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A ternary intermetallic compound UGln has been studied by means of magnetization, electrical resistivity,
magnetoresistivity, thermopower, thermal conductivity, heat-capacity, and thermal-expansion measurements.
The experimental findings reveal Ugn to be antiferromagnetically ordered (= 25 K) dense Kondo system
(Tk=24 K) with a considerable enhancement of the effective mass of conduction electrons at low tempera-
tures, yielding the Sommerfeld coefficieptO) of about 240 mdmole K?). Although the electrical resistivity
and the thermopower of UGln shows features characteristic of interplay of Kondo and crystal-field effects,
the magnetoresistivity does not exhibit behavior expected for Kondo systems being large and positive even
well aboveT) . Consistent explanation of the latter results is attempted by considering the role of magnetic
precursor effects and/or interfacelike effects due to the presence of nonmagnetic layers.
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[. INTRODUCTION for it the orthorhombic lattice parameters as reported
previously®

The compound UG4n is a representative of a family of ~ Magnetic measurements were carried out in the tempera-
ternary uranium intermetallics with the overall chemicalture range 1.7-300 K and in magnetic fields opbtT em-
composition UCyM, where M=Al, In, Sn*? While ploying a Quantum Des_ign MPMS-5 superconducting quan-
UCWAI crystallizes in a tetragonal structure of its own type, UM interference device magnetometer. The electrical
and UCySn adopts a hexagonal unit cell of the CgSti resistivity was measured in the temperature interval 4.2—300

type} UCwsIn was shown in Ref. 5 to be isostructural with Eoﬁgld dlg f?)ﬂ?-“;;eooilnrtntae%uﬁgugeI‘Iqﬁeugoi/;yus?g:ﬁ]ni ggg\éﬁgéns
CeCuAu (space grouPnma Ref. §, i.e., its crystal struc- were parallelepipeds cut from larger pieces with a wire saw.

ture can be_ con5|dered as an ordered version of the g:e.Cl’i'he electrical leads were thin copper wires contacted to the
type. Despite different crystal structures the three ternarlegzamples by tin or indium soldering

were found to exhibit rather similar physical properties. All Thermoelectric powefTEP) measurements were done on
Bféhelm order mﬁgnencally a;[_lovt\; ttlerr\;vpeia;léres: g%?ng a rectangular sample with the dimensions 2x 10 mn? in

tin are 3%' erromagnetc belowy= 16 an ' the temperature range 5-300 K by a standard differential
respeqnvelﬂr T while UCQ‘.SH ShO\.NS comple>§ Magnetic etodt® Small temperature gradientST were measured
$Eh_ager 1*gthhh thle ferr;magnetp prc;pedtltzsl bzlow with a AuFe-chromel thermocouple and voltages induced
UCC_ S : d € € egtrk;ca propertlesdoK oclg I'kanff across the sampladV were measured with a Solatron 7071

dushn' are O']Tlr;’]at;E/Ty a pro?]ounce onblo-l ie eClyoltmeter using &AgAu reference wire. The absolute value
and their specific-he term shows a notable enhance- «x +£p \was calculated (T) = SagadT) — AV/AT, where

ment at low temperatures. Due to those findings these two ) =
uranium intermetallics have been classified in Refs. 3 and $agad T) was determined using YBCO superconductor and

as magnetically ordered, medium-heavy-fermion systems. Cu reference below and above 90 K, respectively.
In this paper we report on the physical behavior of the The thermal conductivity was studied within the range

has been studied by means of magnetization, electrical resif&emperature as well as temperature gradient along the sample
tivity, thermoelectric power, thermal conductivity, heat- Were determined with a manganin-constantan thermocouple.

capacity, and thermal-expansion measurements. An average error in the measured thermal conductivity coef-
ficient was aboutt 1.5%.
The heat capacity was measured in the temperature range
Il. EXPERIMENT 2-70K by a relaxatio_n method._ T_he thermal-expansion mea-
surements were carried out within the range 5-80 K by a
Polycrystalline sample of UGIn was prepared by arc capacitance dylatometry. The very same specimen was mea-
melting the constituent elements in a purified argon atmosured as used in TEP studies. The capacitance was measured
sphere. The button was subsequently wrapped in molybdevith a frequency of 1 kHz using an ultraprecise Andeen-
num foil and annealed in an evacuated quartz tube at 900°8agerling 2500A capacitance bridggsensitivity of
for 2 weeks. After the heat treatment the sample wad0 ’ pF). The relative change of lengtthe measurement
quenched by submerging the tubes in water. X-ray powderprecision of about 10°) was determined with respect to a
diffraction examinations were performed on a STOE autodength change of coppéspectrally pure, annealed in an ar-
matic diffractometer with CliK« radiation. They revealed a gon atmosphere at 750°C for 4.ihe calibration data for
single-phase character of the sample obtained, and yieldesbpper were taken from Ref. 11.

