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The nonmagnetic compounds Y-, Lu-, and inPave the AuCglstructure, which is the cubic stacking of the
hexagonal DO19 structut@Pt). In order to investigate UR1n this related structure, U was doped onto the
M sites inMPt; (M=Y, Lu, In); samples retained the Augstructure for up to 40 at. % U. Results of
specific-heat and magnetic-susceptibility measurements clearly indicate an enhancement of the electronic den-
sity of states at the Fermi level with increasing U concentration. This enhancement is not attributable to
single-ion effects but is found to strongly depend on the mean effective U-U distance and not at all on details
of the crystal structure. The absence of single-ion effects in dilutg lbRthe AuCy structure is in contra-
diction to findings on dilute URin DO19 structure. This is discussed as an effect of the different preconditions
for f-ligand hybridization in the two related crystal structures.

I. INTRODUCTION through annealing in a BeO crucible sealed in a Ta crucible.
Duration and temperature of the annealing processes are
The heavy-fermion system UPtrystallizes in the hex- given in Table I. InM, _,,U,Pt; compounds withx>0.4 (in
agonal DO19 structure. This crystal structure only differsthe case of Y, _,,U,Pt even forx>0.3) a secondary phase
from the cubic AuCy structure in the stacking sequence of (UPt; in DO19 structurg was detected and could not be
the layers. The arrangement of atoms in the close-packeeliminated even by different annealing processes; thus the
planes is identical in both structure§’he DO19 structure investigation presented here only includes samples contain-
appears to favor the formation of a heavy-electron groundng up to 40 at. % U.
state in some way as besides YtPe heavy-fermion systems In (Y,Lu,In); ) UPt the lattice parameted, increases
CeAl;,2 UThAlg,® and PuGa (Ref. 4 adopt this structure, linearly with a small slope with the U concentratigr{dop-
too. ing 40 at. % U leads to approximately 1% riseagfstarting
Therefore we report here on doping U in nonmagneticfrom values between 4.00 and 4.07. Ahe expansion o#,
M Pt compounds in the AuGustructure in order to investi- reflects the insertion of the larger U atoms oMosites in
gate the role of structure in the origin of the highly correlatedthe cubic lattice. It is important to note that with an increase
electron state in URt Work on diluted U in DO19 structures of U concentration both the U-Pt distandg.p; and the mean
[Thii—xUxAl3 (Ref. 3 and NRg g5, Zro 35UPt (Ref. 5] effective U-U distanced, y change. These changes are es-
has already been carried out. In addition to the investigasential for the discussions below of U-U correlations and
tion of the pseudobinaryM;_, U,Pt; compounds with hybridization between U 6and Pt i/6s electrons.
M=Y, Lu, In presented in this paper, analogous work has The magnetic dc susceptibilitfrom 1.65 to 400 K and
been done and publishetbr Sn1-xUxPt showing(unlike  magnetizatiortup to 7 T) measurements were performed in a
the systems discussed hespin-glass behavior. Quantum Design superconducting quantum interference de-
vice magnetometer. Specific-heat measurements from 15

down to 1.25 K were made using a time relaxation methd.
Il. EXPERIMENTAL AND SAMPLE CHARACTERIZATION

The polycrystalline samples were prepared by arc melting [ll. RESULTS AND DISCUSSION
together proper amounts of (99.95%, Pt(99.99%, andM ) - L .
(typically 99.99% under a purified, zirconium-gettered ar- All magnetic susceptibility, magnetization, and specific-

gon atmosphere. To ensure homogeneity in compositior{‘eat data presented in this paper are normalized per U mole
each of the alloys was remelted a total of three times with the _ T
button turned over between each melting. Samples were TABLE_ I. Annealed samples with specification of temperature
checked for weight loss, which was always smaller thanarlOI duration of the annealing process.

0.5%.

