rp 6.32% 6.13% 3.60%
Reduced)(2 4.768 4.093 4.698

¥ ractions have been fixed to the exact stoichiometry for a better comparison.
bX-ray data(taken from Ref. 1D
°Neutron data obtained at the NIST research reatéen from Ref. 11

contributions to the basal-plane amdaxis response. The method. Between 1.2 and 50 K, the specific heat was mea-
crystal was used to check the magnetic properties and for theured using a semiadiabatic method in a different setup

single-crystal neutron-diffraction experiment. equipped with a superconducting 5-T coil.
The temperature dependences of the specific heat of
ll. BULK STUDIES UCus sAl; 5 and UCYAI, are shown in Fig. 3 a&/T vs

We studied the specific heat, the magnetic susceptibilityIOg T. For UCk Al 5 we find a logarithmic dependence of

the high-field magnetization, and the electrical resistivity onC./T below 6 K. Such a dependence is usually taken as a

polycrystals of UCy:Al; s and UCUAI,. Furthermore, we signature of non-Fermi-liquid scalifgThe low-temperature

. X . i . _scaling of the specific heat of UGAI,, on the other hand, is
58(3;\' on the magnetic properties of single CryStaIIInemasked by a maximum, which occurs around 8 K. The maxi-
2.

mum may indicate the onset of magnetic correlations in
UCuUsAl, at this temperature. Above 1.2 K, there was no

change in either specific heat upon application of a magnetic
Specific-heat measurements between 300 mK and 1.2 K

were performed in &He cryostat using the relaxation-time

A. Specific heat
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FIG. 2. Variation of the lattice parameteas(O) andc (A) vs FIG. 3. Temperature dependence of the specific heat of

copper content in UGAI5_, compoundgafter Ref. 10. Note that  UCus Al 5 (O) and UCUAI, (+). Note the logarithmic tempera-
two CaCu-type phases appear in the diffraction pattern ofture scale. The dashed line is a straight-line fit to the low-
UCu; sAl; 7 with different sets of lattice parameteigpen and solid  temperature part o€/T of UCu; sAl; 5 and indicates the logarith-
symbolg. The lines are guides to the eye. mic temperature dependence.
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FIG. 4. Temperature dependence of the magnetic susceptibility FIG. 5. Temperature dependence of the magnetic susceptibility
of polycrystalline UCysAl; 5 (O) and UCyAl, (+). The solid  of polycrystalline UCysAl; 5 (O) and UCyAIl, (+) in a log-log
circles represent th1/H values of UCyY Al 5 in an applied field representation. The dashed line represents a fit of the low-
of 18 T. temperature susceptibility of UGyAl, 5 to a function of the form

a+bT Y3 In the plot, there are also included the results of single-

field of 5 T. For higher temperatured>15 K), C/T of  crystalline UCYAI, (solid lines for BLc andBic.

UCu; Al s is enhanced by about 70 m¥/Kol compared to
UCusAl,. This may indicate a larger electronic contribution (showingT~** scaling contributions. This may indicate that
to the specific heat in the former compound. both Fermi-liquid and non-Fermi-liquid contributions occur
in the polycrystalline average. The magnetic susceptibility of
) o polycrystalline UCyAI,, on the other hand, does not show a
B. Magnetic susceptibility temperature dependence expected for non-Fermi-liquid ma-
Between 1.4 and 300 K, the magnetic response oferials. However, comparison with the single-crystal results
UCus sAl; s and UCUAI, in fields up to 1.3 T was measured on UCuAI, clearly shows that any temperature dependence
by means of a pendulum magnetometer. At all temperatureSgen in polycrystals may be due to averaging anisotropic
linear magnetization curves were found and we can thereforeesponse over all crystallographic directions. While magnetic
identify the magnetic susceptibility as the slope of Mevs  interactions dominate the response within the hexagonal
H curve. basal plane and give rise to the maximum in the magnetic
The results are shown in Fig. 4. UG\, exhibits a broad ~ susceptibility, we find very different behavior for fields ap-
maximum slightly above 10 K, which is close to the tem- plied along thec axis. Thec-axis susceptibility is not only
perature of the specific-heat maximum. For YA, ;, we  much weaker, but also shows very different behavior at low
find a flattening of the susceptibility around 20 K, which is temperatures. In fact, we find that tbeaxis susceptibility of
followed by a strong divergence at lower temperaturesUCUAI, diverges at low temperatures. This might imply that
Above 50 K, we find Curie-Weiss behavior for both com- the c-axis susceptibility of UCyAl, shows traces of non-
pounds with effective moments close to the free-ion valuegermi-liquid scaling, while magnetic correlations dominate
of U3* or U*" (=~3.6ug). We have checked the field depen- the in-plane response. Note that only the interplanar interac-
dence of the magnetization of UG4Al, s up to 18 T, at tions in this compound are affected by structural disorder,
various temperatures, using a vibrating-sample magnetomeavhich may indicate that disorder is an essential ingredient
ter in the 20-T superconducting magnet at the Pulsed Fielfpr non-Fermi-liquid behavior in these compounds.
Facility of the NHMFL at Los Alamos National Laboratory.
Up to the highest field applied, we find linear magnetizations
at all temperatures. Thiel/H values at 18 T of UCYAI 5
have been included as solid circles in Fig. 4. High-field-magnetization measurements on YAl g
Using a log-log representation in Fig. 5, we show theand UCuAl, were performed in the Amsterdam High-Field
magnetic susceptibility of both polycrystals UGAI, s and  Facility. At this facility, controlled high-field pulses allow
UCWAI, (symbols in Fig. 5 and the single-crystal results on measurements of the magnetic response at any desired field
UCWAI, (solid lines in Fig. 5. We find that the low- shape within the fairly broad design limitations. Magnetiza-
temperature part of the susceptibility of l,5is well  tion measurements up to 35 T are usually done in stepwise
described by a function of the fora+ bT 13 (dashed line  pulses, where fields are kept constantthin 3 mT) for at
in Fig. 5. Scaling oonocT‘l’3 was reported also for the least 80 ms. In this way, the effect of eddy-current shielding
non-Fermi-liquid compound UGuPd, -*°> Here, however, in metallic samples can be minimized.
we find that the low-temperature susceptibility consists out The magnetizations of UGUAI, s and UCuAl, were
of temperature-independent and temperature-dependenmteasured on powdered particlésith a size smaller than

