
HAL Id: jpa-00226064
https://hal.archives-ouvertes.fr/jpa-00226064

Submitted on 1 Jan 1986

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Fe K-EDGE X-RAY ABSORPTION SPECTROSCOPY
OF SILICATE MINERALS AND GLASSES

N. Binsted, G. Greaves, C. Henderson

To cite this version:
N. Binsted, G. Greaves, C. Henderson. Fe K-EDGE X-RAY ABSORPTION SPECTROSCOPY OF
SILICATE MINERALS AND GLASSES. Journal de Physique Colloques, 1986, 47 (C8), pp.C8-837-
C8-840. �10.1051/jphyscol:19868160�. �jpa-00226064�

https://hal.archives-ouvertes.fr/jpa-00226064
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 
Colloque C8, suppl6ment au no 12, Tome 47, dgcembre 1986 

Fe K-EDGE X-RAY ABSORPTION SPECTROSCOPY OF SILICATE MINERALS AND 
GLASSES 

N. BINSTED', G.N. GREAVES* and C.M.B. HENDERSON 

Department of Geology, University of Manchester, 
GB-Manchester M I 3  9PL, Great-Britain 
'SERC Daresbury Laboratory, GB-Warrington WA4 4AD, 
Great-Britain 

A b s t r a c t  S t r u c t u r a l  parameters determined f o r  c r y s t a l l i n e  i r o n ,  f a y a l i t e  and 
a e g i r i n e  agree c l o s e l y  w i t h  X-ray c r y s t a l l o g r a  h i c  data .  A  g l a s s  o f  NaFeSipO6 
compos i t ion  has Fe predominant ly  p resen t  as Fegt i n  t e t r a h e d r a l  c o o r d i n a t i o n  i .e .  
as a  network former. CaFeSiOq and CaFeSi206 g lasses have about & o f  t h e  t o t a l  Fe i n  
sc tahed ra l  c o o r d i n a t i o n  i .e .  as a  network m o d i f i e r .  

. I n t r o d u c t i o n  An unders tand ing o f  t h e  s t r u c t u r a l  r o l e  o f  i r o n  i n  s i l i c a t e  m e l t s  i s  
i m p o r t a n t  n o t  o n l y  i n  e x p l a i n i n g  r h e o l o g i c a l  and d i f f u s i o n  p r o p e r t i e s  and phase 
r e l a t i o n s ,  b u t  a l s o  because o f  t h e  s i g n i f i c a n c e  o f  redox r a t i o s  as oxygen f u g a c i t y  
i n d i c a t o r s .  As p a r t  o f  an ongoing s tudy  o f  t h e  a p p l i c a t i o n  o f  synch ro t ron  
techn iques t o  geo log i ca l  problems we have, t h e r e f o r e ,  i n v e s t i g a t e d  s i l i c a t e  
m i n e r a l s  and g lasses by Fe K-edge X-ray abso rp t i on  spectroscopy. Spect ra  were 
recorded i n  t r ansm iss ion  a t  t h e  SRS ~ i n g  a  harmonic r e j e c t i n g  doub le  c r y s t a l  mono- 
chromator ( S i  220). 

C r y s t a l 1  i n e  body-centred metal  1 i c  i r o n ,  f a y a l  i t e  (FepSi04) and ae i r i n e  
(NaFeSi206) were used as model compounds f o r  Fe as FeO, ~ e ~ *  and Fe3', r e s p e c t i v e l y .  
dackground subt rac ted,  k3 we ighted spec t ra  were analysed u s i n g  t h e  Daresbury L i b r a r y  
Program EXCURVE which u t i l i s e s  s p h e r i c a l  wave t h e o r y  and l e a s t  squares r o u t i n e s  [I]. 
Glasses hav ing t h e  compos i t ions  o f  a e g i r i n e ,  hedenberg i te  (CaFeSi206) and 
k i r s c h s t e i n i t e  (CaFeSiO4) were prepared by quenching me1 t s  produced under atmospheric 
c o n d i t i o n s  a t  1300°C. Microprobe analyses showed these t o  be homogeneous and on- 
compos i t ion  w h i l e  chemical  analyses gave F ~ ~ + / c F ~  r a t i o s  o f  0.9, 0.8 and 0.9 (+0.03), 
r e s p e c t i v e l y .  

