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Role of the electronic state of cerium in the magnetic properties of CeNixPt1Àx compounds
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We present in this work an x-ray absorption spectroscopy investigation performed at theL1,3 edges of Ce in
the intermetallic compounds CeNixPt12x . This study provides a direct microscopic probe of the cerium
electronic state that is found to be trivalent up tox<0.9 and an intermediate valence for higher Ni content. The
modification of the CeL3- andL1-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 CeNixPt12x series is in agreement with the Doniach diagram only
up to x<0.9. Moreover, the transition to nonmagnetism is due to the progressive screening of the 4f shell as
the result of the competition between exchange interactions and the Kondo effect and not to the change of
cerium valence.

DOI: 10.1103/PhysRevB.63.014416 PACS number~s!: 75.20.Hr, 75.30.Mb, 61.10.Ht
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I. INTRODUCTION

The most unusual physical properties appearing in
cerium-based intermetallic compounds are classified
Kondo lattices,1 heavy fermions,2 or intermediate valence
behavior.3 The main characteristic in these compounds is
resulting strong 4f conduction-band hybridization, and th
standard theoretical models determine the ground state a
result of the competition between the intrinsic Ruderm
Kittel-Kasuya-Yosida~RKKY ! interaction and the onsite
Kondo coupling. The characteristic energies for these
interactions areTRKKY}(uJkrcu)2 and Tk}exp(21/uJkrcu).
rc is the density of states at the Fermi level andJk
}uVc fu2/(EF2Ef) is the exchange-coupling strength b
tween 4f and conduction electrons, which depends on
c-f hybridization (Vc f) and the location of the 4f level (Ef)
relative to the Fermi energy (EF). When the RKKY interac-
tion dominates (TRKKY.TK), the system orders magnet
cally. For a comparable strength of these two interacti
(TRKKY'TK), the system shows Kondo-type behavior, b
still orders magnetically. When Kondo-type interactio
dominate (TK.TRKKY), the system is demagnetized due
the Kondo effect and the ground state is nonmagnetic. T
competition is described by the well-known Donia
diagram,4 in which the characteristic energies for these t
interactions are plotted vsuJkrcu. Although the Doniach
model provides a qualitative description of the main expe
mental features of Kondo lattices, detailed comparison
experiments is made difficult other than for small hybridiz
tion between local moments and conduction electrons.

Despite the fact this model is currently used,5 several re-
ports dealing with the coexistence of magnetic correlati
and the Kondo effect have been recently published trying
re-examine the Doniach diagram.6–8 Recent experimental re
0163-1829/2000/63~1!/014416~8!/$15.00 63 0144
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sults on the CeRu2Ge2 system9 appear to be in qualitative
agreement with a revisited Doniach model.6,7 The early
model6 is restricted to the case of a half-filled conductio
band that is of relevance for Kondo insulators. More
cently, it has been improved by including the effect
conduction-band filling that is important for metallic and u
derscreened systems.7 However, the treatment of both mod
els cannot describe magnetically ordered states, and, co
quently, does not address the competition between
Kondo effect and long range magnetic order.

When discussing their model, Iglesias, Lacroix, a
Coqblin6 consider that CeSix and CeNixPt12x are not rel-
evant for their study since the experimentally observed tr
sition to nonmagnetism corresponds to a change of the
lence of the cerium atoms. However, it should be pointed
that the CeNixPt12x series10 is reported as one of the be
examples of a ferromagnetic dense Kondo system in wh
the variations of both the Curie temperature,Tc , and the
Kondo temperature,TK, as functions of the Ni content, ar
similar to those predicted in the Kondo lattice model.11

CePt is a moderate Kondo ferromagnet (Tc55.8 K) with
a magnetic moment slightly reduced with respect to the C31

free ion value,10 while CeNi behaves as a Pau
paramagnet.12 CeNi is considered an example of an interm
diate valence compound, and it has received great atten
over the last years because of its anisotropic effects on t
mal expansion and magnetostriction,13,14 its anomalous lat-
tice dynamics,15 and its peculiar Fermi surface.16 For inter-
mediate Ni substitutions the CeNixPt12x system exhibits the
hallmarks of a system where 4f conduction-band hybridiza
tion increases with decreasing cell volume.17 This has been
confirmed by studying the modification ofuJkrcu due to the
increase ~decrease! of the cell volume in the diluted
CeyLa12yNixPt12x (CeyY12yNixPt12x) compounds.18,19 For
©2000 The American Physical Society16-1
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the lowest Ce concentrations, a tendency to a Kondo im
rity behavior was found.19–21

