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O F  T H E  I M A G I N A T I O N

From cave paintings in South America to the ancient art of
Greece, Egypt, and Rome, to baroque, modern, and contem-
porary works, art has been integrated with chemistry since

the beginning of time. Chemistry preserves paintings and sculp-
tures, makes and detects forgeries (see “Analyzing Artistry”, Today’s
Chemist at Work, March 2002, p 22), and is integral to making
and analyzing the resins, paints, and pigments themselves.

The Modern Age
Until the 19th century, almost all dyes and pigments were
natural products derived from plants, animals, or the earth itself.
Dyes are soluble, but pigments are insoluble and usually require
a binder to hold them to the substrate. Although many colors
appear in nature, some colors, including blue, are not as common-
ly found (see “Micro-Raman Reveals ‘True Blue’”, Today’s Chemist
at Work, January 2003, p 17). Early artists had to turn to smalt
(ground cobalt blue glass) and semiprecious stones such as
lapis lazuli and azurite to create the color. Painters including
Jan van Eyck used lapis lazuli only at the request of the rich
Dutch merchants because it was a sign of social status. Violet,
the color of royalty, also rarely occurs in nature. The Greeks
first discovered it by grinding the shells of the mollusks Murex
trunculus and Purpura haemastoma to form the dye “purpura”,
also known as Tyrian Purple.

Also notable for its absence among the natural colors on the
artist’s palette was bright yellow. In 1886, the Journal of the
Society of Arts in London addressed this deficiency by beginning

a search for a pigment known as Indian Yellow, which had been
described a century before by the amateur painter Roger Dewhurst
(http://webexhibits.org/pigments/indiv/history/indianyellow.html).
The search started in Calcutta, India, and it “struck gold” in
Monghyr, India. There, the Society’s investigators found a small
group of cattle owners whom other cattle owners called the “color-
men”. The colormen were hated because they fed the cows they
considered sacred a diet of mango leaves and water, which left
the cows severely malnourished, but also turned the cows’ urine
a bright yellow. To prepare the urine as a pigment, it was heat-
ed until a magnesium euxanthate-containing sediment was formed.
The sediment was strained, then pressed into balls and dried.
Under the microscope, Indian Yellow appears crystalline. Use of
this pigment declined at the beginning of the 20th century, when
it fell out of favor because of the rise of manufactured pigments
and the many animal welfare laws that had been passed in
Great Britain.

By the middle of the 19th century, things were beginning to
change for both the chemist and the artist. George Field, a British
researcher who made and studied artists’ pigments and dyes,
was able to analyze virtually all the materials that brought color
to the artist’s palette. (Modern researchers have continued
Field’s efforts, compiling the Colour Index International, www.
colour-index.org, which lists and describes industrially manufac-
tured colorants. Containing more than 9000 pages in over 9
volumes, the list is considered the Bible of dyers and colorists.
The colorants are cataloged by hue, use, and a number denoting
the chemical composition of each colorant.) The technology of
that time also gave the world its first collapsible metal tube. Using
tubes as containers for paint freed the artists from having to
remain in their studios to mix colors. Claude Monet, Pierre-Auguste

Synthetic colors on the artist’s
palette inspired new styles. 



Renoir, and other artists quickly availed themselves of this flex-
ibility, and they headed out to capture the great outdoors as never
before. Impressionism was born.

Azo pigments and quinacridones, the first true synthetic organ-
ic pigments, emerged in the last part of the 19th century.
Quinacridones, discovered in the 1880s, were slow to emerge as
pigments. In 1935, H. Liebermann synthesized the first quinacridone
suitable for a use as a pigment. Azo pigments were based on salts
of azo dyes. The first azo pigment, patented in 1884, was Tartrazine
yellow. Because these colored organic compounds did not have to
be attached to inorganic particles
to make lake pigments (translu-
cent pigments formed by precipi-
tating dyes using a mordant), it
became possible to apply the
increasingly rational “synthesis of
color” that evolved from the
synthetic dye industry to pigment
manufacturing. In 1958, DuPont
marketed quinacridone pigments
in colors ranging from orange-red
to violet for commercial use. Reac-
tions to these new bold colors were
strong. Jackson Pollock, Robert
Rauschenberg, and their fellow
artists took full advantage of the
new pigments, a major factor in
their founding of the New York
abstract expressionist movement.

