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We present in this work an x-ray absorption spectroscopy investigation performed|laf fleelges of Ce
and at theK edge of iron and cobalt in the intermetallic compounds Ce(Feq,), and Ce(Fe ,Al,),. The
mixed-valence behavior of Ce is found to be preserved in both series upon Fe substitution. This result rules out
the development of a localized 4nagnetic moment at Ce atoms driven by Fe-Co and Fe-Al substitution at the
origin of the anomalous magnetic behavior of these series. A further confirmation has been obtained from the
analysis of the x-ray magnetic circular dichroism spectra recorded at the Cabsorption edges.

I. INTRODUCTION to the total loss of ferromagnetism for-5% Al
substitution*>® Ce(Fg_,M,), pseudobinaries withM
In the past years a substantial amount of research has beenCo,Ru, Si,Os,Ir) exhibit similar magnetic instabili-
done onRCo,-RFe, systems to study the ways in which ties!’~?* whereas no instability is associated with the
magnetic order sets in. Indeed, an innermost feature of the: (Ni,Cu,Rh,Mn) substitutioR* Moreover, substitution of
RCo, compounds, wherR is not magnetic, is that unlike the Y and U onto the Ce sites in these anomalous pseudobinaries
correspondingRFe, compounds, they never show magnetic results in a return to normal magnetic behadfo?? All these
order. Special interest has been focused on the magnetiesults question the naive picture of nonmagnetic Ce in
properties of the Ce(ke,Co,), series ranging from the su- CeFe, pointing out the role of the hybridization between the
perconductivity of CeCpto the reduced magnetic moment 4f- and 3d-band electrons into determining the peculiar
and low Curie temperature of Cefe magnetic behavior of Cekeand its related pseudobinaries
CeFg is a simple ferromagnet with a Curie temperaturecompoundg>24
T.=230K!? Its magnetization behavior and the magnetic The current model for the understanding of the GeFe
hyperfine field follow approximately the molecular-field magnetic properties upon Fe substitution considers both that
theory with aJ= 1/2 Brillouin function?=® The low value of its ferromagnetism is very close to some type of instability
the magnetic hyperfine field has been associated with botand that the itinerancy of the Ced &lectrons could prevent
the reduced magnetic moment of the iron ions, 32 as the formation of 4 magnetic moments. Within this scenario
compared to 1.Zp in other RFe, compounds, and to the one of the most striking features of the Ce{FgCa,), series
low T., which ranges between 500 and 700 K in otRE®, is the behavior of the Curie temperatufe.) as a function of
compound$-1° The peculiar behavior of CeFavithin the  the Co contentx) that does not exhibit the expected linear
RFe, series is also evidenced by the marked change of itsecreasing®? These experimental findings pose the ques-
magnetic properties upon hydrogen uptake: the saturatiotion regarding if the peculiar magnetic behavior of CgFe
magnetization is about 70% higher than in the pure comunder iron substitution is linked to the instability of cerium
pound andT increases up to 358 K. On the contrary, theelectronic state, to the peculiarity of thé-8d hybridization,
decrease of ;. and a slight increase of the Fe magnetic mo-or to the interplay of both effects.
ment(25% for YFeH,) are observed for the rest of tRé-e, In the light of the peculiar magnetic properties of
series'™? Due to the reduced lattice parameter of CgFe Ce(Fgq_,Co,), it would be particularly interesting to see
these anomalies were early ascribed to the transfer of the Gew the Ce valence and thd-%6d-3d hybridization behave
4f electron to the conduction baRdDn these bases Ce was between CeReand CeCe. With this aim in mind we have
considered as tetravalefrionmagnetig in CeFe while its  performed a systematic x-ray absorption spectros¢xms)
electronic state changes to trivalédntagneti¢ upon hydro- and x-ray magnetic circular dichrois®XMCD) study at the
gen uptakée31* L., 3edges of Ce and at the Fe and Co K edges. Our results
However, the behavior of Cef@pon Fe substitution has indicate that the Ce valence does not vary through the solid
stimulated new studies on the instability of ferromagnetismsolution while Co induces strong electronic changes that are
in this compound. Substitution of Fe by a small amount ofat the origin of the anomalous magnetic behavior of this
impurity destabilizes the ferromagnetism in CeRgelding  series. In order to get further confirmation of this last point,
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1 week. Both phase and structural analyses were performe=
by using a standard x-ray diffractomet®rray analyses have
shown that all the samples present a single-plzke Laves
structure and that the lattice parameter of the pseudobinan
compounds obeys Vegard’s law, in agreement with previous
reports>>2®

