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LOCAL ENVIRONMENT I N  AKORPHOUS Ce BASE ALLOYS THROUGH 

EXAFS MEASUREMENTS 

D.  Malterre, G. Krill, J. Durand and G. Marchal 

Laboratoire de Physique du So l ide ,  (U.A. au C.N.R.S. N o  1551, 
Universite'  de Nancy I ,  B.P. 239, 54506 Vandoeuvre Ze's Nancy Cedex, F ~ a n c e  

S s d  - Des roesures EXAFS swc les  seuils LIII du cbrium e t  les  seuils K des 
& t a u  de transition ont btgeffectubesdans les  alliages mrphes  Ce Si2 , 
Ce Co5 e t  Ce N i 5  qui prbsentent dans l ' b t a t  cr is tal l in  un ccnprtemnt valence 
i n t d d i a i r e .  Alors que dans l 'alliage amrphe Ce Sip 1'Btat trivalent du &- 
rim es t  stabilisb, l a  valence i n t d d i a i r e  es t  conser$e dans les  alliages 
mrphes  Ce Co5 e t  Ce Ni5 .  Les mesures EXAFS mntrent que dans Ce Si2 armrphe 
l'environnarent local autour des ions cbrim es t  p r B s d  alors qu'aucune os- 
cillation EXAFS n 'est  observable aprss l e  seuil LIII du & r i m  dans l e  cas de 
Ce Co5 e t  Ce N i 5  mrphes.  La question es t  de savoir si 1e d6sordre autour des 
ions de & r i m  es t  dCi uniquerent 3 un t e r n  statique ou si l e  caractsre valence 
intem6diaire joue un r6le dans l a  trSs forte r6duction du signal MAFS. 

Abstract - EXAFS measmarents have been performed on the LIII edges of cerium 
and X edges of transition lnetals in mrphous Ce Si2, Ce Co5 and Ce N i 5  which 
present in their crystallme counterparts a mixed-valent ground state. %&re- 
as in  amorphous Ce Siz the trivalent s tate  of cerium is stabilized, the mixed- 
valent ground state  is  preserved in Ce Cog and Ce Ni5 .  EXAFS maswements show 
that i n  armrphous Ce Sip, the local e n v i r o m t  is roughly preserved around. 
ceriun ions and in mrphous Ce Co5 and Ce N i 5  no EXAFS signature is observed 
after the L I ~ ~  edge of cerium. The open question is to  know i f  the disorder 
around the cerium ions is due only to  s t a t i c  t e r m  o r  i f  the mixed-valent cha- 
racter play a role i n  the d q i n g  of the EXAFS signal. 

In the las t  few years cerium caqmunds have been extensively studied.because of their 
particular properties related to  the existence of an unstable 4 f shell  /1, 2/, which 
yields t o  mixed-valent ground state  properties. One open question in  the physics of 
rixed-valentmterials is t o  know the gossible influence of local disorder on the 
rixed-valent ground state. Indeed i f  we know that  long range is not necessary to pro- 
Cute a mixed-valent ground state  /3/ we cannot ascertain i f  such ground state  can s ~ -  
vive t o  a strong local disorder. This is the aim of this  paper t o  discuss this  point. 

X-ray absorption technic is a powerful tool for such investigation because both ins- 
tantaneous electronic configuration of the rare earth ions and their local environ- 
mt may be deduced from the near edge region (XANES) and the extended one (EXAFS) . 
?he Ce, Sil, and Cex TM1, (TM = Co, N i  ,...) systems are good candidates for our 
study because, i n  the crystalline state,  several compounds present this rcixed-valent 
ground state  (eg. Ce Sip, Ce Cog, Ce Co2, Ce N i  5...). Moreover these systems exist 
on awide range of concentration i n  the armrphous s tate  /4/. FJe &all  mainly focus 
in  this  paper on the problem of local environmnt effects studied through EXAFS ex- 
p r b t s .  Ifire shall  use without discussion the results we previously obtain on the 
electronic configuration of cerium f m  LIII edge expdmmts /5/. 

Armrphous samples were obtained by co-evapration onto liquid nitrogen cooled subs- 
t rates  under UHV conditions. The arorphous s tate  of the s w l e  has been checked by 
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electron diffraction. The crystalline mqmnds studied here are the sam as those 
used for previous XAS studies /6/. The X-ray absorption experiments have been perfor- 
med using the beam delivered by the DCI storage ring a t  L. U. R. E. (Orsay, France) 
operating at1.72GeV and 200 nR on the EXAFS I1 station. 

