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An i so t TO p i r EXAFS i n CeS
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Abst r act

Polar ized X-rays of the Deu t sches E lek t ronen-Synchro t ron have bce.n

used to mrasure the an iso t rop ic absorpt ion n l a Ge.S single crystal

at the Ge K-<>rige. The o r i cn t st ion d e p e n d e n t r a d i a l s t r u c t u r e

func t ions w h i < - h have becn r a l c u L a t e d frotn the exiende ' l X-ray

absorp t ion fi ne - s t ruc tu re (EXAFS) are us^d ro c v a l u a i e ehe three-

dimt'nsional arranf;eme.nt ot rhc atouis in rhe crysial . An exi-ellenf

agreenient of thcse results w i t h X-ray d i f f r a c t ion da ta is observi'd.

The i n v e s t i f t a r i o n ot tht ; oxtendcd X-ray a b s o r p c i o n f ine-sc ruc ture

i s d e v e l l o p i n g to a S tandard r o u t i n e for the i'valu;ir ion nf local

g f o m c L r i r a l s t ruc tu res (Srern I ^ i J A , L y t l e e t a l 197S, Stern et al

1975, H ä r t e n s et al 1978, Rabe 1978) - EXAFS is causcd hy a äuper-

p o s i t i o n of Lhe outgoing photoelectron wave with par ts of L L

back scat t ere.d elas t ically f rom the atoms surrounding the absorbing

atoraa. Re l a t i ve t o the. polar izat ion vector of the X-rays the

e le i - t rons are emi t ted t'rom the central atom i n t o prefcr red diret:tions

whieh depend on the final stare syrametry. For polycrjstall im? or

amorpiious samples tbis angular dependence averages out. In this

case only i sotropi t: radial s t ruc tu re func t ions can be s tudied.

In anisotropic Kamp l es sm-.h äs single crystals wi th lower than

cubic symmetry thi? f o n L r i b u i _ i o n s to EXAFS f r o m d i f fe ren t atoms

depend on rh? o r i en ta t ion of Lhe sample relative to the electric

vector of the X-rays. ThereEore. the p rob ing of bond lengths,

coordinat ion numbers, Dcbyc-Wal 1cr-Factors, and the type of sca t te r ing

atoTns in «e l e<- Led directions in the crystal beconies f easible.

Only fcw cxamples are known in which one has taken advantage of

L h i s e f f e c t for s t ruc tura l analysis (Heald and Stern 1 9 7 7 , Heald

and S t e r n 1978, Brown et al 1 9 7 7 ) .

For s t r u e t u r a l investigarions u t i l i z ing the anisotropy t;f the EXAFS

an int( 'n ; ; i> l i g h t source w i t h a high degree of po la r i za t ion is f avourab le .

S ince h igh energy t - t e c L r o n acne l e r aLor s are available äs light sourccs

in the X-ray rcgi nn many i 'xprr imenta l d i f f i c u l t i e s due to low inten-

s i t i e s of thc> brems s c r a h J ung o f i-.onvent ional X-ray tubes have be.en



overcome. . Moreover t he synchrti tron r ad i a t i on i s uel l known r o be

l inearly polar ized in t h. t; plane u l t ho el cc t ron orbi t . Tiierefore

electron-sym-hrotrons and stor;ige. r ings are ideal sources for pola-

r iza t ion dependenr Experiments in t'nc X-ray region.

In ihis pape.r we r e p u r t the a n a l y s i s of tiie an i so t rop i c absorption in

a GeS single c rys ta l whl ch forrcs a lavcred st r u c r u r c wi r h ( i r r h o r h o m b i r

un i t cell (Wyckofi 1968, B i s se r t and Hesse 197S) w i c h a = 4 . ? 4 7 S,

b = 10.470 A, c = 3 . M l A. Tliis c rys ta l e a s i l y cleaves in the

a-c-plane. W i t h rhe po la r iea t ion vecror t in the a-c-plane an

angular dependence of the EXAFS 1s expected V>y r o r a t i n g th<- c rys ta l

around the b-axis, whic l i is kepc p a r a l l e l ro the X-ray beam.

