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Surface extended x-ray-absorption fine structiXAFS) is a very powerful technique for the crystallo-
graphic characterization of adsorbed atoms, layers, and thin films. The linear polarization of the synchrotron
radiation is used to infer direct information about the crystallographic anisotropy of these systems. For the
K absorption edge, the polarization dependence of the EXAFS signal is simple: the contribution of each bond
is weighted by a factor c88, whered is the angle between the direction of the bond and the linear polarization
of the x rays. Fol, ; absorption edges, the polarization dependence is more complicated, since the initial
state can be excited to a final statesobr d symmetry. The angular dependences of these two terms are
strongly different. We show here, with a study on a bulk anisotropic system, cadmium, that the two terms have
to be considered and that neglecting th# s transitions in the analysis of angular-dependent spectra leads to
errors in bond-length determination as high as 0.190163-182696)01928-3

[. INTRODUCTION ing My; and M,; as the radial dipole matrix elements be-
tween the » (I=1) atomic wave function and thel
Up to now, most of the surface extended x-ray-absorptior{l =2) ands (I =0) final states, the EXAFS formula®i&®in
fine structurd EXAFS) studies have been performed measur-the plane wave approximation:
ing x-ray-absorption spectra at tte edge of the adsorbed

element~In this case, the initial state of the photoelectron 7

Bi(k) exp 2’7 exp [2Ri MK)]

is a 1s state and the photoabsorption probability involves )((k)=2i KRE M2+ 2 [Mog?
only states ofp symmetry in the electric dipole approxima- ! 2 T 2o
tion. It has been showhin the single scattering approxima- X[ x1(K) + x2(K) + x3(K)] (1)

tion, that the contribution of each neighbor is then weighted
by a factor co®, whered is the angle between the polariza- with
tion of the x rays and the neighbor direction. B or Lj

edges, in the electric dipole approximation, thp itial i ; .

state is excited to final states of boshand d symmetry, Xl(k):jzl 2 (1+3c086))|M5y*si 2kR + @1 (K) ],

leading to as-d crossed term that is nonzero for anisotropic

absorber§:” The interpretation of the angular dependence of N,

the XAFS spectrum is then more complicated: thetates Xz(k)zz (1—300§0})M01M 2SI 2KR + ¢,(K) ],
j=1

give no orientational dependence haitstates can have a

complex angular dependence. Then, quantitative analysis of

anisotropic systems studied with polarized light will strongly x3(K) = 3 Ni| M| i 2kR + @3(K) 1,

depend on the relative weights of the different transition

probabilities. In this paper, the term “anisotropic” refers to wherek is the photoelectron wave vectd;(k) is the back-

systems where the absorption cross section due to the dipo$eattering amplitude from each of thy neighboring atoms

transition is not isotropic: noncubic single crystals, thin filmsof the ith shell with a Debye-Waller factor of; and at a

or adsorbates. On the contrary, for single crystals with aistanceR; away. 0} is the angle between the polarization

cubic structure, powders, polycrystals, or amorphous solidsyector and thejth neighbor of theith shell. The term

the absorption cross section is isotropic. exp PR/MKIis due to inelastic losses, being the mean free
The theoretical expression of the the EXAFS modulationpath of the photoelectron. The total phase functions are

function, x(k), in the single scattering approximation, at the _

L, 3 edges has been established by Heald and $tefin- @1(k)=28,(k)+ 8'(k),

0163-1829/96/5@1)/28309)/$10.00 54 2830 © 1996 The American Physical Society



54 X-RAY ABSORPTION AT THEL,; EDGE OF AN ... 2831

@2(K) = 8o(K) + 85(K) + 8'(K),

} <0001>

¢3(k)=280(K)+ 8'(K).

8y and 8, are, respectively, the phase shifts due to the central
atom potential for outgoing waves with=0 andl =2 sym-
metries.d' is the backscattering phase shift.

x(k) is the sum of three terms corresponding to the final
state of pured (y1), pures (x3), and coupleds andd
symmetries §,). For convenience we defihé

A (k)= dg(k) = 62(k),
then g,=¢;+A¢ and ¢3=¢,+2A¢, and

Moy
|M21| .