0163-1829/2001/634)/1444017)/$20.00 63 144401-1 ©2001 The American Physical Society



D. KACZOROWSKI et al. PHYSICAL REVIEW B 63 144401

lll. RESULTS AND DISCUSSION =0.064 1 cm/K andK =1.5x10"7 O cm/K3. Assuming
A. Magnetic properties that p,p(UCusIn) = ppn(ThCusIn) the magnetic contribution

o ) _to the electrical resistivity of UGN was derived and the
The temperature variation of the inverse molar magnetiGesyit of this subtraction is given in Fig.(ld as a sum

susceptibéligy of UCyln is shown in Fig._la). As previqusly pm(UCUsIN )+ po(UCWsIn)  (because the resistivity of
reported:?® the compound orders antiferromagnetically atUCug,In does not show any tendency to saturation down to
Tn=25 K, which manifests itself by a characteristic mini- {ha Jowest temperature measured, the tegrcould not be

. 71 . . 1
mum in x~*(T). In the paramagnetic regiof@bove 27 K geterminegl Most interesting from this figure is that Ugln
the susceptibility follows a modified Curie-Weiss law with o, he treated as a dense Kondo system exhibiting a negative
the effective magnetic momept; of 2.43ug, with arather  omperature coefficient in the paramagnetic region. A broad
large paramagnetic Curie temperat@geof;le K, and the  maximum inp,(T) that occurs around 100 K may thus be
temperature mdepen_dlent terpy=6.2x<10"" emu/mole. A ipterpreted as a result of the Kondo effect in the presence of
convex curvature ok ~(T) indicates a strongly anisotropic strong crystal-field interactions. According to the relevant
character of the compound, caused by crystal electrlc-ﬂel%eow developed by Cornut and Cogblfhthe temperature
(CEF) effect, even in the paramagnetic stgte..Thus the reducsf this maximum may correspond to the overall splittinge
tion in weyy in respect to a free Y (or U*) ion value is  of the ground multiplet of the uranium ions under the crys-
probably due to an interplay of CEF and Kondo-like screenygjiine field potential.
ing effects, as discussed below. The inset to Fig) pre- At the first glimpse, a salient behavior of the resistivity of
sents the field dependence of the magnetizati¢B) in  ycyn in the ordered region might be associated to scatter-
UCusin measured at 1.7 K. Apparently, this quantity iS ajng of the conduction electrons on the boundaries of a new
linear function of the magnetic-field strength without hyStef'“magnetic” Brillouin zone. However, this mechanism re-
etic behavior, thus corroborating an antiferromagnetic naturgjres the magnetic unit-cell volume to be larger than the
of the ordered state at low temperatures. Another unambigishemical one. As found in the recent neutron-diffraction
ous proof for antiferomagnetism in U€la has recently been studies!? this is not the case of UGLn and therefore the

got from neutron powder-diffraction studis. low-temperature maximum ip,(T) must have had a differ-
ent origin, e.g., it may be a hallmark of the opening a gap on
B. Electrical transport properties part of the Fermi surface due to spin-density-w&8®W)

The electrical resistivity of UGyin, shown in Fig. 1b), is  formation as, for example, in Cr and its allgysThis excit-
only slightly temperature dependent. In the paramagnetic rd9 possibility cal_ls for futher experlmental_ chgracterlzatlon
gion p(T) forms a broad shallow maximum centered atOf UCUsIn, especially on single crystals, which is planned for
about 170 K, whereas just beloTy, the resistivity exhibits a (€ near future. o _ _ _
pronounced hump with a maximum Bt =15 K. The Ne| . .Upon applylng magnetlg fieldBL i) the electrical resis-
temperature manifests itself as a sharp dip indfiE) curve.  UVity of UCusIn increases in the whole temperature region.