Powder x-ray-diffraction analysis of the as-cast samplesS ample o t
showed a single-phase Augstructure without impurity re-  Lug U, Pt 1200 168
flections for (Y,In);_yUPt (x=0.1, 0.2, 0.3 and  Lu,qU, P 1200 336
Lug—nUsPt (x=0.1, 0.3. The compounds LgxU, P, Ino,cUo 4Pt 1000 168

Lug U 4P, and Iy Ug 4Pt were obtained as single phase
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. o FIG. 3. The Sommerfeld coefficieny [derived from a fit
FIG. 1. Magnetic dc susceptibility ofY,Lu,In);_UxPt at  c(T)=T+BT? for 1.25 K<T=8 K] versus U concentratiox in
T=1.8 Kiin H=5000 G versus U concentration The xqc values  (y,Lu,In);;_,U,Pt. All y values are normalized per U mole. In-

(normalized per U moleare increasing withx indicative of an  creasing U concentratior clearly leads to an enhancement pf
enhancement of the electronic density of states dependent upon \hich is proportional to the electronic density of states.

concentration.

the data versus U concentratigtyields a steep rise ity with
by subtracting(1—x) times the corresponding quantities for X (see Fig. 3 that is, unlike they data from Fig. 1, parallel
MPt and dividing by x. As the samples for all three elements Y, Lu, and In.

(Y,Lu,In);—UxPt can be referred to as dilute UPin This pronounced rise iy (T=1.8 K) and y with in-
AuCu; structure they will be designated as “AugUPt”  creasing U concentration in our AugUWPt samples indi-

(as distinguished from DO19-Uftin the following discus- ~cates an enhancement of the electronic density of states at the
sion. Fermi levelN(Eg). The strong dependence upon U concen-

The x4 values per U mole ofY,Lu,In); _, U,Pt at 1.8 K tration ofN(EF), i.e., of y and vy, rules out single-ion effects
in H=5000 G start at below 1 memu/U mole for 10 at. % U @s & possible source of the enhancement.
and grow to around 3—4 memu/U mole for 40 at. % U. These This marked U concentration dependence suggests rather
data are plotted vs U concentration in Fig. 1 and show & consideration of the effects of U doping @) the mean
stronger increase gy (T=1.8 K) with growing U concen-  €effective U-U distanced,, and(2) the U-Pt distanced p,
tration for Lu than for Y, with In showing intermediate be- in (Y,Lu,In);_, U,Pt as possible causes of the enhance-
havior. ment.(3) Another possibility is the changing screening of the

Specific-heat measurements hel8 K show in aC/T vs ~ f moments due to the differing electronic natures of Y, Lu,
T2 plot a straight line for all samples, which is to say theand In.
C(T) data exhibit the behavior of a classical metal: (1) Supposing an ideally statistical distribution of U atoms
C(T)= T+ BT®. Representative low-temperature specific-Onto the(Y, Lu, In) sites in the AuCy structure the mean
heat data for Ly, U,Pt are shown in Fig. 2. Plotting the effectivedy., depends on the lattice paramesgrand the U
values of the Sommerfeld coefficieptderived from a fit to ~ concentratiorx as follows:

dU-U: 3\/ ag/X.

—¥— x=0.4 (2) The closest U-Pt distanag,_p; in AuCus-UPt; is com-
200 +' :zg; Lug—x)UsPts puted by the formula
®— x=0.1 dy.p= (V2/2)* .

DO19-UPt. As is readily visible in Fig. 4, the above inverse

W cube root dependence df,.;, on U-U concentration gives a
W rapid change of the average U-U separation from almost 9 A

0 20 30 40 50 60 at 10 at. % U to 5.5 A for 40 at. % U. As is to be expected
from the small changes of the lattice parameter with U dop-
T2 [K?] ing the relative change imlyp, With U concentration in
AuCu;-UPt; is very small compared to the rapid change in
FIG. 2. Specific-heat measurements on,Ly,U,Pt plotted as dy.y-
CIT vs T solid lines fit the low-temperature dath.25 K<T<8 Now, let us consider how they,., andd_p; data in Fig. 4
K) according taC(T)= yT+ BT, which givesy as the intercept on  for our AuCu-UPt; samples can be used to understandxthe
the ordinate. and y data. That the weakening of hybridization between U

M Figure 4 showsl,_, anddy,.p; in AuCus-UPt; versus U con-
——_—_..,.—&"""'/./-’! centration in comparison to the corresponding quantities in

C/T [mJ/U-mole K?]
2
o

(=]
(=]
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FIG. 5. The deviation of the magnetization from linearibor-
malized per U moleof (Y,Lu,In); yU,PEatT=2 Kin H=7T

versus U concentratior. Increasing U concentration obviously
reduces the deviatiofiThe value for 1§ gUq 1Pt is not given be-
cause there is no measurable change invi{d) compared with
M (H) of InPt.]

