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Fading Orange-Red

Van Gogh’s pigment up close: plumbonacrite
revealed as intermediate in degradation of red
lead

Red lead is most familiar to us in orange-red rustproof paint.
Artists have treasured the brilliant color of this pigment for their
paintings since ancient times. However, various ageing process-
es cause discoloration of the saturated hue over time. Thanks to
a combination of X-ray diffraction mapping and tomography ex-
periments, Belgian scientists have now explained an addition-
al step in the light-induced degradation of lead red. The key to
their discovery was the identification of the very rare lead car-
bonate mineral plumbonacrite in a painting by Van Gogh, as the
researchers report in the journal Angewandte Chemie.

Red lead (minium, or lead(II,IV) oxide) is a lead oxide whose
composition is Pb3O4 and whose color varies over time. Some-

times the color darkens or blackens as the red lead pigment is
converted to plattnerite (#-lead dioxide) or galena (lead sulfide).
At other times, the color will lighten or bleach because of the
conversion of red lead to lead sulfate or lead carbonate.

A team headed by Koen Janssens at the University of Antwerp
has now been able to further clarify the degradation process
of red lead that causes this bleaching of the color. The re-
searchers examined a microscopically small sample of the paint-
ing “Wheat Stack under a Cloudy Sky” by Vincent van Gogh
(1889, oil on canvas, Kröller Müller Museum, Netherlands).
They made use of X-ray powder diffraction mapping and to-
mography techniques in order to determine the distribution of
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different crystalline compounds within the sample with very
high spatial resolution and specificity. In contrast to conven-
tional X-ray crystallographic methods, their methods resulted
in a depth profile of the sample’s composition without cutting it
open.

Their experiment led the researchers to find an unexpect-
ed compound, the very rare lead carbonate mineral called
plumbonacrite (3 PbCO3·Pb(OH)2·PbO). “This is the first time

that this substance has been found in a painting from before the
mid-twentieth century,” reports Frederik Vanmeert, first author
of the paper. “Our discovery sheds new light on the bleaching
process of red lead.” Based on their new insights, the scientists
have proposed a possible reaction pathway by which red lead
loses its red color under the influence of light and carbon diox-
ide: Irradiation with light causes electrons to move from the va-
lence band to the conducting band in the red lead, which is a
semiconductor. This initiates reduction of the red lead to PbO.
Subsequently, CO2 is absorbed gradually from the air and/or

from degradation products of the binding medium from the oil
paint. This forms plumbonacrite as an intermediate that is con-
verted to hydrocerussite and then to cerussite (lead carbonate)
upon further absorption of CO2. These degradation products are

white.
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based on can be found in our online pressroom at http://
pressroom.angewandte.org.


