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the nature of
colour

Vision — When we sec things, what we really see is light
reflected from matter. This 15 how we discern objects, unlike
bats, who discern objects by hearing sound reflected from
them. When we see colours, we are in fact reacting to
coloured light.

The ability to react to light end to distingnish colowrs i
probably connected with the development of consciousness
in living creatures, Some very simple organisms cxhibit
sensitivity to light, moving towards or away from it. Others,
like the worm, have developed patches on their bodies which
are chemically sensitive to light, The earliest fossil remains
to give an impression of true cyes are the trilobites, which
flourished in the Cambrian seas about 500 million years ago.

The pattern of colour vision varies from one animal o
another. We can identify the colours anfmals see by experi-
ments in which food s put on differently colowred dises, ot
behind differently coloured doors. One of these experiments
is described on the opposite page. Apart from primates such
as menkeys, most mammals are completely colour-blind;
their eyes, in varying degrees, are adapted to simple vision
rather than to the perception of colour. A red rag to 2 bull
really appears pale grey: it is the brightness, not the colour,
that infuriates him, and 3 white rag would be even more
effective, Nearly all birds have difficulty in seeing blue and
they do not see violet at all, _

‘The retina —the part of the eye which corresponds to the
sensitized film of a camera — usually contains two different
kinds of cells in different combinations, Cells of one kind,
known as rods, respond sensitively to light, and eyes well
endowed with them can see by moonlight and even starlight.
The eyes of owls have a large number of rod cells in their
retinas. The second kind of cells are known as cones, and are
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tess szemsitive 1o Light. They can, however, distnguish
colours. Mest mammals have both rods aod cones i the
reting, but in man there o small patch called the miocida
which is tight-packed with cones. It is probably this which
allows us to see such a wide ranpe of coloors.

Colovred lght = What 18 the difference berween one oolboor
and another # Why is red light red # Why s white light white ?
In what property of hight must we search for these differ-
ences of colour # It is three hundred years since [saac Newton
laid the foundations of an experimental method for studyimg




the differences between light of different colowrs. This is
how he described an expeniment he carried oul in 1666,

‘1 procured me- a trisnguisr glass prism, to try therewith
the celebrated phaenomena of colours. And in ocder thereto,
having darkened my chamber, and made a small hole in my
window-shuts, 1o l&1 in a convenient quantity of the sun’s
light, I placed my prism at fis entrance, that it might be
thereby refracted to the opposite wall. It was at first a very
pleasant divertisement to view the vivid and intense colours
prodiced thereby | . '

Nearly 150 years later came the discovery that colours exst
that are nvisible to man. In 1800 Sir William Herschel used
thermometers o take the temperature of the sun's fight
refracted through a prism, and was surprised to find that
the hottest part occurred outside the red band of the spec-
trum. On & sunny day you can very easily repeat his discovery
of infra-red radiation,

The following year a German sclentist, Johann Ritter, was
studying the chemical reaction caused by exposing silver
chloride to sunlight. He found that, while violet was the
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are made of. It has been found that they are organic materials
with extremely SITUCTUIES,

It is not only the organic substances which are coloured,
however. Nearly all the metallic elements reflect light of all
colours to a similar extent, and therefore range in colour from
white to grey. Copper and gold are exceptions, Colour is more
evident in non-metallic elements. Chlorine is green; sulphur,
yellow: bromine, reddish brown; and iodine, purple.
Among the hundreds of compounds almost every colour ¢an
be found, Many of the metal oxides are coloured, for example,
and =0 too are the sulphides. Most conspicuous of all are the
compounds of the ransition metals, nearly all of which &re
brightly coloured. However, there s no simple pattern to in-
dicate which substances are coloured and which are not. The
link berween colour and chemical composition is not obvious.
The cxplanation of the colour of a substance involves the
electronic structure of its molecules, or of the crystal kattices
in which the atoms and molecules are arranged.