For one shell of neighborsN identical atoms at a dis-
tance ofR) Eq. (1) is rewritten as

Ak 1O
K= — 2 {3(1+3cod6))sin2kR
x(K)=~re 1+%C2;1{2( cog0;)sin

+@1(K) ]+ c(1—3cog6;)sin 2kR+ ¢4 (k)

+Ap(k)]+ 2 c?siM2kR+ ¢, (k) + 2M¢(K) 1}, FIG. 1. First-nearest-neighbors shell of a cadmium atom. Each
atom(grey) has six nearest neighbors at 2.97 A in(@§01) plane
(2)  (white atom$ and six others at 3.254 fblack atoms The polar-
' ; ; ; ; : ization vectore of the x rays forms an angle with theith bond,
V[\)IZE;/Z-CVe(lﬁér Izn(;hr?]e;c::ilre:T)gltlﬁutde?mfsu-nctlOn including and an angler with the (0001 planes of the Cd crystal.
In this EXAFS formula, the three terms do not have the
same amplitude and phase functions and have different an- In order to determine experimentally and A¢ at the
gular dependencesy; varies as }3(;09,’9], x> varies as same time, we need an anisotropic system that has a known
1_3co§gj, and s is not angular dependent. The angular Structure. The anisotropy should concern both bond lengths
dependence of the first term is similar td(aedge one but and coordination numbers. That is the reason Why we have
with a lower selectivity: each bond always contributes to thechosen a single crystal of cadmium, which has an hexagonal
signal even if the polarization direction of the x rays is per-Structure witha=2.97 A andc=5.53 A at 20 K(Fig. 1.
pendicular to it. The third term does not dependégrsince ~ Then, each Cd atom has 12 first nearest neightiohg’s).
it represents the to s transitions. The second term, the Six NN's are located in the same hexagonal pléneplane

crossed one, vanishes in isotropic crystals wHegg)=  NN's) at a distance?, =2.97 A, and six are located out of
1 In anisotropic systems the, term cannot be neglected  this hexagonal plangout-of-plane NN'$ at a distance
priori. Its relative weight will depend on the value of R,=3.254 A.

The ratioc has been calculatdand is found to be ap-
proximately 0.2 for atoms of atomic numb&r-20 and rela-
tively independent ok. Then, in Eq.(2), y; can be ne-
glected with respect toe;. The goal of our study is to The experiments are performed at the Laboratoire pour
determine experimentally the value of and A¢ and to ['Utilisation due Rayonnement Electromagnetiq(8JRE)
evaluate, on a given system, the error done on coordinatioon the surface EXAFS setup installed on the wiggler beam
number and bond lengths determination when the approxiine of Dispositif de Collision dans I'lgloo storage ring, us-
mationc=0 is done. ing a S(111) double crystal monochromator. The single

The first study of anisotropic systems at thg edge has crystal of cadmium is polished and oriented by Laiiffrac-
been published by Heald and Stérfihey have determined tion to obtain a(000J) free surface and then installed in the
the value ofc from the angular dependence of the tungsterultrahigh-vacuum chamber. The surface is cleaned by ionic
L; edge spectrum on WSe The authors compare the bombardment, and no contamination is detected by Auger
EXAFS oscillations for two different incident angles of the spectroscopy. The EXAFS spectra are recorded at the Cd
X rays: 0° and 47°. The anisotropy of the structure is veryL ; edge(3538 eV in the total yield mode. During the mea-
weak and concerns only the number of neighbors. The estsurements the sample is maintained at 20 K in order to re-
mation ¢=0.2 is made assumingAo=0. The other duce the thermal disordéthe Debye temperature of cad-
studie$*? have used this value af to determine unknown mium is 209 K. To study the polarization dependence of the
anisotropic structures and have discussed she=0 ap- EXAFS spectra we vary the incident angleof the x rays
proximation. betweena=0° (polarization of the x rays parallel to the

