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Neutron-diffraction studies of single crystals of YUT,In (T=Ni, Pd, Pt)

A. Martin-Martin* L. C. J. Pereird, G. H. Lander, J. Rebizant, F. Wastin, and J. C. Spirlet
European Commission, JRC, Institute for Transuranium Elements, Postfach 2340, D-76125 Karlsruhe, Germany

. P. Dervenagas .
Departement de Recherche Fondamentale sur la Mat@ondense, Commissariat 4E nergie AtomiqueGrenoble,
38054 Grenoble, France

P. J. Brown
Institut Laue Langevin, 156X, 38042 Grenoble, France
(Received 15 September 1998; revised manuscript received 7 Decembgr 1998

Neutron-diffraction experiments on single crystals offuln (T=Ni, Pd, P} verify the noncollinear mag-
netic structures found with studies of polycrystalline samples, and determine the values of the ordered mo-
ments. Compared to the earlier studies, we find the ordered moments on the uranium atoms larger, and no
moment associated with thieatoms, in disagreement with one previous study. ThePt sample has a large
electronic specific heat and does not order magnetically. We give a detailed description of the low-temperature
crystal structure. Polarized-neutron experiments show that the site susceptibilities of the two independent
uranium atoms in LPtIn are substantially different and the conduction-electron polarization is unusually
large.[S0163-182(09)00118-4

[. INTRODUCTION formation to not only refine the direction and magnitude of
the uranium moment, but they further claimed a rather large
The unusual properties exhibited by actinide intermetallic(0.37ug) moment on the nickel. Since a theoretical study of
compounds, from spin fluctuators to superconducting heavihese material§ concluded that no moment should exist on
Fermions, have led to searches for new groups of compoundge T sites, the presence of a Ni moment warrants further
on which systematic measurements may be made. One suiitification. Second, the Pt compound, which apparently
group has the generic formula Af,X, where An is an ac- does not order magnetically, has a large value for the elec-
tinide (U, Np, Pu, or Am, T is a transition meta{Co, Rh,  tronic specific heat coefficient of 415 ol U)K? which
Ni, Pd, Pt, et9, andX=Sn or In. First reports of the crystal classifies this compound as a heavy Fermion uranium
structure and the stability of the phases was made by Miramcompound*® Moreover, recent measurements of the electri-
betet al! and Peroret al? in 1993. A more comprehensive Ccal resistivity and specific heat suggest that the compound
review, including transuranium compounds, was given bydisplays non-Fermi liquid behavior at low temperattite:*
Wastinet al. in 19952 These systems were reported to crys-Although our measurements do not directly address this in-
tallize in the tetragonal 48i, structure, which is illustrated teresting point, we characterized the structure of the Pt com-
in Fig. 1. The U-U distances in these materials approach theound at low temperature and show that no magnetic order-
value of ~3.5 A, which is known as the Hill criteridnfor ~ Ing occurs above 1.5 K. A polarized-neutron examination of
direct 5f-5f hybridization effects to occur, so that a numberthe magnetization in the unit cell shows that the Susceptibili-
Of interesting e|ectronic properties may be anticipated_ -ties at the two independent U §iteS are diﬁ:erent and that there
Shortly after their structural characterization, magneticiS an unusually large conduction-electron polarization in the
property measurements were reported on many of the contthit cell.
pounds confirming a variety of different behavior3 In the
last three years we have succeeded in growing single crystals
of these materials in Karlsruhe; allowing a more detailed
examination of the properties. In this paper we confine our The crystals were grown at EITU, Karlsruhe, by a modi-
attention to the three compounds wiltk= Ni, Pd, and Pt, and fied mineralization process using about 20 g of the molten
X=In. There are two major motivations for the presentsample encapsulated in a tungsten crucible and sealed under
work. First, in the case of FNi and Pd the antiferromag- vacuum by electron-beam welding. All crystals were charac-
netic structure reportét 6 from experiments on polycrys- terized by a four-circle x-ray diffractometer before being
talline samples is rather complicated, being noncollinear iriaken to Grenoble for the neutron experiments. The crystals
both cases. Since this is an unusual situation in actinide conwere of irregular shape, with a weight 820 mg. Most
pounds(it is more common to find multi structures'’ the  crystals were oriented with aa or b axis approximately
exact magnetic structure is worth verifying with a single vertical to allow the most independent reflections to be gath-
crystal. In previous studies with polycrystalline samples atered. In the case of the Pt compound we examined two crys-
most only four magnetic reflections were observed. In thdals from different batches to be sure that the parameters
case of the Ni compound, the authtrased this sparse in- were independent of sample batch. The calculated linear ab-

II. EXPERIMENTAL DETAILS
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reduced to a reliable set of 18 inequivalent magnetic inten-
sities for the refinements.

