Pigments and the artist’s

palette

From the cave paintings at
Lascaux to the latest
experiments in contemporary
art, artists have used all the
colour materials available to
them. Today, the range of
colour and materials that
artists can use is
overwhelming. Russell
Kearton traces the
development of painting
pigments throughout the
ages, from the yellows and
reds of prehistoric times, to
the overflowing palette of
modern day art.

Since prehistaric times, people have used
the natural substances around them to
colour themselves and their possessions.
It was not until the mid 19th century that
scientists began to discover new
pigments and dyes in a systematic and
comprehensive way. Before then, there
were very few to choose from, and they
were all produced from natural products,
such as earth, plants, insects or animals.
The processes that turned them into
suitable pigments and dyes, however,
could be quite complex.

Beginning by briefly defining pigments,
dyes and paints, this article details the
long and colourful association between
pigments and the artist's palette.

Pigments and dyes

Colorants are molecules whose chemical
nature enables them to absorb certain
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wavelengths of visible light. It is the
wavelength of light reflected from an
object that determines the colour ob-
served. If only blue light is reflected, the
object appears blue; if only red light is
reflected, the object appears red.

Colorants fall into two major classes:
dyes and pigments. The way in which a
colorant is used determines which of the
two classes it belongs to. You can dye
your hair or your clothes, but when you
paint a picture you are using pigments.

A dye is a coloured substance that
dissolves in the medium in which it is
applied, the dye molecules being evenly
distributed throughout the dyeing solution.
Dyes are always incorporated into the
bulk of the material that is to be coloured,
chemically attaching themselves to the
molecules of the substrate. Many dyes
are organic, and the colour of a dye is
determined, in general, by its chemical
structure, which has the property of
absorbing light of certain wavelengths. A
dye does not normally scatter light.

A pigment, however, does not dissolve
in the medium, but rather remain as
particles that are much larger than
individual molecules, ranging in size from
0.01 to 30 um. Pigments can be either
applied as a suspension of small granules
in a liquid, or incorporated into the bulk of
the material that is to be coloured.
Pigments may be organic or inorganic,

Same pigments used since medieval times
(courtesy: Winsor & Newton, Harrow, UK):
8 — gamboge, tree resin from Cambodia

9 - extract of gamboge

10 ~terre verte

11 — mummy (made from Egyptian
mummies, which ceased to be used when
artists realised where it came from!)

12 — Prussian blue

13 ~ quercitron bark {from a species of
American oak)

14 — lapis lazuli

15 — ultramarine



and they colour materials by both
absorbing and scattering light.

Many water-soluble dyes can be
canverted into insoluble ‘lakes’ by pre-
cipitating them onto a suitable base such
as alum, which forms an integrai part of
the product. A similar type of product,
often called a ‘toner’, is a dye precipitated
as a salt of a metal or metal complex.

Artist’s paints

Most paints comprise fine particles of
pigment that are either suspended in a
medium, or ground with a medium to form
a paste. The medium is a suitable liquid
that does not alter the pigment. The most
commonly found mediums for painting
pictures are egg yolk for egg tempera,
various oils such as linseed or poppy for
oil painting, water-soluble gums for
watercolour, and modern synthetic resins
for acrylics. When a paint is applied to a
material, the pigment coats the surface
and does not combine with it. The paint
eventually sets to a hard film by the
evaporation of some, or all, of the liquid
medium, by atmaospheric oxidation or
some other chemical reaction.

In the beginning - the
earliest pigments

Cave paintings at Lascaux in south-west
France, dating from the Stone Age
(15 000 BC), reveal the earliest colours
used by mankind. The main pigments
were red and yellow earths, which owed
their colour to different forms of iron. The
coloured earths were ground into powder
and kept in hollow bones, which were
plugged at one end. When required for
painting, the powder was mixed with
meited fat and applied to the walls with a
simple brush made of animal hairs, with
feather and twigs, or with the fingers.
Sometimes powdered pigment was blown
onto a prepared wall to produce a stencil
effect. In addition, white pigment from
calcite and black pigment from
manganese dioxide were also used.

