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Variation of f-electron localization in diluted US and UTe
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The temperature dependence of the magnetization, the electrical resistivity, and the Hall effect has been
measured for 11 different uranium concentrations in single crystalslod;U,S and is compared with corre-
sponding data for py(Lag 15Ygg5)0gT€ and UTe. While the electrical transport data for diluted UTe show
maxima related to crystal-field splittings, such structures are absent in all sulfide compounds. The magnetic
susceptibility of the sulfides, measured up to 1200 K, is fitted by the sum of a Curie-Weiss and a Pauli
paramagnetism term in second-order approximation. In a quasi-free-electron model the variation with the
uranium concentration of the Fermi energy, the carrier concentration and the effective mass is derived. It is
found that the degree of localization varies nonmonotonically and, in a certain range, contrary to the U-U
separation. It is concluded that hybridization and magnetic exchange play dominant [I90H63-
182996)00921-9

[. INTRODUCTION separation when more than 20 at. % of uranium were substi-
tuted by La. Recently, some of us succeeded in growing

In general the degree of localization of Blectrons in the  single crystals in which 80 at. % of uranium have been sub-
actinides lies between that of 4lectrons in the lanthanides Stituted by a combination of 15 at. % La and 85 at. % M.
and that of @l electrons in transition-metal elements. There-a brief lette? we reported that electrical transport and sus-
fore, the study of 5 systems is thought to allow to bridge the Ceptibility measurements for these crystals showed clear evi-
gap between localized and itinerant statesthough many dence for crystal-field splitting. If one attributes this appear-
uranium compounds with a large variety of direct-5f  ance of crystal-field levels in diluted UTe to a puré-5f _
separation have been investigated, it appears that among thgparation effect, as has been proposed in the past and as i
concentrated metallic uranium systems only YRsel un-  Suggested from the behavior within the series of the concen-
doubtably a localized 6system with a well-defined crystal- trateéd uranium monochalcogenides, other very diluted ura-
field splitting of the 2 state resulting in &, and al’;,  Nium monochalcogenides should show similar signs of in-
ground state for the hexagonal and quasicubic sitesSreasing localization with increasing dilution. In this paper
respectively’ A less clear situation is encountered in UTe. We réeport on a systematic study of the effect of diluting US
This material belongs to the class of ferromagnetic uraniunyVith LaS, a pseudobinary compound system which is free of
monochalcogenideésee Table ), in which the Curie tem- the metallurgical problems encountered in the dilution of
perature decreases and the paramagnetic as well as the b€ Single crystals of lL.a, _,S withx varying from 0 to 1
dered magnetic moments increase with increasing lattice p&an be grown with sizes of several rnX-ray diffraction
rameter, i.e., 5-5f separation. Nevertheless, the values of2nd the microscopic analysis of polished and etched surfaces
2.7ug/U for the paramagnetic and 2,25/U for the ordered ~ Show no indications of a second phase. Magnetic suscepti-
neutron moment of UTe are substantially smaller than th&ility and electrical resistivity measurements up to 1200 K
free-ion values for either thef8(*H,) configuration(3.58 ~ @nd Hall-effect data up to 300 K in fields up to 10 T show
and 3.2:5/U) or the 53(%ly,) configuration (3.62 and that diluted US behaves very differently from diluted UTe.
3.27u/U). Neutron scatterirfgshows magnetic excitations 1here is no evidence for crystal-field splitting, even not for a
in the ferromagnetic phase, but no crystal-field level in theS@mple containing only 8 at. % U. Instead, we find a substan-
paramagnetic phase. The electrical resistitdisplays an tial temperature-dependent Pauli susceptibility. A quantita-
itinerant behavior in US and a Kondo-type behavior in thelive analysis of the data leads to a nonmonotonic uranium-
paramagnetic phase of UTe. The elastic constantdJTe  concentration-dependent effective mass for a strongly
are anomalous with a negatieg,, as is typical for interme- hybridizedf-d conduction band. It is suggested that in this
diate valent lanthanide monochalcogenitles. system magnetic exchange enhances localization.