1 - s e x  alloys 

Crystalline Ce Si2 presents the typical properties of Ce- a conpunds (i. e. absence 
of magnetization a t  low t e r a t u r e  ... ) .  From LIII exp r i rmt s  a weak mixed character 
can be deduced V = 3.08 f 0.02 /7/. On the contrary, the amrphous munterpart 
Ce0,33Si0,67 presents the normal behaviour of a pure trivalent cmpamd. This is well 
demnstrated with magnetic masurerents and LIII experirmts /5/. On fig. 1 we report 
the radlaldistribution function (RDF) obtained by a Fourier analysis of the 77 K 
MaFS data af ter  the cerium LITI edge both i n  c C e  Si2 and a-CeOasg SiOe67 . We can 
notice the attenuation of the f i r s t  peak i n  the amrphous alloy as ccanpared t o  the 
crystalline one. The higher order peaks associated to higher shell  are completely 
damped in the mrphous state. 

RDF o f  c-CoSi2 C+) and a-CaSi2 (0 )  at Ta77K 
I I I I I 

Fig. 1 - R a d i a l  distribution function around cerium in  a-Ce Sin and H e  Sin (T = 77 K) 

Table I - Sunanary of EXAFS results 

c.CeCo5 

a.CeCo5 

8 Co 

8Co 

2.44 

2.44 

- 
- 

- 
- 

0.07 

0.07 

- 
0.06 

K of Cobalt 

K of Cobalt 



The main peak in the RDF associated to f i r s t  Si neighbows has been Fourier filtered 
and backtransformed i n  k space. These filtered data have been adjusted using the ge- 
neral EXAFS formula. The f i t s  to the data are shown on fig. 2 a and 2 b. The results 
are s m i z e d  in table I. 
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Fig. 2 - a) Adjustnent of the f i r s t  shell contribution (Ce-Si) in cCe Siq 
b) idem for a-Ce Si2 

(the continuum line i s  the result of the f i t ) .  

Frcnn our adjustments it appears that in  the case of a-Ceo 33Si0 6 7  it is necessary 
to  introduce a stat ic disorder term aD (i. e. the third. &t :n the RDF) which is 
quite camparable to that used for other amrphous alloys /11/. In the accuracy l i m i t  
of our expriments it seems that the local e n v i r o m t  of cerium ions in the amrphous 
alloys i s  identical to that of crystalline Ce Sip. 

2 - T h e e X  and CexNi,-x alloys 

In the cerium law concentration region (x 2 0.2) the crystalline cmpxnds (Ce Co5, 
Ce N i s )  present physical properties which have been interpreted for a long tbw as 
"direct" evidence for the absence of 4 f character in their electronic configurations 
(i. e. a "pure" tetravalent 4 f a  ground state). Recently XAS e x p r h t s  have shown 
02 the contrary that the ground state of such carpounds in strongly mixed valent 
(V - 3.3) / 6 ,  8/. This may be interpreted by a strong hybridization between the 4 f 
and the conduction electrons /9/. For our purpose the interesting point is that there 
is no difference between the electronic configuration of cerium in the amrphous and 
the crystalline states / 5 / .  The LIII absorption edges of cerium are identicdl in 
cCe Cos and a-Ceo. 17 COO. 8 3 (cCe N i S  and a-Ceo 17 Ni0.8  3) . Let us naw consider the 
EXAFS results : 
i) even a t  lcw temprature (down to 4.2 K) it i s  impossible to extract any EXAFS 
signature after the LIII edge of cerium in the amrphous state. It mans that the 
stat ic disorder is so huge that the EXAFS oscillations are m l e t e l y  d m .  This 
i s  true both for a-Ceo.17 C00.83 and a-Ceo.17 N i o . 8 3 . 1 n  previous study performed on 
RE alloys, it has been sham that the stat ic disorder tern (OD) around the RE ions 
never exceeds 0.3 /11/. It seems that in the present case this stat ic disorder is 
much higher, 
ii) after the K edges of cobalt or nickel, the EXAFS oscillations are clearly obser- 
ved. On fig. 3 we report the RDF abtained for Ce Co5 and a-Ceo.lsCo 0.83; the atte- 
nuation in the f i r s t  peak intensity s t i l l  exists for the amrphous alloy but it i s  
less important than in  the case discussed in section 111-1. 
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Fig. 3 - Radial distribution function around Co in  a-Ce Co5 and cCe Cog (T = 77 K) 

It i s  important to precise that in  the Ce Cog structure the cobalt atoms are only 
surrounded by cobalt, i. e. the local environment of cobalt is insensible to the pre- 
sence of cerium (at  least in the f i r s t  shell). This point i s  well illustrated on fig. 
4 a and 4 b. Both in H e  Co5 and. a-Ceo. 17 Coo. 8 good f i t s  to the data are obtained 
using the crystallographic data. In the case of the mrphous alloys it i s  -ever 
necessary to introduce a small u~ value (see table I). L e t  us precise that similar 
results are obtained for the a-Ceoe17 Nio .83  . 