The colours of ancient
history

Much later, between 2000 and 1000 BC,
other natural minerals were added to the

artist's palette. Azurite, one of the earliest
and most important blue pigments, is

derived from a basic copper carbonate.
Prepared by washing and grinding, it
occurs naturally all over the world and
was used in ancient Egypt and the Near
East. More recently, it was widely used in
the wall paintings of the Sung and Ming
dynasties of China, and is often found in
European paintings from the 15th to the
17th century.

Malachite, the oldest of the green
pigments, is a copper ore found in varying
shades from apple green to emerald
green. Mined in large chunks, it is then
prepared as a pigment by careful
selection, grinding and sieving. It was
often used for painting trees and foliage,
and had the advantage that it did not
deteriorate and go brown. Similarly to
azurite, it was used by the ancient
Egyptians and later by the Chinese and in
pre-1800 European paintings.

The dramatic red cinnabar pigment,
introduced by the Egyptians and
subsequently used by the Greeks and
Romans, is prepared from mercury
sulphide ore by crushing and grinding.
The best supplies of cinnabar came from
Spain, probably from the Almadén
mercury mines, and it was so expensive
1o buy that a law was passed setting a
ceiling price. Apart from its prohibitive
cost, cinnabar also posed technical
probtems, turning black on exposure to
light. It had to be covered with a protective
coat of wax and oil, which was then
heated and polished with linen cloths and
waxed cords.

The Egyptians alsc introduced a
brilliant, rich lemon yellow pigment called
orpiment, a highly poisonous form of
arseni¢c sulphide. It is found in small
quantities in the Near East, the Far East
and Hungary, but was probably imported
into Egypt, where it is not found at all. One
of its greatest uses was for manuscript
illumination, and it has since been
identified on Byzantine, Persian,
European and lrish manuscripts.

Realgar, anocther form of arsenic
sulphide, is an orange-red variation of the
yellow orpiment, and is believed to have
acquired its name from the Arabic rahyj al
ghar (powder of the mine). It appears
predominantly in Eastern miniatures and
manuscripts, and in Venetian paintings.

The first synthetic
pigments

The second millennium BC also saw the

introduction of the first two synthetic
pigments, white lead and blue frit. The
Greeks made white lead by the so-called
‘stack process’. Strips of metaliic lead are
placed in clay pots that have separate
compartments at the hottom, into which is
poured a weak solution of vinegar. The
pots are placed in a shed with manure or
tanner's bark, and the building is closed.
The resulting interaction of heat, carbon
dioxide from the bark, vapour from the
vinegar, oxygen and water vapour turns
the lead into basic lead carbonate. This is
then washed and dried, and ground with
linseed oil to produce the painting
material. White lead became the most
important pigment in the history of
Westem painting, and is virtually the only
white pigment used in easel paintings
from the earliest times until the
manufacture of Chinese white from zinc in
the 19th century. Uniike white lead, zinc
white is not poisonous and does not go
black on exposure to air, but it lacks
opacity. Thus it was not until Windsor and
Newton invented a process for making the
less transparent Chinese white that white
lead was superseded. Zinc white is colder
and purer than white lead.

Blue frit, or Alexandra blue, was
introduced by the Egyptians. They had a
well developed technique for manufac-
turing opague, coloured glass, and finely
ground blue glass {coloured with copper
ore) produced this pigment. Although blue
frit was much used in ancient Egypt and
in Minoan and classical antiquity, its use
lapsed from AD 200 to 700.

Another later synthetic pigment was
Egyptian blue, a compound of silica,
copper and calcium. [t is likely that this
was borrowed from the glassy blue glazes
that coated ceramics.

Classical antiquity to
the Middle Ages

The classical period saw the arrival of the
first organic pigments, such as verdigris.
Some, including indigo and Tyrian purple,
were also used as dyes.

