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The x-ray-absorption near-edge structUd€ANES) spectra obtained at the ceriuly, edge of the
CeFe;_,Al, solid solutions and GEe,,Si; show two absorption peaks characteristic of tHé and 4f°
configurations of cerium, peaks which indicate that cerium is in a mixed valent state in these compounds. All
the XANES spectra have been consistently and excellently fit with one sigmoidal function and two Gaussian-
broadened Lorentzian functions. The cerium spectroscopic valence obtained from the relative areas of the two
peaks decreases from 3.64 to 3.43 betwerer) and 9 in Ce¢Fe;_,Al,, and correlates linearly with the
cerium site volume. This correlation confirms that the cerium valence is strongly dependent upon steric effects.
In contrast, the cerium valence obtained from the XANES spectrum sFe&;Si; is not determined by steric
effects and indicates, in agreement with other measurements and calculations, that silicon is more covalently
bonded with its near-neighbor cerium atoms than is aluminum. The neodyhjusedge XANES spectra of
the NdFe ;_,Al, solid solutions, where is 0, 3, and 8, reveal the presence of only trivalent neodymium and
an increase of the emptydsstate density when aluminum is substituted in place of iron. XANES measure-
ments at the irolK edge of the Cd-e;;_,Al, and NdFe;;_,Al, solid solutions show changes in the relative
intensity of the multiple scattering peaks, changes which are related to the changing composition of the first
three neighbor shells with increasing aluminum contgp©163-1827)09034-9

. INTRODUCTION rium intermetallic compounds of the ¢ie; and CegFe;,B
type are interesting because cerium is an abundant and inex-

The valence state of cerium in intermetallic magneticpensive rare-earth element. However, it is important that
compounds has recently attractetla renewed interest be- these cerium based materials contain soplike cerium to
cause of the investigative possibilities provided by synchrocontribute both to the magnetic anisotropy as well as the
tron radiation. Indeed, there is a close connection betweetotal magnetization. There are only a few techniques avail-
the valence and the magnetic character of cerium. In interable to investigate the valence state of cerium in intermetallic
metallic compounds with transition metals, cerium is morecompounds. X-ray photoelectron spectroscofyas been
often found in the nonmagnetic and strongly mixed valent used to study CeRwand CeFe;4,B. More recently, the avail-
state, than in the magnetic trivalepstate. Whereas inthe  ability of tunable x-ray sources at various synchrotron facili-
state, the cerium % wave function is strongly hybridizéd ties has provideld® the possibility of determining the cerium
with the (5d6s)® wave function, in they state, the 4 wave  valence by x-ray absorption at the cerilp edge.
function is almost atomiclike and produces a large magnetic A comparison of the cerium valence states reported by
anisotropy. Further, in the state the cerium magnetic mo- different research groups for the same compounds indicates
ment is close to 2.54g, the theoretical magnetic moment of that the actual value of the valence strongly depends on the
trivalent cerium. In the above and subsequent discussion it igiodel used to analyze the data. For example, the values
very important to note that the terms valence and valencéound for CgFe ; vary from 3.58 in Ref. 2 to 3.33 in Refs. 1
state are not used in the sense of chemical oxidation state aaed 3, and the values for ¢ee B vary from 3.44 in Ref. 2
trivalent and mixed valent do not correspond to cerium in thgo 3.33 in Ref. 1. Further, as stressed by Capettzat.® the
+3 or a higher oxidation state. Indeed cerium in both ghe spectroscopic valence, determined from the ceriymedge
state andy state is neutral in terms of the charge balance, agbsorption spectrum, should not be taken as the literal
expected in the metal. chemical valence of cerium. Changes observed in the cerium

In the search for permanent magnetic materials, the ceabsorption spectrum reflect changes in theelectron
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configuration of cerium and the valence deduced from x-rayRayonnement Electromagigue, LURE, in Orsay, France.
absorption near-edge structu(EANES) measurements is The compounds were measured at the D42 experimental sta-
simply a way to quantify these changes. Hence, trends in thgon, which uses a channel cut silicd831) crystal mono-
values are meaningful but, as mentioned above, the actughromator. The x-ray-absorption measurements were carried
values do not correspond to the chemical oxidation of ceput in the transmission mode using ion chambers filled with
rium, but rather to the transfer of cerium electrons frompelium-neon, both in front and behind the sample. The pow-
bound states to conduction bands in the compounds. der absorbers had a thickness of 9 to 13 mg/amthe ce-