The broad anomaly at elevated temperatures is reminigS n example, in the inset to Fig. 2 it is shown the low-
cent of the effect of interplay of phonon, CEF, and Kondo-temperature re5|stance_ measured in a field of 80 kOe and
like scattering processes. In order to check this presumptioffompPared to the zero-field data. The transverse magnetore-
the electrical resistivity of a nonmagnetic isostructural com-SiStivity (MR) Ap/p, defined as
pound ThCyln was measured, and then used as an approxi- (B)— p(B=0)
mation of the phonon contribution to the total electrical re- Aplp= PR P =) 100% )
sistivity of UCwIn. As also shown in Fig. (b), the p(B=0)

resistivity of ThCylIn has a metallic character throughout the is positive and reaches @t=4.2 K andB=8 T a value of

whole temperature range studied, with an almost linear de: N . .
pendence off at ambient temperatures and a clear saturatio bout 7An(see_ Fig. 2 ACCOFd'”g to Ya_mada and_ Ta_lkaéﬁd,
R of an antiferromagnet is positive in magnetic fields be-

Egl?i\':\tle?jbg)uihzeos}g-ggliz ;ﬁggﬁggtg(lggh?gﬁsecﬁlfaig ing lower than the critical value of spin-flip or metamagnetic
P transitions. Apparently, this latter condition is fulfilled in

sion UCuwln, as evidenced in the inset to Figal by a linear
p(T)=potppn(T) behavior ofa(B). However, |2n contrast to the predl_ct|ons of
the authors of Ref. 16, n8“ dependence oAp/p is ob-
( T )4 Op /T x5dx served for this compound in the ordered region. Instead, the
=pot4RT| =— f — measuredA p/p(B) dependencies exhibit a clear downward
po Op/ Jo (e*-1)(1-e7¥) plp(B) dep

curvature. This behavior can be qualitatively understood if
—KT3, (1) one takes into account a Kondo-like character of LIGu
For a Kondo system MR is always negative and has a
wherep, stands for the residual resistivitg) is the Debye concave-type dependence on magnetic fiélfhus a super-
temperature anR is a constant, whereas the cubic te&M®  position of positive magnetoresistivity due to the antiferro-
describes interband scattering processeA. least-squares magnetic ordering and negative one due to Kondo effect may
fitting of the experimental data to E{l) yields the follow- lead to the behavior observed for Uhu at the lowest tem-
ing parameters: pg=91ulcm, Op=149K, R peratures. However, a similar S-shaped field dependence of
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FIG. 1. (a) Temperature dependence of the
inverse molar magnetic susceptibility of Ugu.
The solid line is a fit ofy~(T) to the modified
Curie-Weiss law with the parameters given in the
text. The inset shows the field variation of the
magnetization, measured at 1.7 K with increasing
(full circles) and decreasingopen circley mag-
netic field. (b) Temperature dependence of the
electrical resistivity of UCkIn, compared to that
of nonmagnetic ThGiin. The solid line is a fit of
the latterp(T) to Eq. (1) with the parameters
given in the text. In the figure there is also shown
the temperature variation of the magnetic contri-
bution to the total electrical resistivity of UGkn
derived from Eq.(2) (enlarged by the residual
resistivity; right-hand sca)e(c) Temperature de-
pendence of the thermoelectric power of YCu
The inset presents the functiof'S vs T. The
solid line marks aT/(1+T/T*) dependence of
the thermopower in the range 30-160 K with
T*=64 K. (d) Temperature dependence of the
thermal conductivity of UCgin (circles. The
main contributions to\q:5(T), i.e., the elec-
tronic (solid lines and the phonon(triangles
componentgthe latter enlarged in the ordered re-
gion by the magnon componentvere derived as
described in the text.
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8 a5 . — . those studied in Ref. 22 this mechanism implies a negative
magnetoresistance at temperatures far aliqvéut in anti-
ferromagnetic UCgin it would yield a positive MR, as is
observed experimentally even Bt 54 K.

The results of thermoelectric pow€fEP) measurements
are shown in Fig. (£). At room temperature TEP is negative
(about—7uV/K) and on cooling down to about 200 K the
S(T) variation shows as an almost linear behavior. Subse-
quently,S(T) goes through a broad negative minimum near
160 K (approximately— 12 wV/K), and on further cooling
TEP decreases in its absolute value. The antiferromagnetic
phase transition afly=25 K manifests itself as a pro-
nounced kink inS(T). In the ordered region TEP changes its
sign at 15 K and finally exhibits a positive peak centered at 9
K. Below this temperature the thermopower shows a ten-

Field (kOe) dency to fall rapidly towards zero.
In view of strong combined effects of Kondo and CEF

FIG. 2. Field dependence of the magnetoresistivity of LIGU  scattering, evidenced for UCm in the resistivity studies,
measured at 4.2, 20, and 54 K. The inset shows the low-temperatufge sual treatment @&(T) in terms of phonon drag, appro-
variations of the electrical resistance measured in zero field and iBriate for pure and simple materials, seems to be not signifi-
80 kOe. cant here due to the dominance of the Umklapp processes.

