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The volume dependence of the magnetic properties of U(®n )3, with x=0.2 and 0.4, has been studied
using 1*°Sn nuclear forward scattering of synchrotron radiation angsWauer spectroscopy at high pressures
up to 25 GPa. The results show that in U{#8n, )3 the 5f magnetic moment is almost localized. Pressure
induces an increase of the' &ldemperature, while the transferred magnetic hyperfine field shows no change.
Conversely, in U(lggSmy 45 the transferred field decreases monotonically with increasing pressure and the
Neel temperature goes through a maximum, showing a clear delocalization of takedrons. This is dis-
cussed in terms of fsligand hybridization and appears to lead to the formation of a high-pressure state
characterized by strong dynamical spin correlations.
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. INTRODUCTION tallize in the cubic AuCy crystal structure. Although the
lattice constants are, for all types ®fatoms, considerably
Strongly correlated electron systems witli 4lectrons  |arger than Hill's limit, these compounds show a broad spec-
(e.g., Ce and Ypand 5 electronge.g., U are the subject of trum of magnetic properties, ranging from Pauli paramagnet-
continuous experimental and theoretical efforts. The mainsm [USi; (Ref. 4 and UGg (Ref. 5] to spin fluctuations
point of interest in these systems is that their ground stattusn, (Ref. 6 and UAL (Ref. 7] and antiferromagnetism
critically depends on the competition between two interac{UPh, (Ref. 8, UGa (Ref. 9, Ulng and UTk (Ref. 10].
tions: the indirect Ruderman-Kittel-Kasuya-YosiRKKY)  Koelling and co-workers have pointed out the importance
exchange interaction between the local magnetic momentsf the hybridization of the U 6 electrons with thes, p, and
via the conduction electrons and the direct Kondo exchangg electrons of the ligand¥. In their model, thef-ligand
interaction resulting in a compensation of the magnetithybridization decreases as the size of the ligand increases
moment: This competition leads to an extraordinary broad (when moving down within a column of the periodic sys-
spectrum of ground states ranging from magnetic ordering ofer), explaining the presence of long-range magnetic order
local moments, band magnetism of heavy electrons and nomnly in the compounds of the heaviestatoms. Moreover,
magnetic states, to spin fluctuations and even unconventiongiis type of hybridization increases when going from group
superconductivity. 1A to group IVA and the transition from a more localized to
In the case of light actinide systems, due to the largea more itinerant state can proceed through a heavy-fermion
spatial extent of the 6 orbitals, hybridization also plays a state.
very important role. According to a model proposed by Elill, ~ Within the family of UX; compounds, the series
the ground-state magnetic properties of actinide compoundd(In,_,Sn,)5 is particularly interesting, because the substi-
are determined by the direct interaction between thelgc-  tution of Sn for In changes the lattice parameter by only
trons of neighboring actinide atoms, so that the distance be~0.2% between Ulnand USR.? This allows one to study
tween the actinides in the lattice is the controlling parameterthe effects of the change of the electronic structure ofXhe
when the actinide-actinide distance is below a critical valueatom on the strength of thieligand hybridization, without
of 3.4-3.6 A, known as Hill's limit, the overlap of thef5 changes in the volume of the unit cell. The magnetic phase
wave functions of neighboring actinides is so large that magdiagram of U(In_,Sn);, determined experimentally by
netic ordering is prevented by the delocalization of tfe 5 Zhouet al..* shows the presence of antiferromagnetic order
electrons(itinerant compounds In the opposite case, where in the In-rich side, with a Nel temperature decreasing from
the distance between neighboring actinides is larger thamy~108 K for Ulnz to Ty~35 K for U(IngeSry4)s. For
Hill’s limit, magnetic ordering occurglocal moment com- larger Sn concentrations, no long-range magnetic order is
pounds. However, this simple classification does not applyobserved: USgiis a spin fluctuator and for 0.46x<0.8
to a number of U systems, among which are thé¢;ldom-  large values of Sommerfeld’s coefficient are observed
pounds, wher& is an element of groups IIAAl, Ga, In, T [ Ymax=530 mJ/(mol ¥) for x=0.6].
or IVA (Si, Ge, Sn, Ppof the periodic table. They all crys- In contrast to chemical substitution, the application of an
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external pressure to Compounds of the series ilQﬁfk)s scribed in Ref. 18, combined with a coIIimating Be com-
offers the possibility to study the dependence of the magnetipound refractive len§>~>* The beam was focused horizon-
properties of a given compound on changes of the volume dRlly by a sagittally bent crystal. The spot size at the sample
the unit cell, without modifying the electronic structure of was~200x 400 um? (horizontal vertical), so as to illumi-