Because tellurium is the largest chalcogen for which the
growth of macroscopic uranium monochalcogenide single
crystals is possibléthe next element in the column is the
very rare, short-living radioactive poloniynthe only way to Single crystals of Wa; ,S with x=0, 0.08, 0.15, 0.30,
increase further the 55f separation in this class of com- 0.40, 0.50, 0.55, 0.60, 0.80, 0.90, and 1.00 have been pre-
pounds is the dilution with nonmagnetic elements. First atpared by the mineralization method described in detail
tempts to dilute UTe with LaTéRef. 7 showed a phase elsewheré? In addition U, (Lag 1Y gdosTe and UTe crys-

II. EXPERIMENTAL DETAILS
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TABLE |. Some physical properties of the uranium monochal- TABLE Il. Lattice parameter and parameters derived from a fit
cogenides suggesting increasing localization with increasing latticef the inverse magnetic susceptibility of, L, ,S with Eq. (1).

parameterfafter /2. The inclusion of a Pauli paramagnetism term in second approxima-
tion for US improves considerably the fit at higher temperatures.
Ordered This is the reason for the difference g between Tables | and II.
Lattice Curie Paramagnetic moment
parameter temperature moment (uglV) X0
A) (K) (ug/V) (neutron UyLa; _,S e [1078 emu/ c
us 5.489 180 2.25 1.7 a 6K gy molU] 07K
USe 5.744 160 2.5 2.0 0.08 5.834 52 2.35 900 9
UTe 6.155 104 2.7 2.25 0.15 5.808 —20 221 1000 9
0.30 5.751 0 2.23 900 9
0.40 5.713 71 2.31 470 9
tals have been grown by the same method. The magnetiza:50 5.674 56 2.16 490 9
tion has been measured between 2 and 300 K in fields up t@55 5.655 86 2.06 500 9
10 T with a computer-controlled moving sample magneto-0.60 5.636 91 247 300 9
meter. Magnetic measurements from 300 to 1200 K have gg 5560 142 230 310 9
been performed with a Faraday balance in external fields up gg 5522 177 294 310 9
to 0.5 T. Typical sample volumes were 10 fhriihe contri- 1 g9 5484 184  2.38 370 9

bution of the sample holder was carefully determined and
subtracted from the high-temperature magnetic susceptibility

measurements. Data collected with the same equipment argructures which would indicate some excited level in this
method on YbP showed perfect Curie-Weiss behavior ovefemperature range, we do not make a van Vleck ansatz as for
the whole temperature range, indicating that the deviations IQJO_z(LaO_leO_SS)O_STe,g but will fit the data by adding a Pauli

be reported here for diluted US and UTe are intrinsic and Noparamagnetism term to the Curie-Weiss term. However, con-
an artifact of the contribution from the sample holder. trary to previous, so-called modified Curie-Weiss Fits,

All electrical transport measurements have been don@hich took into account only the leading temperature-
with the van der Pauw methdd.The samples were shaped independent term of the Pauli paramagnetism expression, we
in the form of thin platelets with typical dimensions 0k3  found that excellent fits up to 1200 K require the inclusion of
X0.5 mm. Resistivity and Hall-effect data were collectedthe second, temperature-dependent term arising from the
between 2 and 300 K with magnetic fields up to 10 T. TheSommerfeld expansion of the chemical potential. This need

772 kBT
S 12| Ep

crystals. During the measurements the samples were imhe large values of the Pauli susceptibility. Indeed, Pauli sus-
prevent oxidation of the samples and deterioration of théew thousand K. Thus for the susceptibility fits we use the
electrochemically thinned at the location of the sample and X= ﬁJFXo 1
p
wires are fed through the top of a quartz tube. After mountthese fits plotted aéximeas Xpau) - VErsus the temperature
or water and ensure that the samples do not deteriorate hyranium concentration which implies that the Fermi energies
sensitivity of the fits. As can be seen, a fit without the inclu-
Ill. EXPERIMENTAL RESULTS
is depicted in Fig. 1 for a selected number of uranium confactor \J2, deviates already for>300 K. Pure LaS shows a