Hence the high-temperature negative minimun(i) may
Aplp with the positive sign persists also well abolig. For  rather be attributed to Kondo effect, which involves excited
example, as seen from Fig. 2, the magnetoresistivity meacEF state$® Consequently, the temperature of this mini-
sured at 54 K is positive and still fairly largabout 3.5% in  mum may be considered as a rough estimate of crystal-field
8 T). Such a behavior cannot be accounted for by invokingsplitting Acg, yielding, however, a slightly higher value
scattering of the conduction electrons on disordered maghanAg derived from the resistivity data. This discrepancy
netic moments because this mechanism always yields negprobably reflects the intrinsic difference betwee(T) (al-
tive magnetoresistivity®!’ It seems also unlikely that a ways positivé andS(T) (both signs possibjewith respect to
negative spin-fluctuation contribution tdp/p in the para- the combination of Kondo and CEF scattering effects. It is
magnetic state is dominated in Ugu by a positive term  worth noting that similar behavior of TEP as in Uhuwas
arising from the influence of magnetic field on the Fermifound for U-based heavy fermion compoundsNi;Sn, and
surface because the latter becomes non-negligible only iblzAusSn,?* UPE,?® and UCy.%® Also, for the heavy fer-
alloys exhibiting quite large electronic mean free path, i.e., irmion antiferromagnets UBAI; and UPgAI,? the absolute
good electrical conductors. Just in opposition, large resistivvalue of S(T) generally increases steadily with increasing
ity of UCusIn indicates that this compound is rather a poortemperature. On the other hand, antiferromagnetic and me-
metal. On the other hand, large positive values of MR haveallic but not heavy-fermion compound UPd%hexhibits a
recently been observed for some paramagrétic, large resemblance iB(T) to some Ce-based Kondo lattices,
antiferromagneti¢? and ferromagnetf compounds having for which a broad high-temperatut@00—200 K positive
a layered crystal structure. For these phases the positive magraximum due to CEF effect is observed.
netoresistance is thought to result from to the presence of In the inset to Fig. (c) we have plotted/S againsiT. As
nonmagnetic layers, which imply a scattering mechanisnseen, this dependence is approximately linear below 160 K
similar to the interface effect characteristic of multilay&rs. down to temperatures nedk . Thus at least in this region
As the crystallographic unit cell of UGIn contains particu- S(T) can be phenomenologically described by the general
larly many nonmagnetic atoms which may be viewed asexpressioff
forming wavy planes, it seems that also in this compound the
latter effect may play some role, and thus gives rise to the
observed behavior of MR in both the paramagnetic and or- AT
dered regions. Another possible mechanism leading to a S(T):m’
positive MR is a so-called magnetic precursor effect pro-
posed recently to explain anomalous electronic transport and
thermodynamic properties of some Gd-basedwhereA is a constant and@™* is a characteristic temperature
intermetallics?®> According to Mallik and co-worker$’ in being related to the temperature of resistivity maximum. The
some metallic materials there develops “magnetic disordervalues of A and T* determined for UCkin are
induced localization of electrons” before a long-range mag-— 0.2 xV/K? and 64 K, respectively, i.e., they are markedly
netic order sets in and this effect may give rise to the appeadifferent from those reported for UP{—1.25 «V/K? and
ance of significant magnetic contribution to the electrical10 K, respectively?’ possibly because of much weak@r
resistivity and the specific heat, already well above the magany) CEF effect in the latter compound. Interestingly, a simi-
netic phase transition. In ferromagnetic compounds likdar phenomenological analysis of TEP determined for a se-

Ap/p (%)

()
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ries of heavy-fermion compounds Upl;, UPdAI;,
UCu,, Alg_,, and UBg; gives positive and less than unity
values ofA2’

In the antiferromagnetic region the thermopower of
UCusIn exhibits a maximum and this feature can probably be
related to effective scattering of conduction electrons on
CEF ground state onl§ Somewhat belowT, TEP changes
its sign, which may reflect a change in the density of states
near the Fermi level due to a reconstruction of the Fermi
surface.