The magnetic measurements were performed by using ¢ T i
commercial superconducting quantum interference device 0.0, 100 200 300
(SQUID) magnetometer (Quantum Design MPMS-35 T(K)
equipped with an ac susceptibility attachment. XAS experi-
ments were carried out at the ESRF BM29 XAFS beamline. FIG. 1. Temperature dependence of magnetization for the
The storage ring was operated in 2/3 filling mode with typi- Ce(Fa-xCa,), series measured under an external applied field of
cal currents between 150 and 200 mA at an electron beai0 kOe.
energy of 6 GeV. XAS experiments were performed in the
transmission mode on homogeneous thin layers of the powthe case of the XAS measurements, XMCD spectra were
dered samples at both Fe and K@dges and at the Ag; ;3  normalized to the averaged absorption coefficient at high en-
edges. Both magnetization and absorption experiments wegggy to eliminate thickness dependence.
carried out on the same polycrystalline samples. The fixed-
exit double-crystal monochromator was equipped with a pair
of Si (111) crystals with energy resolutiomME/E~2
x 10" 4. Silicon photodiodes were used to detect the inci- The magnetization of the investigated Ce(FgCo,),
dent and_transmitted flux providing a full linear energy samples measured under an applied field of 10 kOe is shown
responsé’ in Fig. 1. The magnetizatiofM) vs temperatur€T) behavior

The absorption spectra were analyzed according to staf CeFe shows a transition from the high-temperature para-
dard procedures: the background contribution from previousnagnetic phaséPM) to the ferromagnetic oné~M) taking
edgesug(E) was fitted with a linear function and subtracted place at about 236 K. The temperature at which the PM-FM
from the experimental spectrum(E). Then, spectra were transition occurs diminishes as increasing Co content to be
normalized to the absorption coefficient atl00 eV above T.=69K for x=0.8. In the case of CeGdhe ferromagnetic

we have also extended our study to the case of the Ce(Fe1—xCox)2
Ce(FQ*XAIX)Z Serles 3.0 T T T T | T T T T | T T T T | :
x=0.1 ]
Il. EXPERIMENT w02
Ce(Fg_,Co), samples withx= (0, 0.1, 0.2, 0.3, 0.4, x=0.3 1
0.5, 0.6, 0.8, and )land Ce(Fg_,Al,), samples withx —~ 2 x=0.4 —
=(0.01, 0.035, and 0.0%vere prepared by argon arc-melting = - o x=0.5 1
of pure constituents of at least nominal 99.9% purity, fol- E x=0.6
lowed by annealing at 850 °C in a evacuated quartz tube forY *- x=08 ]

Ill. RESULTS AND DISCUSSION

the edge to eliminate thickness dependence. character is lost through the entire temperature range inves-
XMCD measurements at the dg ; edges were carried tigated(from room temperature to 4.2)K
out at the beamline 28B of the Photon Fact@®y) synchro- In the case of Ce(RgCoyq), and Ce(FggCoy,), the

tron radiation facility of the National Laboratory for High substitution of Fe by Co results in the appearance of a second
Energy Physic¢KEK) in Tsukuba. The PF storage ring was transition at a temperatufes=72 K and 62 K, respectively.
operated with a positron beam energy of 2.5 GeV and &t this second transition the ferromagnetism evolves into a
maximum stored current of 360 mA. The x-ray radiation wascanted spin structure, with a decreasing of the ferromag-
monochromatized by using a($L1) double-crystal mono- netic moment which is completely lost as more Fe is
chromator, the degree of circular polarization after monoreplaced-&192930