The Greeks synthesised the greenish-
blue verdigris (a corruption of vert de
Grece) for use as a pigment. Verdigris has
a fugitive hue, in that the colour fades with
time, and eventually turns dark brown. It
can be prepared by either exposing
copper to the vapour of fermenting grape
skins or putting copper plates and sour
wine together in closed vats. Green
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matter collects on the copper plates, and
this is eventually scraped off and moulded
into lumps. It was often used for
manuscript illumination, but sometimes
the pigment has eaten into the parchment
causing the painted areas to drop out,
leaving a hole in the page.

Indigo was originally obtained from
plants (for exampte, the ingigofera
tinctoria plant, found in India, or woad, a
European plant). It was used as a dye by
the Egyptians and the Romans, and was
imported into Europe from the 17th
century onwards as trade routes ex-
panded. A process for producing synthetic
indigo was not discovered until 1880.

Tyrian purple, actually a dye, and one
of the very few natural violet and purple
colorants, was introduced by the Romans.
Made from Murex brandaris, a shellfish
similar to a whelk, it was cailed Tyrian
purple because the colorant of best
quality was made at Tyre on the East
coast of the Mediterranean. Although it
was extremely expensive, it was also
highly important, and was used for the
togas of Roman emperors. The shellfish is
found on the shores of the Mediterranean
and Atlantic coast, including the Biritish
Isles, and heaps of the shells are still
found at the sites of ancient dye works.
The shellfish produces a secretion, which
is contained in a small gland, which when
broken yields a white fluid. Fabrics to be
dyed are dipped in this fluid and then
exposed to strong sunlight, which turns
them to a purplish-red or crimson hue.
Each shellfish produces only a tiny
amount of fluid, hence the high cost, but
the dye is very stable and long lasting.

The Greeks also introduced two
inorganic pigments during this period,
vermilion and red lead. Vermilion was the
best bright red pigment known to both the
classical world and the Middle Ages. It is
an artificial form of cinnabar, formed by
the combination of mercury and sulphur.
The mixture produces a black powder,
which changes to a red colour upon
grinding; the longer the grinding, the finer
the colour. Red lead is made by heating
white lead. Both vermilion and red lead
are poisonous.

The Renaissance

The pigments aforementioned had to
suffice for many centuries, and it was not
until after 1200 AD that the artist's palette
was further enriched.

The most notable contribution to the
history of pigments during the early
Italian Renaissance was the introduction
of natural ultramarine. The Italians dis-
covered a method of extracting this
brilliant blue pigment from the semi-
precious stone lapis lazuli. The best
quality material came from the East,
notably Afghanistan — the word ‘ultra-
marine’ means ‘from overseas’. The
stone is crushed in a mortar, incor-
porated into a mixture of viscous
materials, such as oils and honey, and
then kneaded with an alkali to release
the pigment. Ultramarine was a very
expensive pigment, but very fine in
colour and very stable. A cheap
alternative was blue verditer, but this
gave a pale greenish-blue pigment,
which in time tended to become green.

One of the only colours that equalled
ultramarine in intensity at that time was
vermilion, and the bright red pigment
became one of the most reliable used in
early Italian painting. It was bought by
the lump, and then ground to make sure
that it had not been mixed with red lead
or brick.

Lake pigments are also believed to
have been first used during this period. A
soluble dye (for example, red madder,
from Rubia tinctorum — the madder plant
native to Greece, which was not
introduced into Italy and France until the
time of the crusades) is converted into
an insoluble pigment by adsorbing it on
to an insoluble, but almost transparent,
powdered base, such as chalk or
aluminium oxide. Bases of this type may
also be used without adsorbed dyes, as
‘extenders’ to improve the mechanical
properties of a paint.

Further pigment lakes introduced in
this era include saffron (from crocus
flowers), which was used in illuminated
manuscripts, and gamboge. The latter,
an organic pigment, is a yellow gum
resin obtained from several species of
trees found in India, Sri Lanka, Thailand
and Cambodia. The name is a corruption
of the word Cambodia. It is collected by
cutting incisions in the trees, from which
run a yellowish-brown milky juice that
hardens in air. Gamboge came to
Europe quite early, and was later
imported into England in the 17th
century by the East India Company.