In this conf igurar ion the angular dependence cai; be irit-a^ured wi thou t

Var ia t ion of tht e f f e c t i u e sample th ickness . S u c h a V a r i a t i o n would

pretend a polarizat ion dependence of the EXAFS ar.pl i t udes which

I K a c t u a l l y only a f u n c t i o n of the e f f e c t i v f sample t h i cknes s duu tu

higher Bragg Orders, scat ter ing background or sar.ple in'nomogonc'i ty

(Rabe et al 1979;i) .

In Llie nuxt s ü c t i c m wc b r i o f l y describe our experimental s e tup .

In the f o l l o w i n g sec t ion t.lie techniques t o evalua tc t h e throo-

dimensional arrangement o L L h c a toms i n the crys t a] aro d i K C iisse

i n de t a i l . F i n a l l y w^ compare our resu i t s with published X-ray

di f f r a c l i o n data.

The ab sor priori spri- 1 r;, l i avo bef- ; i r jeasureu a t the D e u t s c h e s E l ektroT-.en-

5 y i v h r n r r o n ( . i rüY) i n ll;:mhi]T ;;. Duo r o rhe f i n i t e sourre a-id ex i t K l i L

s i 7.'- ; h i > dt '^r i 'e of pol a r iza t i n u o t tht- Synchro t ron radia t ion amounts

ro .-n l o a s i 9 1 ^ . l'h i s va lue is f n r r h p r inc reaaed by the c r y s i a l

r iö i ' i i r r - . r ^nv ' roT . Tn nu r e x p e r i m e E i r ue used a c l i anne l -cur Si (220 ) -crystal

w i t h '.'.A - ^.8-J X. Thc t wn Br;ig^ rt i l et- 1 ions at ttu' c r y s t a l s labs

load r o a t mal ca l c u l a t e d p o l a r i za l i 0:1 of 94" ac i'ne sampl e. In thf

f o l l o w i n g , di srussi nn wi j slial l r i eg le i : t the saall compon^nt w i t h tb f

f l i ' - c r r ic vo.ctor p<" rp i - i id i c u l a r l o l he h o r i z o n t a l p l a n < j . The nonocliro-

ma t i c rar) i a r t o n i. 'i ~un i I ored w i t h r wo argon fi l l i jd ir,ni ?.a t ion chambrrs .

D e t a i l s ah, n i r t h e expet inie- :a l ,s.-'tup are s u b j r c t of a ro r rbcomi ng

p.-iper (R. - ih i - 1-1 a l I 9 7 9 a ) -

A scveral /iio r h i c k snnipl i 1 was d r a w i i Im:-1 a b u l k GeS s i n g l e < n r > ' S t a l

by n d h c K i ' v f t a p t > . l l was o r i e n t e d a f f e r a L a u f p a r r e r n u s i n g s

ron von r ion;) l X-r . - iy l u t i e The b-axis was a l igned para l l P! r o t h,-1

d l ! • ( •£ ' r i on o i t "r.c X - r :3 y beara. Thf a ~ a x i s ha s been rhoson r o bc

p ; i r , - j l u - l and p e r p ^ n d i c u l a r to rh t - e l e c t r i c u e c t o r . Tne u n c c r r a i^ ty

t' o r t hi - a l i g n m e n t amouiiLs Lo 3 for all axes. To reduct1- i n L l u e n c e s

of therFial v i b ra t ions nf the aLunis on the ampl i tudes O i the

t he Kamp l e was cuo led l o l i q u i d ui t rogen temperature .



3^ __ Resalts_and_dj.sci3Hsion

The absorption spec r rnm f ü r -- ü a in r he ränge of die Ge K-edgc is

shown in Fig. 1. Thi> b t r u c t n r o r igln ac the edgc d t i e s not sliow

any anisot ropy, This whi te l i n e w h i c h probably is cau-si-d hy clensity

01 states e f f e c r s i s omi t t ed in thr- t n l l o w i n g da ta analysis.

