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Role of the electronic state of cerium in the magnetic properties of CelliPt; _, compounds
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We present in this work an x-ray absorption spectroscopy investigation performedLat;tedges of Ce in
the intermetallic compounds CeM¥it; . This study provides a direct microscopic probe of the cerium
electronic state that is found to be trivalent upts0.9 and an intermediate valence for higher Ni content. The
modification of the Cea.5- andL,-edge absorption profiles has been correlated with the density of conduction
electrons and with the modification of the hybridization between the orbitals of Ce and the conduction band.
Our results stressed that the behavior of the (Jet\i, series is in agreement with the Doniach diagram only
up tox=<0.9. Moreover, the transition to nonmagnetism is due to the progressive screening dfshelldas
the result of the competition between exchange interactions and the Kondo effect and not to the change of
cerium valence.
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. INTRODUCTION sults on the CeRiGe, systeni appear to be in qualitative
agreement with a revisited Doniach mo@él.The early
The most unusual physical properties appearing in thenodef is restricted to the case of a half-filled conduction
cerium-based intermetallic compounds are classified aband that is of relevance for Kondo insulators. More re-
Kondo lattices, heavy fermiong, or intermediate valence cently, it has been improved by including the effect of
behavior® The main characteristic in these compounds is theconduction-band filling that is important for metallic and un-
resulting strong # conduction-band hybridization, and the derscreened systemhsdowever, the treatment of both mod-
standard theoretical models determine the ground state as tkés cannot describe magnetically ordered states, and, conse-
result of the competition between the intrinsic Ruderman-quently, does not address the competition between the
Kittel-Kasuya-Yosida(RKKY) interaction and the onsite Kondo effect and long range magnetic order.
Kondo coupling. The characteristic energies for these two When discussing their model, Iglesias, Lacroix, and
interactions areT gy v (| Jepcl)? and Tyxexp(—1/Jgpd|). Coqgpblirf consider that CeSiand CeNjPt_, are not rel-
pc is the density of states at the Fermi level add evant for their study since the experimentally observed tran-
«|V¢i|?/(Er—E;) is the exchange-coupling strength be- sition to nonmagnetism corresponds to a change of the va-
tween 4 and conduction electrons, which depends on thdence of the cerium atoms. However, it should be pointed out
c-f hybridization (/;;) and the location of the #level (E;) that the CeNjPt,_, serie® is reported as one of the best
relative to the Fermi energyeg). When the RKKY interac- examples of a ferromagnetic dense Kondo system in which
tion dominates Trkky=>Tk), the system orders magneti- the variations of both the Curie temperatufie,, and the
cally. For a comparable strength of these two interaction&ondo temperaturel, as functions of the Ni content, are
(Trekky=Tk), the system shows Kondo-type behavior, butsimilar to those predicted in the Kondo lattice motfel.
still orders magnetically. When Kondo-type interactions CePtis a moderate Kondo ferromagné€t€5.8 K) with
dominate T«>Tgrkky), the system is demagnetized due to a magnetic moment slightly reduced with respect to th&'Ce
the Kondo effect and the ground state is nonmagnetic. Thifee ion value!® while CeNi behaves as a Pauli
competition is described by the well-known Doniach paramagnet? CeNi is considered an example of an interme-
diagram? in which the characteristic energies for these twodiate valence compound, and it has received great attention
interactions are plotted v&),p.|. Although the Doniach over the last years because of its anisotropic effects on ther-
model provides a qualitative description of the main experi-mal expansion and magnetostrictibti* its anomalous lat-
mental features of Kondo lattices, detailed comparison tdice dynamics? and its peculiar Fermi surfac¢é.For inter-
experiments is made difficult other than for small hybridiza-mediate Ni substitutions the Cel®i; _, system exhibits the
tion between local moments and conduction electrons. hallmarks of a system wheref £onduction-band hybridiza-
Despite the fact this model is currently useskeveral re-  tion increases with decreasing cell volufieThis has been
ports dealing with the coexistence of magnetic correlationgonfirmed by studying the modification 6f,p.| due to the
and the Kondo effect have been recently published trying tancrease (decrease of the cell volume in the diluted
re-examine the Doniach diagraiT Recent experimental re- Ce,Lay_,NiPt _, (CeY;_yNi,Pt_,) compounds®*® For
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the lowest Ce concentrations, a tendency to a Kondo impu- 200

