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Abatract
l

The extended x-ray absorption fine-structure (EXAFS) has been used

to deteraine bond lengths and coordination numbers around the central

Os-atoM in bond-isomeric hexakis (thiocyanato-isothiocyanato)

oimatei (III) [bs(NCS) (SCN) _ j , n • l, ...6: The above aesignment

of the apecies wi th n-values in confirmed. The Os-N bond length

decreaaea with increasing n while the Os-S bond length is the same

in all compounds. The N-bonded ligands form an undiitorted linear

chain with the central Os-atom. The bond angles between the S-bonded

Uganda and Os-atoms are distorted by at least 10 around their

«verage vtlue M05°).
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l . Introduction

The analysis ofthe extended x-ray absorption fine structure (EXAFS)

wliich shows uj; abi^ve l h (? aiisorptinn e<*ges •. l atoms i a molecules,

l i q u i d s , and soltds has dtveloped to a reliabie method for tl.e

determination of the short ränge order around the absorbing atom

(1,2,3). EXAFS is caused by an internal electton interference

effect (4,5). The superposition of the outgoing photoelectron

wave wi th parts of it backscattered fron the ne ighbour ing atoms

results in a nodulation of the oatrixelenent of the transition

probability with the electron energy. Periodicity and ampt i tudes

of EXAFS reflect the parameters of the local geonetrical structure

e.g. bond lengths and coordination monbers. Host of the investi-

gations have been performed on EXAFS at K-edges. In thi* case

only transitions to p-synnaetric final states are possible. The

analyais of EXAFS at R-edges of heavy elements is hindered by the

increasing broadening of structures due to lifetime effects . For

elements like Cu, Kr, or Ag the lifetime broadening amounts to 1.5 eV,

3 eV, and 7.5 eV respectively (6) which are tolerable for a atructural

analysis. For heavier elements this value increases rapidly.

For Au eg. the broadening of 54 eV (6) is of the same order äs the

periodicity of EXAFS DO that the fine structure is effectively smeared

out. Furthermore experimental problems arise from the decrease of

intensities even at high flux x-ray sources and decreasing re f l ec -

tivities of crystals at high photon energiea.

At L...-edges the l ifetime broadening is an order of magnitude smaller

compared to the K-shells . Generally transitions to s- and d-symmetric
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final states contr ibute tn the absorption c o ü f f : c i i m t in Lhis case.

Howewr tlie probabi l i ty \i for t ransi t ions to s-symmetric f inal-s tates

is approximately a f ac to i of 50 smaller than that to d-states () i . )

(7,8) so tha t those c o n t r i b u t i o n s can be neglected in all practical

cases. The a n a l y s i s of L -rdge EXAFS can therefor« be performed

with tec lmiqucK devt;lopt;d i'ur K-shell EXAFS.

In tliih [;;tPet WB repuri ,-i structural anal y s i s of the complexes

[Os(NCS) (SCN) ,_ . Six nf the scvci1. posaibli? complrxes haue beeil

isolated by F r e e t z and l'tuers (9) by ion exch.mgL- chromatcgraphy.

From the j .nu :ns i t i t_ i - "t f i o u t s of l iner in th-j II\d Raman spec-tra

charactcr is t i t foi i l i c - S- and S-liondod (St!N)-p,roup rhp sc-qucnce iias

beer a t t . r ibutcd 10 n •= ! ,< : , . . . 6 . ßecausc of the complexi ty u f Lhis

aoalysis iiidepeiidenr c r i i c r i a tu confii'ra this aysignmcnt wert

desirable. Up tc no'-; it l i<äs nct been t u c c f - s s f u l to grow single crystals

with gnod enough q u a i i L y to dc t c rmi r t fhe structurc from s-ray

d i f f r a c t i u n exper imtnis . Tnerefore we hav.1 ; i na ]yKcd t h t1. F.XAF^ beyonu

the L -edge of Os. From these spectra we evaluate the sphc.ri cal ]y

averagi'd r ad ia l gcoractry around the absorbing OB atom. In the next

sectioi; wt b r i e f l y describe L!K- txpurimental arrangement. In section

3 we givfe a d e t a i l e d jn. ' i lysi^. uf t.hi: a b s o r p t i n n spectra and evaluate

conrdinat icm nur.il j « ; r s f cc ».hi: f 1151_ cr.ord i na t i on sphercs« and the

interatomic spacinj.*,?; l i . ' t u c e n ths centra i Os atom and the surrounding

N, C, and S atoüis.

