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Report:

The mineral composition of lead white is generally consdered to be hydrocerussite 2PbCO;,Pb(OH), but our
andyses of Ancient cosmetics have shown that it could also be a mixture of hydrocerusste and cerussite, or only
cerussite PbCOs. Following the different recipes of synthess, various mixtures can be obtained. We have studied
various samples to better understand the chemicd conditions of hydrocerussite g/nthesis in various contexts: (1)
From make-up containers of the Hellenistic period (museum of Volos and Thessaloniki in Greece) between 400 and
200 B.C. (2) From atificidly produced hydrocerussite, for comparison with the above-mentioned archaeologica
gpecimens. (3) From the Isenheim Altarpiece, which was painted by Matthias Grunewald (ca. 1513-1515), Museum
of Colmar (France) (4) From the paette of Théodore Rousseau, one of the painters of the School of Barbizon (ca.
1850-1860).

- Experimental method:

The different powders were andysed in 0.3mm glass capillaries, in the high-resolution mode a the wavelength:
| =0.04 nm. The 300um-thick dices of paints of the 16" and 19" centuries were anaysed in transmisson mode.
Thanks to the qudity of patterns collected at ID31, the refinement of structure of the synthetic hydrocerussite and the
Rietveld quantitative and microstructural analysis of archaeological samples have been redised.

- Quantitative powder diffraction is now possible since the structurd model of hydrocerussite has been
recently eucidated by our group [1]. The aomic arangement is closdly reated to the Structures of other lead
hydroxide carbonates. The hydrocerussite structure can be viewed as a sequence of two types of layers stacked
along [001]. Layer A is composed of Pb and CO3, and layer B is composed of disordered Pb and OH. The
stacking sequence is BAABAA. The quantitative andysis is required to compare ancient pigments, i.e. Greco-roman
cosmetics between us and with modern powders synthesised in the lab according to the ancient recipes. Results on
archaeologica samples have reveded that the ratio of the two lead carbonate phases can be very different depending
on the sample[2,3]. In some cases, the cerussite is present as the mgjor phase.

- The microstructural aspect (strain and crystallite size) must to be considered too. We aim at correlating
the microstructure of the minerd with the chemica condition of the wet synthes's (method, pH and carbonate
concentration of the solution). These conditions affect the microstructure of hydrocerussite, and was studied through
the X-ray line breadths. The peak breadth variation on the Williamsorn-Hal plot has shown the presence of ggnificant



grain with alarge anisotropy as afunction of (hkl) in an ancient Greek cosmetic powder. We have considered asize
anisotropy correction in the Rietveld refinement for archaeologica lead samples containing mainly hydrocerussite. In
thisway, it has been possible to correlate these results with scaming electron microscopy observations. The
visuadisation of caculated shape of cryddlitesis possible using the software GFourier.
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Ri aveld ra‘lnement of an archaeol oglcd Iead whlte using modd from synthalc hydrocerusste ( e‘t) Wlthout
Sze anisotropy correction, Rp=7.77, Rwp=10.4, Rexp=3.46 Chi2=8.95; (right) with Sze anisotropy
correction, Rp=5.75, Rwp= 7.34, Resp=3.48, Chi2=4.45.
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(A) Pladet-like sze effect : HL*cog(q) = Y + e cog(f) where f =[hkl][001], Average apparent Sze =
500A aong <001>, aspect ratio ~ 2 ; (B) Observations by SEM of a synthetic hydrocerussite sample; (C)
Visudisation usng the software GFourier of the calculated shape of crysalites
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