rity behavior was found?-2 100
In the CeNjPt,_, system the long-range magnetic order
disappears arourxt=0.9. Although the macroscopic behav-
ior of this series § electronic coefficient, magnetic moment 80
reduction, etg. is well understood in the framework of a
simple resonance mod&,it is not clear how this evolution
takes place at the microscopic scale. Then, the one ope
problem of this series is the interplay between the cerium
electronic state and the magnetic properties driven by Ni
substitution. Indeed, earlier works invoke that there is a con-
tinuous evolution from a C& magnetic state in CePt to an
intermediate valence state in CeNiThe proposed mecha- =0
nism is that by substituting progressively Pt by Ni, the Fermi
level draws nearer thefdlevel, leading to an increase of =
. , L ol
|Jwpc|. From the analysis of the cell parameters’ behavior it 0.0 02 04 06 OB 1.0
was concluded that the intermediate valence state emerge CePt X CeNi
for x=0.8. These conclusions are in qualitative agreement

with former Ce Ls-edge x-ray absorption spectroscopy X
: : : <) and Kondo(filled [0) temperatures, and that of the cell volume
(XAS) results, showing a continuous increase of the Ce Va(filled 0) through the CeNPt,. . series as a function of the Ni

lence from 3 in CePt to 3.11 for CeRf, %ontent. The open symbols refer to theyGkag gNig 8Pty » com-
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FIG. 1. Comparison between the dependence of the Cille=l

However, from both magnetization measurements an
. . o4 A .~ pound
neutron diffractior’* the observed behavior is a progressive

reduction of the cerium moment from 1,39 for CePt to . o )
0.50u5 for x=0.8. This reduction of the magnetic moment that a harmonic rejection of about 50% was achieved by

cannot only be attributed to crystalline electric figldEP slightly detuning the second crystal from the parallel align-

effects, as proved in Ref. 25, where thd and V2 CEF ~ Ment

parameters were obtained from the susceptibility measure- The absorptloln spectra were analyz_ed _accordmg to gtan-
ments on CeNigPf, » single crystal, yielding a magnetic mo- dard procedures: the background contribution from previous

ment reduction from 2.14g (free ion valug to 2.07u5 . SO edges was fitted with a linear function and subtracted from

this reduction suggests that when increasing the Ni contenip]e e>;)per|rr:_ental spfefzf:t.ruT.a'l;hleond Sp\?Ctrg wertehnorrgahz:ed o
the Kondo interactions become more and more importan € absorption coetlicien €V above the edge 1o

destroying the # local magnetic characté?:?® eliminate thickness dependence.

To clarify the peculiar magnetic properties of the
CeNiPt,_, system, it would be necessary to determine how lIl. RESULTS
the Ce valence behaves between CePt and CeNi as well as its
interplay with the competition of exchange interactions and The Curie temperaturd,, Kondo temperaturdy and
Kondo effect driven by the modification of the hybridization cell volume (/) of the CeNjPt _, compounds as a function
between the Cefstates and the conduction band. Trying to of the Ni content ) are shown in Fig. 1° We also included
give a final answer to the problem we have performed dhe data of Cgsd-ageNipsPl2-'® The Curie temperatures
systematic XAS study at thie; andL 5 edges of Ce in both were obtained from Arrot plots and the Kondo temperatures
CeNi,Pt, _, and diluted Cgl.a; _,Ni,Pt; _, compounds. from the paramagnetic Curie temperaturgs as extracted
from susceptibility measurements. Thége values must be
considered as an estimate of the Kondo interaction strength,
and they scale perfectly with those obtained from quasielas-