Previous studies on the interstitial hydriééand nitrid€ i, or neodymiumL, edges and of 3 to 4 mg/émat the

_Of CeFe;and CQF_el“B have shown that the c_erium v_alence iron K edge. The x-ray-absorption near-edge spectra,
IS affected.by the insertion of hydrpgen or nitrogen into th(:"XANES, were recorded with a 0.25 eV step over an energy
intermetallic compound, even if this conclusion has lead to

X ! . range starting at 120 eV below the edge.
some controversy’ In the case of Cfe,B and its _hydnde. During the processing of the XANES data, a linear back-
Furthermore, a steric or volume effect on the cerium valence

has been observed both in f£e; and its hydrideSand in ground was subtracted from t_he experimental spectr.um by
CeFe B and its hydridé However, this steric effect has extrapolating a least-squares fit of the pre-edge experimental

been viewed differently in the two papers. In the B H, da}ta points. The maximum_ of the first Qeriyative pf a mgtal]ic
series, the cerium valence decreddesm 3.33 in CeFe,; to foil spectrum, corresponding to the first inflection point in
3.26 in CeFe-Hs concurrently with an increase in unit cell e absorption curve, was used as the métatdge or
volume, from 775 to 816 A In CeFe,B and CeFe ,BH, , L, -edge reference energy. For energy calibration, the spec-
the cerium valence decrea&dsom 3.44 to 3.36, with an trum of a thin metallic foil of chromium or iron, for the
increase in cerium site volume from 32.5 to 33.% An the ~ cerium and neodymiunk, edges or for the irorK edge,
case of CgFe;Hs, the cerium site volume is actually smaller respectively, was recorded. Spectra were normalized by tak-
than in CeFe; because of the presence of the additionaling as unit absorbance the intersection point between the
interstitial hydrogen near neighbors, even thoughFegHs  atomic background and the first EXAFS oscillation.
has a larger unit cell volume than &e,;. Hence, the ce-
rium valence in the C&e,-H, series, when plotted as a func-
tion of the cerium site volume, decreases with decreasing sitél. CERIUM L,,-EDGE XANES RESULTS AND ANALYSIS
volume in disagreement with the conclusion of Capehart FOR Ce,Fe;;_,Al, AND Ce,Fe,,Si;
et al>® Such a contradictory behavior of the unit cell and o
cerium site volume does not exist with the substituted com- The white lines observed at thg, edge of rare-earth
pounds studied herein. These difficulties show that the interélements are usually assigned to transitions from {hg,20
pretation of the words “valence” and “steric effect” is deli- the 5ds, electronic states. For mixed valent rare-earth ele-
cate and difficult. ments, such as cerium in transition metal intermetallic com-
It is well known that the substitution of iron by other pounds, the study of the,, edge permits the determination
metals may also improve the magnetic properties gF€g. of the rare-earth # orbital occupation and, hence, its va-
The CeFe;_,Al, and CeFe;_,Si, solid solutions have lence. Whereas in rare-earth elements, ttfelevels are
been extensively studiéd’ by magnetic measurements, strongly localized, in rare-earth transition metal intermetallic
neutron diffraction, Mesbauer spectroscopy, and electricalcompounds, two different #4 configurations are possibfé,
resistivity measurements. For our purpose herein, the impothe first with localized 4 electrons and the second with itin-
tant conclusions from these studies are that in both serieserant 4 electrons and a strong participation in the metallic
maximum Curie temperature is observed foequal to ca. 3 bonding. In the second case, a core hole occurs in the ground
and that in CeFe;;_,Al, the unit cell volume increases with state and is concommitantly followed by a relaxation of the
increasingx, whereas in Cde;_,Si, it decreases with in- 5d levels, which screens the core hole. Two possible transi-
creasingx. tions result at thé.,,, edge of the rare-earth element, transi-
In order to both investigate the effect of the substitution oftions which have different energies and are assigned as tran-
the iron in CgFe; by aluminum or silicon on the cerium sitions to the 8ls;, level with screening of the core hole and
valence, and to confirm the validity of the steric effect ob-to the 55, level without screening of the core hole, respec-
served by Capehart al,>® we have carried out XANES tively. For cerium, these transitions are then associated with
measurements at the ceridry, edge in both Cd~e;;_,Al,, the 4f! and 4f° electronic configurations.
wherex is 0, 0.4, 1, 3, 6, and 9, and on {&e,Si;. For Figure 1 shows the XANES spectra of £e;_,Al,,
comparison with a nonmixed valency material, we have alsavherex is 0, 0.4, 1, 3, 6, and 9, at the ceriury), edge. All
studied the neodymiurh,, edge in the NgFe;_,Al, solid these spectra show the characteristic two-peak structure as-
solutions, wherex=0, 3, and 8. Further the iroiK-edge sociated with the ceriumf4 and 4° configurations, at ca.
spectra of all the compounds have been measured. 5728 and ca. 5736 eV, respectively, a structure which indi-
cates that cerium is in a mixed valent state in these com-
pounds. Further it is clear, even without any quantitative
analysis, that the relative area of thé4configuration is
The samples used for this study were prepared amcreasing with increasing. This increase indicates that the
describe@® earlier. The x-ray-absorption spectra have beercerium spectroscopic valence is decreasing with increas-
measured with the synchrotron radiation provided by theng x.
DCI storage ring of the Laboratoire pour I'Utilisation du A quantitative determination of the cerium valence re-