contacts consisted of spring-loaded tungsten tips pressed int@ consider the expansion of the chemical potential as func-
mersed in the helium gas stream of a variable-temperaturgeptibility values of several hundred times £@mu/mol are
cryostat. For measuring the electrical resistivity between 30@ne order of magnitude larger than that for a conventional
contacts-? The sample in form of a square thin platelet is expressioff
squeezed between four tungsten wires coming out of a ce-
2
]- Y
the distance between the end of the ceramic tube and the
sample determines the contact pressure. At the opposite eitere C is the Curie constanty, is the paramagnetic Curie
ing the sample, the quartz tube is sealed under a low pressufe wherexp,,i=xo(1—CcT?). Table Il displays the fit param-
of helium gas(at room temperatujeFresh cerium turnings eters for all investigated {la; _,S compounds. The most
oxidation. Variable temperatures are achieved by putting thef all investigated diluted uranium sulfide compounds are
quartz tube in a temperature-stabilized oven and allowingdentical and equal to 0.26 eV. Figure 2 gives, as an ex-
sion of the temperature-dependent term is unsatisfactory for
temperatures exceeding 600 K. The fit with a constant
centrations. All curves(right ordinatey deviate strongly much weaker deviation from a temperature-independent
from the linear Curie-Weiss behavior. Because, as we wilPauli susceptibility and, within the accuracy of our measure-

square arrangement near the edges (f0#) surface of the tion of the Fermi energyat T=0 K) follows already from
and 1000 K we have developed a special setup in order tmetal like sodium, indicating Fermi temperatures of only a
ramic (Al,O3) tube with four holes. The tungsten wires are C
of the approximately 10 cm long ceramic tube, the tungstetemperature, andy is the Fermi energy. Figure 1 shows
at the bottom of the quartz tube getter any remaining oxygestringent result is that the constantis independent of the
sufficient time for the system to reach a given temperatureample, for the sample witlx=0.15 an impression of the
The temperature dependence of the inverse susceptibilifyvice as large as ideal, i.e., a Fermi energy reduced by a
see later, neither the resistivity nor the Hall effect displayments, the fit of the inverse susceptibility does not require
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FIG. 1. Temperature dependence of the inverse susceptibitityt ordinate and fit with Eq.(1) (left ordinate of U,La; _,S forx=0.08,
0.30, 0.60, and 1.00. For the fits with Ed) the parameters for the Pauli susceptibiligg,andc, have been varied so th@meas Xpaud)
comes as close as possible to a straight line.

the inclusion of the temperature-dependent term. A monox=0.3 where ferromagnetic order sets in and the moments
tonic increase of the paramagnetic Curie temperagyneith become nearly concentration-independent abowd.8. A

the uranium concentratiaonis found forx between 0.08 and last parameter obtained from the fits is the Pauli susceptibil-
1 (Fig. 3). The negative values for below the percolation ity constanty,. Its dependence on the uranium concentration
limit of 0.15 indicate an antiferromagnetic coupling in the is, as we will discuss in Sec. IV, somewhat more complex.
highly diluted limit when exchange forces between ions be-Roughly speaking, its trend is opposite to that of the mag-
come small. Magnetization measurements at high magneticetic moment at low temperatures and high fields. The mag-
fields and low temperatures reveal an interesting transitiometic susceptibility of LaS has been determined to be
between the moments at low and high uranium concentrad0x10~® emu/mol or 1.3%10 ¢ emu/cnA.