C. High-field magnetization
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02 e The results of the high-field-magnetization experiments
| ‘Mé' (up to 38 T on _single-crystall!ne UCHAl, confirm a muItij
,.c axial type of anisotropysee Fig. J. At 4.2 K, the magneti-
0 — S zation exhibits a slight S shape for fields within the basal
. - g p -
0 10 20 0 lane, similar to the results for the heavy-fermion supercon-
3 40 p vy p

ductor UP3.17 At the highest field 38 T), the magnetization
is a little greater than &g/f.u. Thec-axis response is much
weaker, and we find values slightly above @g#f.u. in 38 T.

FIG. 6. Field dependence of the magnetization of polycrystallineFyrthermore, there is no S-shape behavior along this direc-
(a) UCugsAl 5 and (b) UCusAl, measured as “free powder(A) tion.

and “fixed powder” (@), respectively(see text. Note the apparent
difference in the free- and fixed-powder results. The dashed lines
are guides to the eye and show the deviation from linearity in the
magnetic response of both compounds.

B (T)

D. Electrical resistivity

Between 300 mK and 300 K, the electrical resistivities
were measured on two bar-shaped polycrystals of
100 um) both free to be oriented by the applied field and inUCug (Al 5 and UCYAl, using the standard four-point ac
random orientations fixed by frozen alcohol. The former re-technique. The contacts were established using silver paint.
sult (“free powder”) is believed to represent the magnetic As some small cracks were present in both samples, no ac-
response along the easy magnetization direction, while theurate determination of absolute resistivity values was pos-
latter result(“fixed powder”) simulates an “ideal” poly- sible. Therefore, the resistivity values were normalized to the
crystal. The difference between the free-powder and fixedroom-temperature values.
powder magnetizations can be taken as a measure of the The relative temperature dependences of the electrical re-
magnetic anisotropy. sistivity of UCu; sAl; 5 and UCWAI, are shown in Fig. 8

In Fig. 6, the free-powder and fixed-powder results forplotted against log. Both are very unusual. Upon cooling
UCu; Al 5 and UCUAI, at 4.2 K in fields up to 35 T are from room temperature, the electrical resistivity of
shown. While the magnetization curves of UBL, display a  UCu; sAl s first increases with lowering temperature; then, it
pronounced upturn at fields above 15 T, the opposite tengoes through a maximum around 30 K. At low temperatures,
dency is observed for UGUWAI, s above 30 T. At somewhat there is no evidence for a linear temperature dependence, the
higher fields, some slight saturation tendency has been ollerm that is often found in non-Fermi-liquid materials.
served also for UCJAl,, but, even in 50 T, no full saturation Fermi-liquid behavior, on the other hand, is expected to dis-
is achieved in either compound UGyAl; s and UCuAI,.°  play a T2 dependence, which is clearly not observed. As
For all fields, a higher response of the free-powder magnetishown in Fig. 8, fitting of the low-temperature part @fT)
zation is seen in UGUAI, s compared to UCJAl,, which  for UCu; Al 5 implies a T#® temperature scaling. One
may indicate a larger saturated moment for the former comshould, however, not overinterpret the exponent of 2/3 as the
pound. For both compounds, we find that the ratios ofpolycrystalline average of the anisotropic properties may, as
M /Msee @t 35 T are larger than 0.8, which is indicative of was argued for the magnetic susceptibility, result in a pecu-
multiaxial-type anisotropy in both compountfs. liar temperature dependence.
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(with parameters as given in Tablednd U,CuAl. The difference