Il. EXPERIMENTAL PROCEDURE
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FIG. 2. X-ray-absorption raw spectra, recorded atlthbedge of
Cd(000)) (3.538 eV, at 20 K, for different incident angles of the x 0.1
rays.
surface and «=280° (polarization almost perpendicular to
the surface The spectra recorded with=0°, 15°, 30°, 0.0 )
45°, 60°, 70°, and 80° are shown in Fig. 2. One can see the 4
strong anisotropy of the spectra in particular in the energy distance (A)

range from 3575 to 3625 eV. We have checked that this
anisotropy is not affected by the variation of the penetration
depth of the x rays in the sample when the incident angle is . 3. Fourier transforms déx(k) betweenk=1.84 and 6.78
varied: each spectrum can be reconstructed as a linear COTR-1 for EXAFS spectra recorded at 20 K at the edge of
bination of two of them, USing the Simp|e formula eStab-Cd(oooj) for different incident ang|es of the x rays.
lished in the electric dipole approximatfon
_ lIl. POLARIZATION DEPENDENCE OF THE NN SHELL
x(a@)=coFax(0°)+sirfay(90°). _
The problem now is to evaluate from these spectra the
This would not be true if there were any reabsorption effecialue ofc and A¢. First, we assume thac?<1, then we
that would dump the EXAFS oscillations. can rewrite Eq(2) at the first order irc (the 3 term disap-
The Fourier transformgFT's) of the spectrdky(k) be-  pears:
tween 1.84 A and 6.78 A'1] are shown on Fig. 3. We see
the shift of the first peak to higher distances whetis in- Ni(a)
creasing. Whem is small, the dominant term corresponds to ~ x(K,a)=A’(k) R Sin{ 2kRy + ¢1(K) ]
1

the NN situated in the hexagonal planeRat=2.97 A, and

whena is high it corresponds to the NN out of the hexagonal N3 (@) cNH* (a)

planes that are ®,=3.25 A . Due to the smalk range of + gz SIM2kRy+ @1(K) |+ — =—

our data(of about 5 A1), we cannot separate these two 2 1

contributions. They are both mixed in the first peak of the cNE* (@)

FT. To obtain the contribution of the NN shell to the EXAFS X sin 2kRy+ 1 (k) + A@(Kk) ]+ R
2

signal, we have backtransformed this peak using the same
R window (between 1.96 and 3.80)%or all the incident
angles. X sin 2kRy+ @1(K) + A (k) ], 3)
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TABLE I. Values of N7, N3, andN7* (see texx for different incident angles of the x rays.

a(®) 0 15 30 MA 45 60 70 80

N3 7.5 7.2 6.375 6 5.25 4.125 3.53 3.14
N3 4.26 4.61 5.56 6 6.87 8.18 8.87 9.33
NT* -3 —2.39 —-0.75 0 15 3.75 4.94 5.73

N3* 3.49 2.78 0.87 0 —-1.74 —4.36 —5.74 —6.66

where N («) is the effective partial coordination number bers of neighborsN*) have been fixed to their calculated
depending onx [« is the angle between the polarization of values(see Table )l The free parameters are the two dis-
the x-rays incident beam and tt¢@001) free surface of the tancesR; andR, and the associated Debye-Waller factors.
Cd samplé For this Cd single crystal, Two results are shown on Fig. 5 for two incident angles
a=0° and 80°. For the normal incidenca € 0°) spectrum
* _ 1 3 (where we have the higher contribution of the in-plane)NN
Nl(a)_,-,i;manez (1+3c0s¢)= 3 (2+3cosa), we obtainR;=3.00 instead of 2B A , and for the grazing
incidence spectruma=80°) (where we have the higher
contribution of the out-of-plane NNjswe obtainR,=3.36