2. ExperimKntal arraugement

The measurements have been porformed at the Deutsches K l e k f r o n e n -

synchrotron (DESY) . Tue synchrotron-radiaLion is monncl i romal ized

with a channel-cut Si(220) crystal . In Lhe energy r.'inj;o undt't

consideration (10700 eV to 11600 eV) the spe.ctral resoJ u t i o n a i in . 'Ui i t s

to 3 eV. Tlie intensi t ies o£ the roonochroniati r r a d i a t i o n are iaoi; iLüred

by Ar f i l l ed ion iza t ion channcrs. Tht> signals a t: t- digitized and s L^rtd

in a Computer. Detai ls about the exp^r imenta l s e t u p avi ]iui l i t - l i i - d in

a forthcoraing paper ( 1 0 ) .

Tlie corapounds are available äs salts of tt Lra-u-bu ty It tuiEvi- . id (lll. 'i 'i ( y ) .

Eac;h sample has been prepared from 55 rng of the Os-corapli-n co\rri 'd

w i t l i 15 mg pc lve thy leneon both s idcs undcr a pre.'.üuri-. öl 2 kb'ji in

•>
the form of f o i l s of 32 x i mm" iire.a. T h t « nn-.hnique yield; ' [ j^ly-

crystal l i i i fc samples of hornogcnoous th i cknr . a s . Tlie H ü r i i p l r L l i c L n c s s

has not b t i_n determined expl ic i t ly . l o opt imize tt io s j ,^n,i! t , s :io i s i-

r a t io it has bocn choseu so that t!ie transmist . iou is 1U /;

abuve the Os-LT T T-edgy. TÖ reduco the influenc' .1 of t i i E n n L i l mut i o n ;

of rhe atoras on the ayripl i tudcK of the EXAfS a l l samples hj--c bc i -n

cooled to liquid iiitrogen temperature .

In additioii to the compounds under invest igat ion hcre.w« liave ii,Lft = u ryd

the absorpt ion of d ibromotet rapyr id ineosKium { I T ) o^ (j ' .y j , B s^j

l:i this comp]ex the Os--N bond lengths are known frora x-r;ij ü i l f t a c t iun

studies ( 1 1 ) . As shall bt discussed later in dc t a i l , i h i s mal . i ' i ^ i h.vs

been used äs reference Lo dotermi ne the N liackscatterir;; amp l i l n dt. an.;

the phase s h i f t s of the. photoelectron wavc for !:he Os^S a L cm p .u i r ,
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3, Results and discuasion

For si.mplici.ty in the following we shall label the isolated six

samples with their Index n= l , ... 6 all of which, except n = 4,

have been investigated by EXAFS. As an example representative for

all cotoplexes we shaw the absorption spectrum of sample 6 in Fig. 1.

The contribution to the absorption coefficient due to transitions

of weaker bound electrons hae already been eliminated by a procedure

described elsewhere (3). This spectrum is charactericed by the

LTT_-edge at E • 10868 eV (12), and a white line right above the
L X X Jji.lJ.

edge. This line is due to a high density o£ d-symmetric final states.

1t ia omitted in the following data analysis. Beyond the line EXAF5

showa up.

It is convenient to write the absorption coefficient in the following

way

(D j i (B) Vo CE) . (i + X(E))

Here E is the photon energy and uo an atomic-like monotonous absorption

coefficient which should be obaerved after removing all atoms surrounding

the central Oe atom.

.Since mainly the transitions to d-synwetric states contribute to the

tranaition probability for polycrystalline materials, the fine structure

can be written in the following form (7)

(2) l£* (k)

- 6 -

(3)

(A)

= 2kRi + 2$d(k) + arg

AjCk) 5i e*p (- 20? k2) exp (^Rj

R;

He're, f i ( i r , k ) is the complex scattering amplitude of the acattering

atoms, H^ of which are located at an average distance R^ fron the.

absorbing atom, The phase shift of the central atom is denoted by "j,

A Gau&sian pair distribution with mean square relative displacements
2

a. has been introduced to deecribe the displacement of the atoms around R^

due to thermal vibrations. The mean free path X considers the damping

of the photoelectron wave by inelastic scattering processes. The

wavenumber k is calculated from the free electron dispersion

(5) - V 2m
(E - ELin)

where ELTH is the bin^ing energy of electrons in the L -she.11. The

formal description of EXAFS by equ. 2 ia only valid for values

k > 3 A , i.e. 50 eV above the edge. Below this value structures in

U are caused by Variation of the density of states, by multiple excitations

or by multiple scattering events which are not adequately described by

eq. 2.