Polycrystalline CeNiPt; _, samples with compositions  tic neutron scatterirf§ and from the analysis of the magnetic
=(0, 0.5, 0.7, 0.8, 0.85 0.9, 095 and) land entropy!’ The similarity of this Ni content dependence and
Cey 3d-3g 6Nig gPlh » Were prepared by melting pure constitu- the Doniach diagram is made evident in the figure. In the
ents in an induction furnace under a protective argon atmolow-x region the RKKY interaction dominates and the sys-
sphere. X-ray diffraction and microprobe analysis have beetem orders magnetically. Foxr=0.95 the 4 conduction-
used to check their crystallographic structure and homogendsand hybridization dominates and the compounds are non-
ity. All of them crystallize in the CrB orthorhombic structure magnetic. Finally, the behavior of boffi, and T¢ in the
(Cmcmspace group intermediate region ranging from=0.7 to 0.9 suggests a

XAS measurements were made at station 7.1 of theomparable strength of these two interactions in such a way
Daresbury synchrotron. The storage ring was operated at that the systems show Kondo-type behavior but still order
GeV with an average current of 150 mA. XAS experimentsmagnetically. In this intermediate regidi passes through a
were performed in the transmission mode on homogeneousaximum with increasing Ni content and deviates downward
thin layers of the powdered samples at bothlGeandL;  until vanishing forx>0.9. On the other hand, the evolution
edges. A double-crystal @i11) monochromator was used so of the cell volume as a function of the Ni content, also shown

Il. EXPERIMENT
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in Fig. 1, presents two well-defined regions. Between CePt 2.5 ®
and CeNj Pty » the volume decreases linearly obeying the ¢
Vegard's law. However, for higher Ni concentrations the 2.0 '

slope of theV versus thex curve changes abruptly indicating
a faster decrease of the volume. Despite the unclear relatio
ship between volume and valencehese findings were in-

Ce Lg—edge

A%s.

15—

. E 1.0 0000066 o+ 0o OMODOD
terpreted as due to the change of cerium valence from &g ‘
normal Cé" electronic state to an intermediate-valeride) = 0.5
. 10 .
regime.
According to this interpretation CepiPty, would be 0.0 A TR R L

close to the critical value that subdivides the phase diagran -
into magnetically ordered Kondo compounds and those with

a nonmagnetic ground state. The emerging question is tc 1.25
know if the observed transition to non-magnetism corre- .
sponds to a change of valence or is simply due to the com-g 100

oaboo°oco°b°oo°o o 2

- . . Ce Ly —edge
petition between the exchange interactions and the Kondcg 4 5
effect. However, it should be emphasized that the 4 %
conduction-band hybridization decreases with increasing cel®  0.50
volume, as demonstrated by the study of the La and Y
substitutions.’1° This is the case of Ggd.apeNipPlo2 0.25
shown in Fig. 1, for which the increase of the cell volume 0.00 BxoRe, | L1 | L1 L
leads to the prevalence of the RKKY interaction over the Y 0 20 40
Kondo effect, contrary to the case of Y-diluted series. E-Eg

A. Ce L4- and L 3-edge XAS study FIG. 2. L;-edge(top pane)l andL ,-edge(bottom x-ray absorp-

tion of Ce in the vapor stat@lotg at 2500 K and in the solid state

Trying to clarify the influence of the Pt-Ni substitution on golid) at room temperaturéadapted from Ref. 33

the electronic state of Ce in this series, we have carried out

combined study of the Ck&; and L, absorption edges in : L : - i
these materials. The basic idea behind the following discuS‘g?iquig:tilgrS]I%ﬂzlr?;om:]neauongceurrsrtiigdilr?gt;hoef Ig;:lgzatlsoer;izgd hy
“x .

