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X-ray absorption fine structure (XAFS) above the Fe K-edge ang?metl ters for Fe and C determined f vsis of the F
the Ce L-edge in amorphous &FeCei (X = 3, 5, and 7) ructure parameters for Fe and Ce as determined from analysis of the Fe
alloys have been measured and analyzed. Quantitative anallyseé(befClge and the Cesledge EXAFS spectra for amorphous (2) and

) L crystalline (c) alloys. N, R, anof are the coordination number, distance,
the Fe K-edge and Ce-dge EXAFS spectra are limited to local and mean square relative displacement, respectively. N cdndre

structure parameters of the first coordination sphere. Using &.crate to + 10% and R to * 0.02 A. The &P&Ce alloy was
theoretical multiple scattering (MS) approach, we show that thgptained by heating the asfeCe alloy.

Fe and Ce XANES are sensitive to the structure of coordination

spheres, which extend up to nearly 4.5 A. Comparison of Sample XY Par N RA)  A(10°A9

experimental XANES spectra with theoretical MS results allows a-AlgFe,Ce;  Fe-AL 6.6 2.46 7.7

one to determine the local structure around the iron and cerium AFeC ge-ﬁll_ €1346-0 3'4112 %85.5

I H a-, e-, . . .

sites up to at least the third shell of atoms. 0 EC85 Conl 134 318 187
a-AlFeCe;  Fe-AL 6.7 2.46 7.7
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1. Introduction

N _ Hence, the goal is to explore the XANES region and determine
Liquid-quenched amorphousfF8Ceiox (X = 3, 5, and 7) alloys if extra structural information with regard to higher coordination

combine the properties of a metal with the short-range order Ofﬁheres can be obtained on the basis of multiple scattering (MS)

glass (Hseih et al., 1990 & 1991). Their structural characteristic - . L S
led to a number of remarkable mechanical (Shiflet et al., 198%?§na|y5"s' The MS approach used in this investigation has been

. . uccessfully applied in order to interpret a large number of
magnetic (Wagner et al., 1989), and corrosion (Mansour ANES for various materials (Durham, 1989; Fujikawa et al.,
Melendres, 1995; Mansour et al., 1996) properties. These aIIo¥L§83. Vvedensky et al., 1986; Della Longa et al., 1995:
hav_et high tstrength, .h'gh Ddtmt'“.ty’ t_low (:er:ilty, tand_ h'gh(xedrinskii et al., 1998; Rehr & Albers, 2000). The analysis has
resistance to - corrosion. Letermination o € alomic anfeen found rather powerful for the case of ordered alloys like
electronic structure of these alloys is essential in order tRIi3AI and NiAl, (Mansour et al., 1997) but no such analysis has

understand the origin of these properties. Therefore, the struct i h f h I W
of these alloys was investigated by pulsed neutron and x-rLaE?en applied to the study of amorphoug#,Ceyo alloys. We
r

> ; ow that analysis of XANES data enabled us to choose the best
scattering methods (Hseih et al., 1990, 1991). The structure : : . :
vapor-quenched amorphous,dlsCo.Ce, (x = 8, 9, and 10) and uctural model including symmetry for the alloys investigated.
AlgoFe (Ceg was investigated by x-ray absorption fine structure2. Experiment and Method of Calculation
(XAFS) analysis (Mansour et al., 1994).
In this investigation, the Fe K-edge and the Gedge XAFS
of amorphous AbFeCeox (X = 3, 5, and 7) alloys have been

measured and analyzed. The goal is to determine the best mo
for the local structure of the &FeCey o System and to study the q 88). The room tempefature Fe_K-_edge and Gedge X.AFS
pectra were measured in transmission mode on beamline X-11A

peculiarities of the electronic structure of these alloys using

: . t the National Synchrotron Light Source. Details of experimental

XAFS analysis. Fourier transforms of the Fe K-edge and £e L h
: : etup were published elsewhere (Mansour et al. 1996). The
edge EXAFS spectra (not shown here) display prommen?nergy resolution in the measured interval is about 1.0 eV. The

contributions from the first coordination spheres of Fe and Cege K-edge and Cegtedge XANES for the amorphous alloys are
= 3

respectively, with no significant contributions from higher tially th in th it . tinated h
coordination spheres due to the amorphous nature of these allo§§Sen lally the same In the composition range investigated here.
The algorithm of the scattering wave method was described