the ligand. This allows one to verify how the magnetic nate almost completely the sample, and the flux at the sample
ground state, corresponding to a given valud-tifand hy- ~was ~2x10" photons/s. The high-pressure cell was
bridization(determined by the relative concentration of Sn inmounted in a liquid-helium cryomagnet system, allowing for
the samplg reacts to a volume change. Usiﬁﬁ’Sn nuclear Mmeasurements in the temperature range between 3 and 300 K
forward scatterindNFS) of synchrotron radiation and*®sSn  and in external magnetic fields up to 6 T. The scattered ra-
Mossbauer spectroscopyMS) in a diamond-anvil cell diation was measured by using four stacked avalanche pho-
(DAC), we have determined the volume dependence of théodiodes, with a detection efficiency 6f40% 2* The typical
magnetic properties of two selected samples of the serig®easuring time for each spectrum was about 0.5-1 h.
U(In;_,Sn) 3, with x=0.2 andx=0.4. In this paper we dis- The low-temperaturé!®Sn MS measurements were per-
cuss the effect of pressure on théeNéemperature and the formed in a top-loading liquid-helium bath cryostat, using a
transferred magnetic hyperfine field of the two compound$>a*®"SnG; radioactive source kept at a temperature of 4.2
and interpret the results in terms of the competition betweel. The source had an activity of 10 mCi. The velocity of the
the indirect exchange RKKY interaction and the hybridiza-drive moving the source was modulated sinusoidally. The
tion between the U 6 electrons and the electrons of the typical measuring time for each high-pressure spectrum was
outer shells of the liganddn and Sn. about 24-48 h.

High-pressure x-ray-diffraction measurements were car-
ried out in order to determine the pressure-volume relation-
ship of the compounds under study. These measurements

Samples of U(Ip_,Sn,)3, with x=0.2 and 0.4, were pre- Wwere performed by energy dispersive x-ray diffraction at
pared by arc melting the elemental constituents undebeamline F3 of the Hamburger Synchrotronstrahlungslabor
titanium-gettered argon atmosphere and subsequent anne##ASYLAB) in Hamburg, Germany, for pressures up to 30
ing of the melted buttons in vacuum at 600°C for two GPa at room temperature.
weeks. In order to increase the count rates in'tHen NFS
and MS experiments at high pressure the samples were en- lll. RESULTS AND DISCUSSION
riched to 90% in'%n. The quality of the samples was
checked by x-ray powder diffraction. The alloys were found
to be single phase with the expected cubic AgBue crys-
tal structure and the refined lattice parameters were in agree- The temperature dependence of the magnetic susceptibil-
ment with the literature dats. ity at ambient pressure of U(§RSn»)s and U(Irp Sy 4) 3

The dc-magnetic susceptibility was measured over a widare shown in Fig. 1. In both cases, the inverse magnetic
temperature rangél.7—400 K in a field of 0.5 T, using a susceptibility shows a clear minimum at the temperature at
Quantum Design superconducting quantum interference devhich magnetic ordering sets in. The obtained values of the
vice magnetometer. The magnetization curves were recordedeel temperature Ty~90 K for x=0.2 andTy~35 K for
at 1.7 K in magnetic fields upto 5 T. x=0.4) are in good agreement with those reported in Ref.

High pressure was applied to the samples by using 42. In the paramagnetic region, the susceptibility of both
modified Merrill-Basset DACG3* The cell is made of non- alloys follows a modified Curie-Weiss law, with effective
magnetic CuBe alloy, allowing for measurements in externamagnetic momentg o of 3.021) and 2.57(1 g , paramag-
magnetic fields. The diamonds had a culet diameter of 60@etic Curie temperatureg, of —120(2) and—27(3) K,
um. The initial diameter of the sample cavity in the,J#;, and temperature-independent ternpg of 2.89(1)x10 4
gaskets was 30@m and the thickness was60um. The and 5.24(1x10 * emu/mole for U(lgeSnyo)s; and
samples were mixed with epoxy, in order to reduce the riskJ(Ing ¢Sty 4) 3, respectively. The low-temperature magnetiza-
of dispersion of uranium dust in case of breakage of thdion (o) of both compoundssee the inset of Fig.)lshows a
high-pressure cell. Epoxy also acted as a pressure transmiinear dependence on the applied magnetic field with no hys-
ting medium. The pressure was determined by the ruby flucteresis effect, thus corroborating an antiferromagnetic char-
rescence methdd*®at room temperature, on different rubies acter of the ordered state with full compensation of the sub-
placed in the sample chamber. The pressure gradient in tHattice magnetic moments. Moreover, téB) results prove