chromatization being®.~0.32 The XMCD measurements Another peculiar feature in the magnetic behavior of the
were performed in the transmission mode, on the same povGe(Fg_,Cao,), series is the dependence of the Curie tem-
der layers as for the XAS experiments, at different fixedperature with the cobalt content. As shown in Fig. 2, while
temperatures from 300 K to 50 K for several Ce(Eg€0,),  the lattice parameter shows a linear decrease as cobalt con-
samples by using a closed-cycle He cryostat. The XMCDeent (x) increasesT departs from a linear behavior between

spectra were recorded by reversing the sample magnetizatigf=0.2 and 0.7, showing a relative minimum fo= 0.3 and
for a fixed polarization of the incoming radiation. In our 3 relative maximum at=0.4.

experimental setup a magnetic fielloT was applied par-
allel to the plane of the sample at 45° to the incident beam )
and reversed twice for each energy value. A. XAS study on Ce(Fe;_,Coy), and Ce(Fe;_,Al,) series

The spin-dependent absorption coefficient was then ob- Because the complexity of the magnetic phase diagram
tained as the difference of the absorption coefficignt has been often related to the special character of Ce in
=(u~ —u™) for antiparallel,. ™, and parallelu*, orienta-  CeFe, it is needed to determine if the Ce valence changes
tion of the photon helicity and sample magnetization. As inupon Fe substitution.



470 JESUS CHABOY et al. PRB 62

Ce(Fej—xCox)a element of the alloyCe, Fe, or Cy we have extended our
7.30 analysis to further absorption edges. The main reason is to
take advantage of the site and atom selectivity offered by
x-ray absorption, in such a way that by tuning the photon
energy near Fe, Co, and Ce absorption edges, we can probe
both the local geometry and the electronic state of the se-
lected atomic specie.

We have recorded XAS spectra experiments at both Fe
and CoK edges and at the Qg edge in the Ce(Re ,Ca)),
series. At both absorption edges one electron is excited from
an inners level and promoted to a fingl-symmetry state.

° Thus the edge spectrum probes the unoccupied local and
partial p density of states projected on the absorbing atom.
] What is noticeable is that the spectral shape ofl.thspectra
P IR PR B | in all the lanthanide metals exhibits a steplike rise of the
0.0 02 0.4 0.6 0.8 1.0 absorption at the threshold that is absent in the case of rare-
X earth vapors? The explanation for such behavior is that in
the vapors the atomic resonances corresponding to the one-

> 3,34, 1 )
(M) and lattice parameterX) behavior as a function of the cobalt glectro_n tr§n3|tlﬂrs—>p ilr'e very W%alg’ while upon Cg.n
content in the Ce(Re ,Ca,), series. For the sake of completeness ensation into the metallic state, the oytesymmetry orbit-

the temperature of the second magnetic transition from l‘erromag"ZlIS _are strongly hybridized with the ogtsrandd-symmetry
netic to canted spin structur@g (¢ ), is also shown. orbitals. Consequently, the shoulderlike feature at the edge

reflects the high density of emptydSstates via hybridization

To this end we have recorded the XAS spectra at the Céf thesp and 5 empty states, the modification of the width
L, edge through the whole Ce(FeCo,), series. The re- and intensity of this spectral feature being a fingerprint of the
sults, compiled in Fig. 3, show that for all the investigatedhybridization change$:*
compounds the Cé s-edge absorption exhibits a double-  Figure 4a) shows the comparison of the Cg-edge ab-
peak profile at the edge, characteristic of a mixed-valenc&orption in both CeReand CeCg and several intermediate
character! Moreover, no significant changes are found inconcentrations. What is observed is the progressive enhance-
the intensity, width, and relative energy position of the twoment of the shoulderlike feature as the cobalt content in-
white lines. Our results indicate that the Ce mixed-valencéreases, indicating a higher hybridization between the con-
behavior is retained in all the Ce(Fe, Gadystems, the Ce duction states of cerium and those of Fe and Co. This result
valence being about 3.3. can be understood as due to the contraction of the crystal cell