0.5

FIG. 4. On regardingl_y anddy.p; in hexagonal DO19-URt . .
one has to distinguish carefully between spacings separatin aton?@used. by the Shr'n.k'ngU'U' However, at least the differ-
9 Y pacings sep g ences in the behavior gfy. (T=1.8 K) andM vs H as a

within one atomic layer and spacings separating atoms out of con ; . )
secutive layers. Concernirdyy_p; this distinction is superfluous for function of Conc_entratlon for the Va_rlous elements Y, Lu, and
AuCU;-UPt, whose cubic symmetry equalizes the different spac-/" May be ascribable to changes in screening offtheo-

ings. This is not true fody,.y, in AuCus-UPt but as the U atoms are Ments by the differing norfi-ligand outer electrons.

assumed to be distributed randomly onto kesites only the mean Let us now focus on the specific-hegtvalues. They

dy.y is regarded to be relevant to U-U correlations. This figurevalues as a function of at. % U from Fig. 3 are replotted in
shows the dependence of the mefy, andd_p; upon U concen-  Fig. 6 as a function of the calculatetj, , values. It is clear
trationx in (Y,Lu,In)(;_,yUxPts. For reasons of claritd,.y is plot-  that extrapolating in Fig. 6 the values of AuCyg-UPg; ver-

ted only for Ly;_, UPt as the corresponding values in susdy.y to the value in pure DO19-UBt4.1 A, gives a
(Y.In)1—x) U«Pt differ about less than 1%. The dotted horizontal quite startling result: the expected value fpin the AuCy

lines represent the corresponding quantities in pure DO19:UPt structure for UR}is, within some margin of uncertainty, the
dy-uw-py A-A labels the U-U(U-PY) distance within one atomic same as in the DO19 structure. We therefore conclude that, at
layer,dy.yu-py A-B labels the U-U(U-PY) distance between atoms

out of consecutive layers for DO19-UPt

1000 g~ . 5
E ) DO19-UPts ]

5f and Pt %1/6s electrons due to the small increaselng, is — 300k !\ ]
responsible for the enhancementN(E;) can be essentially L 3 AN 3
ruled out by the following argumend,.p; in YqUq 1Pt is, © 100F \ix _
with a value of 2.88 A, only slightly greater thah,p, in © ; ' a ]
Lug Ug 4Pt with 2.87 A (see Fig. 4 Nevertheless the Som- € \, h 3
merfeld coefficienty [<N(Eg)]=100 mJ(U mole K?) of 4 30f N 3
LuggUo 4Pt exceeds the one of ggUg 1Pt [y=11 mJI(U } NN
mole K?)] by far (see Fig. 3. Hence the mean effective U-U c 10 NG
distanced,,_;, (rapidly decreasing with increasing U concen- — F e Yo_x)uxpfs\\ N
tration x), and notd p;, Seems to control the enhancement > 3F . LugrsUsPts Y3
of yin (Y,Lu,In); ) U,Pt, and, at the minimum, to strongly F . INGesoUsPts 3
influence the increase igy.. The decreasingl, causes 1 : ' e
increased U-U correlations. These increased correlations 4.0 6.0 8.0 .
then give rise to the observed monotonic enhancement of mean U-U distance dy—y [A]