Hence, quantitative analyses of EXAFS spectra are limited to the .
first cooqrdination sphergs of Fe and C(g (Table 1). The Ioca‘?arller (Della_ Longg et al., 1995). The local structure afo“f‘d the
structure parameters for Fe are independent of the compositid)rr‘?n ?ndlcerl(l;r? f)'tes dOf &F e‘ct:eh‘?'x allgi;év%s trez\a/t_zleld usging
range investigated here. Fe is coordinated with approximately 6. ructural models based on crystalline F eAl (Villars

Al atoms at a distance of 2.46 A. The disorder for the Fe-A alvert, 1985) and FeA[Black, 1955). The structure parameters

SN . : r the Fe clusters used in the calculations are reported in Table 2
sphere is within the range expected for crystalline materials su R . . - .
as those for metallic Cu and Fe (Sevillano et al., 1979). The C (_:rystalllne_ Fe.ACD and in Tgble 3 (c_rystalllne Fedl Fe in FeAJ,
present in five non-equivalent sites (see Table 2). In this case,

Al coordination sphere, on the other hand, consists approximate . -
of 14 Al atoms at a distance which increased from 3.13 A t3''€ t_heo_retlcal spectrum repres_,ents the_ weighted average of
contributions from all non-equivalent sites. The theoretical

3.18A in going from x = 7 to 3. The Ce-Al coordination is ectrum for FeAl was also calculated using actual atomic
h i high f | di i e .
characterized by a high degree of structural disorder suggestin Istances reduced by 3.4%. The reduced atomic distances provide

Amorphous samples in the form of 2B thick ribbons with
nominal compositions AFeCeox (X = 3, 5, and 7) were
g?pared by rapid solidification from the liquid phase (He et al.,
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amorphous, glass and liquids

a better agreement with the experimental XANES data. Twéevel wave function. In the calculation, phase shifts with orbital
clusters around Ce were used: one model using the structure datamentum I) up to 4 have been included even though there is
for crystalline CeA| (Table 4) and the other was obtained usingalmost no change in the spectra when compared with those
atomic distances for crystalline CaAkduced by 6% (Table 4). calculated withl up to 2. For the Ce ztedge XANES, the
Table 2 situation in general is more complicated. There are two dipole
channels (p->d and p->s), so the Ce XANES corresponds to the

Structure parameters for crystalline FeAFe in FeAd has five non- . f . ith
equivalent sites with multiplicity of 4, 4, 4, 4, and 8 for sites 1, 2, 3, 4gen5|ty of unoccupied states with s- and d-symmetry. However,

and 5, respectively. the transition matrix element for the p->s is about 50 times
smaller than that for the p->d transition. Hence, it is sufficient to
Shell number (site) ~ X-Y Pair N R (A) take into account only the contribution of the p->d transition.
1(1) Fe-Al 4 2324 i .
2(1) Fe-Al 4 2.630 3. Results and Discussion
3(1) Fe-Al 3 2803 . . . .
1(2) Fe-Al 6 2532 In order to perform a direct comparison with experimental data
2(2) Fe-Al 4 2.737 one must take into account two factors. One factor is the filling of
3(2) Fe-AlFe 6  4.180 the occupied states following the Fermi distribution. The other
1(3) Fe-Al 4 2353 f . . .
23 Fe-Al 4 5559 actor is _the broac_le_nlng of experimental spectra due to the core
3(3) Fe-AllFe 3 2.823 hole lifetime, the finite mean free path of the photoelectron, and
1(4) Fe-Al 8 2.518 the experimental resolution. For the bandwidth of the core hole, a
2 Fe-Al 2 2782 1.25 eV for the Fe XANES and a 3.48 eV for the Ce XANES
4) Fe-Fe 1 3.005 i
1(5) Fe-Al 3 2389 were used (Fuggle & Inglesfield, 1992). The energy dependent
2 (5) Fe-Al 5 2.578 function obtained by Muller et al. (1982) was used for the mean
30) Fe-Al 3 3.328 free path of the photoelectron. For the experimental energy
resolution a value of 1.0 eV was used. These factors were treated
Table 3 as contributions to the imaginary part of the self-energy term.
Structure parameters for crystalline FeADistances in parentheses  In addition, one must compare the experimental data with the
correspond to actual distances reduced by 3.4%. theoretical calculation made using a relaxed potential (i.e., taking
: into account the presence of the core hole). This effect was
Shellnumber  X-YPar N R treated in the Z+1 approximation (Mansour et al., 1997) and
1 Fe-Al 10 2.547(2.460) found that for the K-edge the contribution of the core hole is
2 Fe-AllFe 10  4.204(4.061) . -
3 Fe-Al 6 4.537(4.375) rather small, while for the Cezledge, the core hole effect is

more important (Soldatov et al., 1993). Since Ce is not in the
tetravalent state in the alloys under study (Mansour et al., 1996),
one does not need to take into account many-body effects like in
the case of tetravalent Ce in GgSoldatov et al., 1994).

