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The crystal structure, lattice strain due to the antiferromagnetic ordering, and magnetic form factor in the
itinerant 5 compounds UGa; (T=Ni, Pd, Pt) have been studied by neutron scattering. High-resolution
powder diffraction revealed that the tetragonality of the U-Ga layers increases down to the series of the
transition metal elemerft. The integrated intensities of the antiferromagnetic reflections can be well explained
with the Neel-type structure for UNiGa whereas UPtGahas the antiferromagnetic stacking of the ferromag-
netically ordered uranium moments in th@lane. In both compounds the uranium moments orient along the
¢ axis with moments of 0.15) and 0.325) g for UNiGas and UPtGg, respectively. No magnetic peak could
be observed in the powder diffraction pattern of UPg@ae to the small magnetic moment less than the
experimental sensitivity. The orbital contributions in the magnetic form factor are reduced from the free-ion
value, especially for UNiGa This suppression shows a strong correlation with the bulk susceptibility. We
observed lattice anomalies associated with the antiferromagnetic ordering. The tetragonality of the U-Ga layers
is a sensitive measure of the nearest-neighbor interaction, the lattice anomaly and the orbital contribution
suggest that orbital degrees of freedom may play an important role for the magnetic properties in these itinerant
5f antiferromagnets.
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[. INTRODUCTION the electronic structure, which may play an important role in
the formation of the emerging superconducting state.
Compounds incorporatindg-electron elements have at- In this context, it is interesting that the recently discov-

tracted much attention on account of their unusual magnetiered actinide highi-. heavy fermion superconductors,
and electronic properties, such as unconventional supercoRuCoGa (Ref. 19 and PuRhGa?° are isostructural with
ductivity and its coexistence with magnetic, orderingx- CeTlng. Prior to the Pu systems, TGa; compounds were
amples include # rare earth electron systems based on Cestudied?~2° however, despite the recent availability of high
(Refs. 2—10 and Pr(Refs. 11,12 and 5 actinide com- quality single crystalline samples, no superconductivity has
pounds of U(Refs. 13—18and Pu'%?° been reported either at ambient or under high presare.
Despite the considerable amount of work, there is stillLikewise, to date, there has been no report concerning the
neither a consensus on a general mechanism nor an undsuperconductivity in the Np-115 famify.One suggestion for
standing as to why some compounds exhibit novel forms othe absence of superconductivity inTGa; might be the
superconductivity and others do not. Some empirical trendstrong hybridization and itinerant character of fevels,
have however emerged: For instance, heavy fermion supewhich leads to a relatively widefSband atEg and a lack of
conductivity is often realized in the vicinity of a quantum spin  fluctuations>3* UTGa; compounds for T
critical point (QCP to a magnetic state induced, for ex- =Fe, Ru, Os, Co, Rh, and Ir show Pauli-paramagnetic be-
ample, by suppression of the magnetic critical temperatur@avior which suggests an itinerant character of the polarized
by alloying or hydrostatic pressure. A second recurrent themelectronic levels, while UGa; compounds withl = Ni, Pd,
is the presence of a similar crystal structure. A first set ofand Pt exhibit itinerant antiferromagnetic ordering below
compounds which exhibit possible unconventional supercontheir respective Nel temperatured =86 K, 30 K,2° and
ducting pairing mechanisms comprises rare earth or uraniur6 K.?® In the case of the Pauli-paramagnetic compounds,
elements incorporated in a body-centered tetragonal lattice a$FeGa, UCoGa, and URhGg, the Fermi surfaces have
seen in the compounds: CeSi,> CeCyGe,,° CePdSi,,*  been systematically studied and reveal a two-dimensional to-
CeRBSi,,>® and URySi,.* Another family, with apparent pology. The observed extremal areas are well explained in
d-wave superconductivity, is @éns,®'°which has a crystal terms of calculations incorporatingf ®lectron levels in the
structure consisting of the sequential stacking of a transitiomonduction band® Recent advances in band theory have also
metal (T) and Celn layer. Pure Celpalso exhibits super- succeeded in reproducing experimentally compatible Fermi
conductivity, but only under pressure in the vicinity of a surface topologies in the antiferromagnetic compounds
magnetic QCP. Such stacked structures have been considUNiGa; and UPtGg, which carry a sizeable magnetic
ered to enhance the nominal degree of two dimensionality imoment®=38 These calculations reveal tliebands, prima-
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UNiGas to assess the orbital contribution. In this manner, we hope to
0=(1/2 12 1/2) cast fresh light on the role of effective chemical strain on the
UGa; units, i.e., change in geometry relative to that of pure
UGa;, and the contribution of the orbital to the magnetic
degrees-of-freedom, respectively.