sion comes from the well-known relationship between the To this end it is instructive to compare x-ray absorption of

x-ray absorptpn coefﬂugnt,,u(E), and Fhe angular- the elements in the gaseous state with the absorption in the
momentum-projected density of statp¢F), given by condensed metallic state. Figure 2 shows the comparison be-
_ tween thel, ; absorption spectra of Ce in the vapor state
#E)=Ta(E)p(E), @) (~2500 K) and in the solid state at room temperattié*
where {,(E) is a smoothly varying function of the probed TheLj; spectrum in the gaseous state exhibits a pronounced
atom that does not depend on its local environni@iihere-  peak followed by a rather structureless continuous absorp-
fore, the absorption of x rays by excitation of lanthanige 2 tion. Upon condensation into the metallic state thewhite
electrons 5 edge is a simple and sensitive probe of the line does not vanish as one might naively expect from the
local unoccupied lanthanided5states?®32 These spectra formation of a Sl-band with free-conduction electrons. In-
generally exhibit a pronounced peak at the absorption thresistead, the atomic absorption line remains largely intact: it is
old, which corresponds to the atomiclikep2:5d transi- merely broadened and acquires a somewhat distorted, asym-
tions, usually referred to as the “white line.” Changes in the metrical shape, indicating that thel States maintain a sig-
shape of the white lines with increasing atomic number arenificant atomic character upon condensation. However, the
driven by the localization and hybridization of the overlap of the 8l wave functions with neighboring atoms,
d-unoccupied states and by the progressive filling of dhe i.e., the hybridization or the chemical binding, causes the
band. variation of the atomic spectral shape. Therefore, the height
On the other hand, the spectral shape ofltheedge spec- of theL; white line can be directly related to the localization
tra in all the lanthanide metals exhibits a steplike rise of theof the 5d states according to Eql).
absorption at the threshold, reflecting the lopgbrojected By contrast, thelL;-edge absorption spectrum of lan-
density of states in the band structure of the conduction eleadhanides in the gaseous state exhibits a steplike rise of the
trons. However, in the solid state, a shoulderlike feature apabsorption at the threshold. Upon condensationLthepec-
pears at the threshold, as a consequence of the overlappingteh show a new double-step feature at the threshold. In the
thesep states with the outes- andd-symmetry orbitals. Fur- case of rare-earth vapors, such a structure is absent because
thermore, when # delocalization takes place, thef £lec-  the atomic resonance associated with tise~Bp transition
trons will also contribute at the same level to this overlap-is very weak due to its small oscillator strength. On the con-
ping due to the modification of thef4conduction-band trary, the enhancement of the double-step feature in the con-
hybridization. Therefore, the combined study of theand  densed state is the experimental evidence of the strong over-
L, absorption edges in lanthanide materials can provide &pping between the outgrsymmetry orbitals with the outer
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CeNixPt{_x the white-line intensity with increasing Ni content in the con-
centration range €x=<0.9, i.e., for the compounds showing
normal Cé" state. According to Eq(1), this reduction can
be interpreted as due to the delocalization of the cerium-
conduction states; i.e., to the enhancement of the hybridiza-
tion.

The analysis of the Ckj; absorption spectrum has been
performed according to standard methd4s2A deconvolu-
tion process was performed using a least-squares fitting pro-
cedure to fit the normalized absorption spectra to the follow-
ing expression:

CePt
- CeNip5Plos A
- CeNip.7Pto.3
1.5 —CeNig.gPto.2

| CeNig gPtp.q

1.0

(T'12)%A, (T'12)%A,
(E—E})?+(T/2)?2 (E—E,)?+(I'/2)?

