Investigation of Iron and Copper Speciation: Deciphering the Green Colourations of Medieval Stained-glass Windows
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ABSTRACT
Colour is one of the most striking properties of glass. This property is of interest in stained-glass windows, where the colour of the glass pieces is obtained thanks to the vdoping of the glass matrices with transition metals. The physicochemical origin of the colour is deeply linked to their speciation. For instance, copper is a widely used dopant, which can produce blue (absorption of diluted Cu2+ in distorted octahedra) to red (surface plasmon resonant absorption of Cu0 nanoparticles) colours in glass [1]. But copper is also involved in green colourations. In the literature, the copper green colourations are linked to the presence of possible Cu2+-Cu+ clusters [2], or to the influence of iron, mainly as Fe3+ in the glass [3], as iron is always found in medieval glass compositions due to raw materials impurities.
This study reports on X-ray Absorption Spectroscopy (XAS) measurements carried out at the PUMA beamline of SOLEIL synchrotron to determine the iron and copper speciation of a selection of medieval green glass pieces from the Reims cathedral, dated from the 13th century. Quantitative redox and sites of Fe and Cu in our samples were determined. In order to retrieve the elaboration condition of these historical samples, the results were compared to model glass pieces synthetized varying the Cu/Fe ratio and equilibrating temperatures (from 1500°C – reducing conditions – to 1200°C – more oxidizing conditions –).
Finally, we propose a new physicochemical description of the origin of the colour and elaboration conditions of medieval green glass pieces.
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