The immediate conclusion that one can obtain from thisdS the Co content increases. This contraction implies a wid-
Ce L, absorption analysis is that the peculiy vs cobalt ening of thed bands and consequently the increase of the
content behavior is not due to the modification of the cerium(Fe,C9 3d and Ce 8 overlap, as experimentally observed.
electronic state upon Fe substitution. To get a deeper insight The effect at the edge is found to be gradual, as the evo-
into the origin of this behavior and to try to individuate if the lution of the crystal-cell parameter, so that it seems reason-

addressed ferromagnetic instability is due to some specifigble to think that neither changes of the Ce electronic state
nor Ce(5) hybridization play a crucial role in driving the

Ce(Feq_xCox)2 anomalousT; behavior, the effect being more likely due to
the effect of the transition metal in the density of states
(DOY). Indeed, the complex magnetic behavior of Laves-
phase compounds with Mn, Fe, Co, and Ni has been ac-
counted for according to the peculiar shape of the B&%.
The shape of the DOS calculated by different methods is
characterized by the existence of two sharp peaks, mainly of
M 3d states, near the Fermi level EEarly calculations of
the electronic structure of Cegbave shown a strongd34f
hybridization, so that the weight of the Cel 8omponent in
15— : the density of states at the Fermi energy is very small while
that of the 4 component is very large, resulting in a high
. density of states at the Fermi lev&IThis result is in agree-
| §eds ] ment with the suggestion of Rastagfi al. to account for the
1.0 j ol 2 L 10 large electronic specific heat coefficient of Cgband it is
r §;;’ T :gk L] supported by more recent band calculatith. The new
: 572'0 5730 5740 5750 - 1572"(; 5730 5740 5750 - calculauon; showed not only the delocalized natgrg of the Ce
4f states in CeFkg but also that the #3d hybridization
Energy (eV) Energy (eV) .
decreases as the number af 8lectrons increases when go-
FIG. 3. Comparison between the experimental XAS spectra alng from CeFe to CeNp, resulting in the narrowing of the
the CeL 5 edge in the case of Ce(FgCo,), compounds. 4f states. While for Cekethe calculated DOS is rather large
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FIG. 4. Selected x-ray absorption spectra recorded in the Ge(€Ee,), series at thé¢a) Ce L, edge,(b) Fe K edge, andc) Co K edge.

at the Fermi level and the Stoner criterion for ferromag-and Co 2l electrons is not that important in determining the
netism is fulfilled, for CeCg the Fermi level lies in a low Co 3d electronic structures in these systefhs.
DOS region so that the Stoner criterion is not fulfilled. The  To have an insight into the influence of Fe-Co substitution
main conclusions derived from the calculations épethe into the DOS of the Ce(Re,Co,), series we present in Fig.
fact that CeFgsatisfies Stoner criterion implies a ferromag- 4(b) and Fig. 4c) a comparison of the Fe and G6-edge
netic instability; (ii) the 3d states are responsible for the x-ray absorption for different Co concentrations, respec-
large DOS aEg in CeFg, and thus the iron states drive the tively. As the cobalt content increases, the intensity of the
magnetic instability and not the ceriunf 4lectrons; andiii)  shoulderlike feature at the RA¢-edge absorption threshold
the Fe(31)-Ce(4f) hybridization is higher in Cekethan in  clearly diminishes as compared to that of pure GeMore-
CeCo. over, within the experimental resolution it is observed that
However, as pointed out by Fem#ez and co-workers, as the effect proceeds gradually as a functioxofhese results
Co substitution reduces the crystal-cell volume, it is expecte@vidence the existence of a strong electronic perturbation on
that the hybridization of the Cef4orbital increases with the the DOS driven by cobalt substitution. The decrease of the
cobalt content while the Ce magnetic moment decreasentensity of the shoulderlike resonance at the raising edge
contrary to the Al substitution case in which the crystal cellindicates that the local density @i(d) states projected on
is expanded? The question arising is how important is the the Fe sites is strongly reduced after the substitution. More-
3d-4f hybridization in determining the anomalous magneticover, it should be noted that while the observed effect—i.e.,
behavior of the Ce(Re ,Cao/), series. Indeed, the conclu- the electronic modification impact—is really large at the Fe
sion of a photoemission study of seveR{Co, systems in- sites[Fig. 4@)], it is less marked at the Ce onfsig. 4(a)],
cluding Ce, indicates that the hybridization betweenRE in agreement with the @ states being the dominant part of
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FIG. 5. (a) Comparison between the Co-content dependence of
the absorption peak at the F&( and CoK edges Q). (b) Com- FIG. 6. Selected x-ray absorption spectra recorded in the