The laked pigments based on natural
products that were known during the
Renaissance tend to fade badly in
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sunlight, but this was less serious for
book illumination than for paintings,
which wouid be constantly exposed to
daylight,

Towards the end of the 16th century
(the end of the Renaissance period),
blue glass became the basis for a
pigment that was to be used in European
paintings until the early 19th century.
Known as smalt, it was the earliest of the
cobalt pigments (cobalt had already
been used in medieval stained glass and
by the Venetian glass makers). Important
cobalt mines were located in Germany
(Bohemian glass is noted for its fine blue
colour), and later the best smalt was
prepared in the Netheriands. However,
smalt had several drawbacks, the most
fundamental of which was its trans-
parency.

Painting with oils

The refinement of oil painting in the early
15th century opened up an almost
unlimited range of colour passibilities. In
this technique the powdered pigment is
mixed with a slow-drying oil, which
absorbs oxygen from the air, forming a
transparent skin that locks the colour in,
Thus oil paint can be built up in many
layers, applied either opaquely (thickly)
or in transparent glazes (usually thinned
with glossy turpentine or resins). Due to
the slow-drying nature of the oil, one
area of colour can be easily blended and
fused with another. Artists can exploit the
smooth transparency of glazes, which
allow light from a luminous underlayer to
shine through, and can modify colours
simply by varying the underpaint,
transparency or order of layers. In this
way, only three or four pigments can be
used to create as many as 20 different
shades.

The oils most frequently used were
linseed and walnut. These dry slowly,
unlike alive oil, for example, which never
dries, and form a flexible surface. Linseed
was particularly valued for the smooth
jewel-like brilliance it gave to colours.
Walnut oil is thinner, but it does not yellow
1o the same extent as linseed {oils often
turn yellow or brown with time).

Lake pigments were often used as oil
glazes, since when mixed with a binding
medium they become translucent,
Madder lake, a transparent red made
from the roots of the madder plant, was
often used.



Carmine lake, from the natural
organic dye, cochineal, makes a par-
ticularly exquisite crimson glaze.
Cochineal is made from the dried bodies
of the female insect Coccus cacti, which
lives on cactus plants in Mexico and
Central America, and was brought to
Europe shortly after the conquest of
Mexico in 1523. As a watercolour, the
lake pigment fades in strong sunlight
(unlike Tyrian purple), but it is more
stable as an oil glaze, and was much
used as a coach colour.

The early 18th to the
mid 19th century

it was not untit the early 18th century that
the next new colours, which were all
synthetic inorganic pigments, were
introduced. Prussian blue was dis-
covered, by accident, by a German
between 1704 and 1710. While trying to
make red pigment, he added potash
contaminated with animal oil, and
produced a very strong dark biue.
Prussian blue was much cheaper than
ultramarine and thus became widely
used.

During the 19th century, many new
pigments became available as chemists
investigated more and more compounds
and learned to imitate the properties of
natural substances. In 1802 the dis-
covery of cobalt blue eventually
superseded the original cobalt-con-
taining blue glass based pigment smailt.

In 1806 the chemical composition of
ultramarine was identified, and the
French government subsequently
offered a prize for the manufacture of an
inexpensive artificial ultramarine. it was
won by a Frenchman called Guimet from
Toulouse. Today artificial ultramarine,
which is widely used as an artist’'s
pigment, is often calted French ultra-
marine, presumably because of its
French origin.

Emerald green, a bright blue-green
pigment, was first synthesised in 1814.
However, it was not widely used, one
reascn being that it is a compound of
arsenic and is therefore highly toxic.

One of the major developments at the
beginning of the 19th century was the
discovery and development of the
chrome pigments. Chrome yellow was
one of the most important of these, and
seems to have been available early on in
the 19th century. However, supplies of

the raw material were scarce, and it was
not until after the discovery of deposits of
chrome ore in the United States in 1820
that the pigment was manufactured in
quantity, and inexpensively. There are
several versions of chrome yellow: lemon
yellow, a compound of barium and
chromium, is a pale yellow; strontium
chromate is a deeper yellow; and there is
also a yellow compound of zin¢c and
chromium.

