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In his paper ‘Slowly towards improved infrared reflectography equipment” Van Asperen De
Boer reviewed the impact of introducing Infrared Reflectography (IRR) in the late sixties.'
IRR was then considered to be a major breakthrough in the young field of heritage science as
it allowed non-invasive sub-surface probing of features and materials (i.e., carbon-based
underdrawings) to which more established methods such as X-ray radiography and UV
induced visible fluorescence photography was insensitive.

However, none of above imaging methods allow direct chemical identification of painting
materials; to some extent this this possible with more recently developed imaging
spectroscopic imaging techniques such as hyperspectral and MA-XRF. Combining a number
of these techniques brings us slowly towards the ultimate goal: imaging a// chemical species
in a painting in sifu, in a non-invasive manner, and with a relevant depth selectivity.

While the value of MA-XRF scanning was extensively illustrated in the last decade,’ being an
element-specific imaging method, its applicability is somewhat curbed by a lack of
specificity. In spite of these limitations, De Keyser et al. * recently demonstrated how the
insights obtained by MA-XRF scanning on a complex multi-pigment and multi-layered still
life by De Heem can be considerably expanded by SEM-EDX analysis of a single cross-
section. Here we will present how one or more compound-specific scanning techniques can be
used to obtain missing information in a similar but non-invasive manner. MA-XRPD and
reflection mid-MA-FTIR permit to visualize the distribution of low Z materials such as
ultramarine that are not detectable by MA-XRF. The additional ability to differentiate
between pigments with a similar elemental composition proved particularly valuable for
instance for understanding the copper-based foliage between the flowers. Here, combined
MA-XRPD/MA-FTIR was able to clarify the particularly well-preserved deep green tones by
revealing the combination of blue verditer with yellow lakes, instead of the expected
verdigris. The surplus of recording species-selective maps in situ became even more clear
when degradation products are considered. For the De Heem painting, MA-XRPD succeeded
e.g. in recording maps of potassium salts related to lake substrates and arsenic compounds
that are in line with the recently established degradation pathway of orpiment.*”
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