Resins
Historically, artists have protect-
ed surfaces of their paintings with
resins, clear to translucent yellow
or brown solids or semisolids.
Resins have been thick lacquers,
varnishes, inks, and adhesives.
Many paintings are coated with natural resins like mastic or dammar,
mixtures of triterpenoids that come from the bark of mastic or
lentisk trees native to Greece. Modern resins are physically simi-
lar to their predecessors, but are made from polymerized
synthetic or chemically modified substances, including thermo-
plastic polymers incorporating vinyl, styrene, and ethylene
monomers; thermosetting polymers such as polyesters and epox-
ies; and silicones. These materials sometimes include fillers,
stabilizers, pigments, plasticizers, and other components. Varnish
resins on paintings have been studied through analytical tech-
niques like graphite-assisted laser desorption ionization MS (LDI-
MS) to find ways to retard the deterioration process that all
resins suffer, a process that degrades the picture quality of paint-
ings. In one particular study by the Swiss Federal Institute of Tech-
nology (www.ceac.ethz.ch/zenobi/research/art/index.html), the
resin aging process (Figure 1) was monitored by FTIR and UV-vis
spectrophotometry, gel permeation chromatography, and LDI-MS.
The LDI-MS method used graphite particles as substrates to desorb
the analytes. Many compounds with a broad range of molecular
masses formed during the aging process. Yellowing of resins was
found to occur in two steps: the initial compounds were oxidized
to colorless precursors, which then further oxidized into yellow
compounds. To slow down the yellowing effect in works of art

coated with a mastic-based varnish, it is useful to shield the natu-
ral plant secretions used to make the resin from sunlight while
they are being harvested and then store the resin in a dark place.
When the paintings are not on display, storing them in the dark
(especially away from UV light) slows the yellowing process, which
means the varnishes need to be replaced less often. 

Lead and Zinc
Even today, the pigments on the canvas often come from natu-
ral sources underground. Throughout history, ore minerals and the

metals derived from them have
provided many of the colors on
the artist’s palette. For example,
lead, a dense, bluish-gray metal-
lic element, is believed to be one
of the first metals discovered by
humans. It was even mentioned
in the Hebrew scriptures as a metal
that can “stand fire”, and it was
used by the Romans for making
water pipes. 

White lead, a heavy lead
carbonate that is poisonous and
insoluble in water, has been used
for more than 2000 years as a
white pigment. It is also used in
ceramic glazes and in making
other pigments. In recent years,
however, because of the dangers
of lead poisoning, the interior use
of lead-based paints has been
discontinued. The oldest method
still in use for making white
lead for artists is known as the
“Dutch process”. In this proce-
dure, earthenware pots contain-
ing lead gratings and acetic acid

are wrapped in tanbark (from the tanbark oak tree), and the reac-
tion of the fermenting tanbark and the acetic acid is allowed to
process the lead for 90 days. More rapid processes, such as elec-
trolysis or forcing hot air and carbon dioxide through large
rotating cylinders containing powdered lead and acetic acid, are
now industrially important. 

Many pigments have been derived from lead. Lead monoxide,
or litharge, is a yellow, crystalline powder formed by heating
lead in air. It is used in making flint glass and as a drier in oils
and varnishes, as well as in the manufacture of insecticides. Red
lead (Pb3O4) is a scarlet crystalline powder formed by oxidizing
lead monoxide, and is the pigment in paint used as a protective
coating for structural ironwork and steelwork.

Lead chromate, or chrome yellow, is a crystalline powder
used as a yellow pigment and is prepared by the reaction of lead
acetate and potassium bichromate. Chrome red, orange chrome
yellow, and lemon chrome yellow are some of the pigments obtained
from lead chromate. 