parison between the Co-content dependencelTof(M) in the  Ce(Fg_,Al,), series at the Ck; edge(a) and at the Fé& edge(b).
Ce(Fe_,Co,), series and that of Ng for Fe (¢) and Co Q©)
(see text for detai)s magnetic behavior. Study of Qg -edge absorption suggests
that, contrary to previous suggestions, tte5d-4f hybrid-
the DOS at the Fermi level. According to the DOS calcula-ization is higher for CeCpthan in CeFg, in agreement with
tions, the observed variation of the x-ray appearance neathat expected from the reduction of the crystal-cell volffme
edge structuréXANES) profile reported in Fig. @) can be and previous x-ray photoelectron spectroscopyPS)
interpreted in terms of the progressive filling of théand of results®
Fe (strongly hybridized to the empty state$ as Co carries At this point it is instructive to compare the Co-content
more d electron to the system. In such a case and also bedependence df; in the Ce(Fe_,Cq,), series and the inten-
cause of the cell contraction and the subsequent band widesity of the absorption peak at the Fe andiCedge shown in
ing, the Fermi level lies in a area with a lower DOS. Thus,Fig. 5. The local density of empiy(d) statesNg, projected
the ferromagnetic character is less favored as expected aon the Fe sites is progressively reduced after the substitution,
cording to the Stoner criterion. This result and its interpretain agreement with the expected filling of tlleband of Fe.
tion in terms of DOS modification are supported for the ob-On the contrary, thég projected onto the Co sites shows a
served behavior of the CK-edge absorption through the sharp increase going from low Co content towards GeCo
whole Ce(Fe¢_,Caq,), series shown in Fig.(4). The inten-  This result is in agreement with the pronounced localization
sity of the absorption peak at the edge increases proceedimf the Co 3 wave function on the atomic sifé** This
from CeFe to CeCag as the contribution of Co states to the increase is not linear as in the Fe case but shows a plateau-
DOS becomes dominant. Our results indicate that the effedike region betweerx=0.3 and 0.6, i.e., in the region of
of cobalt substitution on the DOS at the Fermi level of thecobalt concentration in whicfi, in the Ce(Fe_,Co,), se-
system is the driving mechanism to explain the anomalousies departs from the linear behavior observed for the lattice



PRB 62 X-RAY ABSORPTION IN Ce(Fg_,Ca), AND. .. 473

1.50 - 150
0 1.255 1.25
E “OOE Lo,
8 z 5
= 0.75F 075 g
g ; ]
5 0.50 F 050 &
o F ®
=4 r =7

0‘25; 025 p FIG. 7. Normalized Cé 53 XMCD spectra of

0.00f 000 CeFe (solid line), Ce(F§Coa, (O) and

0.0025 Ce(F@sCqys), (dotted ling recorded atT
5 CeFe2 0.000 =140K: CelL; edge (left pane), Ce L, edge
8 0.0020 - Z (right pane). In the top panel the normalized
2 ooorsh Ce(Feo.7Co0.2)z -o.0o1 5 XANES spectra of Ce(RgCoy 5, at the Cel
9 TE —o00z 2 (left) and Cel, (right) edges are shown.
N o.0010F &
' i d o -0.003 v
g : .9 4 003 g
g 0.0005F 4P =
5] 3 " Ko a
“ - b [ % - -000¢ ©
0.0000 [ Yuiiiomiss® T N
L Ce(Feg,5C00.5)2 - -o.005
_0.0005'....I....I....I....I.... NP EPEPEPRE EPRPEE EPRNTEPE EEE |
5700 5720 5740 5760 6140 6160 6180 6200 6220
Energy (eV) Energy (eV)