Our experimental k 'x (k ) of sample 6 is shown in Fig. 2a. The rapid

decrease of the amplitudes of k 'x(k) with increasing k is typical for

scattering atoms with small atomic numbera, in this case N, C and S (13),

Fig. 2b showa the aame k*x(k) after applying a Fourier filtering which

consists of a Fourier transform of x(^) to real epace and a sübsequent
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inverse transform to k-space a f t e r truncating the da ta at r = 6 A,

Only the presence of a t o m s st distances less than approximately 5 A

from the c-entral atom leads to fon t r ibu t ions to EXAFS, Theuefore , '

both f i l t e r e d and u n f i l t e r e d spectra ^re identical apar t froi:: the

statistir . i] noise.

The Fuur i i - L i i ] t ( red spectra of a l l measured samples are displayed

in F i g . 3. A sys temat ic cliange öl" the x ( k ) i£ obvious: in soing f rom

u =• b tci i! = l , the a m p l i t u d e s of k ){(k) at k = 6.2 A and 7.8 X

di:d t^asi-- i»hereas at k = 7.0 \e ^,rows iip. Kote the reJa.1 i v e l y

large changng hutween r, = 3 md n = 5 w h i i i i i _ l e a r l y c o n f i r m s the m i s s i n g

of sample n = 4.

A pr tl iminary c o n c l u s i o n ahout l.he typt o! bcat t r-r ing a t o m s f. a n bc-

dvawn froin tl iL! k-depcridcnrc dl l l 'C a n i p l i l u d c s ni -..(k). Compared to

sample n - l , wln-re ( h c t ' i rvdopc- of k - y l k ] l ; u & a niaximum at k -v 5 A

we observü l a rg (> i ampl i t udcb at sir.all k-values and a more rapid relative

decrease o£ the a m p l i t u d e s with increasing k f o r sample n = 6. This means

that according to the k-dependcncc nf | f ( T i , k ) ] the dominant contr ibut ion

to x (k) in n = 6 arise f rum the presencc oi N whereas the spectrum of

n = l t e i l s us Lhat in t h i s case the S a toms are dominat ing äs nenrest

neighbors. F urtherraore, J T > j;oing fron: n = 6 to n = l , the k - ^ ( k )

dcvelop Lo the s impler fo rm of a s i n ^ l e o s c i l l a t i o n . We conclude that in

n = l Lhe s c a t L e r D r s f u i t l i t r apart from rhu ccnt i^ l O K atora than the

naares t n e i ^ h b u t i i a i t h i f , h l y disordercd.

So far we have discussed these spect ra t u demons t rä te w h i r h

conclusions about the local geotnetry in tlie vicini ty of the absorbing

ator, can be drawn from the q u a l i t a t i v e desc r ipLion of EXAFS. F rnnL

the above discussion we liave seen that I M Ü expenmenta] \ ( k ) is R

superposi t ion of more than one oscil lat i im w i t h d i i i e r c n t f r c -

quonc - i r s in k-.space . To separate these con t r ibu t ions we p e r i o r m a

F n u r i c r t r u n K l " t > i m Lo real spä t e (2, .3) , Eacli term in tq . 2 a t t l ' i b u t w d

to scattrrers ai R; shows iip at a peak in tlie ir .agnitude ci the I 'our i t i

t i a n s f u r m l' ( r ) . Ihe ampl i tude of t h i s pcak is c h a r a c t c r i ycc by A j ( k ) .

'i ho P o s i t i o n is de.termined by the total phase ^ - ( k ) i r n m w l i i i t i K ; r,-in

be eva lua t ed . l L should bc not öd t ha t accord i ng i o the k -dopend r i t t pari s

of / j ( k ) and ai-g ( f i ( n , k ) ) l l u - p o s i l i o n ? rf Lhe pi'aks i T1 r ( r ) d i f f e r

f rom the K£ by 0.2 to 0.5 X .