II. EXPERIMENT

A. Magnetic susceptibility, 1°Sn NFS, and MS
at ambient pressure

cell was about 5%. the high quality of the samples measured, which were free of
The °%Sn NFS measurements were performed at the unany ferromagneticlike impurities.
dulator beamline ID18Ref. 17 of the European Synchro- 11%n MS and NFS measurements have been performed

tron Radiation Facility(ESRB in Grenoble, France. The on both compounds at ambient pressure and different tem-
storage ring was operated in 16-bunch mode with a maxiperatures, mainly in order to further inspect the quality of the
mum current oflgg~90 mA. A high heat-load He gas- samples and to compare the results with previotisdauer
cooled monochromator reduced the energy bandwidth of thepectroscopy work® The spectra measured in the paramag-
undulator radiation tddE~5 eV. This was further reduced netic and in the magnetically ordered state with MS and NFS
to =~0.7 meV by a high-resolution monochromator, as de-are shown in Figs. 2 and 3 together with their fits, performed
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nificantly larger than in isostructur&Sry (R=rare-earth)
compound$0.9—-1.2 mm/gRef. 25] and NpSg [1.23 mm/s
(Ref. 26], but lower than in U(GgygSny )3 [1.68 mm/s

(Ref. 27]. This indicates a different distribution of the Sp 5

FIG. 1. Inverse magnetic susceptibility plotted as a function of
temperature for the two U(ln,Sn); compounds withk=0.2 and
0.4. The full circles are experimental data points measured in a field
of 0.5 T, while the solid lines are the modified Curie-Weiss fits with
the parameters given in the text. The arrows mark thel Nem-
perature. In the inset of each graph the corresponding magnetization
curve taken at 1.7 K is shown. The full and open circles denote the
magnetization data measured with increasing and decreasing
magnetic-field strength, respectively.

with the packageoNuss?* This fits both MS and NFS spec-
tra by using the full dynamical theory of nuclear resonance
scattering, including the diagonalization of the complete hy-
perfine Hamiltonian.

In the paramagnetic statd 90 K and T>35 K for x
=0.2 and 0.4, respectivelythe spectra are characterized by
a quadrupole splitting. This originates from the presence of
an axially symmetric electric-field gradie(EFG) at the Sn
nuclei, due to the tetragonal point symmetryndmof the
lattice positions occupied by Sn atoms. The quadrupole in-
teraction parameterAEq= 3eQV,,) has a value of 1.53)
mm/s for x=0.2 and 1.50) mm/s for x=0.4 at T
=125 K, therefore showing a slight decrease as the Sn con-
centration increases. These results agree with the general

Forward scattered intensity (arb. units)

electrons in the various compounds.

U(In0.Ssn0.2)3
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Y
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trend observed in the series U(InSn);, whereAEq de-
creases from 1.64 mm/s in U@JBsShy o) to 1.46 mm/s in

FIG. 3. NFS spectra of U(jJShy»)3 at ambient pressure and
different temperatures. The circles represent experimental data

U(Ing Sty a) 3. 22 The quadrupole interaction parameter is sig-points, while the lines are fits.
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The value of the isomer shifsS at 125 K[2.251) mm/s
for x=0.2 and 2.271) mm/s forx=0.4] is found to be in the 10°] U(InMSno 2)3 U(InMSno 4)3
region which is typical for metallic Sn compoundesr 3-Sn,
AS=2.57 mm/s at room temperatyré slightly increases as
the Sn content increases, as already found in Ref. 23, indi-
cating an increase afelectron density at the Sn nuclei.