Indicators
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paints and
dyes

Man has always shown great ingenuity in his scarch for
colours to express his ideas and feelings and to brighten
his sorroundings. The bull from the Altamira Caves in
Spain (see page 17) was panted over 12,000 vears ago by an
artist who had o make all his own pigments, The Arnoffie
Marriage in the National Gallery (see page 16) was painted
by the Flemish artist, Jan van Eyck, in the fificenth century,
using the new technique of oil on epg tempera. The artist is
not only sensitive to shades and subtleties of colour to which
most people are normally blind, but he can make ws aware
of what he sees. Here van Eyck has painted a number of dyed
materials, the rich green of the woman's dress offser by the
darker fur and cloth wom by the man, the bed hangings and
the carpet, using pigments to express what he saw.

We use colours to decorate our homes and to brighten pur
clothes. Because of this constant demand for colours a large
section of the chemical industry is devoted to manufacturing
paints and dyes, the two main categories of coloured pro-
ducts. The difference berween them is thar paints form an
opaque coloured skin on the surface to which they are
applied and dyes are incorporated within the structure of a
substance so a5 to change its colour. For practical purposes in
use and manufacture, three qualities can be used o describe
any colour accurately : hue, value, and chroma. These can be
better understood by taking a watercolour box and mixing
some paint on the palette,

Hue = the colour mself, whether red, vellow, or blue, ete,

Value - light and dark;

the amount of black mixed with the hue.
Chroma — strength or weakness,

the amount of medium {or white) mixed with the

hml

part?2
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recently, for domestic and industrial paints. The structure
of animal and vegerable oils is bricfly discussed in the Back-
ground Book Derergenss. They consist of & mixture of gly-
cerides — glycerine linked with fatty acids. With drying oils
such as linseed, the glycerides become oxidized on exposure
to air to form a solid Alm. Linseed oil takes three or four
days to dry, but the process can be grestly accelerated by
adding small quantitics of lead or manganese, By carcfully
heating the oil beforehand, it is possible to produce paint
films that are hard and glossy. Paints made from odl treated in
this way are known as enamels.

Another essential ingredient of most paints is a “thinner” -
to make the paint of a suitable consistency so that it can be
applied with a brush. The ‘thinner’ must be a substance
which is soluble in the liquid medium and which evaporates
quickly from the painted surface. Turpentine, made from the
resin of pine trees, has been used as a thinner for many
centuries. .

Pigments from metal compounds made into paints with
linseed il and turpentineg were the basis of the paint trade
until some fifiy years ago. By then it had grown from a
specialized craft in which the artst compounded his own
colours 1o a huge industry supplying millions of gallons of
paint for domestc and industrial use, but the ingredients
remained much the same, Eventually the chemical operations
which (as described below) had already brought great changes
to the dye indusiry, were extended to the manufacrure of
painits. From the large number of dyes that the chemists syn-
thesized, solid pigments were produced by precipatating the
dyes with o suitable meral salt. Such pigments are called lake
colours and, although the technique of turning dyes into pig-
ments is not new, it is only within the last fifty years that paint
14
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manufacturers have bad a wide range of dyve colours 1w
choose from,

More recently, inseed oal in many paints hos been replaced
by a plastic material, Emulsion paints consist of particles of a
plastic {osually polyvinyl acetate) dispersed in water. When
the paint is applied to a surface the water evaporates or is
absorbed, and the plastic particles coalesce to form a tough
fitm. Other paints based on plastics are made from polyure-
thane and epoxide resin. Even the ‘thinner’, rurpentine, has
‘ been largely replaced by a solvent called white spirit which is
i derived from petroleum. Only artists’ paints remain sub-
7 T 5 stantially as they were; the newer synthetic paints, although

%ﬂ. L )} SRS durable, cheap, and excellent for general use, tend to lack the
%- Y ' subtle tones of natural colowrs.