Orange could be produced by mixing red
and yellow, but a colour produced by
mixing is always less bright than the
individual colours. Thus the artist had to
improvise. Some reds and yellows incline
towards orange, such as red lead, and
realgar is orange-red in colour. Raw
sienna is a special kind of yellow ochre
(iron-containing earth), so called because
it comes from the hill town of Sienna in
Tuscany, but the colour is brownish rather

‘During the 19th century, many new pigments
became available as chemists investigated more and
more compounds and learned to imitate the
properties of natural substances.’

Alongside the chrome yellows,
mixtures of chrome yellow and Prussian
blue were, and still are, used to make a
variety of different greens. The yeliow
particles contain lead, and in an oily
medium the lighter, blue particles tend to
collect near the top, making the unstirred
paint look bluer than the stirred mixture.
The two pigments deteriorate differently,
depending on the conditions. On exterior
work, the yellow tends to fade more, and
so outside works often become more
blue as they age. Viridian, introduced in
the early 19th century, is a bright green
that possesses ncne of the disad-
vantages of verdigris and emerald green,
and it soon replaced them. In France, it is
called ‘vert émeraude’, which is con-
fusing because it is not the poisonous
emerald green.

A further green pigment, cobalt green,
which is a bluish-green, became available
in 1835. The 1830s also saw the intro-
duction of the zinc-based Chinese white
by Winsor and Newton. As mentioned
earlier, this replaced white lead, virtually
the only white pigment used in easel
paintings prior to the 19th century.

The first bright orange pigment

Until the end of 18th century, artists did
not have a complete range of bright
pigments that covered the full range of the
spectrum. Red and blue were well
represented, with bright stable pigments,
and adequate yellows and greens were
available, but there was no natural
organic or inorganic material that would
produce a pure bright orange pigment.
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than orange. Burnt Sienna is a warm
reddish colour, which was often mixed
with the yellow pigment gamboge to
create orange. However, the discovery
and development of the chrome pigments
in the early 19th century, leading to the
introduction of an orange chromium
pigment, made bright orange pigments
available for the first time.

Modern additions to the
artist’s palette

Cadmium and cobalt pigments

The discovery of the metal cadmium and
the subsequent development of cadmium
pigments in the mid 19th century inspired
several new colours. Cadmium yellow
was available from the late 1840s, and
was shown at the Great Exhibition of
1851. A deep orange pigment was also
produced, and by 1910 cadmium red was
manufactured commercially for the first
time. Today cadmium red has largely
replaced vermilion on the artist's palette.

A further yellow pigment, cobalt yellow
(or aureolin), was first introduced as an
artist's pigment in 1861.

The discovery of mauveine

In 1856 there was a major chemical
discovery: the first synthetic dyestuff was
made, through the distillation of coal tar
products. It revolutionised the dyeing
industry and led to the introduction of
several new pigments.
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William Perkin was a student at the
Royal College of Chemistry in London
during a period when the study of plant
extracts dominated chemistry. August
Hofmann, director of the college, en-
couraged Perkin to try to make quinine, a
natural product used to treat malaria.
Perkin attempted this during the Easter
holiday of 1856 in his home laboratory.

His starting material was a complex
amino compound obtained from coal tar.
Little was known of the structure of
quinine, and Perkin's chance of success
was minimal. The first experiment failed,
but Perkin was not deterred. He repeated
the process with a simpler starting
material, aniline (or phenylamine), also
obtained from coal tar. The reaction
produced a purple sclution, but again
nothing related to quinine.

Although this type of reaction was
already known to analytical chemists, who
often used reactions involving colour
changes to test for compounds, Perkin
realised that the purple substance might
have other uses. Purple was a fashion-
able colour, and the new colour was
brilliant and held fast to a piece of cloth.
Thus Perkin tested the compound as a
dyestuff. The results were promising and
he filed a patent for his discovery. The
dye, the first of the aniline dyes, was
originally called aniline purple, but was
later named mauveine, after the French
for mallow flower.