In the CeNixPt12x system the long-range magnetic ord
disappears aroundx50.9. Although the macroscopic beha
ior of this series (g electronic coefficient, magnetic mome
reduction, etc.! is well understood in the framework of
simple resonance model,22 it is not clear how this evolution
takes place at the microscopic scale. Then, the one o
problem of this series is the interplay between the ceri
electronic state and the magnetic properties driven by
substitution. Indeed, earlier works invoke that there is a c
tinuous evolution from a Ce31 magnetic state in CePt to a
intermediate valence state in CeNi.10 The proposed mecha
nism is that by substituting progressively Pt by Ni, the Fer
level draws nearer the 4f level, leading to an increase o
uJkrcu. From the analysis of the cell parameters’ behavio
was concluded that the intermediate valence state eme
for x>0.8. These conclusions are in qualitative agreem
with former Ce L3-edge x-ray absorption spectrosco
~XAS! results, showing a continuous increase of the Ce
lence from 3 in CePt to 3.11 for CeNi.23

However, from both magnetization measurements
neutron diffraction,24 the observed behavior is a progressi
reduction of the cerium moment from 1.39mB for CePt to
0.50mB for x50.8. This reduction of the magnetic mome
cannot only be attributed to crystalline electric field~CEF!
effects, as proved in Ref. 25, where theV2

0 and V2
2 CEF

parameters were obtained from the susceptibility meas
ments on CeNi0.8Pt0.2 single crystal, yielding a magnetic mo
ment reduction from 2.14mB ~free ion value! to 2.07mB . So,
this reduction suggests that when increasing the Ni cont
the Kondo interactions become more and more import
destroying the 4f local magnetic character.10,25

To clarify the peculiar magnetic properties of th
CeNixPt12x system, it would be necessary to determine h
the Ce valence behaves between CePt and CeNi as well
interplay with the competition of exchange interactions a
Kondo effect driven by the modification of the hybridizatio
between the Ce-4f states and the conduction band. Trying
give a final answer to the problem we have performed
systematic XAS study at theL1 andL3 edges of Ce in both
CeNixPt12x and diluted CeyLa12yNixPt12x compounds.

II. EXPERIMENT

Polycrystalline CeNixPt12x samples with compositionsx
5(0, 0.5, 0.7, 0.8, 0.85, 0.9, 0.95, and 1! and
Ce0.35La0.65Ni0.8Pt0.2 were prepared by melting pure constit
ents in an induction furnace under a protective argon at
sphere. X-ray diffraction and microprobe analysis have b
used to check their crystallographic structure and homoge
ity. All of them crystallize in the CrB orthorhombic structur
(Cmcmspace group!.

XAS measurements were made at station 7.1 of
Daresbury synchrotron. The storage ring was operated
GeV with an average current of 150 mA. XAS experimen
were performed in the transmission mode on homogene
thin layers of the powdered samples at both CeL1 and L3
edges. A double-crystal Si~111! monochromator was used s
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that a harmonic rejection of about 50% was achieved
slightly detuning the second crystal from the parallel alig
ment.

The absorption spectra were analyzed according to s
dard procedures: the background contribution from previ
edges was fitted with a linear function and subtracted fr
the experimental spectrum. Then, spectra were normalize
the absorption coefficient at;100 eV above the edge t
eliminate thickness dependence.

III. RESULTS

The Curie temperatureTc , Kondo temperatureTK and
cell volume (V) of the CeNixPt12x compounds as a function
of the Ni content (x) are shown in Fig. 1.10 We also included
the data of Ce0.35La0.65Ni0.8Pt0.2.18 The Curie temperature
were obtained from Arrot plots and the Kondo temperatu
from the paramagnetic Curie temperaturesup , as extracted
from susceptibility measurements. TheseTK values must be
considered as an estimate of the Kondo interaction stren
and they scale perfectly with those obtained from quasie
tic neutron scattering26 and from the analysis of the magnet
entropy.17 The similarity of this Ni content dependence an
the Doniach diagram is made evident in the figure. In
low-x region the RKKY interaction dominates and the sy
tem orders magnetically. Forx>0.95 the 4f conduction-
band hybridization dominates and the compounds are n
magnetic. Finally, the behavior of bothTc and TK in the
intermediate region ranging fromx50.7 to 0.9 suggests a
comparable strength of these two interactions in such a
that the systems show Kondo-type behavior but still or
magnetically. In this intermediate regionTc passes through a
maximum with increasing Ni content and deviates downw
until vanishing forx.0.9. On the other hand, the evolutio
of the cell volume as a function of the Ni content, also sho

