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Rhsumh: Les etudes conjointes par les techniques EXAFS et  LAXS. de 
l 'architecture atomique des composes polymeriques ML3 permet de def in i r  
l'or-dre i courte e t  tnoyenne distance, revelant l'existence de distances 
mbtal-metal alternativenient courtes et longues d'en prbciser leur valeur alnsi 
que les distances interatomiques de leur environnetnent; ces resul t a t s  sont en 
accord avec leurs proprietks physiques. 

Abstract : Short and medium ran e order has been established f o r  the ML3 
serie of  compounds b jo in t  ExAF%-LAXS techniques. Metal-rnettl pairs have 
been evidence and inlet-atomic d is t  ncer determined; extended models have 
been bu i l t  f i t t i n g  well ,  up t o  large r(B) values the LAYS curves. 

Research i n  the f i e l d  of inorgmic polymers to  obtain materials w i t h  
new and unusual properties has of ten been inhibited by the micro-crystal l ine 
or  amorphous nature of these compounds. Hence, structural information i s  very 
l im i ted  compared to  the large nlurnber of C ~ m p ~ l ~ n d S .  Extended X-ray Absorption 
Fine Structure (EXAFS) and Large Angle X-Ray Scattering (LAXS) provide tools 
which permit to  investigate the short and medium range order of such 
compounds and t o  establish s!ructural models that may give fur ther insight 
in to  inorganic polymers and their  phgsicai properties. The serie of the 
amorphous polymers MM'(EDTA)IH2CI)4.2H20 w i t h  M and M' = Ni, Co, Mn, Cu, 
provides an example of the correlat ion between local order end magnetic 
behavior ( 1). 

The aim of th is paper i s  t.o present f o r  the (NL3Ioo w i t h  M=Mo, RIA and 
L=SPh, SePh, pyrsznlate, st rutural  models obtained f rom jo int  EXAFS and LAXS 
experiments. 

Experimental Section 
,45'$?8r~iinr1 nf the cnmptntod' The synthesis and properties of ML3 

compounds have been published elsewhere(2). The amorphous powder were 
prepared i n  the usual way, i.e. on slide supports, f o r  EXAFS and were  r re fully 
crushed, pressed into pel lets a t  210 kg/cm2, and mounted on a goninmetric 
head fo r  LAXS. 
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.!!iruci~ir~I /nvesiigRiiot~ EXAFS-The experiments have been real ized on 
the EXAFS I s ta t ion  a t  LURE-CNRS, Univers i ty  of Paris-Stld(Drsay), using the 
Si(400) channel -cut monochromator. The data reduct ion w a s  performed us ing 
the c lass ica l  s ing le e lect ron single scat ter ing formal ism.  LAXS-The data 
co l lec t ion  was  performed w i t h  the LASlP system b u i l t  up i n  the Toulouse 
laboratory(3) using the special  w-8 d i f f r a c t o m e t e r  equipped w i t h  a 
pos i t ion-sensi t ive de tec to r  and the MoKoc wavelength. The measurements were  
carr ied ou t  a t  room temperature i n  the t ransmiss ion mode. Some 2200 
equidistant po in ts  were  measured i n  21.5h w i t h  1.5°<8<660. Experimental data 
were corrected f o r  background, absorption, po lar izat ion and mu1 t i p l e  
sca t te r ing  according t o  reference (4). 

RESULTS 
In a f i r s t  a t t e m p t  an e f f o r t  was  developped t o  understand the LAXS 

experiments about the t w o  compounds Mo(SPh5 and R U ( S P ~ ) ~ .  The best f i t  

between theoret ica l  and experimental data (Fig. 1 and 2 )  was obtained using a 
chain geometry and the  fo l low ing  bond lenghts and angles(Table 1): 

T a b l e  1 
M o I S P h I g  Mo-Mo = 3.305; Mo-S = 2.55 A S-Mo-S = 99' 

Mo-Mo = 2.70 fC; Mo-S = 2.45 5 S-Mo-S = 113' 
Mo-S-C = 120° 

R U ( S P ~ ) ~  Ru-Ru = 3.258; Ru-S = 2.50a S-Ru-S = 98' 

Ru-Ru = 2.65 8; RU-S = 2.40 8 S-Ru-S = 1 1 2' 

Ru-S-C = 120' 

The geometry i s  the same as t h a t  found i n  the X-ray s t ruc tu re  analysis 
of the o l igomer Fe3(SPh)6(CD)6 described i n  the reference (2) 
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Figure 1 Figure Z 

Experimental(ful1 l ine)  and theoretical(dotted l ine)  radial distr ibution curves F ( r )  

o f  t l ~ ( S P h ) ~  and RulSPhI3 .  