Il. EXPERIMENT

® . UPIG The polycrystalline samples foF=Ni, Pd, and Pt were
adi | @ a thesized by arc-melting stoichiometric amounts of the
Ga 4i @ (¥ 0=(0 01/2) syn - y g
materials under argon gas atmosphere and subsequent an-
U/Galc .,,,,, _ 7,,,,,' nealing in an evacuated quartz tube at 650 °C for 90 h. We
‘ - e 77. observed a single phase in UNigGand UPtGa, while smalll
c amounts of YPdGg were detected in UPdGaOn the other
)" hand, the single-crystal samples of UNiGand UPtGa
x were grown by Ga self-flux method, with a typical sample
size of 2.0x3.6x1.0mn?. A suitable single crystal of
UPdGa was not available for neutron scattering experi-
FIG. 1. (Color onling Crystal and antiferromagnetic structure of ments. The details for the sample preparation technique have
UTGa,.* been published elsewhef®?8:2°
Two sets of neutron scattering experiments were carried
rily associated with the transition metal elem@&nto be fully ~ out at the research reactor JRR-3 of the Japanese Atomic
occupied whereas the hybridized U(5Ga(4p) level sup- Energy Research Institute, Tokai, Japan.
ports the conduction band*#This explains the negligible ~ First, neutron powder diffraction data were collected on
moment on transition-metal element site and justifies moré¢he high-resolution powder diffractometéiRPD) to deter-
qualitative rigid-band models, which assume the full occu-mine the structural parameters at incident energy
pancy of the transition metal band. The calculations sug- =24.6meV, A\=1.823 A with angular resolution of about
gest that the U(5)-Ga(4p) hybridized conduction band has 0.1°, using a G&5 3 3) monochromator and collimation of
a high density of states at the Fermi level in the paramagnetit2'-12'-6". The powder diffraction patterns thus obtained
phase. This may be viewed as the origin of {itmeran)  were analyzed by the Rietveld refinement method using
antiferromagnetic instability in these compounds. RIETAN-2000 software?® Stoichiometric full site occupancy
Such calculations, predicting filledlstates on progressing was assumed; we found that any defects are negligible in our
through the 8 to 5d transition-metal series, suggest the present polycrystalline samples.
electronic structure and the Fermi surfa@ least in the Second, the magnetic form factor was measured on single
paramagnetic stateshould be almost identical. However, crystals of UNiGg and UPtGa using thermal neutron triple-
neutron-diffraction studies reveal the magnetic structures ofixis spectrometers TAS-1 and TAS-2 collecting data in the
UNiGas; and UPtGa to be different, see Fig. ¥.The mag- (h01) and (h h 1) scattering planes. Pyrolytic graphiteG)
netic configuration of UNiGais based on two interpenetrat- monochromator and analyzer crystals were employed with a
ing sublattices in a classic Metype ordering. The adjacent *He detector aE;=33 meV or 40 meV together with PG
uranium moments are aligned in opposite directions, in dilters having a total thickness of 8 cm to reduce the contami-
structure similar to thés-type antiferromagnetic configura- nation of higher-order Bragg harmonics. All collimation, ex-
tion adopted by the simple cubic uranium lattice of cept that in front of the monochromator, was removed and
UGa;.“°=*20n the other hand, UPtGé#as an antiferromag- the background scattering from the sample cell and the cry-
netic stacking along the tetragonalaxis of ferromagneti- ostat was eliminated by a pair of beam slits giving a com-
cally ordered uranium moments in the basal plane. The difbined sample-spectrometer mosaic spread ef0.3°. The
ference in the two magnetic structures is significant since isignal intensity was obtained by integration o¥e? # and/or
implies a sign change of the nearest-neighbor interaction. » scans. The relative intensities of the integrated nuclear
It thus remains an open question as to why, on coolingpeaks measured in this manner are compared well with struc-
below Ty, the magnetic structures should be so differentture factor calculations based on the HRPD measurements
One suggestion is that the lattice expansion caused by thend this served as a cross check on both the single-crystal
increasing ionic radius of the transition-metal element maystoichiometry and the general measurement technique. Note
control the sign of the magnetic interaction between adjacerthat the data are not biased by appreciable extinction effects.
uranium ions when orbital degrees-of-freedom play an im-The magnetic contribution was extracted by subtracting the
portant role®® harmonic contaminations, measuredTat T, whereTy is
To address this issue we report @nthe crystal structure the Neel temperature, and put on an absolute scale by cali-
including the positional parameter for Ga gite zg,, (i) the  bration against selected nuclear peaks. The powder-
thermal evolution of the chemical unit-cell dimension anddiffraction data were unavailable for the form-factor analysis
Zga below and abovdy, and(iii) the magnetic form factor due to the small magnetic moment.
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FIG. 2. Neutron powder diffraction pattern ¢ UNiGas, ()  Ga(4i) and U-Ga(k) layers together with the correspond-
UPdGa, and(c) UPtGa;, respectively. The crosses are the mea-ing interplanar U-Ga($h-U bond angle 6yg.=m
s_ured data. The solid lines are calculated results aftgr Rietveld re- o arctan(2zs,/a), see Fig. 3. The generalized tetragonal-
finement, based on the HoCogatructure. T_h(_e positions of the_ ity coefficient increases markedly frote= 1.5% in UNiGa
peaks are Qenoted by small bar_s. The deviation of the calculatio b t=7.0% in UPtGa. Correspondingly, the bond angle
from experimental datd,,,s— | .4, iS also plotted at the bottom of o . . o .
each panel. A small portion of JPdGg was detected as an impu- bu-ca= 90_'9 in UNIGa |sive.ry close to 90 expecteq In-a
fity phase of UPdGa local cubic symmetry while in contrast, both UPdGaith