FIG. 1. Comparison between the dependence of the Curie~filled
L) and Kondo~filled h) temperatures, and that of the cell volum
~filled s) through the CeNixPt12x series as a function of the N
content. The open symbols refer to the Ce0.35La0.65Ni0.8Pt0.2 com-
pound.
6-2
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ROLE OF THE ELECTRONIC STATE OF CERIUM IN . . . PHYSICAL REVIEW B63 014416
in Fig. 1, presents two well-defined regions. Between C
and CeNi0.8Pt0.2 the volume decreases linearly obeying t
Vegard’s law. However, for higher Ni concentrations t
slope of theV versus thex curve changes abruptly indicatin
a faster decrease of the volume. Despite the unclear rela
ship between volume and valence,27 these findings were in
terpreted as due to the change of cerium valence from
normal Ce31 electronic state to an intermediate-valence~IV !
regime.10

According to this interpretation CeNi0.8Pt0.2 would be
close to the critical value that subdivides the phase diag
into magnetically ordered Kondo compounds and those w
a nonmagnetic ground state. The emerging question i
know if the observed transition to non-magnetism cor
sponds to a change of valence or is simply due to the c
petition between the exchange interactions and the Ko
effect. However, it should be emphasized that thef
conduction-band hybridization decreases with increasing
volume, as demonstrated by the study of the La and
substitutions.17–19 This is the case of Ce0.35La0.65Ni0.8Pt0.2
shown in Fig. 1, for which the increase of the cell volum
leads to the prevalence of the RKKY interaction over t
Kondo effect, contrary to the case of Y-diluted series.

A. Ce L 1- and L 3-edge XAS study

Trying to clarify the influence of the Pt-Ni substitution o
the electronic state of Ce in this series, we have carried o
combined study of the CeL3 and L1 absorption edges in
these materials. The basic idea behind the following disc
sion comes from the well-known relationship between
x-ray absorption coefficient,m(E), and the angular-
momentum-projected density of states,r(E), given by

m~E!5 f at~E!r~E!, ~1!

where fat(E) is a smoothly varying function of the probe
atom that does not depend on its local environment.28 There-
fore, the absorption of x rays by excitation of lanthanidep
electrons (L3 edge! is a simple and sensitive probe of th
local unoccupied lanthanide 5d states.29–32 These spectra
generally exhibit a pronounced peak at the absorption thr
old, which corresponds to the atomiclike 2p→5d transi-
tions, usually referred to as the ‘‘white line.’’ Changes in t
shape of the white lines with increasing atomic number
driven by the localization and hybridization of th
d-unoccupied states and by the progressive filling of thd
band.

On the other hand, the spectral shape of theL1-edge spec-
tra in all the lanthanide metals exhibits a steplike rise of
absorption at the threshold, reflecting the localp-projected
density of states in the band structure of the conduction e
trons. However, in the solid state, a shoulderlike feature
pears at the threshold, as a consequence of the overlappi
thesep states with the outers- andd-symmetry orbitals. Fur-
thermore, when 4f delocalization takes place, the 4f elec-
trons will also contribute at the same level to this overla
ping due to the modification of the 4f conduction-band
hybridization. Therefore, the combined study of theL3 and
L1 absorption edges in lanthanide materials can provid
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unique insight into the understanding of localization and h
bridization phenomena occurring in the CeNixPt12x series.

To this end it is instructive to compare x-ray absorption
the elements in the gaseous state with the absorption in
condensed metallic state. Figure 2 shows the comparison
tween theL1,3 absorption spectra of Ce in the vapor sta
(;2500 K! and in the solid state at room temperature.33,34

The L3 spectrum in the gaseous state exhibits a pronoun
peak followed by a rather structureless continuous abs
tion. Upon condensation into the metallic state theL3 white
line does not vanish as one might naively expect from
formation of a 5d-band with free-conduction electrons. In
stead, the atomic absorption line remains largely intact: i
merely broadened and acquires a somewhat distorted, a
metrical shape, indicating that the 5d states maintain a sig
nificant atomic character upon condensation. However,
overlap of the 5d wave functions with neighboring atoms
i.e., the hybridization or the chemical binding, causes
variation of the atomic spectral shape. Therefore, the he
of theL3 white line can be directly related to the localizatio
of the 5d states according to Eq.~1!.