Il. EXPERIMENT
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FIG. 2. Different model fits of the XANES spectrum of
Cefeg g See text for the description of the different fitting models
a, b, c, andd.

ported by Capehaet al,>® by adding a Gaussian broaden-
ing of the Lorentzian functions, Fig.(@®, for modelc, with
a x? of 0.225. Figure @) shows a fourth model, denoted
d, with a y? of 0.059, in which a sigmoidal function, rather
than an arctan function is used to improve the pre-edge fit of
5710 5720 5730 5740 5750 5760 the spectrum. In this case one Gaussian-broadened Lorentz-
Energy (eV) ian and one Lorentzian functions are used to fit the absorp-
) tion peaks. The internally consistent values of the valence,
FIG. 1. CeriumL,-edge XANES spectra of GBes.Alx,  deduced from fits with moded for the entire CeFe 7 ,Al,
wherex is 0, 0.4, 1, 3, 6, and 9. The fits shown are model g jes and the excellent quality of these fits, lead us to prefer
described in the text this model which will be used in all the following discussion.
In addition, the use of a sigmoidal function instead of an
quires a fit of the spectra in Fig. 1. In previous studigs, arctan function can be rationalized as follows. The arctan
different fitting models have been used. All authors agree téunction is the result of an infinite sum of Lorentzian func-
fit’ the continuous absorption from th@ Zore hole with an  tions, whereas the sigmoidal function is the result of an in-
arctanlike step function and to fit the peaks with Lorentzianfinite sum of Gaussian broadened Lorentzian functions. We
functions. Capeharet al>® used one arctan function to fit find, in agreement with Capehat al,>® that the two peaks
the continuous absorption and two Gaussian-broadendd the XANES spectra of the GEe;_,Al, solid solutions,
Lorentzian functions. In contrast, Chabeyal,l and Isnard see Fig. 1, are better fit with one Gaussian broadened Lorent-
et al,® following Rohler’'s model*® used two arctan func- zian and one Lorentzian functions. We believe that this
tions, one for each white line, and two Lorentzian functions.broadening is due to the random occupation of the cerium
The spectroscopic cerium valence may be calculated frornear-neighbor sites by iron and aluminum.
the relative weighted areas of the two Lorentzian functions. Table I gives the cerium valence obtained with model
In view of the different fitting models previously used in from the spectra shown in Fig. 1, as well as the correspond-
the literature, we have also tried different fitting models toing cerium site volume. These volumes were computed from
analyze the XANES spectra of ¢gre ;_,Al, shown in Fig. the crystallographic parameters given in Ref. 9 and by using
1. Figure 2a) shows, in agreement with Rter's method®>  the program described by Geldfbln computing the site
the fit, which has g2 of 0.338, of the XANES spectrum of volume, cerium, and iron radii of 1.81 and 1.26 A, respec-
CeFe g gWith two arctan and two Lorentzian functions. This tively, were used and the planes of the Voronoi polyhedron
model, denoted ag, can be modified by using only one were placed at a distance from the cerium atom which is
arctan, modeb, Fig. 2b), with a x? of 0.378, and, as re- proportional to these radii. No attempt was made to include
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TABLE I. Cerium XANES absorption energiésa. =0.2 eV), valence, and site volume in ge&e; M, .