t=5.4% andf.g,=93.0° and UPtGaat 0_g,=94.2° de-
Ill. RESULTS viate significantly.

As suggested, it is instructive to consider the unit cell as a
superposition of UGaunits in the basal plane separated by a

Figure 2 shows representative powder-diffraction data off metal layer. It is then apparent that the basal plane JGa
UTGa measured at 300 K fof =Ni, Pd, and Pt in Figs. units in UNiGag are very close to pure UG#&oth in U-Ga-U
2(a), 2(b), and Zc), respectively. Structural and statistical bond angle(i.e., local cubic symmetyyand basal plane lat-
significance, or reliability, parameters are summarized irtice parametea=4.238 A (UNiGa) and 4.248 A (UGg
Table | for typical measured temperatures. The quality ofat 300 K** The increases im and the decrease in, down
data is significantly better than that in our previous study dughe series of UGa; (T=Ni, Pd, P}, without a proportional
to improvements both in experimental and analysisincrease inc, act to distort the UGablock as if under
techniques?® The HRPD data confirm a tetragonal HoC@Ga uniaxial compression increasing the U-Ga-U bond angle giv-
structure, which, to aid discussion, it is convenient to repreing a new magnetic structure with a concurrent reduction of
sent as sheets of Ugalocks in a basal plane stacked along Ty .
the tetragonalg axis, with intercalating sheets of transition ~ We can furthermore calculate the distance from a U atom
metal ions, Fig. 3. In this structure there are pure Gp(4 to the two Ga atoms, one in the basal tetragonal plane
basal layers, which lie interstitial between the mixed[Ga(lc)] and the other in the next plarisee Figs. 1 and)3
U-Ga(1c) and pure T basal layers. The relative in-cell loca-atz along thec axis Ga(4). The U-Ga(k) distance steadily
tion of the pure Ga(# basal layers is given by the positional increases down to the series from 2.98 A in UNiGa 3.06
parameteeg,. This parameter is then used to define a degred\ in UPtGa;, whereas the U-Ga(¥ distance averages 2.962
of interlayer tetragonality between the U-Gajland pure with a standard deviation of 0.004 A for all three materi-
Ga(4) planes, i.e., the local distortion of the UGanit from  als. (All using the low-temperature lattice parametgBhe
that in the cubic UGacompound. Thus the local tetragonal- difference between U-Ga¢) and Ga(4) thus increases
ity t is generalized front=1—(c/a) to: from the insignificant 0.03 A in the Ni compound to 0.10 A