I n c l n d i n g the Polar isa t ion dopendence the f i n e - s t ru t : Eure which

extcnds to ahoui 1.000 rV bcyond the edge can bc d e s c r i b e d by

(1)
i

wherc riu- sum runs ovi-r all scarten 'ng at t ims su r round ing rl:c .-ibsorbiug

Cc aComs. Tnc wauenucrb f r '< öl ehe electron wavc is c a l c u l a t e d £rom

the photon energy li-/ and sonn- r e l e r t r i c e energy E t h r o u g h

Ttie p e r i o d i c i r y of thf EXAFS o s c i l l a r i o n s is de t e rDin^d by L

bond lengths R. b f i w * = e r i a b n o r h i n g and s c a t t c r i n g atonts and r

phast' ^ . ( k ) the k depeuct-nce of u h i c h is char,-ict e r i s r i c fn r

atoiii p a i r ,

Tlui k depenccnt ie of A . (k) is m r i L r i L y d f t c r m i n e d by r h f b a c k s c a t r r r i ng

;mp1 i tudc f . ( i , k ) | which in i -oTUras t L u Ü . ( k ) is B proper ty of t ir

•d to i d e n t i f y ehe s ca t t e r ing a ihal l

nd t h f i r e q u i l i b r i u m pn

d by a Debye-Waller

see l a t e r . An addi r ional k -dependence in A . (k) i s caused by the.

rf is rr i b u t i o n of t'-ir a r : > m s around tht- ir e q u i l i b r i u m pns i t ions dui-

Thi s di s i i rder is

qnarc r e l a t ive d isplar.emi jn ts 3 . " . Tluj secotid

rrnt i;j l c .onsider ? t he damping of the e lcc t ron wave by ine las tic

sca t t e r ing proceH.ses through a mean f ree path .;..

T t i i s rmn d i s c r i b e s the Orients t i n n of t ho c ry s t a l ( i < . i s the uni t

vec tor , po in t i n« f rom the absorbing atorn to the sca t te re r l r e l a t i v e

to thi? e l e r t r i c v c c t t i r - . For Isotropie saraples nr saraples with cubic

synmetrv P. nan be replaced bv the number of at.oins K. al_ the distan.cej , 1 e ^

R. and t 'ie sum i r ^ equ. i runs over all coord ina t ion sphe.res surrounding

the absorbing ; i t t nn .

Fnim the absorp t ion spectra the f ine-structures k - >; (k) have been

extrac t ed by a proccdure de.sc.r ibcd in detail elsewhere (Martens et al

1978, Rabe 1 9 7 8 ) . The resul t i ng EXAFS spectra for e li a and t (/ c

are shown in F ig . 2. In these spectra the stat is t ical noise has

b?en e l iminated by a Fouri er f i l ter ing. This technique consiyt B of

a Fourier t räns t" ornat iori u T x (k) to real space and a subsequent

inverse Trans fo rma t ion to k-spat-1- . -ä f tc r t runca t ing Lhe Fourier

t r ans f o r m F ( r ) a r r = h A. This mc-ans t ha L the high frequen::y c.ünponents

in k-space which show up at large r valnes in real space b.-ivi1 bei:ti

rciTKived f ron the exper i mental spectra.



The tvro k ' ^ ( k ) spectra show s i g n i l i c a n t d i f f e r e n c e in the w l r > l e k r a n ^ e

In thc casr of ' ',• 3 xv obscrve a niore rapid dumpi r . g nf r l i . ' EX/ iFS a i

h igh k Vtnluos oompared ro r he • l r spei-1 r um. Tl i i s i H r h t-- f i rs t r nid t'

h i n t ahont re lat ive c o n t r i h u t iuns frora d i f f e r e n f s c a t r e r i n g a toms

As wc s ha 11 sep later r: he Ge s t: n 11 erlog a toms l r ad t o the domina- i r

c o n t r i b i i t i o n ro > ( k ) a r large k v a l u r s

A quantitative analysLs ;»f these spectra is pos s ib l e in

real space. In Fig. 3a and 3b we show tlie majjTM tude.s o t t ae F c u r i o r

transforms | F ( r ) , , i .e. tbe d i rec t ion dependent radia l striir.ture.

f imc t ions . These . F ( r ) , have been ca lcu laLed by w e i g h t i n g k . ( k l

w i t h a Gaus s i an wipdow f u n c t i o n which reachos 1 / l ü < s l ~ i t s i;iaxinuim

value at the boundaries u! tlie t r a n s f o r m e d k rangt- ( l . 7A s k ^ ! 2?, ).

Thc c f f r c t of this window is a s i gm f u-.ant rcduct ion oi t r n n c a t i o n

ef l 'ec ls in F ( r ) . A s l ight broadeiiing of i h e s L r n c - t u r t i s i n real spart '

caused by thc c > f t c c r i v t l y reductv] k-range lias b t> t :n t c l c r a t c d .