Resu l t s  The absorbance spec t ra  f o r  t h e  samples s t u d i e d  a r e  f i g u r e d  i n  an e a r l i e r  
p rogress  r e p o r t  [2]. The d e r i v a t i v e  o f  t h e  absorbance i s  shown here  ( f i g u r e  1)  
a l l o w i n g  t h e  energ ies  o f  t h e  a b s o r p t i o n  edge and assoc ia ted  f e a t u r e s  t o  be deduced 
t o  an accuracy o f  20.5 eV. As expected, t h e  model compounds show an i nc rease  i n  t h e  
edge energy w i t h  i n c r e a s i n g  o x i d a t i o n  s t a t e  o f  Fe, f r om 7115 eV ( i r o n  FeO, f i g .  l a )  
th rough 7123 eV ( f a y a l i t e ,  ~ e 2 + ,  b)  t o  7128 eV ( a e g i r i n e ,  ~ e 3 + ,  c ) .  Weak pre-edge 
features  occur  i n  bo th  f a y a l i t e  and a e g i r i n e  due t o  ls+3d t r a n s i t i o n s  enhanced by  
h y b r i d i z a t i o n  o f  i r o n  3d w i t h  oxygen 2p o r b i t a l s  [4]. T h i s  f e a t u r e  shou ld  i nc rease  
i n  i n t e n s i t y  i n  t h e  order :  r e g u l a r  o c t a h e d r a l - d i s t o r t e d  oc tahed ra l - t e t rahed ra l  
coo rd ina t i on .  The pre-edge f e a t u r e  occurs a t  7114 eV i n  f a y a l i t e  and 7116 eV i n  
a e g i r i n e  c o n f i r m i n g  t h e  2  eV s h i f t  p r e v i o u s l y  r e p o r t e d  f o r  ~ e 2 *  and ~ e 3 +  [3]. 

F igu re  2  shows background sub t rac ted  EXAFS (as measured), F o u r i e r  f i l t e r e d  
spec t ra ,  and t h e  F o u r i e r  t r a n s f o r m  o f  t h e  spect ra .  Do t ted  l i n e s  r e f e r  t o  t h e  b e s t  
curved wave f i t  t o  exper iment:  comparison i s  made w i t h  respec t  t o  F o u r i e r  f i l t e r e d  
spec t ra  f o r  c l a r i t y .  A l l  t h e  model compounds show e x c e l l e n t  agreement between t h e  
EXAFS and c r y s t a l  l o g r a p h i c  da ta  (lt0.02a f o r  f i r s t  she1 1  d i s tances ) .  Mean Fe-0 
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d is tances  o f  2.228 and 2.038 f o r  f a y a l i t e  and a e g i r i n e  a r e  c o n s i s t e n t  w i t h  t h e  
presence o f  o c t a h e d r a l l y  coo rd ina ted  Fez+ and Fe3+, r e s p e c t i v e l y .  The EXAFS da ta  
a l s o  reproduce t h e  d i s t o r t e d  n a t u r e  o f  t h e  oxygen l i g a n d s  i n  bo th  m ine ra l s .  The 
asymmetry o f  t h e  Fe s i t e s  i s  a l s o  r e s p o n s i b l e  f o r  t h e  smal l  pre-edge f e a t u r e  around 
7115 eV. 

The t h r e e  g lasses have spec t ra  w i t h  l e s s  XANES s t r u c t u r e  above t h e  edge compared 
w i t h  t h e  c r y s t a l 1  i n e  s i l i c a t e s ;  t h i s  i s  c o n s i s t e n t  w i t h  decreased long- range o r d e r  
i n  t h e  glasses. For  each o f  t h e  t h r e e  g lasses t h e  abso rp t i on  edge t h r e s h o l d  occurs 
a t  7127 eV c o n s i s t e n t  w i t h  t h e  b u l k  o f  t h e  Fe e x i s t i n g  as Fe3+. I n  a d d i t i o n ,  a l l  
t h e  g lasses have more-pronounced pre-edge f e a t u r e s  than those shown f o r  t h e  
c r y s t a l l i n e  m a t e r i a l s  ( f i g .  1). T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  aegi  r i n e  g l a s s  
(NaFeSi206) which e x h i b i t s  t h e  s t r o n g e s t  pre-edge f e a t u r e  p o i n t i n g  t o  t e t r a h e d r a l l y  
coo rd ina ted  Fe s i t e s .  A n a l y s i s  o f  t h e  EXAFS spec t ra  f o r  t h e  g lasses ( f i g .  2e, 
f ,g)  generates f i r s t  s h e l l  Fe-0 d i s tances  o f  1 .861  f o r  NaFeSi206 and 1.928 f o r  
CaFeSi $6 and CaFeSiOq compos i t ions  composed t o  2.03 8 f o r  c r y s t a l  1  i n e  NaFeSi 206. 
The s h o r t e r  average Fe-0 d i s t a n c e  f o r  NaFeSi206 g lass  compared t o  c r y s t a l l i n e  
a e g i r i n e  ( t o g e t h e r  w i t h  t h e  narrower,  more i n t e n s e  F o u r i e r  t r ans fo rm peak f o r  t h e  
g lass ,  f i g .  2c,d) con f i rms  t h a t  Fe3+ i s  a lmost  c e r t a i n l y  t e t r a h e d r a l l y  coo rd ina ted  