M X Eg, eV E, eV E 0, €V AE, eV Cevalence Vg, AS
Al 0 5722.9 4.2 13.0 8.8 3.64 30.65
0.4 5722.8 4.5 13.2 8.7 3.63 30%0
1 5723.2 4.1 12.8 8.7 3.61 31.03
3 5723.3 4.0 13.0 9.0 3.54 31.73
6 5723.3 4.0 13.2 9.2 3.47 32.60
9 5723.2 4.4 13.4 9.0 3.43 33.26
Si 3 5723.3 4.1 13.2 9.1 3.56 30.37

8value interpolated between=0 and 1.

the aluminum atoms in these calculations. This method difHence, the cerium valence in &&,_ Al is more sensitive
fers from that used by Capehat al,> who only used the to a steric effect than is the GeeH, series, perhaps
iron radius in computing the cerium site volume. We believebecause the additional hydrogen, which is a near neighbor
that the use of the 1.81 A cerium radius does not bias ouof the cerium atom, forms additional bonds with the
results and conclusion, because we are always comparingerium atom. Finally, the difference of 0.06 in cerium va-
compounds within a given series. To make a direct comparilence reported for G€e,; herein and in Ref. 2 should be
son between the site volumes calculated herein and thossldressed. We believe that this small difference is in large
calculated by Capehaet al.? a scaling factor of 1.02 could part due to a slightly different choice of the step function,
be applied. Figure 3 shows that the cerium valence correlatd¥cause as is shown in Fig. 2, valence differences of 0.1 are
|inear|y with the cerium site volume in gée_l?—XAlxa and Obta|ned .from different f|tt|ng models. HOWeVer, the _aCtua|
also shows data from Ref. 2, data which have not been re20mposition of our sample is Gleeyg¢ and the small iron
scaled. def!C|encyI may be responsible for the small difference in
In conclusion, our measurements on,Bg,_,Al, con-  C€rumvalience. . .
firm and extend the steric effect observed by Capehart The energy of the Fermi levekg, as determined from
et al?® Further, the substitution of aluminum for iron influ- t;eeggg?g ?f tigeirr:j%)gzznnudne]nstlogfegrllutmh?rnjlr%mcoc;ﬂ?elzr?tjr}ﬁ“?r?é
ﬁ]n(c::eesttgﬁ ti) egﬁg Yslg;%i; AV\ll :O'T'ii\S/aclle’J]angeecriia\?ae,lserl:z:(:arr:ss. eFe;_,Al, solid solutions. The energies, relative to this

, ) Fermi level, of the two absorption peaks corresponding to
sgbstantla_lly larger than those reported for hydrogenétion the cerium 41 and 4° configurations, are also given in
nitrogenatiofi of Ce,Fe;-,

. _but once again the difference may tapje |. The energies of these peaks remain constant with
be related to different fitting procedures. The slopes of thenreasinax within their experimental accuracy and, as

cerium valence as a function of the unit cell volume in thegypected®2® the replicate splitting,AE, between these
CeFeH, series! and in the CgFe, (Al, series are peaks is both relatively constant, with values between 8.7
—1.71x107° and -2.36x10°°A~%  respectively. and 9.1 eV, and independent of aluminum content. Virtually
the same energies are obtained fopk&g,Sis.