parameter. The relationship between the anomalous behavigbt change upon Fe substitution in both Ce(F€a,), and

of T¢ and coballNg is made more evident in Fig(y), where  ce(Fg_,Al,),. Then it is expected that cerium exhibits a
T. and 1Ng of Fe and Co are plotted as a function the cobaligjmijar magnetic behavior to that of CeFée., no localized
content. 4f magnetic moment is present in the system.

Further verification of these conclusions has been ob- In order to get experimental confirmation of this point we
tained by performing the same class of studies on th?‘na 9 P P

Ce(Fq_,Al,), series. In this series Al substitution leads to "ave performed a systematic XMCD study at the IGg&y
the loss of ferromagnetism but the crystal cell is expande&dges as a function of temperature and cobalt concentration
upon substitution contrary to the Fe-Co case. As in the cas#® the Ce(Fe_,Ca,), series.
of the Ce(Fe,Cqg) systems, Ce.; spectra show that the The Cel, yedge XMCD signals for selected cobalt con-
mixed-valence behavior is retained upon small Al substitucentrations are shown in Fig. 7. In all the cases, the XMCD
tion, the Ce valence being about 3.3 too, while in CGethe  signal at the Cé edges in the Ce(ke,Caq,), series exhibits
double-peak structure characteristic of mixed-valence behawa double-peak structure that resembles the existence of con-
ior disappears and only the white line corresponding to theigurational mixing in the ground state, as in the case of
4f! configuration—i.e., magnetic Ce—is evidenced. Cepolarization-averaged XAS spectfaee Fig. 3. What is
L;-edge absorption, reported in Figah shows the decrease found is that the intensity of the XMCD signals decreases as
of the shoulderlike feature as the Al content increases, COthe cobalt content increases but the energy separation be-
trary to the case of cobalt substitution. This result indicates Aveen the two peaks remains unaltered. This is direct confir-
lowering of the Ce(8)-(Fe,Co)(3l) hybridization, as ex- mation that the cerium electronic state does not change
pected due to the expansion of the cell induced by Al subthrough the whole series. Moreover, it is an indication that
stitution. On the other hand, when looking at thekredge,  the magnetic moment induced on Ce sites is induced by the
Fig. 6(b), a similar result is found to the case of the cobalt-transition metal.
substituted samples; i.e., the intensity of the feature at the According to Brouder and Hikaff the XMCD signals,
threshold is depleted with respect to that of CeHe prin-  defined as above, at tHe, ; edges are proportional to the
ciple, this result seems to be in contradiction with the abOVQeduced transition probabiiity towards Spins pathipar-
discussion because the narrowing of the DOS due to Al subgjlel) to the net magnetization of the sampte (), through
stitution would result in a higher DOS at the Fermi level, the relationsu.ao! — o and pucaa! —o! for thel, andL
thus reinforcing the structure at the Reedge. However, it edges, respectively. The positiveegative sign of the Ce
should be noted that despite the fact that Fe substitution byycp signal at thelL5 (L,) edge indicates that the Cel5
Al implies a volume expansion accompanied by the narrowspin is antiparallel with respect to the magnetization direc-
ing of the DOS and thus the Fermi level would lie in a highertion in the material. The magnetization in the material is
DOS region, Al has no @ states near the Fermi level so that governed by the transition metaL so that we are probing di-
the electronic structure is mOdified, reSUlting in a depletior}'ecﬂy an antipara"e| Coup"ng between both Fe magnetic
of the DOS where the Fermi level lies. moment and that induced on the Ce sites of mairdyosi-
_ gin.
B. XMCD study of the Ce(Fe,_.Coy), series Despite there being a general consensus concerning that