AL+ A, r/2
1 1

+ r 1- =+ —arcta+

2
where E is the photon energy anB,; and E, are, respec-
tively, the energies of the first accessible &ates in 4* and
4f° configurationsI" is the core-hole lifetime width for the
considered transition and is the energy shift between the
onset of the continuum and bound-state transitions. Finally,
B, andB; are the coefficients of a linear background, while
A; and A, describe the relative weights of the two
configurations®~3?
s- andd-symmetry orbitals in metals, reflecting the high den-  The deconvolution procedure is illustrated in Fig. 4. In the
sity of empty & states viasp-d hybridization. Therefore, case of the Ld 5 absorption only one white line is present,
the modification of the width and the intensity of the double-which is appropriate for the existence of a unique electronic
step near-edge structure is a fingerprint of hybridizatiorconfiguration for La. The absorption spectrum can be mod-
changes of the outermost orbitals between the absorbingled by using a Lorentzian function, to simulate the atomic-

CeNig.95Pt0.05 F ( E) = Bo+ B]_E+

0.5

Ce Lg—edge Normalized Absorption

A (11
— +—arctal

2

CeNip g5Ptp.15 +

A
A+A;

E—(E,+ )
T2

)

5740 5760
Energy (eV)

0.0

FIG. 3. Comparison of the normalized Cg-edge XAS spectra
through the CeNPt, _, series for x=0 (solid line), 0.5 (O), 0.7
(solid O), 0.8 (¢ ), 0.9(solid ¢), and 1(dotted ling. The inset
reports the same comparison for CghPt 15, showing the normal
Cée* electronic state, and CefNjPt, o5 that exhibits IV behavior.

atom and the nearest neighbors.

Within this framework we have analyzed the Cgyedge
XAS in the CeNjPt, _, series, focusing on the evolution of
the cerium electronic state from the localized®Ceharacter

like 2p—5d transition, and an arctangent function to de-
scribe the transition into the continuum states. The case of
CeNO3), exemplifies the characteristic Ae; absorption
profile when cerium presents an intermediate valence state.

in CePt toward an IV regime in CeNi. The normalized Celn contrast to the La case there are two peaks at the edge,
L;-edge XAS spectra for all the investigated compounds areorresponding to the appearance of boftt 4nd 4f° con-
shown in Fig. 3. The comparison of the spectra for the twdfigurations. Therefore, the deconvolution of the spectrum is
end members of the solid solution, CePt and CeNi, shows imttained by using two pairs of Lorentzian and arctangent
a clear way the different electronic states of Ce in each comfunctions, one for each ground-state configuration. The elec-
pound. Indeed, CeNi exhibits the double-peak profile chartronic valence is estimated from the intensity ratio of the two
acteristic of intermediate-valence Ce-based systems, i.e.orentzian functions®—>2As shown in Fig. 4, this procedure
there is a mixing of the # and 4f* configurations in the also describes the case of CeNi. On the contrary, thé Ce
initial state. This shape reflects the superposition of theabsorption in CeNigPt 15, also reported in Fig. 4, re-
atomic 20— 5d transition for each ground-state configura- sembles the absorption profile of La, similar to compounds
tion, since that of the # configuration shifted to lower en- showing the normal Gé electronic state. The same behav-
ergy as compared to thef% due to screening effect8.On  ior is found for all the studied compounds with the exception
the contrary, in the case of CePt, only a pronounced singlef CeNj, ;sPt, o5 and CeNi(see Fig. 3, for which the decon-
peak is detected at the absorption threshold, reflecting theolution of thel ; spectrum returns a valence of 3:16.02
occurrence of the Gé electronic state in this alloy. Similar and 3.17-0.02, respectively. This result is in agreement
behavior is observed for the other CgRl _, compounds, with the value 3.15 derived from x-ray emission measure-
except for CeNjgsPlh s and CeNi. These results indicate ments for CeNF® Moreover, the Ce valence obtained for Ce
that the localized C¥ state is preserved up to 90% of Ni in CeNi is higher than the value of 3.06 previously derived
substitution. What is noticeable is(i) CeNpgPtyo, from XAS measurements by Neifett al,>” who, according
CeNpgdPlh.15, and CeNj Pty do not exhibit intermediate to their classification scheme, identify CeNi as a material
valence behavior, an(i) there is a progressive reduction of showing the interplay between magnetism and the Kondo
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FIG. 5. Comparison of the normalized Cg-edge XAS spectra
in the CeNjPt, _, series.
have carried ougb initio computations of both Cé; and
L;-edge XAS spectra. The aim of performing these calcula-
tions is to demonstrate that, despite the fact it could be ar-
Ll gued from Fig. 1 that the IV state sets in at&.8, the
-20 0 20 40 -20 o} 20 40 electronic state for Ce is purely trivalent for this Ni concen-
E - Ep E - Eg tration.