tions. As depicted in Fig4 a rather sudden increase of the The temperature dependence of the inverse magnetic sus
moment from about 035/U atom at low U concentration to ceptibility of Uy ,(Lag 15Y g g5o gT€ deviates much less from a
an anisotropic moment ranging from 0.9 to 1,65/U atom  straight line. Instead a very weak and broad bump appears
for US occurs neax=0.5. Actually, the increase starts at between 50 and 250 K. Figure 5 shows the data up to 400 K
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— T T T T sents the ratio of the crystal-field parameters of sixth and
fourth order as proposed by Hu and CoopeFhe values for
2500 - Ug 15129 655 E these matrix elements squared are in the order of appearance
° in Eq. (2) 24.244, 7.922, 0.833, 16.133, 7.922, 8.944, 6.724,
c=0 , 0.833, and 8.944. Because of the reduction of the paramag-
netic moment compared to the free-ion value, E2). has
%o = 1000 x 10°® emu / mol 7 been divided by a reduction factér=1.55. The best fit,
shown in Fig. 5, is obtained with the level separations
magnetic susceptibility is moderately sensitiveSt@and very
insensitive toé,. Thus, it is hard to distinguish between
6,=50 and 70 K, but 100 K gives clearly a worse fit. No
significance should be given to the value &f
An overview of the temperature dependence of the elec-
trical resistivity, in zero magnetic field of the pseudobinary
] U,La, _,S solid solutions is shown in Fig. 6. One observes
Loo99” transitions from a pure electron-phonon-type resistivity with
°° “as measured | a positive temperature coefficient in LaS to a Kondo-type
(o =0) behavior with a negative temperature coefficient at lower
temperatures fok<0.5 to a ferromagnetic-order dominated
behavior with a strong positive temperature coefficient at
o o+ o low temperatures and a much weaker positive gradient at
0 200 400 600 800 1000 1200 T>T for x=0.8. A special case is the sample with 0.6.
TIK] It combines features of strong ferromagnetic order at lower
temperatures and a Kondo-type decrease of the resistivity at

FIG. 2. Demonstration of the sensitivity of the fits with BE) g1y temperatures. Its resistivity curve is very reminiscent of
of the temperature dependence of the inverse susceptibility fofhat for pure uTé
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Uo.19-80.85: Figure 7 shows the resistivity for the two lower uranium
concentrations in more detail. We see the increase of the
logarithmic Kondo contribution with increasing Although
quantitative fits with the expressith

and a fit with a van Vleck expression for &h configuration
split by the crystalline electric field.This fit with a van
Vleck term gets its main justification from the existence of
both a maximum in the resistivity and in the Hall effect near Kg
50 K. In an octahedral crystal-electric field tti& free-ion p(T)=po+pmtckin ﬁJrcphT—Tmmcphln T 3
state splits into the statdd’, 'Y, andTg, with T likely '

being the ground stat@ Assuming then thafgz) is the first  are not perfect as becomes clear comparing the full line with
excited state, one derives from the general expression givethe experimental points for d44 a8, ¢S, there is no indica-

for example by Schieb&t tion of magnetic scattering on two or more crystal-field split
) levels, like for example in the cerium monochalcogenitfes.
- Nu3g? (M]3, TEDY)|2 This is also in strong contrast to the resistivity of the diluted
A P SY Uy Py kgT uranium telluride analog §(Lag 15Y g g5o.sT€, displayed in
Fig. 8, which shows a maximum of the resistivity at 50 K
KTEV| 3TN 2 (TEP|3,T6)|? and a Kondo-like behavior at higher temperatures.
+2 A, +2 A, The Hall-effect measurements support these conclusions.
Figure 9 presents an overview of the Hall data for eight
(T@ITEN 2 (TP)IJT )2 different concentrations and Fig. 10 provides details for the
+ kT -2 A, two lower uranium concentrations. Fer=0.08 the Hall co-

efficient is dominantly negative. It is only below 100 K that

(T 3,T6)|? the extraordinary Hall contribution, which is proportional to
+2 e_Al/kBT . . .. . -
A,y the magnetization, becomes visible. This extraordinary Hall
effect is positive, while the ordinary Hall effect is negative.
(Teld,Te)2  (T6ld,I5) 2 With a doubling of the uranium concentration the extraordi-
+ KeT -2 A, nary Hall contribution dominates the ordinary Hall effect at

temperatures below 120 K. For all samples studied with
AT higher uranium concentrations the extraordinary part of the
e "2, (2)  Hall effect dominates over the full temperature range from 2
to 300 K, leading to a positive total Hall effect. Furthermore,
HereA, is the energy difference betwe®if andI'{", A,is  the magnetic order of these samples manifests itself by the
the energy difference betwedry and Fgl and A, is the  appearance of a maximum shifting to higher temperature
energy difference betwedn, andI'. The matrix elements with increasing uranium concentration. In contrast to the dis-
have been calculated using the wave functions of Lea, Leaskussed absence of a peak in the temperature dependence of
and Wolf" and the value 1 for the parameter which repre-the Hall coefficient for very diluted pseudobinary uranium