I n hoch cases a s i m i l a r poak shows up at 2A. Thü ainpl i t udc of t h i - i

peak inc.rpasrs by 20X in going irom a tö >' c. At largcr distancc

the sLrui - . tur^s d i f f e r s ign i f i canc ly . Thä pcaks in F ( r ) . do noL

appear a t thp p o s i L i o n s cxpcc ted from the g e o m e i r i c a l s i r u c t u r e s .

They are ü h i f t c d hy th;1 ^-dependent p a r t s of thc K c a t t i ' H n g phast1 ( j ) . ( k )

to sm-iller va luc s compared to clie true d i s t anccs . Thiy sh i f t is

charactcr is t ic for thp ahsurber and sca t te re r pair . 1t r.m be

evaluated from EXAFS s p e c t r a nf re ference samples w i t h k n o w n

interatciraic d i s t anc -e äs H ha 11 be discussed l a te r .

Front thesp radial s t ruc tu re J u n c t i n n s we t! a n d i rec t ly get sume infor -

mations abonL the rhree-dirapnsional arrangement of the atoms ia the

Tae d i j l ] n [ l i i i n ot the angles • and i i.s s t iown in Fig. 4 whrn; the

a h s o r h i n f , a t u m is Usc.aLed al A, i.lu- st:at L i ^ r i n ^ a to- a t B. Tlie angle

;H' l.v'i.'1'n ii-ax i s and p;i] , ir i /a l L;.M: v e t i L o r i s tleno ted by C . From the

r . j t i t i o t t ho a m p l i t u d e s of l.hc f i r s l peak we o b t a i n a va lue o£

u - 47 +_ } ' , Tiiu ser.ond peak a L 2 . 8 A in f ' ( r ) for • a is recuced

by about a f a c t o r of 3 in going to c fror; w h i r h we ua i t i u l a t e

• i - 31)' •* ^ . From th(! (-31-1 t na l a l r ^ u s t . nu K o n t r i b u t i o n to , F ( r )

for r a is observed at 3 . 3 A u t- v o n c l u d f t ha t tht- pro;:! i n ein t s t ructurr -

at this d is tance in t h c case £ • c i s caused hy s ^ a t t e r i n g atoms with

. = 90' •*• ;il . Thc r ei n t i u r l y l arge errors in the last t wo cases had.

to be in t rodaced n e i ' a u s e c o n t r i b u t i o n s i r o m s t r o n g neighbouring peaks

my inf l u r ü c f i L n - .'tmpl i r not- of thc c c n t ral peak . W t1 have summarized

t h f - s c v a l u c s in r a h l r ] . A cempar ison w i L l i anglcs Jer ivcd f r n:?. X-ray

d i f f r a c t i o n d a t a ( B i s s i - r t a-d Hesse 1978} hhows the exce lUnc

a g r r c m p n t wi r t i nu r resul t 11 should bc n o t ed t ha t these ang le«

a r P not u n i q m ' l y d e f i n e d i rom our exper i n s o n t . As we raeasurcd . ( k )

c j n l y for t h e twd va lues ü = ü and ; = 90 we cancot de t e r i n ine thc.

s i g n of i. Furthermore inspecting eq. 5, t l i e anales . and . * l SO

are equ iva l en t and t l ierefore lead to the saiae F.XAFS in general.

Ni> i n fo n na t i ons can be extracted frora our data ahoul . tlie anglr 7.

In p r i n c i p l e th is would be possible frora an experiment where the

sample has been rotated around the ve r t i ca l axis.



An I d e n t i f i c a t i o n o£ the type of scat tering atom is possible through

the shape of t he ampl i fude-funct io: i A(k) (Rabe et al I 9 7 9 o ) . Apart

frora l he moiiotonous Üebye-Waller factor the k-d,>pondencnc t i f A ( k ) is

dc temined by t In; h a c k s c a L L c r i n g ampli tude j f ( l l , k) . T:ic a-ipli tude

func t i 011 of tlie f i r s L i so la t cd scat tering shell ca lcula ted from the

i n v i > r s e i'ouri er r r.-ins Tonn car r ied out over the ränge äs indicated

hy ;i bar in Fig. 3h is sho<«n In F i g . 5. It has thc t y p i c a l :;h,ipe

o l" a l ight e leme-n t . Tho A (k) nf Go c a l c u l a t e d in the sami? way from

thc F.XAFS of pure c rys t a l l i ne Ge is i u c l u d e d in F i g . 5. Uhereas