One problem in manufacturing & paint is to make sure that
the solid matter is dispersed evenly in the liguid mediom.
This 15 done by adding a small amount of the ligad w the
solid and grinding it to a smooth paste. In the old days, the
artist did the grinding himself with a pestle and moriar;
nowadays it is done in a machine. The paste is then mixed
with the remainder of the liquid and the required smount of
thinner is added. The solid particles should not be larger
than the thickness of a coat of paint - a thousandth of an inch
or 50, As well as the pigment, the solid materials may inclede
substances such as china clay which increase the surface area
that the paint will cover without substantially affecting its
quality, If the paint has to protect a surface agninst corrosion,
such substances as red lead or zine chromate are also added
(see the Background Book, Corrasion).
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Dwves - The main use of dyes is decorative — to colour fabrics,
Unlike paints, which form films adhering to the surface, dye
15
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subsmnces (or dyestuffs as they are called) are chemically
linked to the fibres of the fabric. If they were not heid ‘fast’
in thiz way, they would soon woash out.

There are many methods of dyeing which vary according
o the chemical nature of the dye and the fabric. All of them
involve the use of dyes that are soluble in water. In direct
dyeing, which has been possible for less than a hundred
years, the fabric is simply boiled in a solotion of the dye.
Mordant dyeing involves a third substance, usually an ako-
minium compound, which forms intermediate links berween
the fibre and the dye. Mordants (biters) provide surfaces on
which dyes will hold fast. In var dveing, the fabric is soaked
in a colourless solution of the dye and only when it is exposed
to the air does the colour form,

The art of using dyes w colour fabrics is almost as old as
the art of painting. In ancient times, dyes were extracted from
plants and animals. The Egyptians and Assyrians, the Grecks
and the Bomans were skilled m the art. The ciges of Tyre
and Sidon were famous for their purple dye which was ex-
tracted from the shellfish, murex brandaris. Indigo blue was
extracted from the woad plant. The “safflower” and the ‘weld’
gave red and vellow dyes and rubia the red dye known as
madder. Vat dyeing and mordant dyeing were used to colour
fabrics. Great skill is needed to carry out these operations
but despite the fact that seccess depends on chemical reac-
tions that were not then understood, fine results were
achieved, Some of the vegetable dyes were extremely ‘fast’,
and, although there were only a few of them, a useful range of
colours was made by mixing the dyes or by using various
mordants. Mowadays, logwood is the only natural dye in
widespread use,

Modern dyes are synthetic — made in the laboratory. Some
are structorally similar to natural dyes but most have no like-
nesses in nature, Synrhetic dyes date from the discovery of a
‘mauve’ dye by W. H. Perkin in 1856, Perkin entered the
Foval College of Chemistry at the age of fifteen in 1353 and
was set to study some reactions of anthracene, This, like
many of the substances being investipated at this time, was
obtained from coal-tar. Perkin set about his work with great
enthusiasm, carrying out much of it in & *home laboratory”
which had neither piped water nor gas. During the Easter
holiday of 1856, Perkin attempted to make the drug quinine.
We know now that the method he used could not sueceed

because it was based on imperfect ideas about the composi-
rion and structure of the substance.

He first obtuined a reddish-brown precipitate. It looked
unpromising, bur Perkin repeared the reaction with a differ-
ent starting material and produced a black solid mixed with a
small amount of a purple one, He then separated the purple
substance and found that it had some of the qualities needed
for a dve. If the story had ended there it would be very much
to the credit of an eighteen-vear-old chemist, bur there is
more o tell. Perkin proceeded to manufacture the material,
and his great contribution was the production of an ‘artificial®
dye in quantity. Called aniline purple, or mauveine, it
became immensely popular, Clothing dyed with it was the
height of fashion. Later on it was used to dye the ‘hilac’
postage stamps of the period.