The best descr ip t ion o f  the polymers i s  obtained on the basis o f  
a l te rna t i ve  long and shor t  metal-met.al distances leading t o  a d is to r t ion  o f  the 
octahedral geometry around the meta l  atoms (Fig. 3). Using an undis tor ted 
model w i t h  one M-S and M-M distances, i t  was no t  possible t o  obta in a correct  
broadness o f  the f i r s t  peak, wh ich  represents the superposit ion o f  the f i r s t  
three she l l s  around the meta l  : t w o  se ts  o f  three M-S bonds and one M-M 
in teract ion.  T h i s  observed d i s t o r t i o n  i s  i n  agreement w i t h  the v ibrat ional  
spect rum wh ich  shows a s p l i t t i n g  o f  the T I U  v ib ra t ion  i n t o  t w o  v ibrat ions o f  
the type A2 and Eu i n  the v ihrat ional  area and the appearance o f  t w o  
deformatfonal vibrations as expected f o r  t h i s  type o f  geometry (2). 

I t  i s  i n te res t ing  t o  note tha t  Cramer e t  al. 
(5) propose a s i m i l a r  model f o r  the 
amorphous MoS3 (a-MoS3) evidenced by an 
EXAFS study ind icat ing a shor t  and long 
Mo-Mo in te rac t ion  w i t h  2.75 and 3.15 2 and 
t w o  d i f fe ren t  Mo-S distances separated by 
0.1 8. The RDF o f  a-MoS3, also, shows the 
f i r s t  m a j o r  peak a t  2.45 8 w i t h  a spread o f  
0.7%. 

Figure 3 : Partial geometry of the The encouraging curves f i t t i n g  obtained 
infinite chain [M(SPh)3),. f o r  these ~ompo l lnds  enable us  t o  enlarge 

such studies t o  the selenium der ivat ives and t o  cornblne EXAFS and LAXS 
experiments. The f igures 4 and 5 repor t  Fourier t rans fo rm o f  the Mo K-edge 
Exats and the corresponding least. squares ref inements f o r  MolSePhJ3 and the 
f igures 6 and 7 the corresponding ones f o r  ' the Se K-edge. The s t r u c t r ~ r a l  
in format ions f o r  t-l~(SePh)~ are summarized i n  the fo l low ing  tab le II: 

Figure 4 :Fourier transform of Figure 5 : Least squares refinements of 

Mo K-edge EXRFS of ~ o ( S e P h ) ~ .  EXAFS function parameters: experimental 

( fu l l  line) and theoretical values (dotted 

1ine)for M ~ ( s e P h ) ~  at the Mo K-edge. 



JOURNAL DE PHYSIQUE 

H R G )  u 

Mn-Se 6 2.48 5 0.03 0.1 18 + 0.004 
Mo-Mo 1 2.88 + 0.04 0.084 + 0.02 
Mo - Mo 1 3.37 + 0.01 0.099 2 0.03 

Se- MQ 2 2.52 +_ 0.02 0.087 5 0.005 
Se-Se 2 3.19 + 0.19 0.087 + 0.01 
Se-C 1 1.93 5 0.1 2 0.1 05 _+ 0.07 
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Figure 6 :Fourier transform of Figure 7 : Least squares refinements o f  

Se K-edge EXAFS of ~ o ( ~ e P h ) ~ .  EXAFS function parameters: experimental 

(ful l  line) and theoretical values (dotted 

l inel for  HoISePhI3 at the Se K-edge. 

Based on th i s  resul ts an extended model was bu i l t  up and i t s  theoretical 
radial d ist r ibut ion function ~ 0 m p ~ r e d  w i t h  the experimental one(Figure 8). 
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Figure 8 :Experimental radial distribution function of M ~ ( s e P h ) ~  compared v i t h  

the theoretical RDF calculated on a model derived from EXAFS experiments. 



Smal l  discrepancies between LAXS and EXAFS are ma in ly  due t o  d i f f i c u l t i e s  i n  
ohtaining s u f f i c i e n t l y  good spect-ra a t  the Mo K-edge. 

The re la ted  compound, w i t h  L= pyrazolate, has also been en t i re l y  
investigated; the resu l t s  are under publ icat ion (VOGT e t  al. (6)). 

I n  conclusion, w e  l i k e  t.o emphasize f o r  the future, the need f o r  

systemat ic  invest-igations combining these t w o  complementary techniques, 
LAXS and EXAFS; they give, ca re fu l l y  handled, a tremendous i n s i g t h  i n  the 
knowledge o f  the shor t  and middle range order, very often, d i r e c t l y  connected 
w i t h  the physical proper t ies o f  the mater ia l .  
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