C, JK'mole™)

)

C. Thermal properties

As is apparent from Fig. (#), the thermal conductivity
N(T) of UCusIn rises continuously with increasing tempera-
ture, rather rapidly belowy and almost linearly at ambient
temperatures. At the magnetic phase transiti¢n) exhibits
only a small dip, while near 150 K it slightly changes its
slope. This latter anomaly occurs at a similar temperature as
that of a broad negative minimum B(T) and may be con-
sequently considered as a crystal-field effect.

In general, the total measured thermal conductivity of a
magnetic solid is usually expressed as a sum of electronic 2L UCu.ln
Ne, phononk,,, and magnon,,, components. The elec- 5
tronic contribution comes from the scattering of conduction o L . . . .
electrons on lattice imperfections, phonons and magnetic 10 20 30 40 50
moments. Its temperature variation can be derived on the
basis of the Wiedemann-Franz law from the measured elec-
trical resistivity versus temperature function:

S pnag (7 K 'mole™)

5
(=]

Temperature (K)

FIG. 3. (a) Low-temperature specific heat of Ugn, as com-
pared to that of ThGyin. The solid line is a fit ofC(T) to Eq.(6)
i 4) with the parameters given in the text. The arrow marks the antifer-
p(T)’ romagnetic phase transition. The inset shows the specific heat of

UCuwsIn as a functionC,/T vs T2. The solid line is a fit ofC,(T)
where the Sommerfeld vallg,=2.45<10 8 W /K2 The  according to Eq(5) with the parameters given in the teh) Tem-
\on(T) contribution originates from collisions of phonons on perature variation of the magnetic entropy in YGu
impurities and/or defects present in the lattice, conduction
electrons, other phonons, and magnetic moments. In turn, th@eCuy.*° It is worth mentioning that a linear temperature
magnon component is due to interactions of spin-wave excidependence ofz ph has been predicted theoretically by
tations with both electrons and phonons. This contributiorzimmermann® for materials characterized by the predomi-
appears in the magnetically ordered region only, and its magaant phonon wavelength being larger than the electronic
nitude at the lowest temperatures can be comparable to thosgean free path, i.e., those being rather poor metallic conduc-
of Ne andAp,. The differenceh o (T) —Ne(T) is usually  tors. The relatively large electrical resistivity of Ugn
regarded as an estimate of the phonon contribution, enlargestrongly suggests that this compound may indeed belong to
in the magnetically ordered region by the magnon compothis class of intermetallics.
nent. The scattering of electrons and phonons on lattice im- The low-temperature specific heat of UQuis presented
perfections is elastic and these two mechanisms are domin Fig. 3(a). Rather surprisingyC,,(T) reveals only small,
nant at low temperatures. In contrast, the electron-phonogery broad anomaly, which spreads out from the antiferro-
and phonon-phonon interactions dominate at elevated tenmagnetic phase transition &, =25 K down to aboutl /2.
peratures, they have both elastic and inelastic character beinrgpwever, as is also apparent from Fidag in the ordered
described by the normal- and Umklapp-type processesegion there is a marked difference betwe€y(T) of
respectively”’ UCusIn and that of its isostructural nonmagnetic counterpart

The calculated contributionse(T) and A,p(T) +An(T)  ThCuln, indicating still not released entropy. For the latter
for UCusIn are given in Fig. ld). Because of the aforemen- compound the specific heat decreases smoothly with decreas-
tioned small temperature dependence of the electrical resigng temperature and below 10 K it follows the formula
tivity of this compound, the electronic thermal conductivity
is almost proportional to temperature. Thus in the paramag- Cp(T)= 7T+ B3 (5
netic region the phonon contribution increases with rising
temperature in a manner characteristic of a number of ceriuwith  the parameters: y=6 mJ/(mole K) and g
dense Kondo compounds, e.g., CgSy, CeAk, or =1.1 mJ/(mole K), describing the electronic and lattice

Ne(T)=
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contributions, respectively. In the same temperature range 4
the specific heat of UGIN can also be approximated by Eq.