The maj'.nitiide aiid tb.r real par t Re (]•' (r) ) öt the Four ier t ran e form of

the k - ^ ( k ) IF ig . 3) t. shown in Fig. 4. Tn all cases, the samt1 ran^e

in k-space ( 2 . 5 A - k - 12 .5 A ) ha s been t r a n t f orir.fd . A f m ü s s i a n

window f u n c t i o n has bcen used to reduce t runcu t ion e f f c c L ü (3 ) .

In tlif ränge 1 . 2 Ä - r - 2.5 we ob&erve two maxiff la ai r.

•and r.- = 2.06 A. Acrording to the fac t that t he atomio r ad i^s of

su lphur is approximate ly 0.4 A larger Lhan L h a t oi ni trogen ve .!'. t i ' i b u L t

Lhe f i r s L peak aL r, to Ihr. N sraLtr.rers and tlit- seciind poai. In the S

s c a L t e r e r s . As cxpi i t i l .e jd , l.hc ai;ipli Lude of the pt-ak at r i d ec reo^ee in

going f r um n = fi l.u n = l, whercas tin1 pcak at r-^ shows the n p ] " i , s i L t

t rend . Thi & corresponds t o tlie suc ce.ssi ve conversion f r tnn K - b ^ n d i d L o

S-bonded SCN^,roups. Two addi ü nnal peaks in |F(r)| of t ample n = G
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at r = 2.66 & and r = 4 ,44 A are at tr ibuted to the C and the S

atoms respectively. In going to n< 6 these peaks decreaee and äs

expected from the xdO the | F ( r ) j of sample n = l i s dominated by

a single S peak, Beyond r = 3 X only two tiny etructures in |F(r)|

of sample n = l are observed at 3.4 A and 3.9 A. Similar structures

aleo show up in all the other JF(r) | and are therefore attributed

to spurious e f fec ts due to the data handling. The fact that the

presence of C and N atoms in the thiocyanate complex yields no

significant contribution to ^00 can be explained with strong

distortions of the Os-SCN bond angles. Thia leads to a certain spread

of the Os-C and Os-N spacings and therefore to a destructive intecference

in XÜO 04, 15). Assuming an average bond angle of 105 we must

conclude that in the coraplex n = l the bond angles for the thiocyanate

ligands vary by at least 10 ,

A linear arrangement of the Os-NCS in sample n = 6 can be deduced from

an anomalous scattering phase of Ehe Os-C and the Os-S pairs. For the

S shell in n = 6 R e ( F ( r ) ) and |F(r) | show a maximum at the same point

(r - 4.4 &), This means an additional phaseshift of approximately ir

compared to the S-scatterers in sample l where Re(F(r» shows a miniraum

at the maximum value of | F ( r ) | . The same holds for the C shell in

sample 6, According to the similar electronic structure of the atomic

core of N and C, the phases of these scaLterers di f fer only insignificantly,

Comparing the f i r s L two shells for TI ~ 6 in Fig.4, an additional phaae

shift between these scatterers is observed. This behavior is typical for

the case where a scatterer is shadowed by an other atom, i.e. where the

central atom and two scatterers form a linear chain. Because of the

- 10 -

strong peaking of the scattering amplitude in forward direction

significant contribut ions to xOO aue to multiple scattering events

are expected. A similar phase shift difference of T has been

observed for the fourth neighbors in metall ic Cu {2, 3) which

together with the absorbing atom and its nearest neighbor form a

linear chain.

The easiest way to extract absolute coordination numbecs seems to be

a direct comparison of the peaks in |F{r) , According to equ. 4

these amplitudes are directly proportional to N ^ . This simple analysis

leads to inconsistencies which are demonstrated in the following for

the first K and S scatterers at r = l .67 8 and r = 2.06 8, respectively.