Fig. 4 - a) Adjus.hnent of the f i r s t  shell contribution (Co-Co) i n  d e  Co5 
b) idem for a-Ce Co5 

(the continuum line i s  the result of the f i t )  . 

a - lot nolqbouro of Cobalt in CoCoS b 1st nelqhbovro of Cobalt in amorphous COGS 
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These preliminary results confirm once more that the local environment of the ions i s  
quite identical both in the mrphous and the crystalline state.  Concerning the pro- 
blw.of mixed-valent properties versus local disorder, the answer is not easy ; how- 
ever several conxents can be rrade. 

It seems on f i r s t  sight that  the existence of local disorder cannot be directly rela- 
ted to the existence of a mixed-valent ground state. Indeed the mixed-valent state 
of Ce Si2 is suppressed i n  the arrorphous s tate  whereas it survives i n  a-Ce N i 5  and 
a-Ce Cog when the s ta t ic  disorder appears to be m r e  important as indicated by the 
MAFS experiments performed above the cerium LIII edges. 

Nevertheless we must underline that i n  the CexP41?l-x systems the s t a t i c  disorder around 
the transition ions is quite sndll ; therefore before any definite conclusion it is 
necessary to investigate the hypothesis that the disorder around the cerium ions i n  
the mrphous alloys may be due to the mixed-valent character of the cerium ions. 
Usually, i n  crystalline homogeneous mixed-valent materials, the atomic relaxation 
around the RE ions is very small ( 5 0.04 x)  and does not contribute significantly 
t o  the disorder factor /lo/. However it is well established that atomic relaxations 
are very sensitive t o  the elast ic  properties and thus such conclusion my  not be cor- 
rect for mrphous mixed-valent capunds.  We think that EXAFS expriments should be 
done a t  higher cerium concentration in these system when the valence of cerium goes 
d m  to the trivalent s tate ,  i n  order to clarify this p i n t .  

Achmldqmnt  - We want t o  a.cknmledge the collaboration of M. F. Ravet during this 
mrk. 

/1/ Proceedinqs of the International Conference on Valence Instabilit ies,  Wachter, P., 
Boppart, H. Editos (Zurich, North Holland, 1982) 
/2/ Proceedings of the International Conference on Valence Fluctuations (%In, 1984) 
fiTuller-Hartmann, E. , Roden, B. and FJohlleben, D. Editors, J.M.M.M. 47 North Holland 
(1985) 
/3/ Haen, P., Lapierre, F., Mignot, J. M., Kappler, J. P., Krill ,  G., and Ravet, M. F., 
J.M.M.M. 47 (1985) 462 
/4/ MdltGe, D.,  Durand, J. and Marchal, G., J. Non-Cryst. Sol. 61-62 (1984) 1137 
/5/ Mdlterre, D., Wi l l ,  G., &vet, M. F., m a n d ,  J. and Marchal, G.,  to be published 
/6/ Krill, G.,  Kappler, J. P., Meyer, A., Abadli, L. and Ravet, M. F., Valence fluctm- 
tions in Solids, Falicov, L. M., Hanke, W., Mapple, M. B. Fditors North Holland (1981) 
435 --- 

/7/ Wi l l ,  G. and Kappler, J. P., unpublished results 
Fuggle, J. C. and Hillebrech, F. V., Phys. Rev. B 2 (1984) 1777 

/8/ Beaurepaire, E., Krill ,  G. and Kappler, J. P. Sol. St. Canan. 49 (1984) 65 
/9/ Gunnarsson, 0. and Schiinhatmw, K., Phys. Rev. B 2 (1983) 4315 

/lo/ K r i l l ,  G.,  Kappler, J. P.,  Ravet, M. F., Wart, C. and Senateur, J. P., J.M.M.M. 
47 (1985) 190 - 
/11/ Maurer, M., Friedt, J. M. and K r i l l ,  G., J. Phys. F 13 (1983) 2389. 