The XANES spectrum at the ceriunh,, edge of
CefFe,Si; was also analyzed with model and a cerium
valence of 3.56 was obtained. The cerium site volume, cal-
culated as explained above, is 30.3% As indicated by the
triangle in Fig. 3, Cg-e 4Si; does not follow the linear cor-
relation observed for GBe;;_,Al,, in part because the unit
cell volume of the Cg-e;_,Si, solid solutions uniquely
decreasé§ asx increases. It is known from neutron diffrac-

tion measurement3that silicon substitutes preferentially on
\ the 1& iron site in the Cg-e,; structure, the site which has
] three, the largest number of cerium near neighbors. Electrical
resistivity ~measuremerifs and Mdassbauer spectral
a® This Work measureme_rﬂ% on the CeFey; ,Si solid solutions lead to
30 m Capehart m the conclusion that silicon bonds covalently with its neigh-
/ bors. This covalent bonding gives rise to a decrease in the
y-Ce cerium valence between ¢ree; s gand CegFe, 4Si;, a decrease
gl o which more than compensates for the steric effect. As was
30 31 32 33 34 35 shown previously, the valence of cerium in GEe/Nj is
Cerium Site Volume (A% larger than would have been predicted from its unit cell vol-
ume, assuming the slope observéat the CgFe,H, series.

FIG. 3. The cerium spectroscopic valence versus the cerium sitslowever, this departure from the steric dependence of the
volume in CeFe; ,Al,, ®, CeFe,Si;, A, and in CeFey, cerium valence is opposite to that observed here for
CeFe B, CeFe,BH,, and y cerium. Thel data points were CeFe ,Siz and was attributed to bonding between the cerium
obtained from Ref. 2. and the interstitial nitrogen atoms.
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FIG. 4. IronK-edge XANES spectra of GEe;_,Al,, wherex
is 0, 0.4, 1, 3, 6, and 9. The spectrum @firon is shown for

comparison.

IV. IRON K-EDGE XANES RESULTS FOR CejFe;7_,Al,
AND Ce,Fe;7_,Siy

Figure 4 shows the XANES spectra of the,Eq,_,Al,
solid solutions measured at the iréh edge. All of these
spectra show a structure which is rather similar to that of
iron. There are three resolved peaks labdled, andC, in
Fig. 4. Their energiesEpgc, as well as those for
the CeFe;_,Si, solid solutions, obtained from the first
derivative of the spectra, are given in Table II, which, for
comparison, also gives the energies of the corresponding
peaks ina iron as well as the shift of thé, B, andC
peaksAEp g ¢, relative to the Fermi energfgg . The Fermi
energy has been taken as the point of maximum slope in the
absorption edge. Of course, the values given in Table Il for
the Fermi energy are measured from the iranelectronic
shell and hence, differ in absolute value from the values
given for the Fermi energy in Table I, values which are mea-
sured from the cerium |2 electronic shell. As indicated by
the values given in Table Il, there is no significant change of
the Fermi energy in the GEe ;_,Al, solid solutions withx.

This is somewhat surprising becausexascreases the num-
ber of electrons in the unit cell decreases, and thus a decrease
in the Fermi energy might be expected.

A visual inspection of the spectra shown in Fig. 4
indicates that there are changes in peaks,B, and C,
with x. However, as indicated by the values given in Table
Il, there are at most small changes in their enerdigs; ¢,
and, hence, the apparent changes in the spectral shape
are mainly due to changes in the relative intensities of the
peaks.

PeakA in « iron is usually assignédto a 1s— 3d tran-
sition, a magnetic dipole forbidden transition which has a
nonzero probability and intensity because gi-3dd band
mixing. Similarly, peakA in the CeFe;_,Al, solid solu-
tions is assigned to ast-3d transition. The energy of peak
A, E,, inthe CeFe;_,Al, solid solutions decreases slightly
asx increases, such thatE, is 2.9 and 1.7 eV above the

TABLE Il. Energies(ca. =0.2 eV) in eV of the XANES transitions at the irol edge.

