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Report:  
The study of heavy metal ions in chemically complex matrices − undertaken by the applicants (experiment 

ME-735, report dated February 29, 2004) on the speciation of Sb in ancient tile glazes, taking oxide minerals 
as model compounds [1] − was extended to other heavy metallic elements with the purpose of relating K- and 
LIII-edges absorption spectra of metal ions with XANES data previously obtained for the S K-edge 
(experiment ME-821, beamline ID 21, report dated October 13, 2004).  

Sulphosalts − and among them, tetrahedrites −, are a group of economically valuable minerals, where 
Ag1+ cations may assume triangular coordination while Fe and other divalent metal ions fill structural sites 
with a tetrahedral environment of sulphur anions. However, the structural position occupied by heavy metal 
ions in tetrahedrites remains questionable, and the study of Pb, Sb, Bi LIII-edges in selected sulphosalts 
provides data of a major importance to understand the spatial implications of the lone pair of electrons in 
Pb2+, Sb3+ and Bi3+ ions, in connection with prevailing electronic state and chemical bonding. 

The instrumental set-up of BM-29 beamline was used to collect a total of 69 scans that allowed to obtain 
15 high quality XANES spectra and 12 EXAFS spectra, collected in the usual transmission geometry and 
complemented with fluorescence yield data. Model compounds were pelletized with BN. 

Several simple model minerals were thus analysed as well as Pb-rich sulphosalts with known crystal 
structure. Minerals selected to model Pb state were minium (Pb3O4) with Pb2+ in pyramidal coordination 
(CN3), plattnerite (β-PbO2) with Pb4+ in octahedral coordination, litharge (α-PbO) with Pb2+ in pyramidal 
coordination (CN4), cerussite (PbCO3) with Pb2+ in a less regular coordination. For silver, argentite (β-Ag2S, 
cubic) and acanthite (α-Ag2S, monoclinic) were selected. 

An energy shift to higher energy relatively to the metal was observed for Pb ions in the oxides and in the 
carbonate, with no noticeable energy difference between formal valences Pb2+ and Pb4+, but clear differences 
in post-edge features were noticed (Fig. 1). Conversely, the energy of Ag K-edge in the sulphides argentite 
and acanthite and in the sulphosalt tetrahedrite coincides with the value for metallic silver (Fig. 2). 

A first attempt to study iron in the usual formal valences 2+ and 3+ was successfully conducted on natural 
materials with variable structural complexity, including Fe-rich alteration products of volcanic rocks (Fig. 3). 



The results on lead will be included in a communication on ancient ceramics accepted for presentation at a 
forthcoming congress [2], in this way complementing and extending XANES data already in press [3]. 

Worth remarking is the fact that the joint approach to Sb and Pb in ancient yellow glazes has allowed to 
clarify the kind of pyrochlore prevailing in the glaze as a dispersed crystalline phase [4]. 

Further theoretical modelling of K-edge XANES spectra using the FEFF code is at present in progress. 
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