, , To this end we have computed the XAS spectra by using
FIG. 4. Decon_volutlon of the normalizdd;-edge XAS spectra the multiple-scattering code CONTINUUM, based on the
(see text for details one-electron full-multiple-scattering theot¥ This approxi-

effect. On the contrary, our estimate locates CeNi in the “in-mation has successfully been applied to interpret the modu-
termediate region” of their scheme, in agreement with thelations of x-ray absorption spectra in a variety of systems.
nonlocalized paramagnetic behavior of this compound. ~ However, it fails to reproduce the; absorption spectrum of
The analysis of the Ck5 absorption determines that the Ce in IV systems because of the mixing ©f and f* con-
Cée" electronic state is preserved in the CgNj_, series figurations in the ground stafeé.
for Ni substitutionx<0.9 [in the following we refer to this The potential for the different atomic clusters was ap-
concentration range as normal valer(t®/)]. Moreover, it  proximated by a set of spherically averaged muffin-tin po-
also supports the enhancement of thed=#&ate hybridiza- tentials built by following the standard Mattheis’ prescrip-
tion. This last result can be confirmed by the analysis of thejon, and by using the muffin-tin radii determined according
CelL,-edge XAS spectra. Figure 5 shows the comparison ofo Norman'’s criterion, and by imposing a 10% overfaf!
these spectra as a function of Ni content. As intthecase, The Coulomb part of each atomic potential was generated
a clear difference exists between the absorption profile of thgsing charge densities for neutral atoms obtained from both
CeNiPt,_, compounds with Ni substitution belofV) and  the tabulated atomic wave functions by Clementi and Roetti
above(lV) x=0.9, in agreement with the different electronic 3nq the Herman-Skillman potentidfsThe atomic orbitals
states of cerium in both regions observed at thed.gedge. \ere chosen to be neutral for the ground-state potential,
Moreover, in the case of the samples belonging to the N\{yhereas we follow th&+ 1 rule to build the excited-state
region, it is found that the intensity of the steplike feature atygtential. Once the Coulomb potential has been determined
the threshold, sensitive to thiestate hybridization, increases from the electronic density, the construction of the scattering
as Ni content increases. Therefore, despite the indications @fptential needs the addition of an exchange and correlation
a Cé" electronic configuration for all the Ceft, , com-  potential (ECP) to act as the Dyson's self-energy. We have
pounds of the NV region, we observe an enhancement of thgasted different choices for the ECP part of the final-state
hybridization of the Ce-conduction states as Ni substitutes P[Sotentialz realXa and the energy-dependent Dirac-Hara and
in the system. As a consequence, although Ni substitutiopjedin-Lundqvist potentialésee Refs. 43 and 44 for details
does not induce the transition from Teto an intermediate Best results have been obtained when using the complex
valence state in the NV region, the CePt system becomesedin-Lundqvist self-energy, for the exchange-correlation

steadily more delocalized upon Ni substitution. part of the potential whose imaginary pdrelated to the
B. Ab initio XAS calculati photoelectron mean-free pathives the amplitude reduction
- Ab Initio calculations due to the inelastic losses of the excited photoelectron.