(5) with the parameters:y=237 mJ/(mole K) and B

=1.6 mJ/(mole K) [see the inset to Fig.(8]. In this case, 3
however, Eq(5) represents th€,(T) variation being rather
characteristic of antiferromagnetic spin waves. Alternatively,
the low-temperatureT<17 K) specific heat of UGJIn can

be describedinote the solid line in Fig. @& ] by the formula

AL/L (107

Cp(T)=aT+bT3+ fT3’2exp( - %) : (6) !
appropriate for magnets exhibiting a gapin their spin- (a)
waves spectruri The least-squares fitting procedure yields
the following values of the parametersa=231 10 -
mJ/(mole K¥), b=0.7 mJ/(mole K), f=315 mJ/(mole R?),
andA =22 K. It is worth noting that regardless of the analy- 8t
sis form the enhance@/T ratio in UCuln, obtained from =
the extrapolation td=0 K, may be taken ag(0) giving a OM
rough estimate of the Kondo temperatdre of about 24 K. o

In order to derive the entropgin UCusIn it was assumed ~
that the low-temperature lattice contribution to the total mea- s
sured specific heat can be approximated’yT) measured
for ThCusIn. On this basis, th&(T) variation was calculated 2
and presented in Fig.(B). The entropy released afy
amounts to about 7.5 (#ole K) and is larger tharRIn2 0 L L
expected for a doublet ground state. However, it must be (o) 0 20 40 60 80
noted that so-derive8(T) does not have a purely magnetic Temperature (K)
origin but contains also the electronic contribution. Further-
more, the entropy increases considerably abdye and FIG. 4. (a) Temperature dependence of the relative length
reaches at 50 Kthe upper limit of our analysjsa value of  change with respect to the sample lengtts & for polycrystalline
about 11.3 mdmole K), i.e., it is somewhat larger than UCuwlIn. (b) Temperature variation of the thermal-expansion coef-
RIn 3. This finding emphasizes a role of crystal-field effectficient for UCulIn. The inset shows the thermal expansion as a
in the compound studied. function a/T vs T2,

Finally, Fig. 4a shows the temperature-dependent rela-
tive length change determined with respect to the samplevident from this figure tha&/T below about 7 K starts to
length measured at 5 K. As is the case@f(T), the mag- rise rapidly on coolindbeing in some contrast to the low-
netic phase transition does not manifest itself as a notablemperature behavior @/T; compare the inset to Fig(8],
anomaly inAL/L(T). However, a careful inspection of this which may be interpreted as a signature of a large enhance-
curve shows that there is a slight change in its slop&at ment ofN(Eg) at low temperatures. As expected, the behav-
and a broad hump is formed that extends to about 15 K. liior of « at high temperatures is dominated by a phonon
Fig. 4(b) there is presented the temperature variation of theontribution.
linear thermal-expansion coefficieat of UCusIn, derived
from AL/L(T). In the paramagnetic regioma decreases
smoothly with decreasing temperature but has a negative
curvature in contrast to normal metals. Also the magnitude The ternary intermetallic compound U@, crystallizing
of the thermal expansion is much larger than that expeqteg{,ith the orthorhombic CeGiu-type structure, exhibits a
for metals. Both these featu_res are, however, c_haracterlsnc Wcalized magnetic behavior at elevated temperatures and or-
heavy-fermion system’s”.{-\s is apparent from Fig.(#), the ~ qers antiferromagnetically afy=25 K. The electrical and
onset of antiferromagnetism manifests itself as a small _dl_p iMeat transport properties have a typical semimetallic charac-
a(T). At low temperatures the thermal-expansion coefficientg, ith pronounced Kondo-like and crystal-field features.
of metals may be considered in analogy to the heat capacity,arestingly, both the specific heat and the thermal expan-
as a sum of electronic and phonon contributions, i.e., sion show only small anomalies @t , characteristic of

_ 3 spin-density-wavg SDW) materials. Furthermore, the spe-
a(T)=AT+BT ™ cific heat exhibits a considerable enhancement at low tem-
In this representation the coefficieAt is roughly propor- peratures, yieldingy(0) of about 240 mJ/mole ¥ On the
tional to the electronic specific-heat coefficient and thus tdasis of all these experimental data it is proposed that
the density of states at the Fermi level. In the inset to FigUCuwsIn is a moderate heavy-fermion antiferromagnet. An-
4(b) there is shown the ratia/T plotted againsfT?. It is  other interesting finding for UGIn is a fairly large positive

o/T(10° K2
[N S = NN | =)

UCuSIn

IV. CONCLUSIONS
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