The average difference A and AN of the peak heights Ag and A„ between

neighboring samples ( A n = l ) should correspond to a change of the coordi-

nation number by A N £ = 1 . The ratio A^/AN and Ag/f ig should then yield the

coordination numbers of the N and S shell respectively, The results of

this analysis shown in Table l predict seven in contrast to the maximum

six bonds. The AN /AN values confirm the assignment of Preetz and Peters

(9) , whereas the Ag/Ag predict an assignment altered by An = -l , The

reasonsfor this inconsistency areto be found in the mutual interactione

of the two peaks and influences of the C peak on the amplitudes of the

first peak. Especially, the structure at 2.2 A in |F(r) | of sample 6

uhere in |F{r) of the other saraples the S peak grows up is due to a

constructive interference hetween N and C peak and has nothing to do with

an S scatterer. To demonstrate this we have perfonaed a Fourier transform

of a model x ( k ) . This x(^) has been calculated from equ. 2 using

theoretical backscattering amplitudes and phase shifts (8) for the Os



absorber and the scatt.erer N and C, For the C, scatterer, an a d d i t i n n a l

phase shif t of n has been added to T | j{k) . The bondlengths and a

scaling fac tor for the anplitudes A ^ ( k ) have been ad jus ted to give. a

best fit with ehe experimentell data . In the resulting |F ( r ) (F ig . 5) a

s t rucLurc shows up at r = 2.2 A sirailar to that observed in the F(r )

calculated from the measured x (k) , The rcmaining differences in the

F(r) are cc r t a in ly duc (o the assuiEptions raade in th iw mndel calculation,

«specially the assui tpt ior. nf a constaiiL phase introduced by the mulLiple

scatcer ing, Neve.rthe] ass, Ü I L H cnmparison shuws that the pcak at r - 2.2

F(r) an S sc.'ii terer and we reach Üie. (-onclusion

that sample n - 6 has six K bondrr SCK ligands in agreamc.nt wi th the

propös&d HssigiimenL <;i Preeti. and roters (9) -

A l i r s t step to a morv reliable w;i" for the evaluation uf cnordination

numbers and bond l eng ihs is an inverse Fourii^r t r ans form :iver a limited

ränge in F( r ) (3) a-; indicated b> a bar in F ig . 4 . First, ue analyae tbe

x ( k j of sample 6. I f the assigranent is c o r r e c t , the resiilt is a s i n g l e

torm of eq. 2 from v.^hirh A(k ) and ^ ( k ) for this Shell ran be ca lcu la ted .

The bond lengtli is then ca lcula ted f rom (3)

(7)

Here, q (k) is the surn of the abscrbcr and scatterer phase. The

ptiase shift $ (k) it. knwn to he I r ans fe rab le i .e. we i-.;jn either usc

calculated 6 d (k1 st d :ni\) i 01 determine t ( k ) f rom x ( ^ ) of a

refercnce con:pnund «ith t he sarae absorber and scatterer pair and with

known bond lengtl i . The k-scales of tht i l ' (k) and i?>(k) tuay d i f f e r . Tu
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conipe.nsate those d i f f c r t -ncos we have vsried E L T T T """ e q" 5 in a way

au äs to obtain a cunsLant R(k) over the whole k ränge.. trsing an

üxppr i mental phase ^,-(k) evaluated from an Os L^j absorption spectrum

of Os(py)/Br., u-here the Os-N bond length has hp(>r determined by

x-ray d i f f r a c t i o n (R = 2 ,09 - 0.04 X) ( 1 1 ) wo obtain RE = 2.07

- 0.045 S (Fig. 6a) , The error is the sum nf the uncertainty for K of

the referi>Tir.e material (0.04 £) and Uie devia t ion of k (k) frora a

horizontal straight Itne (0.005 A ) , In Fij;. 6b we havr included R-j (k)

obtained w i th a Lheore t i ea l phase ^.(k) (8) which has been approyimated

by a polytiomial of se.c.cnd degree in k. From this aiialysis wc. get

R.: = 2 .13 - 0,04 A' which is signif icant ly largec than RE . The error

of 0.04 S is the sum of thi? d i f f e r ence between polynomial and tabu la tcd

valut1 (0.01 A ) , the deviation of R-r(k) from a coiistanL (0.01 A) ;ind ;i

Lypir .a l error of 0.02 $. for *T / (2k) (3) .