Compound X Er Ea AE, Eg AEg Ec AEc
CeFe, Al 0 7113.1 7116.0 2.9 7131.7 18.6 7140.5 27.4
0.4 7113.3 7116.2 2.9 7131.5 18.2 7139.5 26.2
1 7113.1 7116.2 3.1 7131.5 18.2 7140.2 27.1
2 7113.1 7115.8 2.7 7131.5 18.4 7139.8 26.7
3 7113.3 7115.7 2.4 7131.0 17.7 7139.0 25.7
6 7113.3 7115.6 2.3 7131.6 18.3 7142.0 28.7
9 7113.3 7115.0 1.7 7130.4 17.1 71415 28.2
CeFe 7, Siy 0.2 7113.3 7116.3 3.0 7131.9 18.6 7139.9 26.6
2 7113.1 7116.1 3.0 7131.2 18.1 7139.5 26.4
3 7113.1 7116.1 3.0 7130.9 17.8 7140.0 26.9
Nd,Fej7_, Al 0 7113.1 7115.8 2.7 7131.4 18.3 7141.7 28.6
3 7113.3 7115.6 2.3 7130.9 17.6 7141.2 27.9
8 7113.1 7114.8 1.7 7130.4 17.3 7141.7 28.6
a-Fe 7113.3 7117.8 4.5 7131.8 18.5 7143.3 30.0
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TABLE IIl. Neodymium XANES absorption energiésa. +0.2
eV) in NdyFe 7 Al .

X Er, eV AE,, eV AEg, eV
0 6212.1 2.8 31.0
3 6212.4 2.8 315
8 6212.1 3.1 32.6

Normalized Absorption

we have also carried out neodymiul,-edge and iron
K-edge XANES measurements on the,Ne,_,Al, solid
solutions, solid solutions in which neodymium is always ex-
pected to be trivalent. Figure 5 shows the neodymium
L,,-edge XANES measurements on the,Ne,_,Al, solid
solutions, forx equal to 0, 3, and 8. The energy of the Fermi
. level and the energies of the observed peaks, relative to the

FIG. 5. Neodymium L,-edge XANES spectra of permjenergy, are given in Table Ill. The single peak at ca.
Nd;Fe7—xAlx, wherex is 0, 3, and 8. 6215 eV, whose energhE,, is virtually independent of,

indicates that neodymium is indeed trivalent in these solid

Fermi energy, forx=0 and 9, respectively. As will be solutions. The absorption area between 6190 and 6230 eV
dis2cussed below, the Mee;; ,Al, solid solutions show a under the curves for=8 in Fig. 5 is larger than the area
very similar decrease i, andAE, asx increases from 0to  under the curve fox=0. This increase in absorption area,
8. In contrast, the G&e;_,Six solid solutions show no when aluminum is substituted to iron, indicates an increase
variation of E, and AE, with x, at least over the limited in the empty § state density and hence, a decrease in the
solubility range ofx=0 to 3. 5d-3d hybridization.

First principle calculation¥ of the electronic structure of Figure 6 shows the iroi-edge XANES measurements
the NdFe ;- Al, solid solutions, forx=0, 1, 2, and 4, give  on the NgFe;;_,Al, solid solutions, fox equal to 0, 3, and
the density of iron 8 states from 10 eV below to 10 eV 8. The Fermi energie€r, and the energiea g c, and
above the Fermi energy and indicate that there are unocctheir shifts relative to the Fermi energgE ag.c, Of peaks
pied 3d states in the region up to ca. 4 eV above the Fermja, B, andC, have been measured as explained above and
energy. This agrees with the assignment of pgaln the  are given in Table Il. The changes observedxaacreases
spectra shown in Fig. 4. The intensity of peAkclearly  from zero to eight are similar to those described above for
decreases with increasing in agreement with the smaller the CgFe;;_,Al, solid solutions. Hence peak is assigned
number of unoccupied irondstates expected as the alumi- to a 1s—3d transition in agreement with the electronic
num content increases in the f£e,;_,Al, solid solutions. structuré’ of the Nd,Fe;;_,Al, solid solutions fox=0, 1, 2,