3 (a)= ZJ | 7 (1+3cog6j) instead of 3.28 A . In Table 11, we give the results of the fits
houtorpane for all the incident angles«): bond lengths appear to be
=3(4—h?)— 2 (2—h?)coda very different depending oa. The bond lengths variation

reaches 0.06 A for the first distance and 0.13 A for the sec-
ond one. This error is very important and shows that the

Hla)= Y (1-3co$6;)=3(2—3cosa), assumption ot=0 for anisotropic systems is not accurate.
j.inplane The quality of the fits is correct. Then, if the structure of the

sample is unknown, angl, and y; are supposed to be neg-

()= > (1-3cof6;)=(h?-2)(6—9coda),

j,out of plane —r—— ——
whereh=R, /R,. 0061 1
We have summarized the valuesif («) in Table | for ) (@)
each experimental incident angle. We note that 0.03f A 1
N** (a) =N3* (a) =0 for the value ofa giving coga=3. It \
is the magic angléMA): for this value ofa (a=35.26°) the 0.00 =

xK) (arb. units)

X2 term vanishes as for an isotropic system and the EXAFS \/
formula looks like theK-edge one. 003l exp i
[ [ FIT

IV. EXPERIMENTAL DETERMINATION OF  A’(k) 0.061 |
AND ¢,(k) FROM THE MA SPECTRUM ’ ; ; , ; ; -

From the magic angle experimental XAFS spectrum, it is
possible to extract the amplitud¥ (k) and the phase func-
tion ¢4. As can be seen on Fig(&, the EXAFS signal is
very small for thek values between 5 and 7 &. This is due
to the destructive interference between the two terms created
by the two NN distance®}; =2.97 andR,=3.254 A , which
gives a beating in thik region. So, we have determined the
amplitude and phase functions in an indirect way. We have
first used the amplitude and phase-shift functions calculated "
by the FEFF codel! We have fitted the experimental MA 13} .
spectrum with these functions. The result is shown on Fig. 0o 1 2 3 4 5 6 7
4(a). It leads to a wrong determination of the distances: K A
R,;=2.89 andR,=3.17 A . This must be due to a slight
inaccuracy of theserr code for the calculation of the phase 15 4. () Fit (dotted line of the experimental first-nearest-
shifts. Then, we have modified the phase function by adjustyeighbors shell contribution to the EXAFS sigriablid line) re-
ing its slope, to obtain the same fitting curve, but with thecgrged at the magic angle on @801. This contribution is ex-
real distances. The obtained phase function is compared {gacted from the total signal by backtransformingispace the first
the FEFF calculation in Fig. 4b). peak of the Fourier transform of the spectrybetweenR=1.96

If the x, and y3; terms are neglected in the general andR=3.80 A). (b) Total phase shift function§) calculated with
EXAFS formula(l), the other spectra have to be fitted usingthe FEFF codésolid line), and (i) modified to obtain the red,
these amplitude and phase functions. For these fits, the nurandR, distances in the fitcrossek

¢4(K) (rad)




2834 P.LE FE/RE, H. MAGNAN, AND D. CHANDESRIS 54

TABLE II. Structural parameters obtained by fitting the experi-
mental first-nearest-neighbors shell contribution to the EXAFS sig-

(a) 1 nal. In these fits, the, and x5 terms are neglected.
= 0.05 - 1 a(°) 0 15 30 MA 45 60 70 80
< N\ 1 R, (A) 3.00 300 297 297 296 295 294 295
o 000 T R, (A) 323 3265 325 325 327 330 332 3.36
£ VA
i:é -0.05 - J N V. DIRECT EVIDENCE OF c#0 AND A¢+#0
To know if the error in the distance determination shown
——t—t—t—t————+— above is due to thg, term or to a bad determination of
R amplitude and phase functions, we have used another analy-
gxp 800 (b) ] sis technique for which the knowledge of backscattering am-
0.05 L fit 80 i plitude and phase shifts is not needéd® The formula of
-~ A . EXAFS [Eq. (3)] can be rewritten as
c I L
a : g (k) ~ ] -
g \/ v VYRS ¥ =" o [P0 sinfarg Bk}
< J %
< -0.05 .