In the sanie way using t hu e.alculated phase sh i f t s (8) we determined the

bund lengths for Llie ne.xt neiirest C neighbora in T, = 6. To accoimt fo r

the shadowing of the. C atoms by the N atoms a constant phase of ir ha s

-i
brcn added to ^ (k) . The resul t for the Os-C; distance is RT = 3 .19 - Ü . O j

The c.oordiiiation nuiiibcr for sample 6 is evaluated f r n m

•; 2 2
(S) In ( A 6 ( k ) / A B ( k ) ) = - 2 (oi; -o*)k^ + In

u ^ u ^

wherc t.he Index B denotcs the reference cutnpound. In this aiialysis we

havc assumed equal values for A in botli sareples. A plot of the result

2
nf eq. 8 versus k is shovn in Fig. 7. Using R„ and Kß of the reference

naterial and the values of Rg determined above, we. get K^ = 5 .72 - 0.4 atoms
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in Agreement with the results of Preetz and Peters (9). Additionally

the slope of the straight line in Fig. 7 teils us that the mean

2 3~square relative displacernents o of the Os-N pair in jps(NCS)6] is

smaller by an amount of ta - 0.0025 A2 in comparison to OB of the

same atom pair in j

For the eamples n <6 an inverse Fourier transform over the ränge

],2 A* ^ k A 2.5 S yields a filtered EXAFS spectrum which ie described

by a fium over two terms in eq. 2. The results of this transform are

ehown in Fig. 8 äs solid linea. To isolate each term and to calculate

the bond lengths and coordination numbers of the individual N and S

Shells we have analysed these data by a f i t t ing procedure, The fine

structure has been represented by

i-J

(9) k -;xOO

with

Cio) p

(H) Po,- = 2«.

(12) p,. = 2 R;

l + b2.. (k-b-,;)2

i 2t

2i

R:

The Parameters aji and b j£ (j = l, 2, 3) are known from tabularized and

parameterized amplitude Eunctions of N and S and phase ahifts (8, 16)

of the pairs Os-N and Os-S so that in total six free parameters have been

used to fit the experimental data. The best fi ts have been included in

Fig. 8 äs dotted lines. In detail we obtain the following results:

- 14 -

a) Bond lengths

Together with the R-values of sample 6 determined above we have

suumarized the bond lengths of all compounds in Table 2. The Os-N

bond length of sample 6 obtained from the fit is identical uith the

value IL obtained above which shows the reliability of the fitting

technitjue. It is interesting to note that the Os-N bond length

increases with decreasing number of N bonded ligands whereas the

Os-S bond length of R=2.50S remains unchanged within an experimental

uncertainty of less than O.OIA. This means that the S-bonded ligands

squeeze out the B-bonded ligands. Furthermore we have considered

that two different Os-N bonds might ejtist in sample 6, A fit with two

Shells results in a sirailar bond length for both components thus

ruling out this possibility.

To confirm the increasing Os-N bond length with decreasing n we have

investigated the beating introduced by a superposition of two contri-

butions to eq. 2 with different k-dependence of the i|)(k) (17). The

amplitudes Ä (k) of the finestructures shown in Fig. 8 (n<6) normalized

to the amplitude A,(k) of the fine structure for n=6 have been plotted

in Fig. 9. The mininrum in A (k)/A,(k) marked by arrows move to higher

k-values with decreasing n, These minima show up at

(13) k . « (rf - A4» / (2AR) (in = 1 ,3 ,5 , . . . ) .min

Here AflJ is the difference of the phases § of the S- and the H-shell.

The difference in bondlengths of the two Shells is denoted by AK.

In the region of interest b§ amounts to 3.6 rad (8). Using this

value and the experiroental k - we obtain the AR values äs listedmin

in Table 2, We observe an excellent agreement between the
(B)
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deLe rmined frora the beat ing and the ' 'K f T l ca lcula ted f rom the f i t t ed R

values. For sample n = l tu t more re l iab lo value for £R is the valm;

extracte.d frotn the b e a t i n j - . .