By contrast, theL1-edge absorption spectrum of lan
thanides in the gaseous state exhibits a steplike rise of
absorption at the threshold. Upon condensation theL1 spec-
tra show a new double-step feature at the threshold. In
case of rare-earth vapors, such a structure is absent bec
the atomic resonance associated with the 2s→6p transition
is very weak due to its small oscillator strength. On the co
trary, the enhancement of the double-step feature in the c
densed state is the experimental evidence of the strong o
lapping between the outerp-symmetry orbitals with the oute

FIG. 2. L3-edge~top panel! andL1-edge~bottom! x-ray absorp-
tion of Ce in the vapor state~dots! at 2500 K and in the solid state
~solid! at room temperature~adapted from Ref. 33!.
6-3
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ESPESO, GO´ MEZ SAL, AND CHABOY PHYSICAL REVIEW B 63 014416
s- andd-symmetry orbitals in metals, reflecting the high de
sity of empty 5d states viasp-d hybridization. Therefore,
the modification of the width and the intensity of the doub
step near-edge structure is a fingerprint of hybridizat
changes of the outermost orbitals between the absor
atom and the nearest neighbors.

Within this framework we have analyzed the CeL1,3-edge
XAS in the CeNixPt12x series, focusing on the evolution o
the cerium electronic state from the localized Ce31 character
in CePt toward an IV regime in CeNi. The normalized C
L3-edge XAS spectra for all the investigated compounds
shown in Fig. 3. The comparison of the spectra for the t
end members of the solid solution, CePt and CeNi, show
a clear way the different electronic states of Ce in each c
pound. Indeed, CeNi exhibits the double-peak profile ch
acteristic of intermediate-valence Ce-based systems,
there is a mixing of the 4f 0 and 4f 1 configurations in the
initial state. This shape reflects the superposition of
atomic 2p→5d transition for each ground-state configur
tion, since that of the 4f 1 configuration shifted to lower en
ergy as compared to the 4f 0, due to screening effects.35 On
the contrary, in the case of CePt, only a pronounced sin
peak is detected at the absorption threshold, reflecting
occurrence of the Ce31 electronic state in this alloy. Simila
behavior is observed for the other CeNixPt12x compounds,
except for CeNi0.95Pt0.05 and CeNi. These results indica
that the localized Ce31 state is preserved up to 90% of N
substitution. What is noticeable is:~i! CeNi0.8Pt0.2,
CeNi0.85Pt0.15, and CeNi0.9Pt0.1 do not exhibit intermediate
valence behavior, and~ii ! there is a progressive reduction

FIG. 3. Comparison of the normalized CeL3-edge XAS spectra
through the CeNixPt12x series for x50 ~solid line!, 0.5 (s), 0.7
~solid s), 0.8 (L), 0.9 ~solid L), and 1~dotted line!. The inset
reports the same comparison for CeNi0.85Pt0.15, showing the normal
Ce31 electronic state, and CeNi0.95Pt0.05 that exhibits IV behavior.
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the white-line intensity with increasing Ni content in the co
centration range 0<x<0.9, i.e., for the compounds showin
normal Ce31 state. According to Eq.~1!, this reduction can
be interpreted as due to the delocalization of the ceriu
conduction states; i.e., to the enhancement of the hybrid
tion.

The analysis of the CeL3 absorption spectrum has bee
performed according to standard methods.30–32A deconvolu-
tion process was performed using a least-squares fitting
cedure to fit the normalized absorption spectra to the follo
ing expression:

F~E!5B01B1E1
~G/2!2A1

~E2E1!21~G/2!2
1

~G/2!2A2

~E2E2!21~G/2!2

1
A1

A11A2
H 1

2
1

1

p
arctanFE2~E11d!

G/2 G J
1H 12

A1

A11A2
J H 1

2
1

1

p
arctanFE2~E21d!