A. Crystal structure
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TABLE |. Structural parameters, c, zg, of UTGa (T=Ni, Pd, P} determined from the Rietveld
analysis of neutron powder-diffraction data at selected temperatures. Uranium atoms are locatéd &t 1
0), Tat1b (0,03), Gaat (3,3,0), and 4(0,3,Zs,), Wherezg,is a positional parameter. The tetragonality
of U-Ga layert obtained by Eq(1) and the bond angléy_g, are also listedr,,,, S andRg are conventional
reliability factors*3

T (K) a(A) cA) Zga t (%) 0u-ca Rup S Re
UNiGas 9.0 4.22461) 6.77511) 0.307G1) 1.51 90.871) 8.31 1.62 4.11
(Tyv=86K)  86.7 4.2272) 6.77081) 0.307G1) 1.70 90.981) 7.32 1.45 3.45
c/a=1.604 300 4.2380) 6.78641) 0.30741) 1.55 90.8¢1) 9.65 1.33 3.56
UPdGa 30 431011 6.84281) 0.298G1) 537 93.161) 9.87 1.82 53
(Ty=30K)  29.7 4.309@) 6.84351) 0.29791) 540 93.18) 950 1.76 4.91
c/a=1.587 300 4.321@) 6.86371) 0.29871) 5.12 93.0{1) 7.32 1.79 2.13
UPtGa; 75 432811 6.78891) 0.296%1) 6.97 94.141) 8.00 1.65 5.30
(Tv=26K) 263 4.3276l) 6.78841) 0.29641) 7.01 94.161) 7.16 1.48 5.40
c/a=1.568 300 4.338@) 6.80541) 0.29641) 7.02 94.171) 5.61 1.16 2.15

in the Pt compound. It is this change with the heavier

B. Temperature dependence of structural parameters

substitutions, and the resulting change in the hybridization The high-angle powder-diffraction patterns around the
and exchange interactions, that probably gives rise 10 th® 20 and 004 reflections are shown in Fig. 4 fof Gbs

different magnetic structure.
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(T=Ni, Pd, Pt). With decreasing temperature beldyy, the
220 and 004 reflections of UNiGahift to the higher and
lower scattering angle, respectively, implying the lattice con-
stanta of UNiGas to decrease while increases in the anti-
ferromagnetically ordered phase. In UPdGte thermal ex-
pansion in thea direction is almost canceled out by the
magnetostrictive anomaly while the direction exhibits a
small shift. On the other hand, for UPt&doth the 220 and
004 reflections shift slightly towards the lower scattering
angle, indicative of a lattice expansion beldw.

These qualitative observations have been quantified by a
careful Rietveld refinement of the neutron powder-diffraction
data. The lattice constants, which show an anomaly@are
given in Figs. %a)—(c) for UNiGas, UPdGa, and UPtGga,
respectively. At base temperature, 9.0 K, UNiG@Gxhibits a
relative increase i of about 0.1% and decreasedrabout
0.04% compared with their respective valued gt

The lattice parametex in UPdGa exhibits a quasi-invar-
like plateau belowTy, indicating a magnetoelastic interac-
tion in the basal plane, which essentially compensates the
paramagnetic thermal contraction, whereasdlais exhib-
its a monotonous decrease with decreasing temperature.

The lattice constants in UPtGancrease by~0.013 % at
base temperature relative to their valueTgtin both a- and
c-directions as shown in Fig.(®&. Thus the lattice expansion
due to the magnetic ordering is estimated~a8.02 % after
subtracting the thermal contraction0.07 % estimated by
extrapolation from the paramagnetic state. The relatively
more important values of thermal expansion in UNj@&ar-
relates with its elevated Nétemperature and magnetic mo-

FIG. 4. The neutron powder-diffraction profiles of the basal Ment. The lattice contraction afin UPtGa is opposite from
plane 220 and out-of-plane 004 reflections. The data, measurdéi€ lattice expansion in UNiGawhile intermediate behavior
below and abovdy, are denoted by solid and open symbols, re-is found in UPdGa
The change in sign of the basal plane contribution to the

thermal expansion between the two compounds UNi&al
UPtGa may reflect the different, antiferromagnetic as op-
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Figure 6 summarizes the parameter of the Gai4site,

_FIG. 5. Temperature dependence of the basal and out—of-planfGa1 as a function of temperature. The magnitude of zhg
lattice constants and ¢ denoted by open and close symbols, re- 5.4 eter decreases down to the series of the transition ele-
Specwe'}" for(a) UNiGa, (b) UPdGg, and(c) UPtGa. The lines mentT=Ni, Pd, Pt and this, coupled with the increaseapf

are a guide to the eyes. drives the U-Ga(#)-U bond distortion referred to above.