Hence a new range of synthetic
organic colorants based on coal tar were
developed, including some mauves and
purples brighter than those that pre-
viously could only be made by the mixing
of reds and blues. Unfortunately, many of
these synthetic organic colours are as
fugitive as their naturally occurring
counterparts, but were sold to artists
before they had been sufficiently tested.
Gone were the days when painters, or
their apprentices, prepared their own
pigments using recipes that had been
tested by centuries of use. Consequently
considerable friction arose between
artists and suppliers in the latter half of
the last century. It took about 50 years
before pigments of acceptable stability
could be prepared from coal tar, but
several reliable colours in the orange, red
and purple range have now been made.

Titanium white
Titanium white is a pure white, and has

the best covering and hiding power (or
opacity) of any of the white pigments. It is
also very stable and is unaffected by heat,
light or air. Although titanium ore had
been known of since the end of the 18th
century, it was not until the 1920s that an
economic method of manufacture was
devised. It is now the largest selling white
pigment, and its development has been
the major modern contribution to the
history of pigments.

Later pigments

An important type of synthetic pigment is
copper phthalocyanine (Monastral Blue).
Developed by ICI in 1935, it is close to the
ideal pure blue in that it reflects only
green and blue light, and it is very stable.
Monastral Green was also introduced in
the 1930s, as were a new brilliant orange
pigment, molybdate orange, and the very
stable and chemically inert manganese
blue pigment.

Recent developments

Much more recently, many new red and
yellow organic pigments have been
synthesised in order to replace traditional
inorganic pigments containing lead,
cadmium or chromium, which are now
considered to be health hazards.

Precious metal
pigments - the
splendour of gold

Metal flakes and powders can also be
used as pigments. A suspension of gold,
the most precious metal of all, has been
used as a paint by artists since antiquity,
and its colour is often warmed by an
underlayer of red clay or tinged with green
from its natural impurities.

The early Renaissance method of
gilding a wooden panel is still used today.
First a number of thin layers of diluted
bole (a reddish-brown clay) are brushed
onto the prepared painting surface,
known as the ‘ground’, of white gesso (a
white plaster-like material, mixed with
animal glue). The bole creates a cushion
for the delicate beaten gold leaf, which is
then applied in overlapping layers. Finally
the leaf is smoothed and polished with a
‘burnisher’, its tip made of a hard stone
such as emeralds or rubies (agate is used
today), to give it brilliance and shine.

With metals less noble, the dried
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medium or coating must protect the metal
from corrosion. Silver paint tends to
blacken if inadequately vamished and has
been replaced today by aluminium.
Copper and bronze powdars can also be
used in paint manufacture,

The importance of a
good varnish

If paintings are to remain unspoiled over
the centuries, it is essential that the artist
use not only stable pigments, but also
media and varnishes that do not deter-
iorate with age. Surface dirt is only a smalll
problem compared with a discoloured
varnish. Some yellowing is not too
deleterious with colours in the red, yellow
and brown range, or even with green, but
it ruins a good clear blue. Early paintings
that incorporated natural ultramarine were
particularly vulnerable because the
pigment was only ground coarsely
(coarse pigment was used in order to
inhibit the dilution of the deep blue colour
caused by too much scattered white light).
This use of large pigment particles
creates sizeable, varnish-filled inter-
particle spaces, and the effect of any
yellowing is much aggravated. It is even
more important that the vamish remains
unbroken. The deterioration of some
historic portraits, their once-colourful
faces now pallid and covered by a
network of cracks, is more attributable to
inferior varnish than to the use of fugitive
flesh tones.

A colourful future!

Today, in contrast to the colours of
Prehistoric, Egyptian, and Roman paint-
ing, which reflect the limited range of
materials that existed at those times,
modern scientists have the ability to
produce pigments and paints in great
variety, and can create any colour that is
asked for. The range of colour and
materials that artists can now use is
overwhelming — it is estimated that over 3
million dyes and pigments have been
discovered, and that over 9000 of these
are marketed. This explosion of colour
means that even the most knowledgeable
painters are still learning what colour can
do. In the same way that the art of
drawing took many centuries to develop,
the art of colour still has a long way to go!