PeaksB andC in « iron are dué® to multiple scattering and 4, a structure which shows that there are unoccupded 3
by the first three shells of iron near neighbors. Thus, we
assign peakB andC to multiple scattering by the first three
shells of iron near neighbors in the £e,;_,Al, solid solu- N S B S L L Y L R
tions and, in agreement with the cell expansidhe peaks
show a small but nonuniform decrease in energy relative tc
the Fermi energy with increasing In these solid solutions,
the four crystallographically distinct iron sites ha¥dirst
neighbor shells at distances between 2.5 and 3.3 A, secor
neighbor shells at distances between 4.2 and 4.5 A, and thir
neighbor shells at distances between 5.2 and 5.8 A. Thes
shells all contain three kinds of atoms, iron, aluminum, and
cerium. Hence, multiple scattering calculations for these
solid solutions would be very difficult. We believe that the
changes in the relative intensities of pedkandC are re-
lated to changes in the nature of the atoms in the differen
shells, particularly to the replacement of iron by aluminum, a
replacement which enhances peak

6200 6220 6240 6260 6280 6300
Energy (eV)

4.0

g w
=) =)

Normalized Absorption

-
o

0.0

V. NEODYMIUM L, -EDGE AND IRON K-EDGE XANES

RESULTS FOR NdZFe17—XAIX 7100 7120 714EO (71\3()) 7180 7200
nergy (e

In order to compare the results obtained on the

CeFe;_ Al and CgFe;_,Siy solid solutions, in which ce- FIG. 6. IronK-edge XANES spectra of NFe;;_,Al,, wherex
rium is mixed valent, with nonmixed valence compounds,is 0, 3, and 8. The spectrum efiron is shown for comparison.
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states in the region up to ca. 4 eV above the Fermi energyare present in the second series. A similar near-neighbor

Furthermore, the increase in the intensity of p€aikn both  bonding effect is observed in gee ,Si; and supports the

the CeFe;_,Al, and NgFe ;_,Al, solid solutions, ax in-  covalent bonding between cerium and silicon already ob-

creases from zero to nine and zero to eight, respectivel\served by Masbauer spectroscopy and electrical resistivity

supports the above conclusion that the relative intensities aheasurement$''! In contrast, the neodymiuni,-edge

peaksB andC are determined by the number and distance ofXANES study of the NgFe;;_,Al, solid solutions indicates

the iron neighbors in the subsequent shells of neighbors. Inthat neodymium is trivalent. Further, the increase in absorp-

deed, neutron diffraction measuremérfshave shown that tion area with increasing indicates a decrease in the

the aluminum substitutional pattern is identical in both setsd-3d hybridization.

of solid solutions. More specifically, aluminum prefers the The ironK-edge XANES spectra of the gree;;_,Al, and

18h site for x smaller than 6, and thec6site for x greater  Nd,Fe;;_,Al, solid solutions show three main peaks. Peak A

than 6. It is worth noting that pea® dominates over peaR  at ca. 2.5 eV above the Fermi level is assigned t®a 3d

for x between six and nine in Fig. 4 and ferequal to eight transition in agreement with band structure calculatidns.

in Fig. 6. We tentatively conclude that the predominance ofPeaksB andC are assigned to multiple scattering by the first

peakC results from the preferential occupation of the€ite  three shells of near-neighbor atoms and their energy and in-

by aluminum. tensity reflect the complex changes in the near-neighbor en-
vironment and the unit cell expansion occurring when alumi-

VI. CONCLUSIONS num is substituted in place of iron.

The ceriumL,-edge XANES study of the GEe;_,Al,
solid solutions shows that the cerium is mixed valent and its
valence decreases linearly with increasing cerium site vol- The authors acknowledge, with thanks, the Division of
ume and increasing and hence, confirms the steric effect Materials Research of the U.S. National Science Foundation,
observed by Capehaet al? in their study of CeFe ,B and  for Grants No. DMR-92-14271 and No. 95-21739, the Min-
related compounds. A comparison of the slopes of the ceistere de la Communautéran@ise of Belgium for Grant No.
rium valence with increasing unit cell volume in the A.R.C. 94/99-175, and the Stichting voor Fundamenteel
CeFe,_,Al, series and in the GBe,H, serie$ indicates Onderzoek der Materie, which is financially supported by the
that both a steric and a bonding effect on the cerium valenchlederlandse Organisatie voor Wetenschappelijk Onderzoek.
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