This success was not luck. Before starting the manufacture
of his dye, Perkin consulted the dveing firm of Messrs Pullars
of Perth. They carried out tests on his material which gave
encouraging results, He had grounds for hope, therefore, and
in spite of many difficulties he set up a factory at Greenford
Green, at that time a village in open uuuntj'm the parish of
Harrow, Middlesex. By the end of 1857 it was in production.
When the factory was sold in 1874 it was producing several
dyes besides the original mauve. This period saw a transition
from the trial-and-error search for dyestuffs to a more syste-
matic approach based on a better understanding of their
nature,

After Perkin's original discovery came the synthesis of
a natural dye, when Gracbe and Licbermann made alizarin
(the active colouring marter in madder) starting from anthra-
cene. By this time the structure of benzene had been worked
out by Kekulé, and many advances were possible. The ben-
zene ring of six carbon atoms, with hydrogen atoms joined to
them, 15 a festure of the soructure of the molecules of very
many dyestuffs. Without a knowledge of it, the structures of
many dyes remained obscure. But afterwards it was apparent
thar cermain groups of atoms in dyestuff molecules were res-
ponsible for the colour and that others, though not causing
colour by themselves, helped in its production.

Thus there grew up a great industry producing synthetic
dyes from the organic chemicals found in coal tar, Tens of
thousands of dyes have been synthesized and thousands of
these are produced commercially. Germany first took the lead

19
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Colour for fashion 1 In this
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the synthesis of the natural dye indigo, The best part of ;ﬁmﬂw ;3“1.::19;1_11::‘
thirty years had been spent 1o find o way of makinga “akeir] carrying the Woslmark.

Ohyes arn used pxiensively o
color glothing matenals and
prodoce loday's bright
codours;

intarnaponal Wiool Secnsaier

synthetic indigo that could compete in price with the
nutural product and the cost of the research was very
great, Bur by the end of the nineteenth century; synthetic
indigo could be sold for less than the natural product,
When the First World War cut off supplies of the dyes-
and other chemicals which came from/Germany,
other countries were forced to start making
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their own, Afterwards the Britsh chemical industry achieved
many successes, Among them was the discovery of Caledon
Jade Green m 1920, and of methods for dyeing the synihetic
fibre cellulose acetate during the 1920s. Another important
advance came with the discovery of the phthalocyanine pig-
ments. This, like Perkin's discovery of mauve, came about as
the result of the persistent pursuit of & chanee discovery. The
first of these colours, called Monastral Blue, was marketed in
1934. As well as in dyes, it is used in paints, for colouring
plastics and rubber, and for colour printing of paper,

One of the problems of dyeing has always been the fixing
of the dyestuff 1o the fabric, Dyes, found in the past o be
excellent for wool, silk, or cotton, may be of no use at all with
the new synthetic fibres. Fortunately the chemical structure
of these fibres is known, so that a guess at a suitable dye can
often be made, For example, in the repeating unit of nylon
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shown in the diagram, the hydrogen atom joined to a nitro-
gen atom provides a point at which a dye molecule with acidic
properties can be atrached. Should a new fibre be found w
have no suitable points for fixing the pigment, the fibre may
even be altered slightly. .
The need for colour ~ We have scen something of the huge
effort of invention and manufacture that goes into the making
of paints and dyes. But why do we need these colours # What
effect do they have on us # They seem to be a kind of food for
our emotons and moods, just as important to ws as food for
our bodies. We need them to make uws lively and cheerful.
Shut yourself in & darkened room and stay there for & long
time and your mood will probably be black, Go out into the
sunzhine and notice all the subtle effects of colour, Light, and
shade, and you can feel the change for yourself. The more
attention you pay to colours, whether as artist or as scientist,
the more enjoyment you will gain from them, Even looking
up from this book, after thinking about colours, you will
probably be aware of an extra brightness in the world
around you.




The assanbal ingrodiants of a
pat ol paint pee partsles of
pigment bound topather by &
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gymihetia lake cobilr or & matal
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O thea cover of this book you
can sae demangtrated fhe
Aofeaning poceEd Which a
prinier uses wisn he is
wariing in four colours, The
seiaen lor each eolowr {8
Crigs-oross mash) is oveslaid on
s predecassor at & diffarent
angle. IF1fis ware not dong the
finel result weoalld look “masddy’
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