The polarized-neutron measurements opPtin were
made with the D3 diffractometer at the ILL on the same
crystals used in the D15 experiments. A wavelength of 0.843
A was used with an Er filter to reduce thé2 contamination.
The crystal was af =10 K and a magnetic field of 4.6 T
applied in the[101] direction. Standard “flipping ratios”
were measured and these allow a determination of the ratio
of the (small) magnetic contribution to the nuclear reflec-
tions. Since the D15 experiments establish the nuclear struc-
ture, the magnetic contributions can be deduced and thus the
magnetization within the unit cell. Thtal (bulk) magneti-
zation at thisH and T is 0.184ug/per mole??

IIl. RESULTS

A. Crystallography

We have already shown the;8i, structure of the space
group P4/mbm (Z=2) in Fig. 1. As expected, our struc-
tural refinementgTable |) for T=Ni and Pd are in excellent
agreement with those obtained from a Rietveld analysis of
the polycrystalline compoundé:-8interestingly, the atomic
positions we obtain are closer to those reported from the
pulsed neutron stud§*® (in fact our values arexactlythe

@ e [ ) same to four significant figurisuggesting that the superior
Q range normally associated with this technique gives a bet-
ter value for the structural parameters. The extinction in all

|

of these crystals is reasonably small, with,~0.74 in the
case of the Ni compound.

In the case of the Pt compound the structure is not the
simpleP4/mbm Instead, as found first by x rays working on
a small crystal of this materif it crystallizes in the space
sorption coefficient was 1.20 c¢m, arising almost totally —group P4,/mnm (Z=4), which corresponds to doubling
from the In absorption, resulting in only small corrections. the unit cell in thec direction and shifting slightly the atoms

The first set of measurements wih=0 were performed from their symmetric positions as shown in Fig. 2. This
with the D15 normal-beam diffractometer with a lifting de- structure the so-called #Al, type, was first reported for
tector to allow access to much of reciprocal space. This difU,PtSn?% and may be regarded as a superstructure of the
fractometer is installed at the Institut Laue Langevin's HighU3Si, structure. As seen in Fig.(@nd noted in Table) lthere
Flux Reactor and uses a wavelength of 1.174 A. Temperaare now two inequivalent U sites, those at sitgs @J,) and
tures between 1.5 and 300 K were attained with a standardf (U,) and in Table Il we give the coordination sphere
“orange” cryostat. An additional experiment was performed around each of these uranium atoms. Since the U atoms re-
in a magnetic field Kl ,,,,=6 T) on the S-20 diffractometer main on the planes at=0 and 0.5, it is clear from Fig. 2 that
(which has now been dismantletb search for changes in the one single distance of the U atoms that exists in the high
the intensities of the magnetic reflectionsTgf in the pres-  symmetryP4/mbm structure(see Fig. 1 now becomeswo
ence of a magnetic field. inequivalent distances. As we shall discuss later these dis-