A „ ( k ) s h oiv s large anpl i tudes at smal l k -va lue and decreases

mono t o n u u s l y tu higher k-va lues , A, (k) ha H a maxir.um :il k - SA

These cii f f erencos can hc- usod for an i d e n t i f i c a t i o n of thc s c a t t e r i n «

atoms ar largcr d i K t a n c c s from t'ne ahsorb i n.^ a tom. A r r d u r t i o n of

rhe transformarion ränge t rnm 1 . 7 A t: k £ ! '-^ to SA i. k s l .'X

s i iou ld lead to a s igni f i u a n t r c d u c t i o r , of y t r u c t u r c ^ in , F ( r )

a t t r l b u r e d to S-scat tc-r in^ a t uns wh^rca j p o a k s a 11 r ihu tcd t o Gn shc l 1;;

=; l ' 'OLila hi1 , - i imost i iri 'n. ' iTi^i 'd. Tlic r c s u l t s of t h i s F m i r i t i r t r ; m s f r r m

arc a l i n w n i n F i g . 3c .'ind 3d. The ; F ( r ) fror, F i < > . 3;i ;ind 3h h:ivi'

. leen i r . r l u d e d for conpar i son . Tue ampl i tudc-s of thc f i r s t tun s t r u c t u r c -

in F( r) f or ! / ; a n rv rt^riuc.cri s i s$n i f i t: an l L v äs expiec ted for S-sca tLer i :

,-i turn1; . Ün t l i r - o r : u > r !i;ind thc ampl i i ude and Llit- shapo öl ihe pc;ik

aroui id 3. l?A is : . lno=i[ uinjl:,in. ' .i-d. l l i f - ro io t e t h i s s t r u c t u r e n.i? ro hc

a t t r i b u i v ü to Ci> Hi- ; i t l i ' r e r -,. T!ic a«yrnecry p o i n t ä t n t'.ie ;'.ict t'.iat

r.ioro I r a n one ' ihell of Gc ator.s yio1 d comparabli. ' cou t r i > a t :ona

tr") t:i i S ~ I ruc tn rc .

A ^i:: ; i[ar c f i e c r i-i tiu- r ia^ni tu r le . i 1 t h s - . -ourirT ! r , - - i . - r i ! ] •::!.•.

, ' xp .Ti i -d f r nn :i d i : " l c r e T i l v;e i i; i L '.r.?. "; "'ic l i nr-:; t r n r d:n> . . ( k ) .

The r , i c i 3 j s t r u i - L u r « nr.icrior.P in 7i( ; . ";;)-d . l i i v i - bv i - r n h r a l n c d

3
from a F o n r i c r t rans lcrra ot k n ( k ) . A K o u r i i ' C t r a n s i u r i n over k ^ f k )

in i :ie ränge l . 7rt • k 1 2 A (same äs for Fig. 3a and üb) cnpha?i Z<-B

rhe ampl i tude f u n c t i o n A ( k ) a t large k-values, i . e . favoura thc

c o n r r i b u t i o n from Ge atoms. Fig. 3e and 3l show tne resu l t .

As expecred rhe Ge a t t r i b u t e d s t ruc tures have increaspd conpared

to rhe S peaks.

To expla i n the d i f f er e vice s in the rad ia l s [.ruc t u r e lum" ( ions we have

111:1 de a j ^ r a p n i f curapar L S O I I o! nur exprr;mcTit ; i l ' F ( r ) ui th thc crysta]

H t r u c l u r e d a l a ,1; Ge.S d e r i v p d l rora K- r ay d i i t r;jc t ion '.'xpor i m t ' n l s

( R i s K c r r ;ind I I c K ^ e l 478) . The bond l e r g L l i s R . bc twccn absorb ;^g and

L i i ' . ' i l Le r j rg ütonis, L h e angles ; aad •, ( eg . ;), .und thc co^rd i n;i ti or