M)
Az
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LaS concentration x us

i.e., magnetic part of the Hall effect ofJ(Lay 15Y ¢.850.8T€

) __shows, like the magnetic susceptibility and the electrical re-
~ FIG. 3. The concentration dependence of the paramagnetic Cusstivity, a structure at 50 K which we attribute to the crystal-
rie temperqture of WLa; ,S as derived from fits of the type dis- field splitting of the 53 state in this compound.
played in Fig. 1. The application of Eq(4) to the decomposition of the
total Hall effect of the two sulfide samples with low uranium
concentration is shown in Fig. 12. In a one-band model the
values derived foR, correspond to free-electron concentra-
tions of 1.25 and 0.6 per formula unit fa=0.08 and 0.15,
respectively.

sulfide solid solutions, kx(Lag 15Y o.g5)0.sT€ displays a pro-
nounced peak near 30 Kig. 11). If one decomposes this
total Hall effect into normal and extraordinary contributions
using the empirical expression

Ru(T)=Ro+47Rex(T), 4
H(T)=Ro+4mRx(T) @ IV. DISCUSSION

R, versusT is a horizontal straight line for 50T<300 K

and decreases strongly below 50 Khus, the extraordinary, Our experimental data reveal a substantial difference in

the physical behaviors of magnetically diluted US and di-
luted UTe. While all data for by(Lagy 15Y o.g50.8T€ indicate

N that the 5 electrons are localized, the situation in diluted US
1.6 2 is much more complex. In the following we try to draw more
Ula,,S AT quantitative conclusions from the experimental data. To do
141+ . so, we assume the validity of the quasi-free-electron model.
B=95T . For pure LaS we found a temperature independent suscep-
P2l T=a2k A/°/° N tibility. For g=2 and s=1/2 the Pauli susceptibility
' o xpaul0)=xo [in Eq. (1)] is related to the density of states at
£ 10} i the Fermi energy (Eg) =3N/2E; by
S I S
_ 2
S osl ] Xo= gD (Ep). (5)
1 / The Fermi energy can therefore be calculated from the Pauli
= 06} d § susceptibility and the carrier concentratiNnusing the rela-
: / ] tion
04 e —o—<100> ]| 3 42
[ %‘“ —o—<110> | Er=——C°N. (6)
02F « A <111> ] 2 Xo
00. L L - For the carrier concentratioN we assume 1 electron per
00 02 04 06 08 1.0 formula unit (e/f.u.) as suggested by the chemical formula.
LaS concentration x us The measured temperature-independent susceptibility is the

sum of the diamagnetic susceptibility of the core and the
FIG. 4. The magnetization per uranium atom gild;, _,Sat2 conduction electrons and the paramagnetic Pauli susceptibil-
K and 9.5 T as a function of for different crystallographic orien- ity of the conduction electrons. In the free-electron model
tations. Xo= —3x4ia- HOWever, in the quasi-free-electron model with
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an effective masm* >m the paramagnetic part is enhanced,
while the diamagnetic contribution decreases approximately Er= (8
like m/m*. Using together with Eq(6) the expression for Vize

the effective mass

WkB

a value of 0.26 eV for all uranium-containing sulfides. Thus,
hybridization of & and d electrons leads to an effective
2 conduction band which is substantially narrower than tte 5
m* =S (3m°N)??, (7)  band in pure LaS.
F From the Fermi energy and the Pauli susceptibility, we
can now compute the carrier density in this hybridized con-
and neglecting the diamagnetic susceptibility of the core, onéuction band using the relations
derives by iteratiorm* =2.57m andE=1.05 eV.
For all investigated sulfide compounds containing ura- 2 Xo
nium the effective mass is substantially larger than the free- N=73 D(Ep)Er=3 7 Er. 9
electron mass and the diamagnetic Landau susceptibility is KB
ng.gligible compared to the measured paramggnetic_suscep%e carrier densityN and the Fermi energfe allow the
bility. From the temperature-dependent Pauli terefined  caicylation of the effective mass in the quasi-free-electron