In the case of the Ni compound the magnetic wave vectotances may play an important part in defining the magnetism
was independent of temperature and commensuratk at of these materials.
= (0, 0, 1/2, in agreement with previous work- 8 Intensi- Our refinements show that all structures are stoichio-
ties therefore could be collected easily without concern aboumetric in the sense that no significant improvements inRhe
the nuclear structure as the two contributions do not overlagactors could be achieved by allowing the occupational pa-
A total of 83 reflections, reducing to 21 inequivalent reflec-rameters to vary. This is important particularly with respect
tions were measured. In the case of the Pd compdund to the Pt compound and the appearance of the non-Fermi
=(000), i.e., the magnetic and crystallographic cells are thdiquid state at low temperaturé-** Many materials that ex-
same, again in agreement with previous wbtk In this  hibit this phenomenon are actually disordered compounds,
case we used the previously determined magnetic structustich as CeGuAu, 1,24 and there has been some debate
to calculate where the strongest peaks would be, and themhether the two phenomena are relat®dt least in U,PtIn
collected the subset of magnetic reflections which did not falthis matter is not an issue.
on a strong nuclear reflection. To determine accurately the The reduced space group of the Pt compounds gives sys-
magnetic contribution, we measured reflections at 5 and 5@&matic absences at the positiod®() with h+1 odd. An
K, and by subtraction obtained 61 nonzero reflections, whickexamination of the data collection shows that these reflec-

FIG. 1. Crystallographic structure for,0,In (T=Ni and Pd,
space grougP4/mbm (No. 127, in two different projections.
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TABLE I. Results of the crystal structure refinements. Two crystals from different batches were examined
for U,PtIn. (y) is the mean value of extinction refined, agg, corresponds to the largest reduction
(compared to an unaffected intensity wigt=1) calculated from extinction. The In atoms are fixed by
symmetry to the positions&in the T=Ni and Pd compounds, andd4for T=Pt. Values of the coherent

scattering lengths usdih Fermig are U=8.417, In=4.065, Ni=10.3, Pd=5.91, P&9.60.

U,Nipin (T=25K) U,Pdin (T=50 K) U,PtIn (T=20K) U,PbIn (T=75 K)

Weight (u.m.a) 708.3 803.68 981.06 981.06
Space group P4/mbm R/mbm R, /mnm R, /mnm
aA) 7.3905) 7.6235) 7.6845) 7.7085)
cA) 3.5875) 3.7395) 7.3355) 7.3715)
V (A3 195.867 217.274 433.065 437.951
Z 2 2 4 4

Xy (4h) 0.17281) 0.17451)

X7 (49) 0.37421) 0.37131)

xu, (49) 0.18321) 0.18292)
xy, (4f) 0.339711) 0.33872)
X7 (8]) 0.13061) 0.13052)
zr (8j) 0.22731) 0.22862)
Reflections

measured 262 192 693 215
Unique reflections

with I >3a(l) 88 74 301 87

O range 6 — 66 6 — 40 2-60 4 — 45
Extinction

g (107 4rad™?) 0.0494) 0.0426) 0.0584) 0.0145)
{y) 0.96 0.98 0.99 0.99
Yinin 0.74 0.86 0.79 0.94
Refinement

R 0.031 0.024 0.026 0.036
X° 34 0.9 2.2 2.2
No. of variables 7 7 10 10

tions always had a smalabout 0.1% of the strongest reflec- plane of the tetragonal structure are knowndas whereas
tion) intensity. However, given the very few systematic ab-the distances along the tetragomabxis are known asl,
sences in this structure, there is a strong possibility for thesgee Fig. 1 of Ref. 15 For theT=Ni and Pd compounds the
reflections to be affected by multiple scattering, especiallyalues ofd; andd, are straightforward and are given in
since the wavelength on D15 is quite shirtl74 A. Since  Taple III. In the Pt compound it is less simple. The distortion
intensities of all these reflections were similar, and greatepf the rows(paralle) to the tetragonat axis, allows us to
than arising from any second-order contaminatioh ~3  4otine 4 mean positiory,, which, if occupied by both U

_4 H 1 - . .
x1077), we ha_lv_e neglected the_m in the re_flnement, and aS3toms, would result in a single column of U atoms parallel to
sumed they originate from multiple scattering. A subsequen —

test experiment on the D10 diffractometer at the ILL which%he tetragonal axisxy is defined such that the U atoms are

has the capability of allowing a sample rotation about thedisplaced an equal distange, on each side of it. The same