with several approximations: we assume that the Debye-
1 Waller term and the B? terms can be taken out of the sum
N T T (this approximation is accurate [{AR/R;)=(R,—R;) /R;

0 1 2 3 4 5 6 7 is small and that the plane-wave approximati@ame phase
functions for the two shel)sis correct. For the case of cad-

k (A . s
mium, considering formul&3) we have
FIG. 5. Fits (dotted line$ of the experimental first-nearest- _ ' ' ' ' . o
neighbors shell contribution to the EXAFS sigrablid lineg re-  P(k)=N}e/2kRigle14+ N} el 2kRegl#14 cNI* el 2KRigl e1gl 4
corded ata=0° (a) and @=80° (b) on Cd000)). These fits are ) S
done neglecting thg, and y; terms. +CN3* el?kReglerel de,

ligible, the fits will not show evidence of a problem, but the With  the  approximation 4R/R;)<1, we have
structural determination will be incorrect. NT* = —N3*, andN7} +N3 =12 (see Sec. I, then

(N —N?)sin(KAR) — cN** [sinfkKAR— A ) + Sin(KAR+ A @) ]
(NT +N3)cogkAR) +cNi* [coskKAR—A¢) —coskAR+Ag@)])"

arg P(K)]=k(Ry+Ry) + @1 + arctaf(

ard P(k)] is the total phase of the NN EXAFS signal. Due beafing node is at 5.80 A for a=30°, 5.21 A"t for

to the interference between the different shells, kinks occuf=45°, and 4.86 A for @=60°. For the other angles the

in ard P(k)] when the denominator of the function in arctan position of the beating is more difficult to determine because

is equal to zero. The corresponding valuekofk,, is the ?lil’Erlll(\el*s)n:‘glrliiotr)r?Tp%mgl(\:/grﬁiir:)nbifdtﬁz :)Oost,ir';i%nve:)lrfr?ec}f

A ) YING )

position of the beating. That occurs when beating witha is coherent with the results of the above fit of

N* 4 N 5 the NN shell: we found that assumimg=0 was leading to
12 . (4 2 AR value increasing witha (see Table I. Consider-
2N3* ~ 3cosa—2 ing formula(4), the position of the beating in the MA spectra

- _ (kp=5.59 A1) leads to the expected value &#R=0.28 A.

If ¢=0 or Ap=0, the condition of the beating should be ysing formula(4), we estimate the value a@fsinA¢, which

cosf,AR)=0. Therefore, if the position of the beating is de- induces the measured shift with of the beating position.

pending ona;, it is a proof thatc=0 andA ¢=0. We obtaincsinAg=—0.4+0.1. Knowing that|sinA¢|<1,

In practice, the kink position is located by taking the de-we can say that=0.4. It is a value two times larger than the
rivative of the NN shell phase with respect ko Figure 6 one calculated by Teo and Leer experimentally deter-
shows the results for the derivative of the phase as functiomined on a weakly anisotropic systém.
of k for different values ofx. One can see that the position  The accuracy of the approximations used for the beating
of the maximum of the derivative is depending enthe  analysis is tested on theoretical spectra calculategeby!

csinAptank,LAR) = —
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FIG. 7. x5(k) term extracted from the experimental spectra re-
corded ata=0° (solid-line), «a=60° (dashed ling and «=80°
(open circles

phase derivative (arb. units)

x1(K) is calculated with the functiond’(k) and ¢4(k)
. L , extracted from the MA spectrum. If the above formula is
4 5 6 correcty,(k) should be independent an So, it is extracted
k (A7) from the experimental data for each angle, using fornibila
The results are shown in Fig. 7. We find similar curves: they

FIG. 6. Derivative of the phase of the experimental first-nearest@’® in phase except at low and the amplitude is slightly
neighbors shell contribution to the EXAFS signal recorded for dif-dependent on the incident angle. Considering the values of
ferent incident angles of the x rays. Ni* (see Table) the best determination of; is made at