G/2 G J , ~2!

where E is the photon energy andE1 and E2 are, respec-
tively, the energies of the first accessible 5d states in 4f 1 and
4 f 0 configurations.G is the core-hole lifetime width for the
considered transition andd is the energy shift between th
onset of the continuum and bound-state transitions. Fina
B0 andB1 are the coefficients of a linear background, wh
A1 and A2 describe the relative weights of the tw
configurations.30–32

The deconvolution procedure is illustrated in Fig. 4. In t
case of the LaL3 absorption only one white line is presen
which is appropriate for the existence of a unique electro
configuration for La. The absorption spectrum can be m
eled by using a Lorentzian function, to simulate the atom
like 2p→5d transition, and an arctangent function to d
scribe the transition into the continuum states. The case
Ce~NO3)4 exemplifies the characteristic CeL3 absorption
profile when cerium presents an intermediate valence s
In contrast to the La case there are two peaks at the e
corresponding to the appearance of both 4f 1 and 4f 0 con-
figurations. Therefore, the deconvolution of the spectrum
attained by using two pairs of Lorentzian and arctang
functions, one for each ground-state configuration. The e
tronic valence is estimated from the intensity ratio of the t
Lorentzian functions.30–32As shown in Fig. 4, this procedur
also describes the case of CeNi. On the contrary, the CeL3
absorption in CeNi0.85Pt0.15, also reported in Fig. 4, re
sembles the absorption profile of La, similar to compoun
showing the normal Ce31 electronic state. The same beha
ior is found for all the studied compounds with the excepti
of CeNi0.95Pt0.05 and CeNi~see Fig. 3!, for which the decon-
volution of theL3 spectrum returns a valence of 3.1360.02
and 3.1760.02, respectively. This result is in agreeme
with the value 3.15 derived from x-ray emission measu
ments for CeNi.36 Moreover, the Ce valence obtained for C
in CeNi is higher than the value of 3.06 previously deriv
from XAS measurements by Neifeldet al.,37 who, according
to their classification scheme, identify CeNi as a mate
showing the interplay between magnetism and the Kon
6-4
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effect. On the contrary, our estimate locates CeNi in the ‘‘
termediate region’’ of their scheme, in agreement with
nonlocalized paramagnetic behavior of this compound.

The analysis of the CeL3 absorption determines that th
Ce31 electronic state is preserved in the CeNixPt12x series
for Ni substitutionx<0.9 @in the following we refer to this
concentration range as normal valence~NV!#. Moreover, it
also supports the enhancement of the Ced-state hybridiza-
tion. This last result can be confirmed by the analysis of
Ce L1-edge XAS spectra. Figure 5 shows the comparison
these spectra as a function of Ni content. As in theL3 case,
a clear difference exists between the absorption profile of
CeNixPt12x compounds with Ni substitution below~NV! and
above~IV ! x50.9, in agreement with the different electron
states of cerium in both regions observed at the CeL3 edge.
Moreover, in the case of the samples belonging to the
region, it is found that the intensity of the steplike feature
the threshold, sensitive to thed-state hybridization, increase
as Ni content increases. Therefore, despite the indication
a Ce31 electronic configuration for all the CeNixPt12x com-
pounds of the NV region, we observe an enhancement of
hybridization of the Ce-conduction states as Ni substitute
in the system. As a consequence, although Ni substitu
does not induce the transition from Ce31 to an intermediate
valence state in the NV region, the CePt system beco
steadily more delocalized upon Ni substitution.

B. Ab initio XAS calculations

To verify the interpretation that the electronic state of
in the CeNixPt12x series is Ce31 except forx>0.95, we also

FIG. 4. Deconvolution of the normalizedL3-edge XAS spectra
~see text for details!.
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have carried outab initio computations of both CeL1 and
L3-edge XAS spectra. The aim of performing these calcu
tions is to demonstrate that, despite the fact it could be
gued from Fig. 1 that the IV state sets in at x50.8, the
electronic state for Ce is purely trivalent for this Ni conce
tration.

