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Degradation Process of Lead Chromate Yellows in Paintings by Vincent van Gogh
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Chrome yellows represent a class of pigments commonly employed by painters of the late 19th-early 20™
century, such as Vincent van Gogh [1]. These materials are characterized by a different chemical
composition [PbCrOs, PbCr;4SxO4, 0.1<x<0.75] and crystalline structure (monoclinic and/or
orthorhombic). Their shades range from the yellow-orange to the paler yellow hues with increasing
sulfate amount. The understanding of the photochemistry of the lead chromate-based compounds is
relevant, since in several paintings by Van Gogh and his contemporaries, the areas containing today
chrome yellow appear darkened as consequence of an alteration of the original pigment.

Synchrotron radiation-based microscopic X-ray fluorescence analysis (SR p-XRF), X-ray absorption
near edge structure spectroscopy (u-XANES) and Electron Energy Loss Spectrometry (EELS)
investigations were performed on a series of accelerated photochemical aged oil paint models made up
of different chrome yellow varieties [2]. Two paint micro-samples taken from darkened-yellow areas of
two paintings by Van Gogh were also examined [3]. This allowed us to infer that the presence of Cr(III)
species at the exposed altered layer is ascribable to a photo-reduction of the original Cr(VI). We also
found that the darkening behavior of this class of compounds is critically influenced by their chemical
composition and crystalline structure [4]. A profound discoloration was observed only for the aged paint
models composed of a sulfate-rich orthorhombic PbCr;SxO4 co-precipitate (x>0.5) (Figure 1A). Cr K-
edge n-XANES analysis demonstrated the formation of up to ca. 60% of Cr(IIl)-species in the outer
layer of the most altered samples (Figure 1B) [2,4]. To investigate how the speed of degradation of
chrome yellow might be influenced by the nature of the organic binder in the paint, additional model
samples prepared by mixing the unstable chrome yellow form and different binders (e.g., animal glue,
acrylic, dammar resin and arabic gum) were studied before and after photochemical aging. Regardless of
the nature of the organic binder, a profound darkening was observed; XANES analysis demonstrated
that the relative Cr(IlI) amount ranges from ca. 40-50% in case glue, acrylic or dammar resin to about
70% in case of the arabic gum (Figure 2).

By employing SR-based microscopic X-ray diffraction (u-XRD), Fourier-transform Infrared (FTIR) and
Raman spectroscopy (using both benchtop and portable instrumentation) we were able to identify
different chrome yellow varieties and demonstrate that Van Gogh employed the unstable form of
chrome yellow in several of his well-known paintings [5], such as Sunflowers, Portrait of Gauguin (both
in the Van Gogh Museum, Amsterdam) and Falling leaves/Les Alyscamps (Kroller-Miiller Museum,
Otterlo). Recent u-XANES and p-XRF investigations on a larger number of embedded paint micro-
samples coming from several paintings by Van Gogh indicated that our hypothesis concerning the
correlation between the properties of chrome yellows (chemical composition and crystalline structure)
and the state of conservation of the pigment is a reasonable one. Cr(Il)-based alteration products were
especially found on samples containing PbCr;.«SxO4 chrome yellow, located at the surface of the yellow
paint and/or inside the S-rich areas of superficial varnish layer. (See Figure 3, for an example).
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Figure 1. (A) Images recorded before and after 800 hours of UVA-visible light exposure for oil paint model samples made up of in-house synthesized
lead chromate-based compounds containing different sulfate amount and crystalline structure. (B) Cr K-edge XANES spectra recorded from paint S3p
(orthorhombic PbCro25S0.7504) (black) before and (red) after aging. The reduction of the original Cr(VI) is demonstrated by the decrease of the pre-
edge peak intensity at ca. 5.993 KeV and the shift of the edge absorption toward lower energies. The relative abundance of Cr(Ill) and Cr(VI) was
estimated by means of a linear combination fitting procedure of the XANES spectra of a series of Cr(VI) and Cr(III) reference compounds.
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Figure 3. (A) Visible light microscopy image and (B) composite images of p-XRF chemical state maps of Cr(VI), Cr(Ill) and S of sample
F458-3b taken from the “Table area” of Sunflowers (Van Gogh Museum, Amsterdam). [Map size: 89.6x36.2 um?; pixel size: 0.7x0.2um?;
dwell time: 300 ms]. In (B) cyan arrows and rounded shapes illustrate the areas where Cr-K edge XANES spectra (not reported) were
acquired. The Cr(IIl)-rich particles located at the surface show XANES spectral features similar to that of the Cr(IlI)-hydroxide reference
compound. In the surrounding areas a mixture of Cr(III) and Cr(VI)-species was found.
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