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It is known that in a solid solution when a ion M is replaced with another ion M’, a local distortion 
of the crystal lattice may occur around the substituting ion [1]. It is also known that some physical 
properties of crystals (such as color, for instance) are affected by the degree of this “structural 
relaxation” (e.g. [2]). In spite of the detailed knowledge about this phenomenon (and its physical 
consequences) it is still far from being completely understood. Moreover there are quite large 
discrepancies among literature data even on similar materials (e.g. [2] and [4]). We performed 
EXAFS and XANES measurements on a set of synthetic aluminate spinel crystals belonging to the 
joints MgAl2O4-FeAl2O4 and MgAl2O4-CoAl2O4 to obtain reliable and accurate information on the 
local structure of these crystals. All investigated crystals were previously characterized by means of 
EMP, SREF-XRD, UV-VIS-NIR and Mössbauer spectroscopy ([4] and [5]). Moreover all crystals 
of each series were synthesized under the very same experimental conditions to ensure the internal 
consistency of the whole dataset. 

Both, (Mg,Fe)Al2O4 and (Mg,Co)Al2O4 series show very similar shape in the measured spectra, 
typical for spinel. However, along the two joints, small but significant differences are observed both 
in the XANES and EXAFS regions (figure 1). The iron-bearing samples show quite similar “pre-
edge” features, while the differences are more evident at the main edge and in the EXAFS (figure 1, 
2 and 3). This may be due to slight differences in Fe2+/Fetot coupled with variations in the degree of 
inversion and Fe-O distances as a function of total Fe content. The Co-bearing spinels show a pre-
edge typical of four fold coordinated Co2+ that is a sharp peak whit a small shoulder on the high 
energy side. Measured spectra for both Fe and Co samples show systematic variations around 7118-
7122 eV (for Fe) and 7718-7723 (for Co). These differences may possibly be explained in terms of 
order-disorder of the local structure around these cations. Differences observed in the Fourier 
transform of the EXAFS are consistent with this picture. 

	  

Figure	   1.	   Measured	   XAS	   spectra	   for	   two	   of	   the	   Co-‐bearing	   samples	   (CoAl_14:	   (Mg0.753Co0.251)Al1.997O4	   and	   CoAl_100:	  
Co1.017Al1.989O4	   (left)	   and	   two	   Fe-‐bearing	   spinels	   (He_4a:	   (Mg0.818Fe

2+
0.182)(Al1.989Fe

3+
0.011)O4and	   He_100:	   Fe

2+(Al1.908Fe
3+
0.092)O4)	  

(right).	  



 Our work shows that despite strong similarities among all the investigated samples (evidently due 
to crystal structure), some spectral features exhibit systematic trends (e.g. pre-edge and near-edge 
peaks, EXAFS region). The systematic interpretation of these features will allow shedding new 
light on the complex interplay between chemical composition, cation distribution and details of the 
crystal structure. We also expect to clarify how all these characteristics affect some physical 
properties (such as, for instance, color). 

	  

	  

Figure	  2.	  Details	  of	  the	  pre-‐edge	  and	  edge	  regions	  for	  the	  same	  samples	  shown	  in	  figure	  1.	  

	  

Figure	  3.	  Fourier	  transform	  of	  the	  EXAFS	  for	  samples	  shown	  in	  figure	  1	  and	  2	  (not	  corrected	  for	  phase	  shift).	  
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