To this end we have computed the XAS spectra by us
the multiple-scattering code CONTINUUM, based on t
one-electron full-multiple-scattering theory.38 This approxi-
mation has successfully been applied to interpret the mo
lations of x-ray absorption spectra in a variety of system
However, it fails to reproduce theL3 absorption spectrum o
Ce in IV systems because of the mixing off 0 and f 1 con-
figurations in the ground state.39

The potential for the different atomic clusters was a
proximated by a set of spherically averaged muffin-tin p
tentials built by following the standard Mattheis’ prescri
tion, and by using the muffin-tin radii determined accordi
to Norman’s criterion, and by imposing a 10% overlap.40,41

The Coulomb part of each atomic potential was genera
using charge densities for neutral atoms obtained from b
the tabulated atomic wave functions by Clementi and Ro
and the Herman-Skillman potentials.42 The atomic orbitals
were chosen to be neutral for the ground-state poten
whereas we follow theZ11 rule to build the excited-state
potential. Once the Coulomb potential has been determi
from the electronic density, the construction of the scatter
potential needs the addition of an exchange and correla
potential~ECP! to act as the Dyson’s self-energy. We ha
tested different choices for the ECP part of the final-st
potential: realXa and the energy-dependent Dirac-Hara a
Hedin-Lundqvist potentials~see Refs. 43 and 44 for details!.
Best results have been obtained when using the com
Hedin-Lundqvist self-energy, for the exchange-correlat
part of the potential whose imaginary part~related to the
photoelectron mean-free path! gives the amplitude reduction
due to the inelastic losses of the excited photoelectron.

Results of calculations are shown in Fig. 6 for the case
the L1 edge, for which we have used the complex Hed

FIG. 5. Comparison of the normalized CeL1-edge XAS spectra
in the CeNixPt12x series.
6-5
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ESPESO, GO´ MEZ SAL, AND CHABOY PHYSICAL REVIEW B 63 014416
Lundqvist potential as the ECP, and Ce31 as the cerium
configuration in all the cases, including CeNi. Because
cell volume decreases upon Ni substitution, a shift of
XAS oscillations toward higher energy is predicted as
proceed from CePt to CeNi. This trend is confirmed by
theoretical spectra, in agreement with the experimental d
for the Ce-Pt samples. However, there is a breakdown of
effect in the case of CeNi~see Fig. 6!, as can be expected
this compound exhibits an intermediate-valence electro
state that cannot be explained by an electronic charge de
corresponding to a Ce ion with a well-localized 4f electron
(Ce31).

IV. DISCUSSION

The results described in the preceding sections sug
that the transition from ferromagnetism to nonmagnetis
induced in the CeNixPt12x series as increasing the Ni con
tent, is not due to a strong modification of the Ce valen
state. On the contrary, the modification of the absorpt
profiles suggests a progressive enhancement of thef
conduction-band hybridization, favoring the Kondo effect,
a function of Ni content. According to Eq.~1!, the intensity
of the L3-XAS absorption at the edge is proportional to t
local density ofd states, projected on the Ce sites. The
duction of theL3 white line upon Ni substitution is an indi
cation of such a reduction of the density ofd states. Because
the valence state of Cerium is determined not to stron
change for substitutions smaller thanx50.95, this reduction
indicates that there is a progressive delocalization of Cd
states as Ni content increases. Regarding the CeL1 absorp-
tion, we have shown in Fig. 2 how the shoulderlike feature
the threshold is linked to the hybridization of the outerp-, s-,
andd-symmetry orbitals. In the case of rare-earth (R) metals
the height of this feature reflects the density of emptyd
states via hybridization of theR(sp) and R(5d) empty

FIG. 6. Comparison between the experimental CeL1-edge XAS
spectra of CeNixPt12x compounds~dots! and the theoreticalab ini-
tio calculations~solid line! performed by imposing a Ce31 elec-
tronic state for all the alloys~see text for details!. CeNi and
CeNi0.5Pt0.5 are displayed to stress the differences between ca
lated and experimental data for the former compound.
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states. Therefore, the increase of this intensity indicate
more delocalized nature of thep2d orbitals of the rare
earth, supporting the hypothesis that a higher delocaliza
of the 5d band at the Ce site takes place upon Ni substituti

However, the conclusions based on the variation of
edge intensities@L3 peak (P) and L1 double-step feature
(D) intensities# can appear to be only qualitative. Hence, w
have normalized these variations with respect to the va
exhibited by CePt. In this way, we have defined the relat
variation of P and D with respect to the values found fo
CePt as DNc5@P(CePt)2P(CeNixPt12x)#/P(CePt) and
DG5@D(CeNixPt12x)-D(CePt)#/D(CePt). If, as discussed
above, we correlate the depletion ofP to the delocalization
of Ce states, the definedDNc corresponds to the increase
the conduction electron density, whileDG is related to the
modification of the hybridization between Ce conductio
states and those of the neighboring atoms.