Although both absorbers were prepared so that they con-
tain the same amount of Sn nuclei, the linewidth of the MS
spectra is larger fox=0.4 than forx=0.2. This can be
interpreted as caused by the increase of atomic disorder in-
troduced when substituting Sn for In. This has also been
demonstrated by perturbed angular correlati®@aC) studies

Forward scattered intensity (arb. units)

on U(Iny Sy ) 3 at room temperaturé These authors have 10°47

found that the effective charges on Sn and In atoms are dif-

ferent and that an attractive interaction between Sn and In 10% 15.1 GPa
exists, so that every In atom has65% of Sn atoms as 32K
nearest neighbors, instead of the 50%, which one would ex- 10"

pect for a completely random distribution of Sn and In at-

oms. This causes a distortion of the EFG at every ligand site, 10°]

with changes in its magnitudé,, and asymmetry parameter
» from site to site. Such a distortion is reflected in thedglo
bauer spectra by a distribution of quadrupole splittings, 0 30 60 90 1201500 30 60 90 120 150
which results in an increase of the linewidth. This would be
the largest for equal concentrations of Sn and In and decrease

as one of the two components prevails. FIG. 4. NFS spectra of U(jpSny»); at p=15.1 GPa and of

Below the magnetic ordering temperatdig, the spectra  y(in,sSn, ), at p=20 GPa at different temperatures. The circles
for both compositions show the presence of a transferregepresent experimental data points, while the lines are fits.

magnetic hyperfine fieldR;,) at the Sn nuclei, combined

with the splitting due to the quadrupole interacti@y IS i the direction of the EFG. The anglebetween the princi-
3.01) T for x=0.2 and 2.8) T for x=0.4. In order to fit | 55is of the EFG an@,, can therefore be different from
these spectra, an assumption has to be made about the Mgy \joreover, the value of the transferred field depends on

netic structure of the compounds, as this will affect both they, magnitude of the U magnetic moment and this is in turn

value and orientation dy,. The magnetic structure of UIn  qetermined by the local environment of each U atom. The

has been determined by neutron diffraction on powdek,mic disorder between In and Sn causes different U atoms

samples as antiferromagnetic of type'diin the absence of  have different local environments and therefore introduces
measurements of the magnetic structure of compounds of the it ihution in the values @, around a mean valuBy,.
series U(1n_Sn), with 0<x<0.45, the fit of the MS and The MS and NFS spectra measured at temperatures below

sured compounds keeb the same maanetic Structure as Ule?-N have therefore been analyzed according to these observa-
P P 9 3 rltions, usingd, By, and the width of the distribution as free

This is consistent withuSR studies on this seriéSwhich arameters during the fitting procedure. The quadrupole in-

show no magnetic field at muons located in the center of th . . . .
g eraction parameteAEy has been constrained to its high

cubic unit cell. The origin of the transferred magnetic hyper—tem erature value. as it does not show anv appreciable tem-
fine field at the Sn nucldBy is twofold: an indirect polar- P ’ y app
é)erature dependence for>Ty .

ization through the conduction electrons mediated by th
RKKY interaction is combined with the direct polarization
caused by the overlap of the Uf ®lectrons with the outer B. Volume dependence of the magnetic state
electrons of the Sn atom@mainly belonging to the p
shel).2>2630Dye to the particular location of the Sn atoms in
the unit cell of the AuCglcrystal structure, the isotropic part NFS measurements have been performed up to pressures
of By, must vanish for an antiferromagnet of type 1l becauseof 15 and 25 GPa on the samples with-0.2 and 0.4, re-

the contributions from the four neighboring U atoms cancelspectively. On the latter, the NFS measurements have been
pairwise. Only the anisotropic component, due to the un€omplemented by MS studies. Some selected NFS spectra
paired spin density transferred into the Smp ®rbitals are shown in Fig. 4, together with the least-squares fits per-
throughf-p hybridization?” has a residual contribution. This formed usingcoNuss

orients always in the USn,In planes and should therefore  In the paramagnetic state, the spectra are characteristic of
always be perpendicular to the principal axis of the locala quadrupole split doublet, with the splitting increasing with
EFG. Although this is fulfilled in Ulg,*! the distortion of the pressure. For each pressuyrén the range reached by this
EFG caused by the atomic disorder introduced by the subststudy, below the ordering temperatufg(p), the spectra
tution of In with Sn(as discussed aboyean lead to changes show the presence of a distribution of transferred magnetic

Time (ns) Time (ns)