QUTübprs n , , i . e . the -niniber o t .^loms w i t h t hu K a m t - va \>L:-:; cos "u, ros"-.
i

and K . are l i s ted in r a j l e l . 'l'hf- <J i f leren L sc: a L Lei1 i-g s he l i s tiavi:

i ieer syuibo l ized by wer r i cal sol id (ü s c a i t e r i n g a t ums ; and i i a L i l n ' i :

(Ge s c a r r e r i n g a r o m s l h a r ? i.; Fi". 3

I-"or t'i i K comp,'] r i son rh«n peak p o s i r i o n (re:;ri j.-ien[ ed ::y thc p o s i t i c n

of r l i p " j ^ r s l and the p^ak a m p l i t i j d f - s ( r e p r e s e n L c d ii; L - I C l engt..-];, of

thr n n r r , ) •:: F ( r ) hsd tn in: , - a l cu la t ed . Tue d i l l e r f cnce I m L w y e n

Ll; i j po-, 11 i ; > n i: t l In; : i r.st pcak i n , F ( r ) | fnr c and t'r.e hondlength

'i. - - ' .i-A of r • : ; - < ^ n f ' " v i d d s tne s ' n i f t of O . i i A l ' i i r a l l bars

rcp rc t i i ' n t L 'ly. t nc S ;;ror,s T'iic t i h i t ' t 111" tne ha r s a 11 r i b i i ' o d '.o Ge

a ' OQI-; ( l ) 5t!A) h 3 s - I O C - 1 1 t ak t " i rom a r a d i a l •; l nie L u r e ! !inc t i or of

•.T1 '.! a l '. i -v Ge ( K a b e f ! .il l '.'/''c ) c a l c u l a L u t l l rom a Tour i er t ransforc

c i" i h n Ge K-äh.H i I L\ >ver the sar.e k-rari j ;-o ds in i!ie j a se of GeS.

An •••scL-1 !<.j,-.r a^r.-i--....-n r i* j rwcen l he peak pos i. l ior ia in P (r) and

p o s i r i m s i - a l c n l j r f d i roi« r i i - r eoea t X-ray d i f f r a r t i o n r i " ;u i t s i s



„.
(6)

The wt" L ght i nf, f ä f . t o r E. r ons i dt1 r:, t ha i n f l n t -n i - i - o: d i£ f t ' r encos

in ] f . { H , k ) ' f o r I he ili f : e r e n l a tonn r spi-f: i es, S and GP, on t ho

arap l i rudes of peaks in F ( r ) ' in d e i s i l r he va lues für f h t 1 r .

lated from ' F ( r ) : uf o rys ta l l ine Ge w h i c h was o b u i i i i e d frorn .1

Fourier t r ans fo rm of ehe EXAFS over L hü s; mit- s p i ' c t r a l rangos u s i n c ,

t hp sarae r r a n s f o r m a r i o n W i n d o w s s s usct i i n Ll :e cas f of GeS

E has been t a k p n f ron rht- f i r s i s t r u r t u r c öl" , F ( r ) i - f Gi-S for

f - The aciual l ie ight of t he peaks In F ( r ) | ' ' ilm' d^peims on

tlu" Dt?bye-Waller fac tors ( c f . eq. 3) w h i c h Jirt1 u n k n u w ; i Tor ehe

?
i - 2 neighbours. Tb er e for t dif ferences in t'ne . • . ~ liavt- not been

taken inco account in the E - . ü) For A/.'i valur of hA !ias been usod.i

i i i ) (R ' ) has been ualculated from eq. 5 u s i n g t h t- j i n g l i ' B • and

lisUüd in table 1 . DependJ.ng un ehe d i r e c c i o n of t h o p u l a r i z d t i o t i

vecLor belween seven (• c) and eleven (-. ,.' a) Shel ls o i" atoms in t sie

spac ia l ränge 0 )• - :iA y ie ld cont r ibut icns tu ehe EXAb'S. Arcord ing

to rh i s compl icaced s t r d c C u r e on ly the nearos t n o i g h b u u r s are resolvec

completely. N c v t i r t i i t ' l e K S tho o v o r a l l agreera^rU of Line peak l i o . i g h L a

between the e x p e r i m t - n t a ] F ( r ) and t h o c a l r v i l n i <-<! radial s t r u c t u r e

i s q u i r e s a t i s f a c r c i r y .