scattering vector while examining the diffracted intensity@/9uments may be made for the Ptoordinates, similarly
showed that the intensities were very dependent on the rot&€fining a displacement ohzr. All values are given in
tion angle . An examination of some 20 of these weak Table lll. As a function of temperature, thix, and Azy
reflections allows us to conclude that the intensity observeyalues show that the overall distortion of the structure actu-
on D15 was indeed caused by multiple scattering, and nelly increases as the temperature is lowered. Usually, atomic
glecting these reflections in the analysis is justified at thepositional parameters are stable as a function of temperature,
level of 1 part in 10 of the strong reflections. and it is the lattice parameters that change; the present find-
The staggering of the uranium chaiflewer part of Fig.  ings probably indicate considerable anharmonicity. At some
2) actually decreasesone of the U-U distances, and, of higher (than room temperature the 4PtIn structure may
course, increases the other. These distances, within the basansform into the higher symmet®4/mbm space group.
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leave no doubt that the correct structures Bgefor T=Pd

and I'; (equivalent tol', in Fig. 3) for T=Ni. The single
crystal data are, as expected, far more sensitive than the re-
finements on polycrystalline materials, but it is important to
stress that, despite the difficulty of only a few magnetic re-
flections, the early attempts did indeed obtain tuerect
magnetic structures. On the other hand, the values of the
uranium moments proposed previously are systematically
low. For T=Ni, the values were 0.60) (Ref. 14 and
0.85(5)ug (Ref. 16, whereas our value is 0.92(2) . For
T=Pd, the values were 1B (Ref. 15 and 1.55(5u3 (Ref.

16), whereas our value is 1.73(&y . Our refinements show

no evidence for any moments on the T sites with a precision
of about 0.045. Thus the observation of a moment of
~0.4up at the Ni site in Ref. 14 is probably a consequence
of unjustified confidence in the result of the Rietveld refine-
ment.

For single crystals of =Pt exhaustive scans along differ-
ent reciprocal lattice lines at 1.5 K, revealed no evidence of
any long- or short-range magnetic ordering. These findings
are in agreement with bulk experiments, in which no evi-
dence for a cooperative phase transition has been foifd.
Recently muon experimerifsalso exclude any smalbr-

@ n(0.25) dered moment, although, interestingly, they do suggest the
presence of antiferromagneficctuations

7 Pt(x0.23)

C. Temperature dependence of moments

The temperature dependence of the square of the mag-
netic moment is shown in Fig. 4 and Fig. 5 for=Ni and
T=Pd, respectively. The values @f, deduced are in good
agreement with those reported from bulk measurements in

FIG. 2. Crystallographic structure of,BtIn compound, space Refs. 14 and 15, 14 and 43 K, respectively, but are higher
group P4,/mnm (No. 136, in two different projections. The J  than those found by neutron diffraction and reported in Ref.
atoms at the # site are marked with bold borders; these are the16 for theT=Pd compound, in whicA y~31 K. However,
atoms that have a separation of only 3.48 A in this structure. very few points were taken as a function of temperature.

The exponent of the magnetization beldyy are 0.28(1)
B. Magnetic structure and 0.34(2) for the Ni and Pd compound, respectively.

As first derived by Boureet al.?® Fig. 3 shows the pos- These values are consistent with most three-dimensional sys-

sible magnetic structures in tHe4/mbm space group with tems, and are comm_only found in anisotropic uranium com-
the magnetic propagation vecté=(000. The y? values pounds. For comparison, a value 8&=0.28 (3) was found

obtained by refining the data with the different structures forf®" the isostructural compound ,Bh,Sn™ The magnetic
the T=Ni and Pd samples are given in Table IV. For the Structure in this material iE5 of Fig. 3, i.e., the moments are

form factors we have used the’U configuration and the &/ong thec axis.
dipole approximation from the tables in Freemetral 2’ High-field experiments on 4PdIn (Ref. 29 have shown

The x2 values in Table V show large differences and that at magnetic fields of between 23at ~20 K) and 27 T
there is a metamagnetic phase transition; i.e., the ferromag-

netic component suddenly increases. Such fields are not
available together with neutrons. In an attempt to see
whether the magnetic structure is unstable with lower fields
but at temperatures nedg,, we have tried cooling the ma-
Atom NN Atom d(A) Atom NN Atom d(A) terial throughTy in a magnetic field b6 T applied along the

a axis, but no changes were observed.

