
 

Why some greens turn brown in historical
paintings
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A painting, Noli me tangere by Angolo Bronzino (ca. 1560) (A), shows darkening
of green copper pigment in a light-exposed area (C) but not in an area protected

1/3



 

by the frame (B).  Credit: Adapted from Inorganic Chemistry 2019, DOI:
10.1021/acs.inorgchem.9b02007

Enticed by the brilliant green hues of copper acetate and copper resinate,
some painters in the Renaissance period incorporated these pigments
into their masterpieces. However, by the 18th century, most artists had
abandoned the colors because of their tendency to darken with time.
Now, researchers reporting in ACS' journal Inorganic Chemistry have
uncovered the chemistry behind the copper pigments' color change.

Copper acetate (also known as verdigris) and copper resinate were used
in European easel paintings between the 15th and 17th centuries. Artists
typically mixed these pigments with linseed oil to make paint. Until now,
scientists didn't know why the green paints often turned brown with
time, although they had some clues. Light exposure was thought to play a
role because areas of paintings protected by frames remained green.
Also, oxygen appeared to contribute to the darkening process, with the
brown color spreading from cracks in the paint that exposed the
underlying copper pigments to air. So Didier Gourier and colleagues
wanted to analyze the chemical changes that occur in the paints upon 
light exposure.

The team determined that the molecular structures of copper acetate and
copper resinate were quite similar: Both had two copper atoms bridged
by four carboxylate groups, but there was more space between resinate
than acetate molecules. The researchers mixed the pigments with linseed
oil and spread them in a thin layer. They then exposed the paint films to
16 hours of 320-mW LED light, which corresponded to hundreds of
years of museum light. This illumination caused bridging molecules
between the pair of copper atoms to be lost, which were then replaced by
an oxygen molecule, creating bimetallic copper molecules responsible
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for the brown color. This process occurred more readily for copper
resinate than for copper acetate. Boiling the linseed oil before mixing,
which some artists did to improve the drying process, slowed the
darkening reaction.

  More information: Marion Alter et al, Photochemical Origin of the
Darkening of Copper Acetate and Resinate Pigments in Historical
Paintings, Inorganic Chemistry (2019). DOI:
10.1021/acs.inorgchem.9b02007
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