U s i n g Lhe hondlengths öl t nc f i r s t K-st io. l l in sample 6 ( 2 . 1 3 A ) deterrained

bove and the peakpufü t i n n i r. | F ( r ) | ( r=1.678) yi t lds tlie sl i if l -a =

h i c h is caused h> th i - l - d rppnde iH p; i r ty of ( J i ( h ) and w h i r h is characteris tic

A K M i n i n g t l i a t .1 for Os'-C ha;; l he same value according

t-ar. s i m p l y deternine

for Lhe Os-K pai r

lo th<? : ; ir : i lar e l e r t r o i K i « t ru t - . t u r c r f K and C we

the Os-C d i S L , \ , „ ^ i . o i i i i l.t p u ^ i i . o n of Lhe C-poak in |F{ r} | . llie

r r s u l t of R = J . I 6 A is l i o s o !o t !ic v . l u e d t ' t t nu ins ,3 above using t heu re t i c a l

phasos C lab lc 'J) . I l n - s - jn io - i n a l y s : , for i l i u S-ihcl l in sample 6 yields

K - 4 . S 9 A -, i t l i i take.n j i , - i ; t \ hond l ongtli • - £ i .hu Hrs t S-shell in sample

l and L! n correspondi n f t po..-ik posi t i o n (Fig. 4 ) .

b) Coordi nat icm n u m b o r s

Ihr l i t t . ö d p - yalues (i = H or S) act d i rec t ly proportional

to Lhe c u o r d i i m t i o r i numbers M . . In Fig .1 ü we hi 've pluLt .ed these vn lu f i s

versus n or thr hns is of Lhe ass igmnenL of I'rt'üt 7. and Peters (9) . The

linear re.gressicms through t i i L - dal a p o i n L s sshown ß K so l id l incs in F i g . 10

havii bncn c a l c u l a t e d from

If the assuraed ; issignment is c o r i c c L , t l i e intersect ion with the ver t ica l

axis at n = 0 shouM Cake L h t-- v a . u e of B - 0. Changing the assigninenL

by -'n - ± l wou lc l Icad Lo b - - A. From t l i e l i n e a r resress ions we

T i o l h B v a l u n s are :; ign i f i c a n t l y sinaller than the A va lues w h i c l i j i j i a i n

i ' i ' t i f i rms ( h a t the sequcnce n - l , ... f> ha s l>ei-n i.solatüd . Ttu1 c r r o r

i n th is dt t er iu inal io- j r.f r e l a t i v e eonrd i na t ion nu inhr rs ü inount ; ; to

0 . 1 3 a tows in cur i nv t 'E t

] f r tf erencf i 'dtnptiunds of knowti geometry äs <H scuss« ri i n t In s p;iper

not avai labl t , absolute c o u r d i uat in: i numbers ran be d c t r - r p i t i f i l u t i i n

cdlculated backscattering j impliLudcs. I'rom ;i linear reRrL-ssion

we obtain Dg = 0.0507 and UN = 0 .1620. U s i n g K = 2 . 1 3 A an-i the

ca lcula ted C = 1.600 ( 1 6 ) for n i t rofen, we ob t a in frora t>q . 10 a mean

t r ee p a L h >.= 5.48 A. Toge th i s t wi L h L h i s va lue of J , d Isoiul I c n g t l i

R = 2.50 X and Lhe t- .alc-nlatcd C. - 0.779 (16) for tho S-shrl l , we

de te rmine a t h c o r c t i c a l Dg = 0.0500. The exce l len t agreement hetween

the i - a l cu l a t ed and the experimental value of De demonstrates the rc-1 i ; i b i l i t y

of the cimcept of t r ans f e r ab l l i t y of araplitude func t i ons .
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Table Captions

Ampl i tudes A,, and Ag in a rb iCra ry un i t s of poaks

in i F ( r ) (Fig. 4) attributed to the f i r s t N and S

scat terers . &>$ - 2 1 . 3 and Ag = 19.9 are ehe average

al terat ion u£ A., and Ag wi th An = l . The ana lys i s

yields thc incorrect rcsul t of seven Os bonds.

Table 2: Bond lengttis in A hc twccn Os and the nearesL K and S

ncighbors. R N ( R 1 and ^ ,T-,deterinIned f ron t i > q . 6 w i th

phasc i j > ( k ) ex t rac ted from an absorption spt;ctriim of

[Os(py)^Br] and theoretical phase s h i i t s (S)

respectively; %(.\l R c f r i determined f rom a f i t

of a t wo shell > : ( k ) calculated from an inverse rour i t r

t ransform over a limited ränge in F ( r ) (sei; F i g . 4)

u sing calculated scat tering ampl imdps and phase shif t s ;

R S ( F ) ~ R N ( F } ' AR(B) d i £ f e r e n c e of Rs at"J KK

d from the beat f requency.

