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Figure 3 The FE-SEM images (a, b), low-resolution TEM image (c) and
HR-TEM image (d) of the PbCrO, nanorods.




Degradation Process of Lead Chromate in Paintings by Vincent van
ogh Studied by Means of Synchrotron X-ray Spectromicroscopy
land Related Methods. 1. Artificially Aged Model Samples
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v n several paintings by artists of the end of the 19¢h century
and the beginning of the 20th Century a darkening of the original yellow
areas, painted with the chrome yellow pigment (PbCrO,, PbCrO,-
&PbSO,, or PbCrO,;+xPbO) is observed. The most famous of these are the
various Sunflowers paintings Vincent van Gogh made during his career. In
the first part of this work, we attempt to elucidate the degradation process
of chrome yellow by studying artificially aged model samples. In view of the R
very thin (1—3 m) alteration layers that are formed, high lateral
resolution spectroscopic methods such as microscopic X-ray absorption near edge (4-XANES), X-ray fluorescence spectrometry
(#-XRF), and electron energy loss spectrometry (EELS) were employed. Some of these use synchrotron radiation (SR;
Additionally, microscopic SR X-ray diffraction (SR #-XRD), #-Raman, and mid-FTIR spectroscopy were employed to complete]
characterize the samples. The formation of Cr(III) compounds at the surface of the chrome yellow paint layers is particulas
observed in one aged model sample taken from a historic paint tube (ca. 1914). About two-thirds of the chromium that is present]
the surface has reduced from the hexavalent to the trivalent state. The EELS and #-XANES spectra are consistent with the preses
of Cr;03+ 2H, 0 (viridian). Moreover, as demonstrated by #-XANES, the presence of another Cr(IIT) compound, such as eif
Ct2(S04)3*H;0 or (CH;CO,),Cr3(OH), [chromium(TII) acetate hydroxide], is likely.

Rmm years have seen a growing interest in paintings of the by V. van Gogh (1. 890)," G. Seurat (1859—1891),”
end of the 19th Century and the beginning of the 20th Century Turner (1775—1851),J. Constable (1776 —1837)," P.

from the field of analytical chemistry dedicated to the conserva-
tion of works of art. Since the beginning of 19th Century, the
industrial expansion has stimulated the development of synthetic
pathways for many new materials, including various pigments
such as chrome yellow, cadmium yellow (CdS), emerald green
[Cu(CyH30,),+3Cu(AsO,), ], viridian green (Cr,05-2H,0),
and lithopone white (BaSO,-ZnS). These new pigments were
either synthetic, purer equivalents of the traditional pigments
employed by painters in earlier periods or entirely new com-
pounds, yielding brighter colors and providing new stylistic
possibilities. Among these, chrome yellow pigments took an

important position, outclassing, because of their brightness and
opacity, the already existing yellow pigments [such as Naples

(1839—1906),° C. Pissarro (1830—1903), and J. Ensos
1949),” is also employed on a wider scale for industrial,
(painting of vehicles and air planes, road paint, and sig
Chrome yellow belongs to a class of pigments base
lead chromate (PbCrOy, yellow and found in nature
mineral crocoite), lead chromate—oxide [PbCrO,+
low-orange and found in nature as the mineral pho
with structure Pb,0(Cr0,)], in which the lead oxi
reddish shade, or lead chromate sulfate (PbCrO,-
which the sulfate compounds are employed to
shades of yellow.*® At room temperature, PbCrO,
respectively, have a monodlinic and orthorhombi

Letizia Monico et al., Anal. Chem. 2011, 83, 1214-1
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