TABLE Il. Interatomic distances around thg dnd U, atoms in
U,PtIn calulated at 20 KNN refers to the number of neighbors.
The standard deviations are0.005 A.

Ui(4g) 2 Uy(4f) 3.676  U(4f) 1 U,(4f) 3.484

Bigjg; ; 32533 iigi &Ej;; ; Bigjg; 2:;2 D. Polarized-neutron experiment on YPt,In

Ui(4g) 1 Uy(4g) 3.982  U(4f) 2 Uy (4g) 4.194 As discussed above, the,PbIn structure has two in-
Ui(4g) 2 Pi(8) 2.845 W(4f) 2 Pi(§) 2.819 equivalent sites, W4g) and U,(4f) with slightly different
Ui(4g) 4 Pt(8) 2960 W(4f) 4 Pt(g) 3.008 coordination spheres, see Table Il and Fig. 2. The closest U
Ui(4g) 4 In(4d) 3.357 W(4f) 4 In(4d) 3.420 atomto Y isasimilar U atom atd =3.484 A at 20 K. Note

that the interatomic distances given in Ref. 22 are at 300 K;
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TABLE Ill. The distortions in the YPtIn as compared td = Ni and Pd.x is the position which would
correspond to all U atoms being on rows parallel to the tetragoagis. For the Ni and Pd compounds, this
is the real value ok (see Table), whereas for the Pt compound it is taken so that the atoms are displaced
a constant amournkxy, either side. The same arguments can be made for the Pt atoms which are displaced
in the c direction.d), is the distance in the basal plane between nearest U neiglthois the distancéto a
good approximationalong thec axis. With the inequivalence of the;land U, in the Pt structure there are
two values ofd), . The shortest bonds are marked in bold.

dj (A) d, (A) o
Xy Axy Az
U,Ni,In 3.6125) 358715  0.17281)
U,Pd,In 3.7625) 3.7395)  0.17451)
U,PtIn (20 K) 3.4845) 3.98235) 3.6765) 0.17182) 0.01152) 0.02272)
U,PtIn (75 K) 3.5715) 3.9815) 3.6845) 0.17214) 0.01084) 0.02142)

U,PtIn (300 K) 3.5831) 3.9251) 3.68783) 0.17251) 0.00791) 0.0155%1)

because of the further distortion of the structure as the temthat a value of~1.8 represents an appreciable quenching of
perature is lowered, the parameters at low temperaturehe orbital moment, as is expected when hybridization
where the interesting physics occurs, are slightly differentoccurs®*
The closest U neighbors for the, Wite aretwo U, neighbors No significant susceptibility is found at the Pt site. This is
in the [001] directiond, =3.676 A. Our polarized-neutron not surprising; even if the Ptdbstates were polarizetsee
measurements probe the individual site susceptibility obelow) they would have a form factor that falls rapidly with
these two U atoms, and the results are given in Table V. Thecattering angle, and would be difficult to detect in our ex-
observed magnetization density in the unit cell, constructegheriment. The individual site susceptibilities may be added
using the maximum entropy methdliis shown in Fig. 6. and compared to the bulk susceptibility as given in Ref. 22.
The most important, and surprising, result is that the sitéThe neutron value of the total induced moméRable V) is
susceptibility of U is almost double that of UJ Since the significantly lower than that found by the bulk measurements
“average” U-U distancesobtained by averaging over the (by some 25% In compounds such as U%the moment
neares 7 U neighbors of Table )Jlare not too different for observed with neutrons is largéoy ~10%) than that ob-
the two atomg3.85 A for U, and 3.92 A for U) the factor  served with magnetization. This is because the bulk measure-
of two in the site susceptibility is surprising. As shown in ments observe all the magnetization in the unit cell, i.e., that
Ref. 22 the bulk susceptibility is not strongly anisotroféc  associated with the localizedf selectrons, as well as that
factor of ~15% at low temperatujeso that the significant arising from the conduction-electron states, and for magnetic
difference in the site susceptibility probably arises from de-elements with less than a half-filled electron shell, these are
tails of the U-U and U-Pt hybridization processes. aligned antiparallel. The neutron measurement is sensitive to
In the analysis we also deduce the amoungjgj contri-  only that part of the magnetization associated with the local-
bution to the form factor, and this allows an estimate of theized 5f states, so that it is normallgreater than that ob-
ratio of the orbital and spin magnetic momefithese val- tained by bulk methods; the difference attributed to the nega-
ues(Table V) are the same for the two sites, and correspondive conduction-electron polarizatidf. Thus, the large
to values frequently found for U ions in intermetallic positive discrepancy in the case obRLIn is unusual. At
compounds? and reported, for example, for URhAL.For  least two possibilities exist for this additional conduction-
the free-ion " configuration the ratidu, /ug =2.57, so  electron polarization; it can arise from either the Eteéec-
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FIG. 3. Possible magnetic arrangements in the space dedémbmwith the representations correspondingkte (000 — taken from