i n  t h e  g lass .  I n  c o n t r a s t ,  t h e  s l i g h t l y  
l onge r  Fe-0 d i s tances  i n  t h e  Ca-bear ing 
g lasses suggest t h a t  up t o  & o f  t h e  o f  t h e  Fe 

o o i s  p resen t  i n  oc tahedra l  coo rd ina t i on .  These 
r e s u l t s  c o n f i r m  t h e  obse rva t i ons  o f  Mysen and 
h i s  co l leagues [e.g. 5,6] t h a t ,  f o r  samples 
prepared under o x i d i z i n g  c o n d i t i o n s ,  Ca- 

o o bea r i ng  g lasses c o n t a i n  s u b s t a n t i a l  amounts o f  
~ e 2 +  w h i l e  e q u i v a l e n t  Na-bear ing g lasses 

E c o n t a i n  >95% ~ e ~ + .  Moreover i n  bo th  systems 
a 
III t h e  ~ e 3 +  p resen t  occurs  predominant ly  i n  
b o o  t e t r d h e d r a l  coo rd ina t i on .  :: a ..- D iscuss ion  The presence o f  ~ e 3 +  i n  t e t rahed -  

?! 
r a l  c o o r d i n a t i o n  i n  g lasses quenched f rom 

= 0 0  s i l i c a t e  m e l t s  prepared under o x i d i z i n g  
g c o n d i t i o n s  i n d i c a t e s  t h a t  i t  a c t s  as a  
al 
o network- former  i n  bo th  Na- and Ca-bearing 

systems. I n  c o n t r a s t ,  Fez+ occurs i n  
o o oc tahed ra l  c o o r d i n a t i o n  i .e .  as a  network 

m o d i f i e r .  I t  has been suggested t h a t  t e t r a -  
hed ra l  l y  coo rd ina ted  Fe3+ may n o t  be randomly 
mixed w i t h  S i  i n  framework u n i t s  b u t  i n s t e a d  

o o may e x i s t  as d i s c r e t e  Fe - r i ch  c l u s t e r s  
[6,7]. I f  t h i s  i s  t h e  case we m igh t  expect  

7100 7120 7110 7 1 ~ )  7180 72w t o  r e s o l v e  Fe-Fe i n t e r a c t i o n s  i n  t h e  EXAFS 
Energy (eV) spec t ra  b u t  we f i n d  no evidence o f  t h i s  

phenomenon w i t h  g lasses s t u d i e d  here.  
F igu re  1. D e r i v a t i v e  o f  absorbance 
f o r  Fe EXAFS spect ra .  a  = Fe meta l ;  Models f o r  c a l c u l a t i n g  v i s c o s i t i e s  and 
b  = f a y a l i t e  c r y s t a l ;  c  = a e g i r i n e  s t r u c t u r a l  parameters such as t h e  r a t i o  
c r y s t a l ;  d  = NaFeSi206 g lass ;  e  = non -b r i dg ing  O / te t rahed ra l  c a t i o n s  (NBO/T; 
CaFeSiOq glass;  f = CaFeSi206 g lass .  [a]), depend on t h e  c o r r e c t  assignment o f  ~e~~  

t o  network-forming o r  -mod i f y i ng  r o l e s .  
P. Henderson e t  a1 . [9] found a  r e g u l a r  r e l a t i o n s h i p  between d i f f u s i o n  c o e f f i c i e n t s  
measured f o r  a  s e r i e s  o f  r o c k  m e l t s  and c o n v e n t i o n a l l y - c a l c u l a t e d  NBO/T ( i . e .  ~ e ~ +  
as m o d i f i e r ) .  However data  f o r  a  p a n t e l l e r i t e  m e l t  ( a l k a l i - r i c h  g r a n i t e )  f e l l  o f f  
these t rends .  The p a n t e l l e r i t e  m e l t  i s  r e l a t i v e 1  poor  i n  A1 and r i c h  i n  Fe3+ ( ~ e ~ + /  
iF-e 0.82) and i t  seems l i k e l y  t h a t  much o f  t h e  Fes' would be a c t i n g  as a  t e t r a h e d r a l  
network former.  R e c a l c u l a t i o n  o f  NBO/T on t h i s  b a s i s  b r i n g s  t h e  p a n t e l l e r i t e  m e l t  
i n t o  f i n e  w i t h  t h e  o t h e r s  f o r  Ba, Eu and Fe d i f f u s i o n .  
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Figure 2. Fe EXAFS spectra. 1) raw EXAFS 
data 
2)  Four ie r  f i l t e r e d  data w i t h  theory (dots)  
3) Four ier  transform w i t h  theory (do ts ) .  
a  - f as i n  f i g u r e  1. 
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