) . ) However, while sensitive to the phase transition, this internal
posed to ferromagnetic, coupling in UNiGand UPtGa,  parameter does not respond in a dramatic fashion to the mag-
respectively. This situation suggests the presence of a criticlatostrictive anomaly having a maximal relative decrease of
separatiore,, where the effective U-U basal plane interac- _q o1

tion changes sign:

C. Magnetic form factors

= — i gigi
H=2 JOREE ) The magnetic form factor was obtained by measuring the
intensity of antiferromagnetic reflections. The integrated in-
I"<0 (antiferromagnetic; UNiGa for e<eq, tensity of magnetic Bragg peak is expressed as,
11>0 (ferromagnetic; UPtGa for e>¢g,. I mad Q) % |Fmad Q) #*F2(Q)(sina)*L (), 3

On the other hand, the antiferromagnetic coupling as well agrhereF ,,,4is the magnetic structure factdi,Q) is the mag-
the negative thermal expansion foraxis is common to netic form factor,« is the angle between the ordered mag-
UNiGa; and UPtGa. netic moment and the scattering vect@r andL(#6) is the
The ab plane invarlike anomaly of UPdGatogether Lorentz factor. The magnetic structure fackqy,qis constant
with the lack of spontaneous magnetizatfdrsuggests the in both magnetic configurations of UNiGand UPtGa The
magnetic structure of this compound may be composed afhagnetic form factors were thus derived by normalizing the
ferromagnetic UGabasal plane blocks antiferromagnetically antiferromagnetic intensity with Lorentz and angular factors
stacked along as in UPtGa. To date, however, no antifer- in Eq. (3).
romagnetic peak has been observed in neutron powder- Within the dipole approximation the magnetic form factor
diffraction experiments, possibly on account of a small or-may be expressed by the sum of the spin and orbital contri-
dered moment lying below our experimental sensitivity bution f4(Q) andf (Q),*
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TABLE II. Fitting results of total magnetic moment, orbital
and spin magnetic moment, and s, | /g andC, for UST,
UPtGa,, UNiGa;, and UGa.*

06k . n =075 p, w(me)  p(pe)  ws(pe)  |wi/pd C,
AN Gy =245 U3+ 256  1.64
045075 <> N — - < UPtGa  0.325) 0.627) —0.30(7) 2.1020) 1.9417)
AN - UNiGa; 0.755) 1.847) —1.09(7) 1.684) 2.457)
2 o2t RN UGa*™ 0635 151 —09(1) 1.665 2.525)
= e R
7 245<),> S~
-] 0 : — The most remarkable thing is the large orbital contribu-
< 04 T T tion, which is characteristic to the uranium intermetallic
=3 (b) UPtGa, compounds based on itineranf &lectrons!® However, we

found that the contribution of the orbital momenis/us is
strongly suppressed inTGa; from the value for 3% free
ion. For comparison the values @f, and u /ug for U3*
with f3 configuration are also described in Table|jk /ug
|=1.68 for UNiGa is much smaller than the value ofU
free ion, |u /ugd=2.56. |u /ug=2.10 for UPtGa is also
smaller than that of & free ion. The suppression pf, can
be recognized in the large contribution @) term denoted
by dash-dot lines in Fig. 7. The dotted lines in Fig. 7 repre-
ol , L~ - sent the magnetic form factor for’U free ion, which clearly
0 0.2 0.4 0.6 deviates from the experimental data, especially for UNiGa
. _— A large orbital contribution and the suppression of the
sin@/4 (A7) magnetic orbital moment has been reported in Larhe

FIG. 7. The experimentally obtained magnetic form factors for"€Sults for UGg are summarized in Table Il for comparison.
(a8 UNiGas and (b) UPtGa denoted by circles and triangles, re- The Suppresgmn Q. in UGa was aIS(_) conf_lrmed with our
spectively. The solid lines are the best fit of the calculated formOWnN sample® The C, as well asu, /us in UNiGas are very
factors using Eq(7) with u and C, as fitting parameters. The similar to those for UG@ We understand this to be related to

dotted line indicates the magnetic form factor fot'Uree ion. The  the similarity of the structure in U-Ga layer and the resulting
dashed line and dash-dot line show the calculated curvegjfpr itinerancy of the $ states.
and(j,) terms, respectively.

uf(Q)=usf Q) +m fL(Q). @ V- DISCUSSION
where ug and u are the spin and orbital moment, respec-
tively.