in conjunction with Eq(1) we obtain for the Fermi energy odel using again Eq7). Figure 13 shows data from this

analysis. On the left ordinate the conduction carrier density
. . . . per formula unit is given. The right ordinate displays the
effective mass normalized to the free-electron mass. Because
m* is proportional toN?”® andE is constant the two sets of
data follow roughly the same trend. We find that both quan-

200

180

p(T)=(361.5+0.132x T -49.5x InT) pQ@ cm

160

325 T T T T

Ug2(Lag 15Y0.g5)08T€
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FIG. 7. Temperature dependence of the electrical resistivity of FIG. 8. Temperature dependence of the electrical resistivity of
Ug odtag.92S and U 1dag gsS and fit of the latter data with E@3). Up ALag 15Y 0 g50.aT€-
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FIG. 9. Temperature dependence of the Hall coefficient ofpf the data and, even more important, of the one-band model

U,La; S for variousx.

assumed in this discussion. First, the values X¥er0 and
x>0 are obtained from different models. Second, the con-

tities show a remarkable nonmonotonic dependence on thetant Fermi energy fox>0 indicates that the temperature

uranium concentration. For diluted alloys upxe-0.2 the

dependence of the Pauli susceptibility is governed byfthe

effective mass increases linearly with the uranium concentraelectrons, even for U concentrations as low as 0.08, when the
tion from 2.6m to about 11m. At the same time the carrier contribution of d electrons to the density of states at the
density appears to go from 1 electron per formula unitFermi energy must still be substantial. If we replace €.
through a minimum somewhere nee+0.08 to reach again by a corresponding two-band equation and, consequently,
approximately le/f.u. for x~0.2. We think, however, that split the value of 7X10°® emu/mol for y, into 40x10®

this result is an artifact of the models used for the reductioremu/mol for thed electrons and 32108 emu/mol for thef

0.10

0.05r

0.00

-0.05

-0.10

Ry [10°° cm®/ As]

-0.15

-0.20
0

40
3.5
3.0
25
2.0
15
1.0
& 05

0.0

05

(0% em®/ As]

Uy.0sL-20 925

1 ’cl>0
TIK

50 100

200

AAAABDAA LS L

1510
TIK

100

200

250 300

300

electrons and take Fermi energies of 1.05 and 0.26 eV for the
d andf bands, respectively, we arrive at a carrier concentra-
tion N=1.05e/f.u. which comes quite close to the value of
1.25e/f.u. derived from the Hall-effect measurements. In a
density of states scheme this two-band model can be repre-
sented as a horn neBg of constant width, which grows out

of the unhybridized conduction band in pure LaS. With in-
creasingx the difference between the one-band and two-
band model becomes smaller in respect to the derivation of
the carrier concentration and strong hybridization between
the f and d states calls for a description in terms of one
hybridized conduction band.

If we compute the Pauli susceptibility per uranium atom
xus by making the ansatz

XUXLalfo:Xmeas:XLaS(l_X)+XUSX1 (10)
the enhancement of the Pauli susceptibility per added ura-
nium atom manifests itself in a huge increase xgf for
0<x<0.2(Fig. 14. Because the susceptibility contains also
a Curie-Weiss term, not afl electrons need to participate in
the hybridized conduction band. Assuming for the moment
that the leveling-off neak=0.3 of N/N, at a value of 1.3
e/f.u. corresponds to an exhaustiona#glectrons, then one
of the threef electrons per uranium atom would contribute
directly to the density of states B, while the other twadf
electrons would sit in a split-off state beldk .