The influence of the unit-cell volume~V! variation on the
uJkrcu product has already been derived by Lavagna,
croix, and Cyrot11 and is given by

urcJku5urcJku0 exp@2q~V2V0!/V0#, ~3!

where urcJku0 and V0 are the values for CePt, andq is a
parameter with a value usually between 6 and 8.45 Now, it is
useful to compare the dependence on the Ni content of
urcJku predicted for the CeNixPt12x series with the experi-
mentally derived parametersDNc andDG. The comparison
is reported in Fig. 7. It shows good agreement between
change in the conduction-electron density obtained from
Ce L3 data and (urcJku/urcJku0) obtained according to Eq
~3!. It should be noted that the soundness of the agreem
holds only in the NV region. The results support our assig

u-

FIG. 7. Comparison of the Ni content dependence through
CeNixPt12x series betweenDNc ~solid h) andDG ~solid L) de-
rived from the experimental XAS andurcJku/urcJku0 (h) obtained
according to Eq.~2!. Note that theDG data have been multiplied by
a factor 100 to be plotted in the same scale asDNc . The dashed
area corresponds to the range of Ni content in which
CeNixPt12x compounds exhibit intermediate-valence behavior
determined by x-ray absorption data.
6-6
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ment and the relationship between the modification of the
L3-edge XAS spectrum and the conduction-electron dens
Within the NV region of the CeNixPt12x diagram, the in-
crease of Ni content leads to the enhancement of thef
conduction-band hybridization in such a way that the Kon
effect is progressively favored. This trend is contrary to t
observed in the diluted CeyLa12yNixPt12x series. In the case
of Ce0.35La0.65Ni0.8Pt0.2, DNc is found to be negative. This
means that Ce becomes more localized upon La substitu
and that the hybridization is reduced, as would be expec
because of the increase of the cell volume.

Moreover,urcJku/urcJku0 , DNc , andDG show a similar
trend within the NV region, while bothDNc andDG clearly
depart from theurcJku/urcJku0 prediction in the IV region,
i.e., where Ce presents intermediate-valence behavior. T
results indicate that the correlation between theuJkrcu pa-
rameter in the Doniach diagram and the Ni contentx in the
CeNixPt12x series holds only in the NV region. This resu
also indicates that for Ni concentrations between 0.8 and
the Kondo effect prevails over the RKKY interaction, so th
the loss of ferromagnetic character proceeds even when
cerium electronic state is purely trivalent.

V. SUMMARY AND CONCLUSIONS

In this work we have presented an x-ray absorption sp
troscopy study performed at the CeL1,3 edges in the inter-
metallic compounds CeNixPt12x and CeyLa12yNixPt12x .

The analysis of the CeL3-edge absorption indicates th
the trivalent Ce31 state is preserved in the CeNixPt12x series
up to x<0.9, while Ce evolves toward an intermediate v
lence configuration for additional Pt substitution by Ni. Th
behavior has been further confirmed by the theoreticalab
in
.

d
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a-

.

v
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initio calculation of the XAS spectra. The modification of th
Ce L3- and L1-edge absorption profiles has been correla
with the density of conduction electrons and with the mo
fication of the hybridization between the 4f orbital of Ce and
the conduction band, respectively. The validity of such
assumption has been analyzed and verified in the framew
of Lavagna’s model for the volume dependence of Kon
temperatures. Our results indicate that the behavior of
CeNixPt12x series can be well accounted for by the Donia
diagram in the NV region. In other words, the identificatio
of x as theuJkrcu parameter in the Doniach diagram on
holds while Ce remains trivalent. Consequently, the exp
mental TK values presented for CeNi and CeNi0.95Pt0.05 in
Fig. 1 should be considered as temperatures related to
lence fluctuations, rather than to Kondo temperatures. Th
fore, the transition to nonmagnetism observed in
CeNixPt12x compounds is not controlled to a strong chan
of cerium valence, but it is the result of the competitio
between exchange interactions and the Kondo effect. As
content increases, there is a progressive enhancement o
4 f conduction-band hybridization that favors the Kondo
fect against the long-range magnetic order of the RKKY
teraction. It should be stressed that the analysis prese
here could be extended to other compounds showing sim
features.46
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