as shown in Fig. 3. An indication of rising U-U correlations

accompanying the decreasing separation of the U atoms can g, 6. Logarithm of the Sommerfeld coefficieptversus mean
be found in the magnetization. Magnetization measurements_y distanced,,., in (Y,Lu,In); U, Pt. While the meardy., in
on (Y,Lu,In);—, U,P at T=2 K reveal a decreasing devia- auCu,-UPt is approaching the neared, in DO19-UP§ (=4.13
tion of M(H) from linearity at high fields with increasing U &) also y in AuCu,;-UPt; appears to tend towards the highof
concentratiorx (see Fig. $. This decreasing deviation with D019-UP§ (dotted lines serve as guide to the py&he dy. -y
U concentration may originate from more and more stabicoordinate of DO19-URtis marked in the upper left corner of the
lized (antiferromagnetic correlations between the U atoms plot.
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least for UP§, the large specific heatis a strong function of  hybridization no largey due to single-ion effects is formed.
dy.y and not at all strongly dependent on the details of thdn addition to the higher Pt coordination in AugGUPt;
hexagonal DO19 crystal structure. The apparent dependenéehich is certainly the decisive factor for the strength of
on the meard,,.,; must be operating through thedepen- f-ligand hybridization also the different stacking sequence
dence of the number of pairs of U atorfw larger clustens  of atomic layerSABAB in DO19 andABCABCin AuCu,

at “first-neighbor” or “second-neighbor” spacings where structurg might lead to an unequal effectivenessfefgand
these terms mean within thfesublattice of theAB; structure  hybridization. This leaves unanswered the result in
of (Y,Lu,In);_)UPt. This result is all the more interesting M, _,)U,Bey; for M larger than U, where increasing U-Be
because it apparently contradicts the case of JUAlthe ligand distance destroys any single-ign

DO19 structure[DO19 ThysUysAl; has y=360 mJ(U

mole K?) (Ref. 3] compared to the AuGustructure[pure IV. CONCLUSION

UAI; occurs in the AuCystructure withy=42 mJ/mole K
(Ref. 9], where the DO19 structure was found to have

much highery. This difference with the present work merits tails of the hexagonal DO19 structure play only a minor role

further investigation. : . i
One may ask in the present work, why is there no Single]‘or the enhancement of the electronic density of states. This

o egme o 55 a funcon of U concenratn, 1, ot gt B e e "
why is there no regime of X" where the /U mole is X

. . . : appears to be controlled entirely by the mean effective U-U

finite and constant? Certainly in dilute DO19-YPt !

[Nbyo.65-x UsZro2Pts (Ref. 5],  is constant at about 200 distance. Thus, they for Au§2u3—UPt3 extrapolated.to the
J(U mole K2) for 0<x=<0.14. | bic UB . tant samed,,_, as for DO19-UR} is found to be approximately

mJA  mole or =x="1.-4. In cublc LUbes ¥ 1S constan the same as the 450 rfld/mole K?) observed for pure URt

[for dilute M, -y UyBeys (Ref. 10] at about 40% ofy (pure The absence of single-ion effects seems to depend on the

UBe, ) for dilutantsM smaller than U and shows no single- 9 ) -penc on.

ion effect for dilutants larger than U. How may we under- geometry of the crys_tal structure: the L_J'Pt hybridization IS

stand the various results? intensified by the higher Pt coordination of U atoms in
In the case of AuCiUPY;, the U atoms have 12 nearest AuCug-UPg (compared to DO19-UBX The resulting sup-

Pt neighbors at a similar distan¢gee Fig. 4 to the only six pression of single-ion ef_'fect.s in AUGWPY, is due to the
nearest Pt neighbors to the U in the DO19 structure, Whilehlgher degree of delocalization of Ur&lectrons.
the next-nearest Pt neighbors in this latter structure are some-
what further away. Thus, in AuGtUJPY; the U site is hybrid-
izing with a higher density of Rt andd electrons than in the We would like to thank K. Samwer and colleagues for the
DO19 structure; this higher density of electrons available foruse of their diffractometer. This work was supported by the
hybridization leads to a stronger delocalization of tJe&dec-  Deutsche Forschungsgemeinschaft. Work in Florida was sup-
trons establishing comparatively widef Bands with a low ported by the U.S. Department of Energy under Grant No.

electronic density of states. Thus, above a certain amount dE-FG05-86ER45268.

Our studies on dilute URt in AuCu; structure
F(Y.Lu,In)1_U,Pt; 0.1=x=0.4] suggest that in URtde-
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