For 0.2<x<0.3,m* andN increase less rapidly and,s
goes through a maximum. For 6:%<0.6, m* andN are
nearly constantFig. 13 indicating that the electrons added
in this concentration regime do neither contribute directly to

FIG. 10. Temperature dependence of the Hall coefficient ofthe density of states & nor indirectly via polarization of
Ugod-80.05S and U ;d.aq ¢S in an applied field of 2 and 4 T, re- other electrons. Consequently, the Pauli susceptibility per U

spectively.

atom(Fig. 14 decreases in this concentration range. It is the
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concentration range in which magnetic exchange becometon of the split-off state much beyond the level reached for
more and more dominant, the high-field moment increaseg=0.6 is not possible and the addetl &lectrons are distrib-
from 0.3 to 1.3g/U atom and the paramagnetic Curie tem- uted in both the hybridizefld conduction band and the split-
perature increases from 0 to 90 (Rable ). It is also the  off f state. The higher percentage fotharacter in the con-
range in which the magnetic part of the electrical resistivityduction band leads to an increase of the effective mass which
increases rapidly witkx (Fig. 6). Thus, we can state that in jn pure US is found to be about 18. The carrier concen-
this intermediate concentration range the adfleglectrons  {ration reaches 2 in US, indicating that the hybridized con-

occupy the split-off state below the Fermi energy and formyction band has the weight of ofieand oned electron per
more or less local magnetic moments. The hybridized cong anium atom. The remaining electron weight of 2e/U

duction electrons scatter on these increasing moments, ©Yoes into the more localized split-off state. Above 0.6 or
plaining the large Kondo-type magnetic resistivity. 0.7 the exchange has won the competition with the Kondo
Forx>0.6 or 0.7 the conduction carrier concentration and.

the effecti ) . hile the Pauli interaction. The Kondo-type resistivity with a negative tem-
1€ eliective mass Increase again, while the Faull SUSCepla .y e gradient disappears at the expenses of a typical fer-
bility per uranium atom and the saturated magnetic mome

. ' .~ rfomagnetic behavior with a positive gradient wj ~T?
are nearly constant. Obviously, an increase of the IocallzafOr TET andp~T for T>Tp 9 hagri
C C-

2.0 T T T T T 20

8
15} 15
------------- 56
g
£ =
z 10¢ 10 < 3
-~ * %
Z :
‘{:_, 4
05F . 415 3
: & m/m &
i o N/N 2
s o
00 n 1 " 1 1 i n O
0.0 0.2 0.4 0.6 0.8 1.0 od— L
LaS conen. x us 0.0 0.2 0.4 06 0.8 1.0

LaS concen. X us
FIG. 13. Uranium-concentration dependence of the normalized

number of conduction carriers and effective mass of these carriers FIG. 14. Uranium-concentration dependence of the Pauli sus-
in U,La; _,S. Ng is the number of formula units per unit volume. ceptibility per uranium atom in La; ,S.
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V. CONCLUSION work of a quasi-free-electron model shows a nonmonotonic

We have shown from an analysis of magnetic and eIeCtriyariation of the carrier concentration, the effective mass, and
cal data that magnetically diluted US behaves differentl the degree of localization. We find three different regimes.

YFor x<0.1 the system behaves according to the single-ion

than d|Iut_ed UTe. Thus, th_e models Wh'Ch relate |°.Ca|'zat'0qimit. Every addedf electron contributes to an equal number
simply with uranium-uranium separation can be incorrect,

even for isostructural compounds. Hybridization foklec- of highly polarized conduction electrons. For 8.8<0.6
trons withd electrons from F[)he Cati.ongand withelectrons more and more relatively localized moments form under the
action of magnetic exchange. In this regime it is evident that

from the anions play an often undere;tlmated role. W.h'leiocalization decreases with dilution, contrary to the naive
strongly diluted UTe shows several signs of CryStal'ﬂeldexpectation. Fox>0.7 the “local” moments do not localize

splitting and pure UTe displays a Kondo-type temperaturqurther, but the effective mass of the hybridiz&di conduc-

dependence of the electrical resistivity for- T, even the . .
strongest dilution of US does not lead to indications oftlon band increases to reach nearly@for pure US.

crystal-field splitting, although the nearest U-U separation in

Ug odbag 925 is given by the next-nearest cation separation of ACKNOWLEDGMENTS
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