For thi1 si'cond S shell at r = 2 . 7 A the a rap l i t ude seetns ro be

overc'Stirnatpd by tln1 c a l c u l a r i n n , This fai ' t i.s p r o b a b l y due

" is- r-n r h c '• < > r r > ' l a T i , - n n [ i h e a r D

- i n t i r . i d i a l d i ^ r a ' i " i = r^u l 11':;' .'' d i : l : - r i : n t j " :> i r d i f f ^ r m r i

l ' i i - i i . 1 - i l P l j r - n a n 1 ^ 7 ^ , hn 'nm.- r a r r i R a h e ISi? 1 - 1 ) t spi-cial l y i n s i r n n g

i ' i i v . , l ei " . ' i ' iniN r l i r nc.-jf ' j-.r n ^ i g h h o u r mnt i ons ar^ k:iown t n he h i f : \ l y

L ' i i r r i - t . ' i t i - d 2 ' i < ! l a r j ^ 1 d L i t . - r f r n - i - s an- t - s p i - c t

next n.'.Ti-os'.. u,.-i filibüiirs {Kdhe t-r a l l1*?1)!-)

. u i p i i t u d e ! ( ' , k ) :»r S ( V i l u i i l a L c d by Ti-u and Lee ( ! 9 7 ' - l ) w^ have

d i ' t - ' r m i i i i d t ho r.iean i q n a r c r c l a c i v t d isplac-oTienl • " to r t'iH' nca rc -Ht

n e i g h l M u r s f r o m rlv ^ lopc o f a p lo t n f In ( A ( k ) / ; f ( ' , k ) ) vorHii ; ; k".

Fiu1 r i -Mi l r is >" = (H JJ K! "'X" To account for tlu- ceu ri.MKi'ri anpl i tude
^ _ J ^ 9

of t h f •^ •cnnd p.-ak . in a d d i l H i n a l "•" or a p p r o x i r a a i e l y SsIO X" h , i^ fo
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4. C[)ni-.lusion

The good agreem^nt of the anisotropic EXAFS r e su l t s w i t h X-ray

d i f f r a c t i o n data shows the f t ' a s i b l l i t y o f d i r ec t ion dependen;

s tmcture s t u d i e s by EXAFS w i r l i po la t ize .d r a d i a t i o n C U ' a r l y

the vari uns wel l established d i f f r a c t i o n t i -c l in iques wi 11 u s u a l l y

be favoured for Systems with long ränge per i od. i o order.

Nevertheless EXAFS d i r cc t l y y ie lds par t i a l pair co r r e l a t i on

funct ions f ü r the surrounding of the absorbing u t o m whii-h nay

be useful for the Interpretation of diffract ion data.

Addit ional ly the anisotropi t1 EXAFS oan yield valuablo K i nu-t ure

In fo rmat ion abouL oriented sanpl t-H , w h i c h art not avai I;:h11- a:,

p t - r fect crystals in ihe sense of X-ray d i f f r a c t i o n .

We would l ike t» Lhank Ch. Hissen for o r i c n r i n t - , t In- (ieS c r y s t a l .

The support oE Prof . K. Haensel is g r a t c f u l l y ackmu. l e d g e d
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Table oajption

Table I: Bondler.gths R. betueen oentral Ge and sca t t e r , angles

•a and y de f i ned in Fig. 4, coord inar ion nurober n. and

type of scatti'r!.T äs d^termi ne-d by X-ray d i f f r a c t i n n

(Bissc r r and Hess,-- 1 9 7 8 ) n-nd hy EXAFS,

Figure cap t ions

Fig. 2; Four ier f i l c f r e d f i n e s t r u c r u r e s k- ; , , (k) for . p a r a l l e l a

and := pa ra l l e l c.

t'i g. 3; M n g n i tudf-. of t'-At- F i iur i er t rans fo rm | F( r) , c a lcu la ted f rora

> ; ( k ) k w i l l ) a Gaussian w i p d i j w K u n c t i o n ;mri d i f f i 1 rollt t rans l crmed

i^-raages.

Fig. 4: D e f i n i t i o n Öl the ang les i : iiiü - uscd r: t

Fig. 5: Esperimental anipli tude func t ions A(k) for Ge and S scatterers

calr.nl.itfid f ron an invcrsp Fciurier transforn.
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