The individual form factors are then expanded in the basi%
of Bessel functions,

Figure 8 gives the bulkg=0, magnetic susceptibility
of UGg and UTGa (T=Ni, Pd, Pt) as a function of
emperaturé®4’28 |t is seen that the paramagnetic low-
emperature susceptibility is enhanced in the ordex Rl
<Pt which correlates with the local tetragonality of the U-Ga

; layers.
f ~ 5
Q)= (o) ® UNiGag has the similar bulk magnetic susceptibility to
. - UGa; (Ref. 48 as well as the local structure. Aboig,, x
~ + . ) . .
Qo) +(i2) © o UNiGas lies below 2< 1072 emu/mol, is more or less
Thus, with the total moment = ug+ u , We get isotropic and exhibits a weak temperature dependence. Be-
low Ty, x|/c decreases by a facter2 falling to the magni-
s (Q)=n((jo) +Cx{j2)), (7)  tude of the Pauli paramagnetic susceptibility in UCeGh

The larger discontinuity iny|c than in y|a below Ty is
consistent with the antiferromagnetic structure having the
uranium moment parallel to theaxis.
ulus=Cyl(1—Cy). '!'he rr_lagnetic susceptibi_lity of UPdgén the paramag-
netic regime has a small anisotropy and a temperature depen-
The experimental form factors, given in Fig. 7, have beerdence that is hard to reconcile with a Curie-Weiss behavior.
decomposed using E¢). The result of a least square fitting Further investigations of this composition, behaving as it
to the momenfu andC, coefficient is denoted by the solid does in an intermediate fashion between the itinerant Ni in-
curves and values gk, wu,, ug, andC, for UNiGas and  tercalated and more strongly localized behavior of the Pt
UPtGg are listed in Table II. intercalated materials, will be most interesting as single crys-

where Co=pu /u,
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8

the local distortion and the magnetic structure; namely, the
sign of the nearest-neighbor interaction is different between
UNiGas; and UPtGg, see Fig. 1. This is a rather surprising
result; UNiGg and UPtGa have an identical electronic
structure and Fermi surface topology in the paramagnetic
state, hence one expects the same magnetic structure. This
anomalous behavior becomes clear on comparison with other
systems, such as TYSi, (T=3d, 4d, and I transition
metal elements’’>2 The nearest-neighbor interaction in the

c plane in antiferromagnetic T, Si, is always ferromagnetic,
despite the variety of materiats>*

We have argued that the Ni compound is the closest, both
structurally[smallest value of in Table | and almost similar
spacings U-Ga(d4) and U-Ga(4)] and electronically(i.e.,
paramagnetic susceptibility, value of total moment, gad
ug) to the pure UGamaterial and, therefore, it is perhaps
not surprising that the magnetic configurations of the two
) o ) resemble each other, with nearest neighbor U atoms antifer-

FIG. 8. Magnetic susceptibility of UNiGa UPdGg, and  yomagnetically aligned. On the other hand, the increasing
UPtGa. The broken line and dotted "”942 are the magnetic susceprgisiortion” of the U environment(see Fig. 3as seen by the
Eg:::t';z |f(;)r:gutflzs[(()§gf1j Aé?r:g%:%’ﬁ% ; ;haisr:acﬂgslt;/sgsgsez largert values in Table I, appears to favor a planar configu-

. ; 0 ration of the U moments, such that they form ferromagnetic
typical example for the & localized system’ - . - .

planes stacked antiferromagnetically. The precise micro-

scopic mechanism responsible for this change remains un-
tals become available for both x-ray and neutron scatteringlear, and it remains to be seen what the magnetic structures
techniques. are of UPdGa as well as the Np analog, NpCoG#