of measured and calculated intensities is shown by the solid line

below. The intensities have been divided by the incident spectrum.
FIG. 8. Temperature dependences of the electrical resistivities

of UCug Al 5 and UCuYAI, normalized to their room-temperature

values. Note the logarithmic temperature scale. The dashed line . . .
represents a fit of the low-temperature resistivity of YAl sto a Lujan Jr. Neutron Scattering Center, Los Alamos National

function of the forma+ bT23 Laboratory. The NPD currently has four banks of detectors at
+90° and*+148°. Data were taken at 300 and 12 K, and we
collected data for about 12 h at each temperature. The dif-
_fraction patterns were analyzed using the Rietveld refinement
Down to about 10 K, the overall shape of the electricalprogram gsas® which allows simultaneous refinement of
resistivity of UCWAI, is very similar to that of UCHAl 5. muyltiple phases.
At this temperature, a minimum occurs in the electrical re- oy data rule out complete disorder of Cu and Al atoms
sistivity, and this coincides with the maxima in the tempera-(reducedy?=6.991 as opposed tg?=4.768 for the structure
ture dependences of the specific heat and the magnetic syg- Fig. 1), which had previously been proposed for this
ceptibility. Upon further lowering of the temperature, SOMecompound® As in UCWAI,, we find for UCu (Al sthat the
saturation tendency is observed, but around 800 mK there i5¢ positions are occupied by Cu atoms only, while a statis-
a sudden drop in electrical resistivity. At present, we havicy) distribution of Al and the remaining Cu atoms is found
little idea about the origin of this anomaly. However, there isg, the 3 sites. Not only do we find a loweg? for this
no evidence of an anomaly at this temperature in other bullirycture, but refining the fractional occupancies on the 2
properties(e.g., in the specific hegtand therefore we doubt gpq 3y positions converges to Cu and Al occupancies close
that it is intrinsic to UCKAI,. It might be due to some small g those given in Table I, though a somewhat higher Al frac-
amount of some impurity phage),CuAl or elemental A).  tjon (=0.56+0.02 is derived for the § sites. We also
checked for slight distortions and displacements of the atoms
involving a cell doubling, but the absence of any superlattice
reflections does not support this. Therefore, the diffraction
patterns of UCkIAl, 5 are well described assuming the same
crystal structure as for UGAI, (see Fig. 1 A few reflec-
tions in the diffraction pattern remain unindexed if one as-
aSumes that UCAI, 5 is the only phase. As can be seen in
I§ig. 9, the diffraction pattern is fully described if the refine-
ment includes some 2% vol. of the Cu-rich ternaryCbAl
(space groufP6;/mma. * The least-squares refinements in-
cluding all four banks yield lattice parameters @Rdactors
as given in Table I.

T (K)

IV. NEUTRON-DIFFRACTION RESULTS

Our previous neutron-diffraction studfésvere restricted
to powders of UCHAl,, and the results gave the crystal
structure shown in Fig. 1. At low temperature, no additional
magnetic peaks were observed, and an upper limit gi. 9.4
for the size of any ordered moment at low temperatures w.
estimated!

In this paper we discuss the crystal structure of
UCu; sAl, s measured by neutron powder diffraction, and we
also looked for magnetic moments smaller thanu@.4n
UCuAl, by neutron diffraction on a single crystal.

A. Neutron powder diffraction on UCu3sAl; 5 B. Neutron diffraction on single-crystalline UCuzAl,

For the neutron-diffraction experiments, abol g of We also performed neutron-diffraction experiments on a
UCu; sAl, s were ground and enclosed under He atmosphersingle crystal of UCBAI, in order to clarify the origin of an
in a sealed vanadium can. This can was mounted on the coshomaly, which appears near 10 K, in the temperature de-
finger of a displex refrigerator, which in turn was mountedpendencies of the magnetic susceptibility, the electrical re-
on the Neutron Powder DiffractometéMPD) at the Manuel  sistivity, and the specific heat. For this purpose, we have
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collected diffraction patterns on the Single Crystal Diffrac- gested for the understanding of non-Fermi-liquid behavior.
tometer(SCD) at the Intense Pulsed Neutron Source at Ar-Non-Fermi-liquid scaling due to a distribution of Kondo
gonne National Laboratory. The single crystal of U8y  temperatures because of disorder has been invoked, e.g., in
was mounted on the sample holder of a Heli-Tran LiquidU(Cu,Pds compound$? and this disorder is believed to be a
Transfer Refrigeration System, which allows measurementdirect consequence of the random distribution of Cu and Pd
in the temperature range between 2 and 300 K. Data weratoms.

