Carbon speciation in ancient and historical systems
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We investigate and discuss the potentials and limits of X-ray Raman scattering (XRS) to
probe carbon speciation in complex heterogeneous solid ancient samples. The hard X-ray
inelastic scattering technique was used to collect carbon K-edge XANES data in a non-
destructive manner, in air, with bulk sensitivity, to provide information not compromised by
surface contamination, thus overcoming important constraints in the characterization of
ancient materials. The potential of XRS is demonstrated through the analysis of carbon-
based artists' pigments, which are until today poorly understood due to their complex
chemistry, based on experiments at SOLEIL and the ESRF in collaboration with SSRL at
Stanford [1]. XRS was used to determine the speciation in a consistent set of modern and
historical samples used in the arts. Furthermore, we collected XRS-based carbon K-edge
XANES on fossil samples. XRS spectra provided information on the degree of aromaticity,
the signatures of oxidized COO groups, the presence of carbon bound with heteroatoms and
turbostraticity. Additionally, we further tested and developed non-invasive 3D chemical
imaging of ancient organic materials by X-ray Raman hyperspectral imaging at the K-edge
of carbon [2]. These results show the potential of XRS as a powerful and convenient probe
to discriminate carbon-based compounds in complex, heterogeneous samples which can be
further applied to a wide range of ancient and historic materials.
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