) ) ) 80°. Then, to test the validity of thg, determination, we
FEFF calculates single and multiple-scattering curved wavé,aye compared for each angle the experimental spectra with
EXAFS sp(_actra assuming= 0. We have simulated cadmium he sum ofy,(K) (calculated with the MA parametérand
L; absorption spectra with=0°, 15°, 45°, 60°, 70°, and , (k) (determined at 80°). On Fig. 8, we have plotted the
80°. The spectra have been analyzed in the same manner @nerimental  spectra, they,; term and the sum
the experimental ones and we have determined the pOSitiOJ?lJrN’l‘* Xb. We see that, for all cases, the introduction of
of the begtmg node bY .Iookmg atthe de”"?‘“"e of the IOhasethe X2 term improves considerably the simulation: we obtain
The beating node positions are not depending orthegle. patrer agreement between experiment and simulations both
Using formula(4), we obtain —0.09<csinA¢=<0.06. SO, {5 amplitude and phase. We see that if at 30° the effect of
this anglysls Is self-consistent, . . . .. the y, term is small(near the magic angle, the correction is

Qualitatively, the above beating analysis provides us W'thsmall) this effect is large for the other angles. That explains

the following r_esults: they, term cannot be neglected gnd the big errors which are made by neglecting fheterm in
the value ofc is at least about 0.4. Due to the approxima- ihq fits

tions we used, the above determination is rough and qualita- We can now estimate the and A ¢ values. We can ex-

tive. In the next section, we proposed a quantitative determ'fract them from thex, spectra. The expression g, is
nation of they, term.

VI. ESTIMATION OF THE TERM ' , 1
X2 X5=CA (K)| ( aSIn(2kRy + @1+ A )
Let us try now to evaluate more precisely thgterm. At L
the first order inc, we can rewrite Eq(3): h2-2

— ——SiN(2kRy+ @1+ A )
x(K)= x1(K) + x2(K) = x1(k) + NT* x5(K).

KR2

Then If we compare this function with
X5(k)= —X(k)N;fl(k) (5) - s
and, from formula(3), x=A(k) k_Rism(ZkleL 1)~ k—R§S|n(2kR2+ U
Xa(K)=cA’ (k) kiR%Sin(ZkRﬁ(PﬁAcp) we can determine and A ¢:
h?—2 ~ ampxy)

- SiN(2kR,+ ¢+ A o) |. c= —~ and A¢=phas¢y,) —phaséyx;).
KR N(2kRy+ @1 +Ap) pr—— ¢=phaseéy,) —phase¢y;)
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2 FIG. 8. Comparison between the experimental
S first-nearest-neighbors shell contribution to the
g 000t EXAFS signal (solid line), x,(k) calculation
8 (dashed ling and y;(k)+ x»(k) calculation
< (open circleg for different incident angles of the
R oo0sh | xrays.
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0.00F
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k(A™)

These functions are plotted in Fig. 9. They are compared
to the calculation of Teo and L2gFigs. 9a) and 9b)]. The
value of A¢ is about —(7/2), as was predicted by the
theory, but the amplitude ratio is much higher than the pre-

' ' ' ' ' ' dicted one. The value of thg, amplitude is particularly
O o000 exp important in ak window between 3 and 5 Al In this re-
—H— Teolee gion, the value ot is between 0.4 and 0.75. This result is in
= agreement with our previous determination using the posi-
g tion of the beating node, but it is different from the theoreti-
g cal calculatol and the previous experimental
determinatior?, which gavec=0.2. This discrepancy is more
important than the error bar of our experimental determina-
T tion.
1 1 1 1 1 " 1
o 1 2 3 4 5 6 0.010 S T
C FACTOR I :fl I t (b)l ——with 5,
) T e I 0000 AMp(y',) o without 4
c Teo Lee —_ 0.005 1 ]
S %)
AL A
2 ; 0.000 )
- Ke)
: RTRTE
2 =
= 4
= =-0.005} .
£ =
<
_0010 [l L ! ) 1 1
0 1 3 4 6 0 1 2 3 4 5 6 7
k(A" k (A7)