The picture emerging from the conclusions of the precedthere is a net moment on the Ce site, mostly spin, and anti-

ing section is that the magnetic state of cerium atoms doegarallel to that of Fe, there is a hot debate regarding the value
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TABLE |. Values OfMCe5d for the Ce(Fe_,Ca), compounds 80— [ T~ T T | " ] %%
derived from the XMCD spectra. ¥ Ce(Fe1—xCox)2 ]
2'59 ................................... — 030
x T(K) (L) (S) (Lr2s) Ls,  p o= Oé ]
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6 . ) FIG. 8. Comparison of the temperature dependence of the spon-
of the moments(both 4f and ).™ Trying to obtain @&  taneous magnetization in the Ce(EgCa,), series () and the Ce
deeper insight into the magnitude at¢(5d) in this series, 54 magnetic moment deduced from the XMCD signal by applying
we have applied the sum rules derived by Thole and cothe sum rules.

workers to the XMCD spectrécorrected for the rate of cir-
cular polarization*’ For the Cel,; edges they can be L
written as (LZ)=2(A3+A2)(n5d/(rt2cj) ar?d (s,) :y3/2(A3 vest!gatlon performed at. tHeedgefs of Ce angl at th€ edge

—2A)(Nsg/oro) — TIAT,). As and A, are the integrals of iron and cobalt in the intermetallic compounds

over the dichroic signal at the, andL, edges, respectively, C€(F@-xC0J2 and Ce(Fe_,Al,)s. o
Ny is the number of holes in the CalBhand, andr,, is the The analysis of the Ces-edge absorption indicates that

unpolarized »— 5d cross section. According to Ref. 48 we the mixed-valence behavior of Ce is preserved in both series
have consideredT,)=0. We have used two different ways UPON Fe substitution. This result rules out the development
to estimate fisq/ovoy): (i) we have deduced experimentally Of @ localized 4 magnetic moment at Ce atoms driven by
0101 aS 3/2¢F +07) and fixed to 9 the number oftbholes,  the Fe-Co and Fe-Al substitution at the origin of the anoma-
and (i) we have estimatedsy/ o, from the experimental lous magnetic behavior of these compounds. The combined
Ce L, 3 spectra by subtracting the g spectrum as pro- analysis of the x-ray absorption spectra recorded at different
posed by Vogekt al*® edges in these systems indicates that the observed anomalous
The obtained results are shown in Table I. Several findmagnetic behavior is due neither to the cerium electronic
ings should be stressed. First, the modification of the magstate nor to the modification of thef 8d hybridization but it
netic moment extracted by usingy=1.5 as proposed by is determined by the influence of cobalt into the peculiar
other author® is well suited within the error bar. Second, DOS of the system. The results of the present investigation
the magnitude of theu. of 5d origin we found in CeFgat  are in agreement with electronic structure calculations, show-
T=130K reaches-0.26u5, and its extrapolation at 4.2 K ing direct details of the reduction of thied hybridization
yields —0.29ug, to be compared with the-0.3ug value induced by Co substitution.
derived from band calculatiorf8. Third, the application of A further confirmation has been obtained from the analy-
the first sum rule returns a small but nonzero orbital composis of the x-ray magnetic circular dichroism spectra recorded
nent for this Ce(8) moment and this orbital component at the Cel , 3 absorption edges. Our results show the pres-
increases as the Co content does. What it is more remarkabésce of a Ce(8) magnetic moment in the Ce(EgCo,),
is that both orbital and spin moments are parallel, indicatingseries that is induced by the transition metal in agreement to
that the Ce 8 magnetic moment is due to overlapping with previous experiments and theoretical calculations.
the transition metal. This is shown even more clearly in Fig.
8, where the temperature dependence of the spontaneous
magnetization in the Ce(ke,Co,), series and the Cedb ACKNOWLEDGMENTS
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