taken at 20 K(5 histogramgsand 6 K(11 histogramp above The origin of the anomalies in the bulk properties of
and below the presumed magnetic-ordering temperaturéJCuAl, remains a mystery. No magnetic Bragg peaks have
Each histogram was counted for about 3 h. been observed, and an upper limit for the ordered moment of

Compared to the 20-K data, there are no additional peakB.1ug has been estimated. At present, we do not know
at 6 K, which would be of magnetic origin. Also a triangular whether the observed anomalies in bulk investigations reflect
coplanar configuration of the moments, which gives mag{ong-range order of even smaller magnetic moments or
netic contributions on the nuclear Bragg reflections dRig, ~ whether they should be attributed to other correlation effects,
not supported by our data. Assuming a variety of differente.g., spin-glass behavior. The proximity to a spin-glass state
magnetic configurations, our data indicate that any orderetias been argued for many non-Fermi-liquid systems, and

moment must be less than @.1. there is indeed strong evidence for a spin glass in compounds
with a diluted f-electron sublattice, for example, in
V. CONCLUSIONS Uo.eY 0 4P%.2% In UCWAI,, however, there is no randomness

) ) on thef-electron sublattice. Such a periodic arrangement of

At low temperatures, the bulk properties of neither magnetic atoms is not a favorable situation for formation of
UCus Al 5 nor UCWAI, show the temperature dependences, spin-glass stafé. The huge observed magnetic anisotropy
predicted by Fermi-liquid theory. The specific heat of may e taken as further evidence against a three-dimensional
UCu; sAl, 5 diverges logarithmitically, which is evidence for gpin glas€® On the other hand, interactions between the
non-Fermi-liquid scaling. The other properties are somewhabjanes are driven by agonienet of statistically distributed
ambigious in their temperature dependences because tg, and Al atoms. If interplane interactions are dominant
magnetic anisotropy contributes differently to different crys-compared to intraplane interactions, this might indeed lead to
tallographic directions. Nevertheless, if the anisotropy ef-5 complex arrangement of the moments in two dimensions.
fects are taken into account correctly, one may check foggnsitive local probes like muon spin resonar(geSR)
internal consistency of the critical exponents. Given the eXmight be able to clarify this.
ponent of~1/3 in x(T), multichannel impurity models give  p to now, most of the non-Fermi-liquid materials known
an exponent of 1/3 fop,”” while spin-fluctuation theory pro- i the literature have not been studied in single crystalline
vide some mechanism that correctly predicts the observegym. our single-crystal studies on UG, indicate that a
exponent of 2/3 inp.” This may support the idea that the huge magnetic anisotropy is present in the&€U,Al); system.
T=0 phase transition in question is three dimensional inthe role of possible magnetic anisotropy is ambiguous for
characterand not impuritylike as in UGL,Pd). UCwAl,  non-Fermi-liquid materials which form in low-symmetry
behaves similar to UGUAI, 5 albeit with the superposition crystallographic ~ structures, like (U, ThHRwSi, and
of an anomaly at around 8—10 K. _ (U, Th)Pd,Al ;.2 For an appropriate account of the anisotropy

The present neutron-diffraction results show no differencgn such systems, single crystals are indispensable. Therefore,

in the crystal structures of UGWAl, s and UCuyAI,, which e intend to concentrate on single crystals for future studies
is surprising given the irregular composition dependence 0ff the U(Cu,Al)s system.

the lattice parameteisee Fig. 2 Very small displacements
and/or distortions cannot be excluded on the basis of our
powder diffraction data, and single-crystal studies are needed
to confirm this conclusion. On the other hand, intensity-
analysis results clearly exclude a completely random distri- The authors thank J. A. Roberts for help during the dif-
bution of Cu and Al atoms for both compounds. Randomnesfraction experiments at Los Alamos. This work was sup-
in UCu; (Al 5 and UCUAI, is restricted to the § positions  ported by the division of Basic Energy Sciences of the U.S.
located on the intermediate planes between U-containin@epartment of Energythat portion of the work done at Ar-
planes of the CaGustructure. Therefore, only interplanar gonne under Grant No. W-31-109-ENG)3®y the Grant
interactions are affected by the disorder. This provides a nevgency of the Czech RepubliProject No. 202/96/0207
perspective on non-Fermi-liquid scaling because structurand by the “Stichting voor Fundamenteel Onderzoek der
randomness is an essential ingredient in many scenarios sulgtaterie” (FOM).
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