Lead acetate, a white, crystalline substance called “sugar of
lead” because of its sweet taste, is prepared commercially by
dissolving litharge in acetic acid. It is used as a mordant (or
fixative) in dyeing, as a paint and varnish drier, and in making
other lead compounds.
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FIGURE 1: Effects of aging on a natural resin. (Reprinted with
permission from Anal. Chem. 2001, 73, 2090.)
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Zinc, like lead, usually has a gray metallic color, but the
surface can be polished to shiny silver. It is not found in its elemen-
tal state in nature—only as a chemical compound. Zinc metal can
be used as a raw material for castings and coatings. Most of the
world’s zinc supply is mined in India. Metalworkers in the Roman
Empire used zinc alloyed with copper to make brass for weapons.
Brass was also produced in India, China, and Egypt. It is believed
that the name zinc may be derived from the German word zinn,
which means tin. The scientific discovery of zinc is credited to
Nadreas Sigismund Marggraf, a German chemist who isolated pure
zinc from the ore in 1746. William Champion founded the first
production facility, or smelter, in Bristol, U.K., shortly thereafter. 

Zinc oxide is a fine, white, insoluble powder that is prepared
by the oxidation of pure zinc or by roasting zinc ore. It is used
for a variety of purposes, including as a paint pigment called
zinc white. The stable, opaque white powder is permanent and
nontoxic. It has been known since the Middle Ages, but was rarely
used as a pigment until 1834, when it was introduced as a
watercolor pigment called Chinese White. By the turn of the centu-
ry, zinc white had replaced lead white in most paints, even though
it took more zinc white paint to cover the same area. Zinc oxide
is used as a pigment in oil paints, watercolor paints, ceramic
glazes, printing inks, glass colorants, cosmetics, pharmaceuticals,
ointments, and UV absorbers. 

Instruments to the Rescue
Conservators rely on many techniques to stabilize and restore
art. Ion MS is used as a sensitive surface technique because it can
provide chemical information about a surface with submicron
spatial resolution. With this technique, the surface of the paint-
ing is bombarded with primary ions, and the ionic breakdown
products that are released are analyzed by MS. Another analysis
method, GC-MS, provides conservators with information on the
types of oils and resins in paint samples; identification of unknown
residues; contaminants in minute samples; and characterization
of volatile compounds in solid materials. Infrared spectrometry
and X-ray diffraction can be used to identify crystalline products
and pigments.

Not only are the techniques of science saving our cultural
icons but they are also determining the authenticity of works in
question. As a case in point, in June 2001, the Canadian Conser-
vation Institute (CCI) was called in to determine whether
Vincent van Gogh had painted a work of art referred to as F 614
(www.cci-icc.gc.ca/whats-new/news27/f614_e.shtml). This was the
number identifying the painting in a catalog by van Gogh schol-
ar Jacob Baart De la Faille. It is the first catalog raisonnè (a system-
atic, annotated catalogue) of van Gogh’s works. In 1928, soon
after the catalog was published, a scandal broke out when it was
revealed that 33 of the listed paintings, including F 614, were in
question. The public prosecutor’s office in Germany brought charges
against Otto Wacker, the art dealer who sold the works. The “Wack-
er Case” opened on April 6, 1932. Steady streams of expert witness-
es were called to testify, including De la Faille himself, who had
concluded that all but eight were fakes. F 614 was one of the
eight in question. On April 19, 1932, Otto Wacker was found guilty
of fraud. 

But the question of authenticity still loomed. In the summer
of 2000, the current owners approached CCI to determine if F
614 was indeed painted by van Gogh. The painting was first exam-
ined by the human eye, then with a stereomicroscope, and

finally photographed with various techniques. It was examined
using X-rays, and microscopic paint samples were removed for
chemical analysis of the various binders and pigments. “The paint-
ing’s lining obscured the original appearance of the canvas, but
the X-ray analysis revealed that it had been painted on a symmet-
rical plain-weave canvas—the number of threads were the same
in both the weft and warp directions. Van Gogh preferred an asym-
metrical canvas. The chemical analysis of the paint samples deter-
mined that the binder used in the paint contained a mixture of
oil and resin. Although there are few binding medium analyses
of van Gogh’s work, those that exist have never shown a trace
of resin. With this knowledge, F 614 now has its place in histo-
ry as one of the most famous frauds in the history of art. 
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