1. Stability of the magnetic state
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FIG. 5. Volume-pressure relationship for UgkSn, ;)5 at room 2] x=04 \i,t%Y %}&
temperature. The open circles are the measured points while the line ~ 0] 1.7 Y #
is a fit with the Murnaghan equation. 92 Lg] ,{ 5B |
L % 1.6] 2T\
hyperfine fields, with averagBp), at the Sn nuclei. All — 144 e —02
spectra have been analyzed following the same procedure B 129 Lt I
used for the spectra measured at ambient pressure, with the 107 %
additional assumptions that neither the crystalline nor the 000 003 006 009 01z 015
magnetic structure are changed by pressure. Our high-
pressure Xx-ray-diffraction measurements on g8 »)s 1-V(p)/V(O)

show indeed that the AuGuype structure is stable up to the .. FIG. 6. Volume dependence of the average transferred hyperfine
highest pressure re_ached .Of 30 GPa. The yolume of the unﬁ%ld By (Measured at low temperatufe<5.6 K) and of the Nel
cell (normalized to its ambient pressure valigeplotted as a thf ' —
function of the applied pressure in Fig. 5. The experimentafSMPeraturely for U(IngsSm2)s and U(IneStb.ds. T and By

; - . - gre plotted against the relative decrease of the volume of the unit
curve has been fitted by a Murnaghan equation, yielding Zell 1—V(p)/V(0). Theopen symbols refer ta=0.2, while the
bulk modulusB,=93(2) GPa. A previous x-ray diffraction full symbols refer tax=0.4. The down triangles refer to the results
study on Xz compound® has demonstrated that both YIn

of the MS measurements while the up triangles indicate the results
and USn have a stable AuGustructure up to at least 40 o the NFS measurements. The valueTaf at ambient pressure

GPa and that the bulk moduli of both compounds are rathef,gicated by an asterisk is determined by magnetic susceptibility for
similar (99 GPa for Ulg and 83 GPa for USy respec-  x—0.4. The dashed lines are a guide to the eye.

tively). We therefore assume that also U{§8n, 4) 5 is stable

and use the same bulk modulus as determined for

U(Ing gSMy o) 5 to calculate the pressure-volume relationshiptcompar'?On V]Y_'tht t_hat of Ul Ot?] th(—;sosthreer r}ggghége_tlzbma .
for this compound. emperature first increases with pressure, i Xi

The volume dependence @y, measured at low tem mum valueTy=65(2) K atp~14 GPa and then starts de-
thfs - 1 > 1
peratureT<5.6 K, andTy for the two compounds is shown creasing fop>14 GPa. However, its value at 25 GPa(35

in Fig. 6, where both quantities are plotted as a function otK' 'S St't” h|(g)]h alth_ougth thel valge ofdthe ordered magnetic
the relative decrease of the volume of the unit cell 170" (-0.1ug) is strongly reduced.

—=V(p)/V(0). Forx=0.2, the average magnetic hyperfine
field shows almost no dependence on pres<ure to p
=15 GPa, corresponding to a volume contraction of the unit of U(Ino,sSno.ds

cell of ~12%). Assuming that not only the magnetic struc- The pressure-induced changes of the magnetic 6tatg-

ture but also the orientation of the U moments does nohetic moment and ordering temperaturef 4f- and
change with pressure, this implies that the magnitude of th&f-electron systems give valuable information about the
U moment does not decrease as the volume contracts. Theechanisms underlying the delocalization of these electrons
Neel temperature shows a monotonic increase with pressur@ such systems. For a number of systems, such as com-
Ty increases from 9@) K at ambient pressure to 1& K at  pounds of the # elements Ce and Yb, the volume depen-
the highest pressure of 15 GPa. The case of {843 is  dence of the ordering temperature can be explained by the
considerably different. The average magnetic hyperfine fiel&kondo lattice model proposed by Donidchand its
decreases monotonically with increasing pressure andxtensions>~>°*According to these models, the properties of
reaches its lowest value, correspondingt®0% of the ini-  the ground state of a dense Kondo system depend on the
tial one, at the highest pressure reached in this study, 25 GR@mpetition between the RKKY interaction, which tends to
(corresponding to a volume contraction of the unit cell ofstabilize long-range magnetic order, and the quenching of the
~16.5%). This indicates a large reduction of the U orderedocal moments by the Kondo effect. The characteristic ener-
moment to a value below0.1ug, as compared to an am- gies of these two interactions have a different dependence on
bient pressure value, which can be estimated-&8ug by  the product|IJN(Eg)|, where J is the exchange-coupling