Ref. 26. Fork=(0, 0, 1/2, the arrangements are the same, but their representation changes. The correspondence between the two is given

in Table IV.
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TABLE IV. For convenient reference to Fig. 3 the representations are in the order equivalknt to
=(000), which corresponds to 4Pd,In, whereas WNi,In hask = (0, 0, 1/2. For identical arrangements of
one layer of U moment&s shown in Fig. Bthe representations are shown in each column. Given are the
goodness-of-fif? values for the refinements and the resulting uranium moment. In the final column for each
case are the results of a refinement including the best configurtiorest x2) of the U moments and
allowing a moment on th& site. The symmetry of th& site moment is given by the second representation
in the column heading. Far= Ni, 83 reflections were measured, reducing to 19 inequivalent structure factors
with 1>30(l). For T=Pd, the corresponding numbers were 61 and 18. Note that with the possibility of
domains in the tetragonal basal plane, it is not possible to distinguish any valierothe arrangement
labeledI'y in Fig. 3.

U,PdIn r, I r, Ty T I'g Ty Ty I'g/Tyg
X2 80.5 472 37.8 299 165 1.40 234 131 1.35
U moment (ug) 16748 1.42 1.756) 2.02 161 1.731) 151 2121 1.741
Pd moment fg) 0.02515)
U,Ni,In I'y I, r, I'g I, I's T'1o Iy I'3/T,
X2 4.18 1770 213 970 109 192 728 421 4.14
U moment g) 0.9184) 0.71) 1.033) 1.41) 0.952) 0.973) 1.148) 1.126) 0.9194)
Ni moment (ug) 0.02924)

trons or a fraction of the U Bstates that are delocalized. As that the strong spin-orbit coupling present in the actinides
far as we are aware in uranium compounds, it is only instabilizes the noncollinear magnetic arrangement. An impor-
UPd4,Al; — a well-known heavy-Fermion superconductor — tant constraint is the point symmetry at the position of the U
where a positive conduction-electron polarization has beeatoms; once the moments point in the tetragonal basal plane,
found® the most likely magnetic structures are those compatible with

the symmetry, and these are noncollinear.
Some success has been achieved in understanding the an-
IV. DISCUSSION isotropy in actinide compounds as arising from a
Our study confirms the magnetic structures of previoudlybridization-mediated mechanism that depends on the near-
work on polycrystalline samples, but with important differ- €St approach of An-An neighbors. Thus, if the actinide atoms
ences. In particular, our values of the magnetic moments ard"e stacked in a tightly packed basal plane arran%]ement, asis
larger (by ~15%) than those published earlier. Since thethe case, for example, in the 1:1:1 UTX compoufid§ithen
structures of the Ni and Pd compounds aemcollinearthis ~ Strong hybridization is set up in the basal plane and it is
confirmation is important, especially when the previous re-energetically favorable to find the momeperpendicularto
finements were performed on only four magnetic reflectionsthis hybridization-mediated bonding. In the present com-
Such noncollinear magnetic structures are unusual in the a@ounds the bond lengths are not very different(the short-
tinides. Sandratskii and Kuer*® have discussed this problem €St U-U distance perpendicular to the plaheing 3.59 A for
in general, and in the particular case offdhSn have shown T=Ni, and 3.74 A forT=Pd, see Table Ill. The correspond-