To verify the interpretation that the electronic state of Ce  Results of calculations are shown in Fig. 6 for the case of
in the CeNjPt, _, series is C&" except forx=0.95, we also the L, edge, for which we have used the complex Hedin-
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FIG. 6. Comparison between the experimentalGedge XAS 0.0 0.2 0.4 06 0.8 1.0
spectra of CeNPt; _, compoundgdoty and the theoreticab ini- CePt X CeNi

tio calculations(solid line) performed by imposing a €& elec-
tronic state for all the alloygsee text for details CeNi and
CeNj, 5Pty 5 are displayed to stress the differences between calcu
lated and experimental data for the former compound.

FIG. 7. Comparison of the Ni content dependence through the
CeNiPt;_, series betweeAN, (solid (1) and AT (solid ¢) de-
rived from the experimental XAS arl@.Jy|/|pcdilo (O) obtained
according to Eq(2). Note that theAT" data have been multiplied by
a factor 100 to be plotted in the same scaleAd&. . The dashed
Lundgvist potential as the ECP, and *Ceas the cerium area corresponds to the range of Ni content in which the

configuration in all the cases, including CeNi. Because theceNiPt,_, compounds exhibit intermediate-valence behavior as

cell volume decreases upon Ni substitution, a shift of thedetermined by x-ray absorption data.

XAS oscillations toward higher energy is predicted as we

proceed from CePt to CeNi. This trend is confirmed by thestates. Therefore, the increase of this intensity indicates a

theoretical spectra, in agreement with the experimental datmore delocalized nature of the—d orbitals of the rare

for the Ce-Pt samples. However, there is a breakdown of thisarth, supporting the hypothesis that a higher delocalization

effect in the case of CeNBee Fig. §, as can be expected if of the & band at the Ce site takes place upon Ni substitution.

this compound exhibits an intermediate-valence electronic However, the conclusions based on the variation of the

state that cannot be explained by an electronic charge densittige intensitiegL; peak P) and L, double-step feature

corresponding to a Ce ion with a well-localized électron (D) intensitie§ can appear to be only qualitative. Hence, we

(ce*). have normalized these variations with respect to the values
exhibited by CePt. In this way, we have defined the relative
variation of P and D with respect to the values found for