2. Pressure induced collapse of the magnetic state

094425-5
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strength andN(E) the density of states at the Fermi level. In vails over the mechanisms, which tend to weaken or destroy
fact the energy scale of the RKKY interaction can be writtenmagnetic order, whereas at higher pressures the latter domi-
as kg Tricy ©J?N(Eg), whereas that of the Kondo singlet hate. In the current series of measurements it has not been
shows an exponential dependence of the tylgTy possible to reach the critical pressure for the complete sup-
«N(Ep) ‘exd—1/IN(Ep)|]. For small values of pression of magnetic order. However, in the case of
|IN(Eg)|, the RKKY interaction prevails and a magnetically U(INo.eSib.4)3 @ clear maximum is observed in the volume
ordered ground state is formed. ABN(Ef)| increases, the dependence of the letemperature. This curve appears to
Kondo interaction becomes dominant, and long-range ma;#e symmetric with respect to the maximum: the rate at which

netic order is suppressed. The resulting phase didgram N increases with pressure below its maximum is approxi-
shows an increase in the magnetic ordering temperdtyre Mately the same as the rate at whith decreases above the

with [JN(Ep)|, followed by a much faster decrease When maximum. This points ra_lther towards hybridization as the
|IN(Ep)| exceeds a critical value. The application of pres_cause for the delo.callzatlon of the U Bnoments, because
tF c ds has b ' X tallv sh the Kondo interaction would be expected to produce a much
sure fo &€ compounds has been experimentaly shown tfz‘ilster decrease of the ordering temperattufeOne can
increasdJN(Ep)| (see, for example, Refs. 36 and)3While

h ite hol ; g ¢ therefore conclude that it is thef 8igand hybridization, as a
the opposite holds true for systems containing (8be, for  .,nsequence of the increasing Bandwidth with increasing

example, Ref. 3B In the case of systems containing &lec-  hressyre, that drives the transition from the magnetic to a
trons, whose wave functions have a considerably greater SPRonmagnetic state for U(Jn,Sn)s. In this respect it is im-

tial extent than those of f4electrons, one expects that hy- portant to compare the effect of increasing the Sn concentra-
bridization plays a very important role in determining the tion on the stability of the U & moments with that of exter-
ground-state properties of a compound. In this case, the deml pressure. As it is mentioned abdgee Sec.)| increasing
magnetization process is driven by the transition from a locagn concentration from=0 to x=0.4 results in a reduction

to an itinerant(bandlikg state rather than by the Kondo ef- of the Neel temperature by about a factor of&In such a
fect and this is reflected by a generally different dependencease, the increase of the hybridization is predominantly due
of the magnetic properties of a given compound on pressurge an increase of thefbdensity of stategband filling effecj,
According to Sheng and Coop&rthe decrease of the atomic which also results in a delocalization of thé Boments. In
distance caused by pressure induces thevéve functions to  fact, an increase of thepbdensity of states should also
diffuse more outside the core region. This in turn increasestrengthen the RKKY interaction. However, such an effect is
the hybridization between thefSelectrons and the band weaker than that of the predominating hybridization. In con-
states of the compound, with a consequent loss of the 5trast to this, when external pressure is applied, the two
spectral weight and the reduction of the local moment. Ommechanisms compete and fer=0.4 the RKKY exchange
the other hand, hybridization enhances the exchangenteraction initially prevails, although the ordered magnetic
couplingJ, thus strengthening the magnetic order. Althoughmoment decreases monotonically. Consequently, a pressure
initially this latter mechanism may prevail, the moment re-higher than 25 GPa is necessary to fully delocalize the 5
duction is always predominant at higher pressures. Thignoments forx=0.4 and even higher pressures are expected

model has been successfully applied to describe the volumg pe necessary in the casesof 0.2, which is more local-
dependence of the ordering temperature of Ujzed at ambient pressure.