FIG. 9. (8) Ag, (b) amplitude of they;(k) term and value of
¢ determined from the experimental spedtopen circley and cal-
culated by Teo and Lédclosed squarés

FIG. 10. Calculation of theys(k) term (i) taking into account
the x3(k) term(solid line), and(ii) without taking into account the
x3(K) term (open circles



54 X-RAY ABSORPTION AT THEL,; EDGE OF AN ... 2837
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VII. THE x3; TERM EFFECT system yields to an error in the bond length determination of

0.01 A, and less than 10% for the number of neighbors.

welfh;\TeOdSo,n;ing C?QZZ?;J?ST:{ ;kéihigfeﬂr\j\;eaﬁg:/?gzgn The new amplitude and phase functions are used to cal-
e 2 ) culate a newy; and a new

the consistency of our study. The knowledgecoénd A ¢
allows us to calculate the termg; and to introduce it in
formula (3): x2(k)=

X(K) = x1(K) — x3(k)
Np* '

1 ! 6 H 6 H

Xs= 7 C°A (k)(k_wis'r‘(Zle_"‘Pl"'ZA‘PH ﬁgs'n(ZkRZ This function is plotted with the old one in Fig. 10. The
difference is very small and leads to the same value afid
Ag. At last, we compare the experimental spectra with the
sum: x1+ x2+ x3 (Fig. 11). The agreement is as good as the
previous one. Then we conclude that tihe term can be

We have obtained a value d&f¢ around—(=/2). Then neglected in the evaluation of the relative importance of the
the x5 term is approximately in phase opposition with the x, and y; terms. The rough evaluation gf, done with the
x1 term. Its effect is to apparently reduce the number ofangular dependence of the position of the beating node was
neighbors N*) by a value of 0.75takingc=0.5), not de- not so bad: it gavecsinAg~—0.4. We finally obtain
pending on the value af. Therefore, it induces an increase sinA¢~—1 andc~0.5. So, the test of the beating position is
of the relative weight of the neighbors that give the predomi-a good one to estimate j§, has to be considered and to
nant contribution to the signgin-plane NN fora=0°, out-  determine which is its relative weight.
of-plane NN fora=80°) by about 4%. We can say that the

effect should be small.
) VIIl. CONCLUSION
To check that, we have calculateg usingc and A¢
determined with the assumption thais small. Thisy; term In this study, we have evaluated the importance ofgghe

is subtracted from the experimental MA spectrum. We makeand s transitions for thel;-edge absorption spectrum in an
then a new fit of the resulting spectrum as in Sec. IV. Theanisotropic system. We have shown that the crossed term
new amplitude and phase functions are very similar to thehat coupled final states af and d symmetries cannot be
previous ones. This result validates the approximation madeeglected: it represents an important contribution to the mea-
on isotropic systems: neglecting in a situation wherey, is  sured signal. Since this term has an angular dependence dif-
zero (isotropic systems or magic angle for an anisotropicferent from the main one, neglecting it leads, in our case, to
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errors in bond-length determination as high as 0.1 A. As a conclusion, if one wants to use surface EXAFS at the
In cadmium, the effect of this crossed tergs,, is impor- L, zedges to extract structural parameters, one has to be very

tant because the structure is strongly anisotropic: for exeareful with the angular dependence of the signal. It is not

ample, at 80° I7* /N7)=1.82 and N7*/N3)=0.62. The possible to extract at the same time structural parameters and

study of this kind of structure &t , 3 absorption edges is the relative weight of the different transition channplgo

important for surface science: surfaces and thin films are alsg andp to d. For the near future, an accurate calculation of

very anisotropic systems and one can expect here also a highese two terms is hopefully expected.

contribution of they, term. The tests done on quite isotropic

systems are less meaningful, since the main correcting term

is a priori small. Moreover, we have obtained a very good ACKNOWLEDGMENTS
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