1.1

TABLE V. Refinements for the polarized-neutron values for 10L o o .
U,PtIn. The experiment was performed &t 10 K with an ap- o9 | T U2N|2|n
plied field of 4.6 T. 161 reflections were measured with 0.843 & g i
A. The data have been analyzed within the dipolar approximation ‘& 0-8 [ s
with the single-electron wave functions of Freendral. (Ref. 27). § 0.7 +
The induced magnetic moment from the magnetization measure- £ o - s
ments (on crystals from the same bajcfor these conditions is ~S 05 | N ®
0.184(4)ug per formula unit.u, and ug are the orbital and spin ,§: ) i ®
moments, respectively. The value for / us for the U™ free ion is S04 LS o
—2.57. S 03¢ °
Q L
= 0.2 o1 #(red. temp.)
Ui (49) U (47) 0.1} 001 0.10 ®
Moment u(mug) 47 (9) 92 (9) 0.0 . . . ' @
Orbital momentu, (Mus) 100(20)  220(20) 0.0 30 Tenfl';;r - rs'(()K) 120 180
—ulps 1.8(5) 1.7(2)
FIG. 4. Temperature dependence of the intensity of(ihe0,
Total moment Mug) 140(10) 1/2) magnetic reflection in LNi,In shown on a scale normalized to
Bulk moment (mug) 184 (4) the value at 2.5 K. The inset is a log-log plot which givEg
Conduction-electron polarizatiom(ug) + 44 (12) =14.0(1) K, and the exponeng=0.28(1). The reduced tempera-

turet=(T—Ty)/Ty.
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ing d; (within the basal planedistances are 3.61 and 3.76 A, =

respectively, so that it seems unlikely that such a simple g 6. (001) projection showing the magnetization dendit-
model(which does not even take into account the number Ofermined by the maximum entropy methodduced atT=10 K
neighbor$ is valid with such small differences. Perhaps by with H=4.6 T in U,PtIn. Note the larger signal at the,4f)
chance, the moments in these compounds do in fact lie petompared to that at the ;U4g) site. Contour levels are from
pendicular to the shortest U-U distance, although this is not-0.01 (dashedito 0.41 in steps of 0.Q2s/A%.
the case with the compound,Bh,Sn?8 in which the mo-
ments point along the axis, even thougld, =3.63 A is the  hibits non-Fermi-liquid behavior at low temperatdfe®* It
closest U-U distance. However, one should be cautious idoes not order magnetically. We have performed a polarized-
taking these ideas too literally; probably more important isneutron experiment with the sample®t 10 K, and an ap-
the filling of the d band and the consequent hybridization plied field of 4.6 T to measure the induced magnetization in
with the 5f states. The Rh-Sn compound is the only one inthe unit cell. There is a substantially different site suscepti-
this isoelectronic column that orders magnetically. This maybility for the two independent U sites, with ,Usite (see
well be the most important parameter as those with Ni andrables | and 11, and Fig.)shaving the larger value. Although
Pd, which are isoelectronic, with either In or Sn appear tathis crystal structure is rather complicated, it will be interest-
order with the moments in the basal plafiee case of the ing to see whether these unusual features can be reproduced
Pt-Sn compound is not yet resolveglving possibly the first by theory. Moreover, the large conduction-electron density
hint of systematics involving th& element and the occupa- deduced from comparing the results of the magnetization and
tion of its d band. polarized-neutron experiments may be relevant to the un-
The previous work on NiyIn (Ref. 14 obtained a mo- usual transport properties of this material at low temperature.
ment of ~0.4ug on the Ni site. Our refinements with single
crystals show that the moment is 0.03(y), i.e., zero. This
is in agreement with arguments by Divig al® in which
they predict no moments on tHeatoms in these compounds.  We thank Garry Mclintyre for help with the experiment on
U,PtIn has a modified crystal structure as compared td10, and Rob Robinson and Heinz Nakotte for comments on
the T=Ni and Pd compounds, but the refinements show ndhe manuscript. A.M.M., L.C.J.P., and P.D. thank the Euro-
evidence for lack of stoichiometry or atomic disorder. Wepean Commission for bursaries within the framework of the
have discussed this structure in detail as the compound exluman Capital and Mobility Program.
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