monochalcogenide®®:3%38

The results of our measurements as shown in Fig. 6 can
be interpreted in terms of the models mentioned above. The
very weak dependence of the average transferred hyperfine In order to gain a deeper insight into the nature of the
field on pressure suggests that the moment is localized ihigh-pressure state of U(JgSn 43, We have performed a
U(Ing gSiy.»)5. However, local moment compounds of the series of'1%Sn NFS measurements, @t 25 GPa, at various
rare earthdfor example EuAJ (Ref. 4) and DyAl, (Ref.  temperatures between 3.2 and 20 K in an external magnetic
42)] and of the actinide§for example NpCgSi, (Ref. 43]  field of 6 T. The spectrum measured at 3.2 K is shown in Fig.
show a quadratic increase ©f; with pressure. In the case of 7. A fit to this spectrum shows that the effective hyperfine
U(Ing ¢Sy ) 5 the increase of the N&temperature with pres- field at the Sn nuclei is a combination of the external field of
sure is only linear and the slope appears to decrease at tBel and an average induced field 2.4 T, almost perpen-
highest pressure reached of 15 GPa. This compound shoutticular to the external one. The large strength of the induced
therefore be regarded as a weakly delocalized system, simiield points towards the presence of large dynamical spin
larly to NpGa.** On the contrary, U(I§eSm )3 shows a  correlations in the high-pressure state of this compound, as
monotonic decrease of the average transferred hyperfine fieklready observed at ambient pressure on the paramagnetic
as pressure is increased. This suggests that the ordered magmpounds X=0.5) of the series U(ln.,Sn,); by several
netic moment is strongly delocalized as the U-U and U-Sn/Irstudies’®#®2°647|n particular, Cottenieet al*> have dem-
distances decrease. However, the initial increase with presnstrated, using PAC oh*XCd impurities occupying the Sn
sure of Ty indicates a strong increase of the exchange coulattice positions in compounds with=0.5, 0.7, and 1.0, that
pling constant], which tends to stabilize the magnetically the induced field at 4.2 K is the highest for=0.5, which is
ordered state. For pressures lower tipgald GPa one can very close to the phase boundary between long-range mag-
therefore conclude that the RKKY exchange interaction prenetic order and paramagnetism. They measured an induced

3. Nature of the high-pressure state &(Ing ¢Sy 4)3
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feld coefficient y, and of the low-temperature magnetic

o~ U(InMSnM)s susceptibility yo, as is the case at ambient pressure
*é' 10° for x=0.5.
= 38K
o -0 IV. CONCLUSIONS
8 10 : N
b 10 In conclusion, using high-pressufé®sn nuclear forward
= scattering and Mssbauer spectroscopy we were able to de-
72} . 7
S 10 termine the volume dependence of theeNemperature and
b= of the average transferred magnetic hyperfine field of
- T T U(In;_,Sn)3, for x=0.2 and 0.4. While U(lpgSry )3 be-
F@ 10°] . haves as a very weakly delocalized system up to 15 GPa,
& 0] with its Neel temperature increasing with pressure but with
S s only very weak volume dependence of the transferred field,
@ 107 . . .
= U(Ing 6Sny.9)3 shows a typical behavior for a system being
g 10% close to a magnetic instability. Although its &ldemperature
E 104 increases initially with pressure, reaching a maximunp at
£ 0 ~14 GPa, the average transferred field decreases monotoni-
L cally and its value at 25 GPa is reduced to orl§0% of the
0 @ % Do 130 initial value. This behavior can be explained by the compe-
. tition between the indirect exchange RKKY interaction and
Time (ns) the 5f-ligand hybridization. The former prevails at lower

pressure, where it is responsible for the increase of thel Ne

FIG. 7. NFS spectra of U(isSr.); atp=25 GPa. The upper 1o nheratyre. whereas the latter dominates at pressures above
graph shows the spectrum measured at 3.8 K without any externally - .
. -7k : : 14 GPa, substantially delocalizing thé Blectrons. Mea-
applied magnetic field, while the graph at the bottom displays the

spectrum measured at 3.2 K in a field of 6 T. The circles represen?uren:etuts at 25 GPa fm alm extgrgal rgagnetlc :_'EI?] of 6f T
experimental data points, while the lines are fits. reveal the presence of a large inauced magnetc nhyperiine

field. This points towards the presence of strong spin corre-
lations of dynamical nature in U(§rSn, 43, as already ob-

hyperfine field at the Cd nuclei whose value is comparable tgerved at ambient pressure in the paramagnetic region (
that obtained in the present study. This demonstrates thg 0->) ©Of the phase diagram of Ugin,Sn)s.

similarity of the dynamic nature of the pressure induced state
with that obtained by chemical substitution. However, from
our results alone it is not possible to draw any conclusion The work done in Wroclaw was supported by the State
about some of the properties of the high-pressure state @ommittee for Scientific ReseardkBN) under Grant No.
U(Ing ¢Sty 4)3, Such as possible large values of the Sommer2P03B 150 17.
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