IV. DISCUSSION CePt as AN.=[P(CePt)- P(CeNiPt,_,)]/P(CePt) and

The results described in the preceding sections sugge&! =[D(CeNiPt_,)-D(CePt)/D(CePt). If, as discussed
that the transition from ferromagnetism to nonmagnetismabove, we correlate the depletion Bfto the delocalization
induced in the CeNPt,_, series as increasing the Ni con- of Ce states, the definekiN, cqrrequnds to the increase of
tent, is not due to a strong modification of the Ce valencéhe conduction electron density, whilel" is related to the
state. On the contrary, the modification of the absorptiorinodification of the hybridization between Ce conduction-
profiles suggests a progressive enhancement of the 4States and those of the neighboring atoms.
conduction-band hybridization, favoring the Kondo effect, as  The influence of the unit-cell volum@/) variation on the
a function of Ni content. According to Eq1), the intensity |JkPc| product has already been derived by Lavagna, La-
of the Ls-XAS absorption at the edge is proportional to the Croix, and Cyrot" and is given by
local density ofd states, projected on the Ce sites. The re- _
duction of thel 5 white line upon Ni substitution is an indi- [pedid = lpcdido exi —a(V = Vo)/Vol, )
cation of such a reduction of the densitydétates. Because where |p.Jy|o and V, are the values for CePt, arglis a
the valence state of Cerium is determined not to stronglyparameter with a value usually between 6 arfd Row, it is
change for substitutions smaller thar 0.95, this reduction useful to compare the dependence on the Ni content of the
indicates that there is a progressive delocalization ofdCe |p.J,| predicted for the CeNPt, _, series with the experi-
states as Ni content increases. Regarding thé Cabsorp- mentally derived parametersN. andAI'. The comparison
tion, we have shown in Fig. 2 how the shoulderlike feature ais reported in Fig. 7. It shows good agreement between the
the threshold is linked to the hybridization of the oyters-,  change in the conduction-electron density obtained from the
andd-symmetry orbitals. In the case of rare-ea®) (netals Ce L5 data and |p.Ji|/|pcdilo) Obtained according to Eq.
the height of this feature reflects the density of empty 5 (3). It should be noted that the soundness of the agreement
states via hybridization of th&k(sp) and R(5d) empty holds only in the NV region. The results support our assign-
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ment and the relationship between the modification of the Cénitio calculation of the XAS spectra. The modification of the
Ls-edge XAS spectrum and the conduction-electron densityCe L3- and L;-edge absorption profiles has been correlated
Within the NV region of the CeNPt,_, diagram, the in- with the density of conduction electrons and with the modi-
crease of Ni content leads to the enhancement of the 4fication of the hybridization between thd 4rbital of Ce and
conduction-band hybridization in such a way that the Kondahe conduction band, respectively. The validity of such an
effect is progressively favored. This trend is contrary to thatassumption has been analyzed and verified in the framework
observed in the diluted Gea, Ni,Pt, _, series. In the case of Lavagna's model for the volume dependence of Kondo
of CeysdageNiggPlyo, AN, is found to be negative. This temperatures. Our results indicate that the behavior of the
means that Ce becomes more localized upon La substitutioBeNi,Pt; _, series can be well accounted for by the Doniach
and that the hybridization is reduced, as would be expectediagram in the NV region. In other words, the identification
because of the increase of the cell volume. of x as the|Jyp.| parameter in the Doniach diagram only
Moreover,|pJil/|pcdilo, ANe, andAT show a similar  holds while Ce remains trivalent. Consequently, the experi-
trend within the NV region, while botAN; andAT" clearly = mental T¢ values presented for CeNi and CghPty o5 in
depart from the|p.Jyl/|pcdilo prediction in the IV region, Fig. 1 should be considered as temperatures related to va-
i.e., where Ce presents intermediate-valence behavior. Thetance fluctuations, rather than to Kondo temperatures. There-
results indicate that the correlation between thg. pa- fore, the transition to nonmagnetism observed in the
rameter in the Doniach diagram and the Ni conteimt the  CeNij,Pt; _, compounds is not controlled to a strong change
CeNiPt; _, series holds only in the NV region. This result of cerium valence, but it is the result of the competition
also indicates that for Ni concentrations between 0.8 and 0.Between exchange interactions and the Kondo effect. As Ni
the Kondo effect prevails over the RKKY interaction, so thatcontent increases, there is a progressive enhancement of the
the loss of ferromagnetic character proceeds even when thef conduction-band hybridization that favors the Kondo ef-

cerium electronic state is purely trivalent. fect against the long-range magnetic order of the RKKY in-
teraction. It should be stressed that the analysis presented
V. SUMMARY AND CONCLUSIONS here could be extended to other compounds showing similar
features'®

In this work we have presented an x-ray absorption spec-
troscopy study performed at the Cg ; edges in the inter-
metallic compounds Celft, _, and CglLa; _yNi,Pt; .

The analysis of the Ckz-edge absorption indicates that
the trivalent C&" state is preserved in the CgRt; _, series This work was partially supported by Spanish CICYT-
up tox=<0.9, while Ce evolves toward an intermediate va-MAT99-0667-C01, CICYT-MAT99-0667-C04, and Arago
lence configuration for additional Pt substitution by Ni. This DGA P11/98 Grants, and by the European Science Founda-
behavior has been further confirmed by the theoretidal tion (ESF-Ferlin program
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