In Fig.1, we present a comparison of theoretical XANES

Table 4
Structure parameters for crystalline CgADistances in parentheses
correspond to actual distances reduced by 6%.

Shell number XY Par N R®) spectra calculated using the structure data for thegfedidy as a

1 Ce-Al 16 3.341(3.141) function of cluster size. The calculations were made using atomic
2 Ce-Al 2 3.805(3.577) distances reduced by 3.4% from the actual distances. Clearly, the
3 Ce-Ce 4 4.374(4.112) XANES features are dominated by the contribution from the first

hell of atoms (cluster size of 2.46 A). However, expanding the
luster size to include the second and third shells of atoms is
essential in order to reproduce all of the features observed in the
réxperimental Fe XANES for the amorphous alloys. In Fig. 2, we
resent comparison of experimental Fe K-edge XANES for

Phase shifts were calculated in the framework of the crysta?
muffin-tin (MT) potential scheme with touching MT spheres. The
MT radii and the MT constants were obtained according to a
established procedure of MT potential construction (Della Long

et al., 1995). The MT approximation according to the Mattheis morphous AkFeCe, and theoretical Fe K-edge XANES
prescripti_on with exchange parameter equal to 1.0 was _u_sed wh Siculated for two model alloys “Fedfland “FeAl” (Tables 2
constructing the crystal potential. A_tomlc c_harge densities Werknd 3). The theoretical XANES for both models are qualitatively
obtained with the help of a self-consistent Dirac-Slater method. similar. However, according to the energy position of peak C as
It is _We"_ known (Muller et aI._, 1982) '_[h.at within the dipole well as the double A-A’ structure, the “FegAmodel with atomic
approximation the x-ray absorption coefficiea(g), for the Fe  yigrances reduced by 3.4% gives a better agreement with the
K-edge is given by experimental data. Hence, we conclude that the local structure
2 Fe around the Fe site in a-{Fe&Ce; is closer to the one deduced
a(E) Ulm_(B)l Np (E) @ from crystalline FeAJ with atomic distances reduced by 3.4%. It

Fe . . . . . is to be noted that the Fe-Al distance in gs”é;Ce; is reduced
whereNp (E) is thepartial density of unoccupied Fe states with by 3.9% from that in c-AbFeCe; (Table 1).

p-symmetry andn| (E) is the normalized dipole transition matrix Comparison of experimental Ces-kdge XANES of a-

element given by AlgFe,Ce; and theoretical XANES spectra calculated using
actual atomic distances for crystalline Cefhodel 1, Table 4)
Jar @(r.E) A(r) ¥(n) and those reduced by 6% (model 2, Table 4) are presented in Fig.
m (E) = 7 2) 3. Clearly, the theoretical spectrum of model 2 is in better
[ydr ®3(r,E)] agreement with the experimental spectrum of @F&Ce,. Thus,

we conclude that the local structure of the Ce site in the
where @|(r,E) is a solution of the radial Schrodinger equation atamorphous alloys is better described by the structure parameters
energyE for MT potential ( = 1 for the K-edge)A(r) is the  of crystalline CeA] with atomic distances reduced by 6%.
electron-photon interaction operator, att (r) is the coreK-
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amorphous, glass and liquids

Since the energy dependence of the dipole transition matrix

N element is non-oscillatory in nature in the region above 30 eV
e edge in Al, Fe ,Ce, formodelalloy FeAlg R

from the absorption threshold, one can use the Fe K-edge

XANES of these alloys to study the density of unoccupied Fe

7] states withp-symmetry in the conduction band.
3 shells
1 4. Conclusions
7 2 shells Theoretical analysis of experimental XAFS on the basis of
1

multiple scattering theory has been applied to study the
chell peculiarities of the local atomic and electronic structure of
amorphous AFeCe o4 alloys. Comparison of experimental and
theoretical XANES above the Fe K-edge and the Geddge
enabled us to determine the local structure around the Fe and Ce
sites up to the third shell. Results from analysis of EXAFS
spectra were limited to local structure parameters of the first
shell. It is to be noted that the fine structure of theoFeensity

Figure 1 . - -
Theoretical XANES spectra calculated as a function of cluster size usir]%fr;g?:ﬁf;g'reev;?ﬁﬁcm dtgsealto l\gaztn?hr?ge fhgéﬁg evolves from a

structure data for crystalline FeAlith atomic distances reduced by 3.4%
from the actual distances (Table 3).
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