Table 3: Os-C and Os~S diata:u:e in n = 6. R-™ is the peak

Posit ion in J F ( r ) | a n d K the true bondlenf i th . For the C

snaLtercr , the a nf the f i r s t N peak in t 'ig. 4 (n = (i) ,

t n r the S scat terer the a of the f i r s L S pf.-iV: in F i g . A

(n = 1) has been used. R is tlie Os-C t! j ü l a n r i - det .er i i i ined

from eq. 6 usin^ c.alrulated phase shlfts of r t f . 8 and an

addit ion.-i l kons tant phase of tr dno to r . u l t i p l u sr-st t t - r ing .

AI l v ; i ]ues in A uni t s .



Tabli;

Tl

6

5

3

2

1

AN A<

125.0 26

100.0 44.

61.0 88.

107

126

, NN - AN /As

.5 5.87

.3 ^. 69

.4 J .86

.0

.U

% - V's % * "S

1.33 7 .20

2 . 24 6.93

4 . 4 5 7 .21

5.38

6.33

Table 2

n

6

5

3

2

1

RNOO %<T) *s(F

2.07 2 . 1 3 2 .

2 .

2.

2.

(2 .

)

13

13

16

21

26)

K S(F)

2.50

?.5()

2.50

2 . 5 1

AR

0

0

0

(0

(A)

.37

.34

,29

.25)

A R

0

0

0

0

(B)

.37

.33

.31

.30

Figure Captipns

Fig. 1: Absorption spectrum o£ ;ps(NCS)g] at the Os

edge. Tlie background absorption due to excitatlons

uf weaker bound electrons has been removed.

a) Exper imenCal and b) Fourier f i l t e red f i n e s t ructure

of ~

Fig. 3r Fourii'.i i i l t e r e d k*(k) of the measurud [üs^CS)Il

ccimplexes.

-3-

Fig . i: Magnitude | F ( r ) ! ;md real parts Re ( F f r ) ) o T the Fourier

transfurra over the ränge 2.5 X - h * 12.5 a using

a Gaussian window calculated frnni the k \ ( k ) shown in

F > 8 - 3-

F ig . 5: M / j ^ n i t u d c J F ( r ) and rr.;i] part Re ( F ( r ) ) of kj ; (k) üf

L O s ( N C E } ^ _ ' " ca lcu la ted from the experimental k);(k}

spectrum (sol id l i n e ) and from a Lwo K h c l l (N and C) model

(dot ted l i r iL-) u s i n f t ca l cu la ted ar.;pl i t ude l unc tions and

s c a t t e r i n g P;I;I;;LS ( 8 ) .

I J L t i ' f :::in;it ion f f Os-N bunJ I r n j M l i N u s i n i ; cq. (• and

3 ("k) a) dt t er i r . ined l nun r,r\l iun Spin l t inn u l

0 = , f p y l , . l i i - . i ; r.J b) t . i k t n tri-ia K e f . P.



Fig. 7: Determination of the N coordination number of

[OsOSCS)^3' from ln(A(k)/Aß(k» (eq.8) at k = 0

where A(k) and Ag(k) are the amplitude functions of
o_

the nearest neighbor N scatterer in [Os(NCS)g] and

[Os^PjOi0*^1 i respectively. The alope of the

Btraight line yields Ao = 0,0025 A" .

Fig. 81 Contribution to the fine structures k X(k) caused by

the f irst N and S Shells calculated from an inverse

Fourier transform over the ränge J . 2 A - r - 2.5 A

(solid lines). The dotted lines are the kX(k) fitted

to the experimental fine structures using the

parameterized eq. 9.

Fig. 9: a) Ratio of the amplitudes of x(k) of the fine structure

för n < 6 shovn in Fig. 8 to the amplitude of X (k) for

n = 6. From the minima äs indicated by arrows ÜR between

N and S shell has been calculated,

h) Difference of phase shift W(k) between the *(k) of the

pairs Os - S and Os - N taken from Re f . 8.

Fig. 10: Plot of the f i t ted parameter p^ (eq, 9) versus coordination

numfaer n: a) N-shell (i - 1); b) S-shell (i = 2).
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