In UPtGa the magnetic susceptibility has a much stron- One possibility is that a concurrent orbital ordering,
ger anisotropy and temperature dependence. Again, in agreehich would introduce a anisotropy and the difference in
ment with our neutron diffraction data, this is suggestive of ahybridization, takes place in TGa;, which affects on the
more localized character of the uranium moment with thechange of basal plane magnetic configuration from antiferro
increasing transition-metal ion radius and concomitant disto ferromagnetic order. The present study clarifies the rel-
tortion of the local UGg symmetry. The effective paramag- evant lattice distortion which corresponds to the different
netic moments are, however, still rather smallgdg1(H|a) magnetic structure between UNiGand UPtGa In this
and 1.8%.g (H|c) compared with those for ¥ and U* light it is noteworthy that recent NMERef. 55 and resonant
free ion of 3.62ug and 3.58ug, respectively. x-ray scattering® work on UGa also suggest strongf4p

Tables | and Il indicate the orbital contribution to corre- hybridization and the possibility of some form of orbital or-
late with the local U-Ga structure and the magnetic suscepdering. The enormous enhancement,1000 fold, seen in
tibility. Orbital polarization in itinerant magnets is possible, pure UGg in resonant x-ray scattering tuned to the Ga-4
but few examples are known. In the present seriesTE&  edge might be related to the degree of Ga hybridization with
compounds, the neutron diffraction data suggest a significantranium 5 levels, this hypothesis may be tested by experi-
orbital contribution. To investigate the systematics, since thenents on the WGa; series. This systematic study expected
ordering temperatures and moments vary, it is useful to comto bring an origin of the enhancement into relief from diver-
pare the ratios of orbital and spin to total moment across theified viewpoint: the different magnetic structure, hybridiza-
series UGg, UNiGa to UPtGa. Inspection of Table Il tion and so on.
shows that for UGaand UNiGa the scaled orbital and spin The comparable local chemical structure of pure YGa
contributions to the net moment are closely similar. The al-and the UGa basal plane blocks in UNiGareinforces the
most comparable local U-Ga structure between J@ad idea that one may regard the transition-metal intercalation in
UNiGas implies its definitive role on the orbital polarization UNiGag as serving primarily to define a unique symmetry
as well as on the magnetic susceptibility mentioned above. laxis on an otherwise undistorted UGsystem. The chemical
case of UPtGg where the local distortion from cubic Uga unit-cell symmetry breaking obliges the moments to point
units is maximal, the ratio of spin and orbital momengs,/  along the tetragonal axis in a simple fashion unlike the case
ws, approaches more closely to that of the freE libn, see  of UGa; where, despite intense effors?® the moment di-
Table Il. The form-factor observations and the magnetic susrection is still unresolved. The spin and orbital polarization is
ceptibility suggest that the system may be regarded as mosome 20% stronger in the tetragonal symmetry, accompany-
closely ionic with respect to the extent and symmetry of theng the change in Fermi surface topology towards two di-
uranium moment. However, while our result does not enimensionality.
force a lack of itinerancy to the fSlevels, it may imply a In contrast in the CBng®~° series, which has a similar
reduced degree of U-Ga hybridiszation. crystal packing consisting of a sequential stacking of a tran-

One of the more intriguing aspects is the relation betweersition metal(T) and Celg layers, the trend is to become less

x (107 emu/mol )
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magnetic and have a developing superconductivity with inappears that the local distortion of the UGhasal plane
creasing two dimensionality of the Ferm| surface. C?arefulunits, or equivalently the 54p bonding, plays a major role
structural and form factor measurements in th@@g series  in the stabilization of the different magnetic structures sup-

may be eminently worthwhile. ported across the investigated series of compounds.
In conclusion, the weak temperature dependence, as well

as the small magnitude of the bulk susceptibility, taken to-
gether with the partial quenching of the orbital moment in
these materials, point to the itinerant nature of tfidévels. Authors would like to thank H. Yamagami, T. Hotta, T.
Careful structural studies, combined with band-structure calMaehira, H. Kato, S. Kambe, R. Walstedt, and H. Yasuoka
culations, which indicate the transition methlband to be for the stimulating discussions. Part of this work was finan-
full, suggest the primary role of the transition-metal interca-cially supported by grant-in-Aid for Scientific Research from
lation is to change the equilibrium lattice parameter and thushe Japanese Ministry of Education, Culture, Sport, and
affect the overlap of orbitals involved inf84p bonding. It  Technology.
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